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Background: Tuberculosis (TB) has maintained its position as a leading global health crisis. The situation of DR-TB is exacerbated
by the emergence of drug resistance, particularly rifampicin resistant TB (RR-TB), multidrug-resistant (MDR-TB) and extensively
drug-resistant TB (XDR-TB). Bedaquiline (BDQ) has now become part of all standard drug-resistant regimens globally. However,
emerging BDQ resistance is a growing worry, especially in areas with high rates of TB and HIV. This study aimed to compare BDQ-
based regimens to non-BDQ-based treatments over a four-year period (2016-2019) to retrospectively examine the treatment outcomes
of DR-TB patients in Limpopo Province, South Africa.

Methodology: Using patient data from the Limpopo Province Electronic Drug-resistant TB Register (EDR) Web, a retrospective
study was carried out. The study comprised 1,665 DR-TB patients; 880 (52.8%) of them were given BDQ-based regimens, whereas
785 (47.2%) were given non-BDQ regimens. Treatment success, death, loss to follow-up, and six-month sputum culture conversion
were important outcomes. Kaplan—Meier survival analysis was used to assess the data for mortality, chi-square tests were used for
categorical comparisons, and logistic regression models were used to find treatment success predictors.

Results: The results of the analysis showed that the BDQ cohort had far better treatment success rates 560/785 (71%) than the non-
BDQ cohort 549/880 (62%). Patients receiving BDQ had a reduced overall death rate and quicker sputum culture conversion at six
months 608/785 (77.5%) vs 597/880 (67.8%). Kaplan—Meier curve survival analysis revealed a statistically significant survival benefit.
Age, HIV status, and BDQ use were found to be significant determinants of treatment effectiveness using logistic regression.
Conclusion: In South Africa’s mostly rural areas, BDQ-containing regimens proved to be more effective in enhancing treatment
outcomes and lowering mortality rates for DR-TB patients. But to keep TB treatment regimens successful, comprehensive drug
susceptibility testing and ongoing surveillance are required considering the growing concern over BDQ resistance.
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Introduction

The World Health Organization (WHO) has long declared drug-resistant TB (DR-TB) as a major public health crisis and
a threat to health security that requires urgent management.' Drug resistance is an obstacle to TB care and prevention
around the world, making it difficult to treat, often resulting in unfavorable outcomes for patients.'* According to the
World Health Organization’s Global Tuberculosis Report 2024, an estimated 10.8 million people worldwide fell ill with
TB in 2023. Among these, approximately 400,000 individuals developed multidrug-resistant or rifampicin-resistant TB
(MDR/RR-TB). This indicates that about 3.7% of all TB cases were classified as MDR/RR-TB.>®* WHO has reported
MDR-TB to occur in 3-4% of new TB cases, and 18-21% of previously treated cases.' The burden of pre-extensive DR-
TB (pre-XDR-TB), defined as MDR-TB with resistance to fluoroquinolones, and extensive drug resistant TB (XDR-TB),
defined as pre-XDR-TB with resistance to either BDQ and/or linezolid, has also been reported to be increasing.”’ BDQ
has emerged as a critical component in addressing these forms of DR-TB due to its efficacy against both MDR-TB and
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more advanced forms such as pre-XDR-TB and XDR-TB. Its inclusion in treatment regimens has been significantly
improved outcomes in patients with limited therapeutic options.*’

BDQ is a life-saving drug introduced in South Africa (SA) on compassionate grounds that was scaled up in
March 2013.'"° The drug BDQ has now become part of all standard DR-TB regimens globally.''™'* As
a diarylquinoline compound, BDQ specifically inhibits mycobacterial ATP synthase, providing a novel mechanism of
action against Mycobacterium tuberculosis."> However, resistance to BDQ can arise through mutations in Rv0678, a gene
encoding a transcriptional regulator that modulates the efflux pump system. These mutations reduce the drug’s
intracellular concentration, thereby compromising its efficacy. The dual role of ATP synthase as the primary drug target
and Rv0678 as a critical determinant of resistance highlights the complexity of BDQ’s mechanism of action and its
susceptibility to resistance mechanisms.'® The WHO guidelines recommend phenotypic drug susceptibility testing
(pDST) for BDQ before patients start a BDQ-containing regimen to monitor resistance emergence; however, such
recommendations are neither practiced nor enforced due to the poor laboratory resources and lack of experienced
personnel.'"'7'® The lack of programmatic implementation of drug susceptibility testing (DST) for BDQ due to poor
infrastructure and lack of expertise and resources has led to the use of the drug without proper susceptibility results.''
While BDQ is primarily used in MDR-TB cases, it is particularly vital in treating pre-XDR-TB and XDR-TB, where
other drugs fail due to resistance. Its ability to target resistant strains underscores its significance in combating DR-TB
globally and in resource-limited settings like South Africa.

