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Multidrug-resistant tuberculosis is a major public health concern with prolonged infectivity, a complex treatment regimen, and lower treatment success rates. Despite the significant progress made by India in the control of Tuberculosis, it remains the second leading cause of mortality among infectious diseases. Shorter treatment courses for multidrug-resistant tuberculosis (MDR-TB) can enhance patient adherence by decreasing the length of time for medication intake and alleviating the challenges associated with prolonged treatment. Evaluating the effectiveness of various treatment regimens is crucial for identifying the best balance among treatment duration, efficacy, adverse drug effects, and patient adherence. A prospective, observational study on 50 MDR-TB patients was carried out at a tertiary care hospital. The final cure rates were 88% in the shorter regimen and 84% in the longer regimen, with 12% treatment failure in both groups. Both shorter and longer regimens demonstrated comparable efficacy with slightly better adherence in the shorter regimen.

Clinical trial registration: The study was registered in the Clinical Trials Registry-India (Indian Council of Medical Research-National Institute of Medical Statistics), https://ctri.nic.in/, CTRI registration number CTRI/2024/01/061453, registration date 15/1/2024, date of first enrollment is 24/1/2024.
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1 Introduction

Tuberculosis (TB) is a highly contagious disease that poses a significant global health threat and ranks among the top causes of mortality on a global scale. Before the outbreak of the COVID-19 pandemic, TB held the title as the primary cause of death attributed to a single infectious agent, surpassing even Human Immunodeficiency Virus/Acquired Immunodeficiency Syndrome (HIV/AIDS) in terms of its impact on mortality rates worldwide (1).

Tuberculosis is an airborne infection caused by the Mycobacterium tuberculosis bacillus. It spreads when individuals infected with TB expel bacteria into the air, primarily through coughing. Inhaling even a small quantity of these bacteria can result in infection. While the disease commonly impacts the lungs (pulmonary TB), it can also affect other areas of the body (extrapulmonary TB), such as the pleura, lymph nodes, abdomen, bones, and meninges. Approximately a quarter of the global population is infected with M. tuberculosis, making it a widespread health concern. Despite the availability of potent anti-TB drugs, tuberculosis ranks second only to COVID-19 in causing the highest number of deaths globally from a single infectious agent. India bears a significant portion of the global TB burden. The WHO’s Global Tuberculosis Report 2024 emphasizes the uneven progress in combating TB worldwide, revealing ongoing issues like substantial underfunding. Despite a decline in TB-related fatalities from 1.32 million in 2022 to 1.25 million in 2023, the estimated number of new TB cases increased slightly to 10.8 million in 2023 (2).

Despite the availability of effective anti-TB medication, tuberculosis remains a significant contributor to the high mortality rates attributed to curable infectious diseases. The Revised National Tuberculosis Control Program (RNTCP) has recently formulated the National Strategic Plan (NSP) to eliminate TB by 2025. However, the goal faces a major obstacle in the form of drug-resistant TB (DRTB), which continues to pose a significant public health threat.

Since 1994, the World Health Organization (WHO) has systematically gathered and analyzed data related to resistance to anti-TB medications, with a primary focus on rifampicin-resistant TB (RR-TB) and multidrug-resistant TB (MDR-TB), which involves resistance to both rifampicin and isoniazid. Together, these are termed MDR/RR-TB. New methodologies introduced in 2022 have enabled the estimation of annual new cases of MDR/RR-TB from 2015 onward. In 2023, it was estimated that there were around 400,000 new cases of MDR/RR-TB globally, remaining stable since 2020, with this strain causing approximately 150,000 fatalities. From 2015 to 2023, the percentage of new TB cases classified as MDR/RR-TB declined, from 4.1% to 3.2%, while the proportion among previously treated cases dropped from 20% to 16%. Trends varied by region: while the Americas saw an increase in cases and the South-East Asia region stabilized, there was a consistent decline reported in Africa, the Eastern Mediterranean, and the Western Pacific (3).