The effectiveness of BDQ in treating MDR-TB, pre-XDR-TB, and XDR-TB has made it an essential drug in TB
management, but the emergence of BDQ resistance in these categories threatens its role in current regimens.
Programmatic BDQ resistance has been documented globally, and rates vary greatly between nations and regions.
They range from approximately 1.0% in France to 1.3% in Russia, 2.3% in China, 2.3% in multinational populations, and
2.2-2.9% in China."” A global review of BDQ resistance reported a pooled frequency of 2.2% phenotypic resistance and
4.4% genotypic resistance in patients treated with BDQ-based regimens.”® A 5-year BDQ resistance surveillance study
(2015-2019) of 5036 MDR-TB isolates from BDQ-treatment-naive patients across 11 countries revealed significant
differences in BDQ-resistance rates between countries, with South Africa reported to have a rate of 3.4%.21%2

Further studies focused on South Africa reported baseline resistance of 3.6% among patients without previous
exposure to BDQ as compared to 21.1% among those with previous exposure.”> Moreover, South Africa has
a national study of a sample of 3005 patients receiving BDQ treatment and has revealed that 199 (7%) had phenotypic
resistance.'®** These findings suggest that South Africa BDQ resistance rates are comparable to or already exceeds
international rates, underscoring the growing threat of BDQ resistance to TB control efforts.

In alignment with national guidelines for use of BDQ treatment for the implementation of BDQ, Limpopo Province,
the fifth largest province in South Africa, scaled up the use of BDQ following national guidelines with the optimism of
achieving a better treatment outcome.'® Limpopo Province plays a key role in the region’s healthcare landscape, serving
as a gateway to the rest of Africa and the first point of contact for migrants north of Africa, who intend to seek treatment.
Research on the profile and management of TB treatment outcomes and related factors in Limpopo is scarce. Previous
studies conducted in the Limpopo province have used small sample sizes, resulting in limited and under-representative
results for nearly 6 million people in the province.**

This study is the first large-scale comparison of BDQ- and non-BDQ-containing regimens in Limpopo Province,
offering valuable insights into treatment outcomes in a mostly rural, resource-limited setting. The findings will inform
systemic inefficiencies, influence decision-making, and enhance future DR-TB management.

Methodology
Study Site

The study was carried out in Limpopo Province, the fifth most populated province in South Africa. The province is bordered
by 3 countries—Mozambique, Zimbabwe, and Botswana—and has five district municipalities, namely, Capricorn,
Waterberg, Mopani, Sekhukhune, and Vhembe. The population of Limpopo province contributes an estimated 10% of the
population of South Africa, which is more than 60 million. Limpopo has been greatly affected by TB, with a noticeable
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increase in TB cases over the past years.”*?” Limpopo also serves as a gateway for migrants from African countries seeking
employment, education, and advanced medical services.”®?° The province still experiences new cases of TB with extensive
drug resistance, and some of these cases further complicate the development of extensive forms of DR-TB.?’

Study Population

All patients who were diagnosed with DR-TB in Limpopo Province, South Africa, between January 2016 and
December 2019 were included. In this study, all patients diagnosed with XDR-TB, MDR-TB, pre-XDR-TB, or RR-TB
within the period under review were targeted in this study. The sample consisted of 1,665 patients. Of these, 880
represented 52.8% who received treatment with regimens including BDQ, while 785 represented 47.2% receiving
treatment without the inclusion of BDQ.

These patients were then divided into three subgroups according to the resistance profile of the drug: MDR/RR-TB,
pre-XDR-TB, and XDR-TB. A significant number of patients in this cohort were also co-infected with HIV and were
further stratified as those receiving ART and those not receiving ART. Patients with incomplete treatment outcome data
and those who did not meet the exclusion criteria were excluded from the study.

Data Collection

Data for this study were obtained retrospectively from the Limpopo Province Electronic Drug-resistant TB Register
(EDR) Web. The register is an electronic system utilized for routine monitoring and reporting of TB cases across health
facilities in the province. Records extracted were for patients initiated on DR-TB treatment between 1st January 2016 and
31st December 2019.

These included demographic data for the patients: age, sex, and HIV status; clinical data on drug resistance profile,
history of TB treatment, and other comorbid conditions; and treatment outcomes. Outcomes were defined in accord with
WHO guidelines and included treatment success, defined as cure or treatment completion, failure, death, and loss to follow-
up. Other microbiological data included sputum smear and culture results and specifically six-month culture conversion rates.

All data were anonymised, and ethical clearance was obtained from the University of Limpopo’s Turfloop Research
Ethics Committee (TREC/564/2022), with patient consent waived because it is retrospective.

Definition of Treatment Outcomes
We used WHO standard definitions to measure the following treatment outcomes: cure, completion of treatment, success
of treatment (the sum of cure and completion of treatment), loss to follow-up, and death.’*® We computed culture
conversion at 6 months as 2 consecutive cultures taken >30 days apart that were negative before or at the end of the sixth
month of treatment. Favorable outcomes were defined as treatment success, while unfavorable outcomes were defined as
treatment failure, death, or loss to follow-up. The ‘treatment failure’ refers to patients whose primary smear/culture was
positive and remained positive or became positive again five months or later in the treatment. ‘Died’ refers to a patient
who died while on treatment.

‘Default’ refers to patients whose treatment was interrupted for two or more consecutive months through the
treatment period.

‘Cured’ means that a patient had a positive primary smear/culture before treatment initiation and two consecutive
negative smears/cultures 30 days before finishing treatment.

“Completed treatment” means that the patient had a positive baseline smear or culture but was not smear/culture
negative in the last month of treatment or at least thirty days prior to completion of the treatment.

‘Loss to follow-up’ refers to patients who did not initiate treatment or initiated the treatment but did not continue with
it throughout.

Sputum Culture Conversion

The microbiological outcome was based on patient sputum smear and culture results. Positive sputum cultures were
considered non-conversion, and sputum culture conversion was based on two consecutive negative cultures obtained at
30-day intervals. The median time to the primary outcome was estimated by the Kaplan-Meier method.
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Ethical Approval

Ethical approval was granted from the Turfloop Research Ethics Committee of the University of Limpopo (TREC/564/
2022:PQ), and the study was authorized by the Limpopo Department of Health. The ethics committee granted a waiver
for individual patient consent, since the accumulated data was identified using research identity numbers instead of using
the participant’s identity at the provincial level. The study complies with the declaration of Helsinki.

Data Analysis

Data analysis was performed using the Statistical Package for Social Sciences version 27. The following demographic
and clinical characteristics of the study population were summarized with the aid of descriptive statistics: age, gender,
HIV status, drug resistance profiles, and previous treatment exposure. Continuous variables are summarized by mean and
IQR; categorical variables are expressed as frequency and percentage.

The primary outcomes of interest were treatment success, deaths, and six-month sputum culture conversion.
Categorical variable associations, including BDQ exposure and treatment outcomes, were tested for using Chi-square
tests. The level of significance was set at p < 0.05. The Kaplan-Meier survival analysis was applied, comparing mortality
rates between patients on BDQ-containing and non-BDQ containing regimens.

Multivariate logistic regression models were developed to identify the independent predictors of treatment success.
The covariates assessed included BDQ use, gender, HIV status, drug resistance profile, and prior exposure to second-line
TB drugs. Associations between covariates and the outcomes were measured by adjusted odds ratios, OR at 95% CI.