In 2023, a handful of countries contributed to more than half of all global MDR/RR-TB cases, with India accounting for 27% and significant contributions from the Russian Federation, Indonesia, China, and the Philippines. Additionally, there were approximately 1.4 million instances of isoniazid-resistant TB, with 19% of MDR/RR-TB cases also exhibiting pre-XDR-TB characteristics (resistance to certain fluoroquinolones). By the end of 2023, 107 countries reported ongoing surveillance data concerning rifampicin resistance, contributing to a comprehensive understanding of drug resistance in TB worldwide (3).

The Union Health Ministry of India has announced a significant advancement in the treatment of Multi-Drug-Resistant Tuberculosis (MDR-TB) with the approval of the BPaLM regimen. This new approach combines four medications: Bedaquiline, Pretomanid, Linezolid, and optionally Moxifloxacin. Research has shown that this regimen is not only safer but also more effective compared to previous treatment options, which typically lasted around 20 months. In contrast, the BPaLM regimen can effectively treat drug-resistant TB in just six months, offering hope to approximately 75,000 patients across the country (4).

The global treatment success rate for MDR/RR TB patients remains low at 57% (5). The standard DR TB regimen for MDR TB under the Programmatic Management of Drug-Resistant TB (PMDT) involves two main options: the Shorter Oral Bedaquiline-Containing Regimen and the Longer Oral Bedaquiline-Containing Regimen. Patients are assessed based on specific criteria, with those eligible for the shorter regimen starting on it, while the rest begin the longer regimen.

The Shorter Regimen lasts 9–12 months, with a 6 months intensive phase of Levofloxacin (Lfx)/Moxifloxacin (Mfx), Clofazimine (Cfz), Pyrazinamide (Z), Ethambutol (E), High dose Isoniazid (Hh), Ethionamide (Eto), followed by a 5 months continuation phase (Lfx/Mfx, Cfz, Z, E). Eligibility for the oral shorter MDR/RR TB regimen includes having rifampicin resistance, MDR/RR resistance with either an INH A mutation or KatG mutation only (not both), absence of FQ resistance, no previous exposure to second-line drugs for over a month, no extensive TB disease, and no severe extrapulmonary TB.

The Longer MDR TB Regimen spans 18–24 months and is categorized into Groups A, B, and C. While the WHO recommends starting with all Group A agents and at least one Group B agent, in India, experts propose initiating treatment with all five drugs from Groups A and B. Group A includes key foundational agents such as Levofloxacin (Lfx), Moxifloxacin (Mfx), Bedaquiline (Bdq), and Linezolid (Lzd), which are vital for the initial phase of treatment. Group B comprises auxiliary medications such as Clofazimine (Cfz) and either Cycloserine (Cs) or Terizidone (Trd), which should be incorporated to improve treatment efficacy. Finally, Group C consists of drugs that can be utilized to enhance the regimen when the medications from Groups A and B are not appropriate (6, 7).


1.1 Aims

To study and compare the efficacy of a longer regimen with a shorter regimen in multidrug-resistant pulmonary tuberculosis patients.



1.2 Objectives



	•To study the sputum smear examination in multidrug-resistant pulmonary tuberculosis patients treated with a longer regimen and a shorter regimen.

	•To study the culture negativity with the duration of treatment in patients on longer regimen and shorter regimen in multidrug-resistant pulmonary tuberculosis.

	•To study the clinical profile and outcome in patients on these regimens, respectively.

	•To study the treatment adherence, adverse reactions, and any other observations that can be seen during this study.






1.3 Study design

Prospective, observational, and comparative study.



1.4 Study setting

The study was conducted at Acharya Vinoba Bhave Rural Hospital (AVBRH), a tertiary care hospital, attached to Jawaharlal Nehru Medical College, Sawangi, Meghe, Wardha.



1.5 Study population

The patients diagnosed with drug-resistant pulmonary tuberculosis receiving care at the outpatient department (OPD) or admitted to the inpatient department (IPD) of the Respiratory Medicine Department and National Tuberculosis Elimination Program (NTEP) DOTS Center at AVBRH, Sawangi (Meghe), who meet the inclusion criteria, will be included in the study.



1.6 Inclusion criteria



	•All patients diagnosed with multidrug-resistant pulmonary tuberculosis who are under treatment at Acharya Vinoba Bhave Rural Hospital and NTEP DOTS center, AVBRH, Sawangi, (Meghe), Wardha.