Inclusion and Exclusion Criteria

The study included patients diagnosed with DR-TB in Limpopo Province, South Africa, between January 1, 2016, and
December 31, 2019. Eligible participants were those diagnosed with RR-TB, MDR-TB, pre-XDR-TB, or XDR-TB
during this period. Both patients treated with regimens containing BDQ and those without BDQ were considered,
provided they had complete demographic, clinical, and treatment outcome data. Treatment outcomes were defined in
accordance with WHO guidelines, including cure, treatment completion, success, failure, loss to follow-up, and death.
Patients were excluded if their records lacked the necessary demographic, clinical, or treatment outcome data, if they
were diagnosed outside the specified timeframe, or if their TB type did not fall under the classifications of RR-TB, MDR-
TB, pre-XDR-TB, or XDR-TB. Additionally, patients whose treatment outcomes were not categorized according to
WHO definitions were excluded from the study.

Results

Demographic and Clinical Characteristics

We thus analyzed 1,665 patient records; 880 patients, constituting 52.8%, received BDQ-containing regimens, while 785
patients, or 47.2%, were on non-BDQ-containing regimens. The median age of patients in the BDQ cohort was 40 years
(IQR 31-48), and the median age for those in the non-BDQ cohort was 31 years (IQR 30-48). Males constituted 947/
1665 (56.9%) of the total study population, with both cohorts showing a similar gender distribution. There was a high
prevalence of HIV co-infection, where 1115/1668 (67%) of the tested patients were positive for HIV. Of these, 954/1115
(85.5%) were on ART. (Table 1).

Six-Month Sputum Culture Conversion

At six months, sputum conversion rates among those receiving BDQ were 609/785 (77.5%) versus 597/880 (67.8%) in
the non-BDQ cohort. Large improvements in culture conversion were seen for both the pre-XDR-TB and XDR-TB
patients with BDQ treatment. In contrast, in the non-BDQ cohort, a higher percentage of patients remained sputum-
positive after six months of treatment (Figure 1). Patients who achieved sputum culture conversion within six months
demonstrated significantly better long-term treatment outcomes, including higher rates of treatment success and lower
mortality, compared to those with delayed conversion.
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Table I Demographics and Clinical Characteristics of the Patients (n=1665)

Demographic and Clinical Characteristics On BDQ Not on BDQ P value Total
n= 785 n (%) n= 880 n (%) N= 1665
n (%)
Age 0-14 4 (0.5) 37 (4.2) <0.001 41 (2.5)
15-34 282 (35.9) 293 (33.3) 575 (34.5)
35-54 392 (49.9) 426 (48.4) 818 (49.1)
55-74 101 (12.9) 109 (12.4) 210 (12.6)
>74 6 (0.8) 15 (1.7) 21(1.3)
Sex Male 453 (57.7) 494 (56.1) 0518 947 (56.9)
Female 332 (42.3) 386 (43.9) 718 (43.1)
Previous exposure to second-line drugs* Yes 305 (38.9) 342 (38.8) 0.022 647 (38.8)
No 442 (61.1) 508 (61.2) 950 (57.2)
Resistance profile MDR/RR-TB 668 (87.8) 768 (96.4) <0.001 1436 (92.0)
Pre-XDR-TB 79 (10.3) 25 (3.1) 104 (6.8)
XDR-TB 14 (1.9) 3 (0.5) 17 (1.2)
Patient Category New 443 (63.0) 508 (60.2) 951 (61.5))
Relapse 152 (21.6) 169 (20.1) 321 (20.8)
Treatment failure 52 (7.4) 94 (11.2) 146 (9.4)
TALFU 56 (8.0) 72 (8.5) 128 (8.3)
HIvV Positive 524 (66.7) 591 (67.1) 0.008 1115 (67.0)
On ART 468 (89.3) 486 (82.2) 0.012 954 (85.5)
Treatment year 2016 54 (6.9) 425 (48.4) 0.005 479 (28.8)
2017 151 (19.2) 259 (29.4) 410 (24.6)
2018 311 (39.6) 129 (14.6) 440 (26.4)
2019 269 (34.3) 67 (7.6) 336 (20.2)
Baseline sputum smear Positive 531 (67.6) 561 (63.8) 0.022 1092 (64.4)
Negative 254 (324) 319 (36.2) 603 (65.6)
Six months culture conversion Converted to negative 608 (77.5) 597 (67.8) 0.005 1205 (72.4)
Six months sputum smear Positive 38 (4.8) 70 (8.0%) <0.001 108 (6.5)

Notes: *Thirty-eight patients on the BDQ and 30 patients not on the BDQ had no drug history records; 65 were not specified for the patient category, and the P-value
was determined using the chi-square test. The bolded values indicate statistical significance.
Abbreviation: TALFU -treatment after loss to follow-up, ART - antiretroviral therapy.

Treatment Outcomes

The proportion of patients with successful treatment outcomes was higher in patients on BDQ-containing regimens, 560/
785 (71%), compared to that in the non-BDQ-containing regimens, (549/880) 62% (p < 0.05). Among the patients with
MDR/RR-TB, the cure rate for those treated with BDQ was 476/668 (71%), while those on non-BDQ regimens had
a cure rate of 473/768 (62%). This success was even more pronounced in pre-XDR-TB patients, where 60/79 (76%) of
BDQ-treated patients achieved success versus only 1/25 (4%) in the non-BDQ cohort. For XDR-TB patients, the success
rate was 9/14 (64%) in the BDQ cohort and 1/3 (33%) in the non-BDQ cohort (Figure 2).

Mortality and Survival

Overall, the mortality rate was 156/785 (20%) among the patients on BDQ-containing regimens versus 381/880 43.3%
among the non-BDQ containing regimen (p < 0.05). In the subgroup of pre-XDR-TB patients, mortality was strikingly
high among non-BDQ cohort patients, in whom 17/25 (68%) of patients died, while the mortality rate in the BDQ cohort
was 17/79 (22%) (Figure 2). According to Kaplan—Meier survival analysis, the survival benefit for BDQ-treated patients
was statistically significant, as shown by the separation of survival curves over time (Figure 3). The analysis showed that
BDQ-based regimens were associated with a significantly higher treatment success rate (71% vs 62%, p < 0.005) and
reduced mortality. Cox proportional hazards regression revealed that patients on BDQ-containing regimens had a 35%
lower risk of mortality compared to those on non-BDQ regimens (HR = 0.65, 95% CI: 0.53-0.87, p = 0.01).
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Comparison of 6 months conversion and death
rates in patients treated with a BDQ vs a non-
BDQ containing regimen
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Figure | Comparison of the 6-months sputum smear conversion and death rate between BDQ-exposed patients and non-BDQ-exposed patients.
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Figure 2 Treatment outcomes observed for DR-TB patients treated with a BDQ containing regimen vs those treated with a non-BDQ containing regimen (n=1665).
Treatment success is a combination of cured and treatment completion.

Multivariate Logistic Regression Analysis

In multivariate logistic regression analysis, BDQ use was strongly associated with successful treatment outcome: odds
ratio 1.5 (95% CI 1.2-2.0, p < 0.01). Other factors independently and significantly associated with successful treatment
included gender—female gender was associated with higher odds of successful treatment: odds ratio 1.2 (95% CI
1.0-1.5), p < 0.05—and resistance profile, with pre-XDR-TB patients having lower odds of successful treatment: odds
ratio 0.6 (95% CI 0.4-0.8, p < 0.01). HIV status did not significantly affect treatment success per se, p = 0.22, though
definitely the overall outcome was better in patients on ART (Table 2).

Key Implications of the Statistical results

BDQ is positively associated with sputum smear conversion and treatment success and significantly reduces mortality,
underscoring its critical role in improving outcomes. HIV-positive individuals have reduced odds of treatment success,
highlighting the need for tailored interventions. Age: Older age is associated with higher mortality, suggesting age-
specific management strategies may be needed.
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Figure 3 Kaplan—Meier survival curve for deaths defined per WHO treatment outcome for DR-TB infected patients in Limpopo province.

Discussion

These findings indicate the enormous advantages of BDQ in treatment outcomes for DR-TB patients in Limpopo
Province. BDQ-containing regimens were associated with higher treatment success rates, faster sputum culture conver-
sion, and lower mortality than non-BDQ regimens. These findings are in tandem with international studies that have
shown that BDQ improves MDR/XDR-TB treatment outcomes.>'*?

The larger proportion of successful treatments among BDQ-treated patients is consistent with other reports emanating
from other regions, including South Africa, where BDQ has been reported to bring about improved outcomes, especially in
MDR-TB and pre-XDR-TB."*3"33-* Of particular importance is the marked survival advantage of the patients in the BDQ
cohort, considering that deaths among those suffering from resistant forms of TB still pose a big challenge. Our study
confirms that BDQ offers a survival benefit, especially among the high-risk patient subgroup with advanced drug resistance.