	•Patient is more than 18 years of age.






1.7 Exclusion criteria



	•Patients not giving consent for the study.






1.8 Study period

December 2022 to November 2024



1.9 Sample size

FormulaN=Z2p(1−p)/d2

Z = z value (e.g., 1.96 for 95% confidence level)


	•Z is the level of significance at 5%, i.e., a 5% confidence interval = 1.96

	•P is the prevalence of MDR-TB: 3%

	•Desired precision = 5%




Sample size=[1.962]×0.03×(1−0.03)                                  =22.81  (rounding off to 25)                                   N=25




2 Materials and methods


	1.The study is registered in the Clinical Trials Registry-India with Registration number CTRI/2024/01/061453 and Reference number REF/2023/07/070740.

	2.New pulmonary MDR-TB (resistance to both Isoniazid and Rifampicin) patients and those already under treatment for pulmonary MDR-TB at our institute, who satisfied the inclusion and exclusion criteria, were included in this study after obtaining informed consent (Figure 1).

	3.The patients were admitted for pre-treatment evaluation and treated on an inpatient basis for the first 7 days, and later were closely observed with regular follow-ups.

	4.The patient’s demographic information, detailed history, clinical examination, as well as past illnesses, personal history, and other pertinent history, were obtained.

	5.A pre-treatment evaluation was conducted for all patients to identify comorbid conditions, those at risk of adverse effects, those requiring regimen modification, and those with poor outcomes.

	6.The patients were divided into two groups. According to the inclusion criteria, one group of 25 patients received a shorter regimen, and the other group of 25 patients received a longer regimen.

	7.Shorter all-oral regimen comprised of 9 months of treatment (4 months of intensive phase and 5 months of continuation phase) of:






	Tab. Bedaquiline 400 mg od × 2 weeks followed by 200 mg 3 times/week × 24 weeks

	Tab. Levofloxacin 15–20 mg/kg/day

	Tab. High-dose isoniazid 20–25 mg/kg/day

	Tab. Pyrazinamide 25–30 mg/kg/day

	Tab. Ethambutol 15–20 mg/kg/day

	Tab. Clofazimine 50–200 mg/day

	Tab. Ethionamide 10–15 mg/kg/day





	8.Longer oral regimen comprised of 18 months of treatment of:






	Tab. Bedaquiline 400 mg od × 2 weeks followed by 200 mg 3 times/week × 24 weeks

	Tab. Levofloxacin 15–20 mg/kg/day

	Tab. Linezolid 600 mg/day

	Tab. Cycloserine 250–1,000 mg/day

	Tab. Clofazimine 50–200 mg/day





	9.Sputum smear examination by fluorescent microscopy was done at the 3rd,4th, 5th, and 6th months. Sputum culture was done at the 3rd, 6th, 9th, 12th months, and at the end of treatment. Sputum smear examination was conducted at our DOTS center, AVBRH hospital. A culture test was done at the Intermediate Research Lab, Nagpur, with the help of the District TB officer and other concerned staff.

	10.Both groups were assessed and compared for smear conversion, culture conversion, adverse effects, and treatment outcome (Table 1).





[image: Flowchart shows a study process with fifty individuals assessed for eligibility and enrolled. Participants are divided into two groups: one follows a nine-month regimen (twenty-five people) and the other an eighteen-month regimen (twenty-five people). Both groups are compared for sputum microscopy at three, four, five, and six months; and culture conversion at six, nine, and eighteen months. Finally, they are compared for efficacy, compliance, and adverse drug reactions at the end of treatment.]
FIGURE 1
CONSORT flowchart of the study.



TABLE 1 Statistical analysis of the study.