This is even more important, given that the mortality rates in BDQ-treated patients were markedly lower, especially among
the pre-XDR-TB patients. In this subgroup, the mortality rate was alarmingly high, amounting to 68% for patients on non-
BDQ containing regimen; by contrast, this reduced to 22% in cases where BDQ was included in the regimen, showing thereby

Table 2 Multivariate Logistic Regression Analyses for Key Outcomes in the Studies of BDQ Treatment for MDR/RR-TB, Pre-
XDR and XDR-TB

Covariate Sputum Smear Conversion at 6 Months | Treatment Success Mortality
OR (95% CI) P value OR (95% CI) P value | OR (95% CI) P value

Gender (males) 1.26 (0.72 to 1.22) 0.086 1.231 (1.00 to 1.50) | 0.344 0.80 (0.67 to 0.89) | <0.001
Age (years) 1.21 (1.01 to 1.69) 0.234 0.96 (0.80 to I.11) 0.521 1.06 (1.01 to 1.09) | 0.012
HIV positive 0.99 (0.78 to 1.27) 0.139 0.68 (0.39 to 0.98) 0.021 0.91 (0.67 to 3.19) | 0.653
Resistance profile* 0.57 (0.43 to 0.76) 0.101 1.13 (0.26 to 2.19) | 0.062 1.23 (0.99 to 2.82) | 0.142
Previous drug history | 0.92 (0.67 to 1.27) 0.944 0.89 (0.65 to 1.23) | 0.226 1.23 (1.17 to 2.88) | 0.765
Bedaquiline use 1.05 (1.01 to 1.09) 0.005 0.39 (0.25 to 0.43) <0.001 0.60 (0.53 to 0.88) | 0.009

Notes: *Resistance profiles used were MDR/RR-TB pre-XDR-TB and XDR-TB. The bolded values indicate statistical significance.
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that this drug does have the potential to alter the course of events in difficult TB cases. These findings emphasize the benefit of
adding BDQ to existing standard therapies to achieve increased survival in pre-XDR-TB and XDR-TB patients.

Mycobacterial load reduction, evidenced by sputum culture conversion, is one of the most important indicators of response
to treatment in TB. Patients receiving BDQ had faster and higher rates of sputum culture conversion at six months,
significantly outperforming those in the non-BDQ cohort. Similarly, high rates of conversion were reported by the WHO meta-
analysis.>® Faster culture conversion is associated with reduced transmission risk and better long-term outcomes,’® suggesting
that the benefits of BDQ accrue not only to the individual patients but also have important implications for public health in
controlling the spread of TB. The faster sputum culture conversion observed among patients treated with BDQ (77.5% vs
67.8%) not only underscores the drug’s efficacy in achieving microbiological clearance but also correlates with improved
long-term outcomes, including higher treatment success rates and reduced mortality. These findings suggest that early culture
conversion may serve as a key prognostic indicator and a marker of effective TB treatment.

Although the current study has demonstrated the effectiveness of BDQ, its resistance is an emerging concern. In fact,
several studies have documented resistance rates in some settings ranging between 2.2% and 7%, one of which was from
South Africa and estimated the baseline resistance among BDQ-naive patients to be at 3.4%.'%*223-*7 Resistance rates
rose dramatically in previously exposed patients.”?>"** Another evidence highlights critical findings: 8% of BDQ-naive
patients showed primary resistance, while 47% of those assessed acquired resistance or were reinfected with resistant
strains. Mutations in genes such as Rv0678 and pepQ were significantly associated with BDQ resistance, whereas
variants in Rv0676¢ and Rv1979c¢ were not. The detection of low-level variants via targeted deep sequencing, undetect-
able by whole-genome sequencing, underscores the complexity of resistance emergence. Factors like baseline fluor-
oquinolone resistance, prior clofazimine exposure, and regimens containing fewer than five effective drugs were
associated with increased likelihood of BDQ resistance acquisition.'' The present study emphasizes the need for robust
DST and resistance monitoring since the long-term efficacy of BDQ might be threatened by unrestricted development of
resistance. The rapid scaling up of BDQ use, without parallel development of diagnostic tools to detect resistance, has
thus far undermined the effectiveness of this critical TB drug.