	Parameters
	Treatment
	P-value



	
	Shorter regimen (n = 25)
	Longer regimen (n = 25)
	





	Age (years)
	34.36 ± 9.95
	48.52 ± 15.57
	< 0.001 (1)



	Age group
	
	0.006 (2)



	 20–40 years
	19 (76.0%)
	9 (36.0%)
	



	 41–60 years
	6 (24.0%)
	11 (44.0%)



	 > 60 years
	0 (0.0%)
	5 (20.0%)



	Gender
	
	0.758 (3)



	 Male
	17 (68.0%)
	18 (72.0%)
	



	 Female
	8 (32.0%)
	7 (28.0%)



	Taluk
	
	0.784 (2)



	 Wardha
	5 (20.0%)
	6 (24.0%)
	



	 Samudrapur
	5 (20.0%)
	4 (16.0%)



	 Arvi
	2 (8.0%)
	4 (16.0%)



	 Hinganghat
	3 (12.0%)
	3 (12.0%)



	 Karanja
	1 (4.0%)
	3 (12.0%)



	 Ashti
	2 (8.0%)
	1 (4.0%)



	 Deoli
	2 (8.0%)
	0 (0.0%)



	 Akola
	0 (0.0%)
	1 (4.0%)



	 Bramhapuri
	1 (4.0%)
	0 (0.0%)



	 Darwha
	0 (0.0%)
	1 (4.0%)



	 Kalamb
	1 (4.0%)
	0 (0.0%)



	 Manora
	0 (0.0%)
	1 (4.0%)



	 Nagpur
	1 (4.0%)
	0 (0.0%)



	 Ralegaon
	1 (4.0%)
	0 (0.0%)



	 Seloo
	0 (0.0%)
	1 (4.0%)



	 Tiosa
	1 (4.0%)
	0 (0.0%)



	District
	
	0.745 (2)



	 Wardha
	20 (80.0%)
	22 (88.0%)
	



	 Yavatmal
	2 (8.0%)
	1 (4.0%)



	 Akola
	0 (0.0%)
	1 (4.0%)



	 Amravati
	1 (4.0%)
	0 (0.0%)



	 Chandrapur
	1 (4.0%)
	0 (0.0%)



	 Nagpur
	1 (4.0%)
	0 (0.0%)



	 Washim
	0 (0.0%)
	1 (4.0%)



	BMI (Kg/m2)
	17.74 ± 2.43
	18.49 ± 2.08
	0.243 (1)



	BMI
	
	0.769 (2)



	 < 18.5 Kg/m2
	17 (68.0%)
	15 (60.0%)
	



	 18.5–22.9 Kg/m2
	8 (32.0%)
	9 (36.0%)



	 23.0–24.9 Kg/m2
	0 (0.0%)
	1 (4.0%)



	Occupation
	
	0.067 (2)



	 Farmer
	12 (48.0%)
	16 (64.0%)
	



	 Housewife
	2 (8.0%)
	5 (20.0%)



	 Student
	5 (20.0%)
	0 (0.0%)



	 Mason
	3 (12.0%)
	1 (4.0%)



	 Carpenter
	1 (4.0%)
	1 (4.0%)



	 Barber
	0 (0.0%)
	1 (4.0%)



	 Fisherman
	0 (0.0%)
	1 (4.0%)



	 Fruit vendor
	1 (4.0%)
	0 (0.0%)



	 Health care worker
	1 (4.0%)
	0 (0.0%)



	Smoking (yes)
	8 (32.0%)
	15 (60.0%)
	0.047 (3)



	Alcohol (yes)
	6 (24.0%)
	10 (40.0%)
	0.225 (3)



	Comorbidities: hypertension (yes)
	0 (0.0%)
	3 (12.0%)
	0.235 (2)



	Comorbidities: diabetes mellitus (yes)
	2 (8.0%)
	4 (16.0%)
	0.667 (2)



	Comorbidities: chronic kidney disease (yes)
	0 (0.0%)
	1 (4.0%)
	1.000 (2)



	Comorbidities: hypothyroidism (yes)
	2 (8.0%)
	0 (0.0%)
	0.490 (2)



	Comorbidities: chronic liver disease (yes)
	0 (0.0%)
	1 (4.0%)
	1.000 (2)



	Comorbidities: HIV (yes)
	1 (4.0%)
	2 (8.0%)
	1.000 (2)



	Other risk factors: past history of tuberculosis
	
	0.714 (2)



	 Absent
	17 (68.0%)
	14 (56.0%)
	



	 Present- treatment completed
	5 (20.0%)
	7 (28.0%)



	 Present-defaulter
	3 (12.0%)
	4 (16.0%)