In this study, success in treatment was not particularly different among categories based on HIV status; however,
generally ART had a much better outcome. Given the high burden of HIV infection in South Africa,>*** ART given
together with the DR-TB regimen will be of essence to improve survival among co-infected patients. Nevertheless,
further studies about BDQ are needed, specifically regarding its interactions with ART and how these interactions affect
TB treatment outcomes, to identify any possible interactions of drugs.

Our study found that gender was independently associated with successful treatment outcomes, with female gender
being linked to higher odds of treatment success (odds ratio 1.2, 95% CI 1.0-1.5, p < 0.05). This aligns with existing
literature that suggests females may generally exhibit better adherence to treatment regimens, possibly due to greater
health-seeking behavior or a more proactive approach to healthcare.*'** Additionally, female patients may experience
fewer interruptions to treatment due to societal or behavioral factors, including a higher level of engagement with
healthcare services. Our findings support the need for gender-sensitive strategies in TB management, ensuring that both
male and female patients receive tailored care that accounts for these differences. Further research is needed to explore
the underlying factors contributing to gender-based treatment success, which could inform more effective, personalized
approaches in TB control programs.

The limitations to this study are several. First, it is a retrospective analysis and hence may suffer from all the biases
related to incomplete or missing data in the EDR Web. Some of the patients had incomplete treatment records; this might
have influenced the accuracy in reporting the treatment outcomes. Second, this study did not include a longer-term
follow-up beyond the treatment completion period; therefore, relapse rates and long-term treatment durability were not
assessable. Third, because there is no elaboration on the comorbidities of the patients, such as diabetes or other
immunosuppressive diseases, interpretation of the treatment outcomes may be compromised. Further, although HIV
status was captured, viral load and CD4 count information was not available; thus, full assessment of the implications of
HIV co-infection on TB treatment outcomes was limited.

Another limitation of this study is the lack of information concerning adverse drug reactions, which is crucial in the
evaluation of BDQ’s safety profile. Considering that BDQ has the potential of prolonging the QT interval, their frequency and

1826 https: Infection and Drug Resistance 2025:18



Rukasha et al

severity would have been of value in this case. Finally, this was a study conducted among patients in the Limpopo Province
alone, and although the findings have relevance for other similar mostly rural resource-poor settings, the results cannot be
generalized beyond such regions with different characteristics in their healthcare infrastructure or TB burden profile.

The study is the first large-scale evaluation of BDQ-containing regimens in a mostly rural South African study with a dual
high burden of HIV and DR-TB. Furthermore, the study used data routinely collected from patients with DR-TB. Thus,
presenting the real-world benefit of a BDQ-based regimen in the treatment of DR-TB in a mostly rural province. The data were
also obtained from all the five districts of Limpopo, all of which have unique characteristics allowing data generalization to
larger communities with similar characteristics. Given the ongoing global change in resistance patterns, regular monitoring of
drug susceptibility during treatment through prospective long-term follow-up studies is crucial for investigating the factors
associated with development resistance, especially in patients who have not previously been exposed to the drug.

The study’s focus on mostly rural, resource-limited settings fills an important knowledge gap, assessing the effectiveness
of BDQ use in resource constrained environments where there is shortage of healthcare resources.

Conclusion

Our retrospective cohort analysis of routinely reported data in the context of a high DR-TB burden setting revealed that
BDQ-based treatment regimens were associated with improved outcomes and a significant reduction in mortality in
patients with DR-TB compared to the standard regimen. While these findings underscore the potential of BDQ in
enhancing treatment success, the study’s retrospective design and potential biases must be acknowledged. The lack of
longer-term follow-up, absence of detailed patient comorbidity data, and limitations in assessing adverse drug reactions,
such as QT interval prolongation, further limits the generalizability of our results. Additionally, as this study was
conducted in the Limpopo Province of South Africa, its findings may primarily apply to mostly rural, resource-
constrained settings. Monitoring of drug resistance remains imperative for guiding BDQ use, particularly in areas with
limited DST resources. The development of reliable and rapid BDQ DST must be prioritized to categorize and care for
patients with baseline BDQ resistance. Routine DST should be implemented alongside the scale-up of new regimens,
despite the ongoing challenges in achieving rapid DST for BDQ.
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