	Other risk factors: contact history of tuberculosis (present)
	3 (12.0%)
	0 (0.0%)
	0.235 (2)



	Treatment duration
	
	< 0.001 (3)



	 9 months
	25 (100.0%)
	0 (0.0%)
	



	 18 months
	0 (0.0%)
	25 (100.0%)



	Smear microscopy (3rd month) (positive)
	9 (36.0%)
	5 (20.0%)
	0.208 (3)



	Smear microscopy (4th month) (positive)
	8 (32.0%)
	4 (16.0%)
	0.185 (3)



	Smear microscopy (5th month) (positive)
	6 (24.0%)
	2 (8.0%)
	0.247 (2)



	Smear microscopy (6th month) (positive)
	5 (20.0%)
	2 (8.0%)
	0.417 (2)



	Culture (3rd month) (positive)
	7 (28.0%)
	6 (24.0%)
	0.747 (3)



	Culture (6th month) (positive)
	5 (20.0%)
	4 (16.0%)
	1.000 (2)



	Culture (9th month) (positive)
	3 (12.0%)
	2 (8.0%)
	1.000 (2)



	Culture (12th month) (positive)
	0 (NaN%)
	2 (8.0%)
	1.000 (3)



	Culture (18th month) (positive)
	0 (NaN%)
	3 (12.0%)
	1.000 (3)



	ADRs: anaphylaxis (present)
	0 (0.0%)
	0 (0.0%)
	1.000 (3)



	ADRs: hepatitis (present)
	4 (16.0%)
	1 (4.0%)
	0.349 (2)



	ADRs: cardiac (present)
	0 (0.0%)
	1 (4.0%)
	1.000 (2)



	ADRs: neurological (present)
	0 (0.0%)
	2 (8.0%)
	0.490 (2)



	ADRs: optic neuritis (present)
	0 (0.0%)
	0 (0.0%)
	1.000 (3)



	ADRs: psychiatric (present)
	2 (8.0%)
	2 (8.0%)
	1.000 (2)



	ADRs: gastrointestinal (present)
	7 (28.0%)
	6 (24.0%)
	0.747 (3)



	ADRs: peripheral neuropathy (present)
	1 (4.0%)
	3 (12.0%)
	0.609 (2)



	ADRs: hematological (present)
	0 (0.0%)
	2 (8.0%)
	0.490 (2)



	ADRs: hypothyroidism (present)
	1 (4.0%)
	0 (0.0%)
	1.000 (2)



	ADRs: arthralgia (present)
	5 (20.0%)
	0 (0.0%)
	0.050 (2)



	Interim outcome
	
	1.000 (2)



	 Bacteriological conversion
	22 (88.0%)
	22 (88.0%)
	



	 Bacteriological reversion
	2 (8.0%)
	1 (4.0%)
	



	 No Bacteriological conversion
	1 (4.0%)
	2 (8.0%)
	



	Final outcome
	
	1.000 (2)



	 Cured
	22 (88.0%)
	21 (84.0%)
	



	 Treatment failure
	3 (12.0%)
	3 (12.0%)
	



	 Lost to follow up
	0 (0.0%)
	1 (4.0%)
	








3 Results


	1.The study included 50 Multidrug-resistant pulmonary Tuberculosis patients, who were evenly split between shorter and longer regimens based on the inclusion criteria.

	2.The mean age was 41.44 years, and most (56%) were aged 20–40 years.

	3.In the study, 70% of the participants were male and 30% were female.

	4.The study showed that 64% of the participants were underweight (BMI < 18.5 kg/m2).

	5.In the study, 12% of the patients had diabetes mellitus, 6% had HIV, and 6% had hypertension.

	6.Alcohol consumption was associated with poor smear and culture conversion at the 3rd month, with a significant impact on the final outcome.

	7.Moderate association was seen between diabetes mellitus and delayed smear and culture conversion at the 3rd month.

	8.HIV infection was highly predictive of poor outcomes; all had no bacteriological conversion and experienced treatment failure.

	9.It was found that 36% of the participants in the shorter regimen and 20% of the participants in the longer regimen were smear positive at the 3rd month. A total of 20% in the shorter regimen and 8% in the longer regimen were smear positive at the 6th month.

	10.During the study, 28% of the participants in the shorter regimen and 24% of the participants in the longer regimen were culture positive at the 3rd month. A total of 12% in the shorter regimen and 8% in the longer regimen were culture positive at the 9th month.

	11.All (100%) of the participants in the shorter regimen and 96% of the participants in the longer regimen were adherent to treatment. A total of 4% of the participants in the longer regimen were lost to follow-up.

	12.In the study, 28% of the participants in the shorter regimen and 24% of the participants in the longer regimen had gastrointestinal side effects. A total of 20% of the participants in the shorter regimen had arthralgia. A total of 16% of the participants in the shorter regimen and 4% of the participants in the longer regimen had hepatitis. A total of 12% of the participants in the longer regimen had peripheral neuropathy.

	13.At the end of the study, 88% of the participants in both the shorter and longer regimen had bacteriological conversion at the end of treatment. Bacteriological conversion was seen in 8% in the shorter regimen and 4% in the longer regimen. No bacteriological conversion was seen in 4% in the shorter regimen and 8% in the longer regimen.

	14.The study concluded that 88% of the participants in the shorter regimen and 84% of the participants in the longer regimen were cured. Treatment failure was seen in 12% of the participants.






4 Discussion

Multidrug-resistant tuberculosis (MDR-TB) continues to be a major global health concern, threatening TB control efforts. It is caused by Mycobacterium tuberculosis, which is resistant to both isoniazid and rifampicin, requiring tailored treatment approaches. To address the complexities of MDR-TB management, programmatic management of drug-resistant tuberculosis (PMDT) strategies has been developed to improve treatment outcomes (7).

Programmatic management of drug-resistant tuberculosis (PMDT) is a coordinated and systematic strategy that combines diagnostic services, treatment protocols, and patient support within national TB control efforts. Its goal is to improve the quality and availability of care for people affected by drug-resistant TB through standardized and effective treatment approaches (8). Hence, the present study was conducted to compare the efficacy of longer versus shorter treatment regimens for multidrug-resistant tuberculosis (MDR-TB) patients under programmatic management of drug-resistant tuberculosis (PMDT).

The present study included all new MDR-TB patients and those already undergoing treatment at our institute. Participants were divided into two groups: one receiving a longer treatment regimen and the other receiving a shorter regimen. Follow-up involved monthly sputum smear examinations starting from the third month, as well as culture tests at the end of the third, sixth, and ninth months, and/or at the end of treatment. The two groups were compared in terms of treatment outcomes, drug compliance, and adverse effects.

In the present study, the mean age of study participants was 41.44 years (SD = 14.78), with a median of 37 years (IQR = 31–49.75) and a range of 20–77 years. The age distribution was: 56% between 20 and 40 years, 34% between 41 and 60 years, and 10% above 60 years. The gender distribution was 70% males and 30% females. Similar to the present study, Munir et al. (9) found that among 131 patients, 71 (54.2%) were males and 60 (45.8%) were females, the mean age of the patients was 35.08 ± 15.25. Another study by Ali et al. (10) reported that the gender distribution was 47.36% males and 52.63% females in the shorter treatment regimen (STR) group, and 55.42% males and 44.57% females in the longer treatment regimen (LTR) group. The mean age was significantly lower in the STR group (34.16 years, ± 16.76) compared to the LTR group (41.71 years, ± 18.44). A similar study by Kumari et al. (11) among the study subjects, 268 were males and 92 were females, median age was 41 years. Mansoori et al. (12) claimed the average age was 47 ± 19.06 years, and males were 788 (72.8%).

In the present study, as per distribution of the Participants in Terms of Taluk, 22.0% of the participants were from Wardha, 18.0% of the participants were from Samudrapur, 12.0% of the participants were from Arvi, 12.0% of the participants were from Hinganghat, 8.0% of the participants were from Karanja, 6.0% of the participants were from Ashti, 4.0% of the participants were from Deoli, 2.0% of the participants were from Akola, 2.0% of the participants were from Bramhapuri, 2.0% of the participants were from Darwha, 2.0% of the participants were from Kalamb, 2.0% of the participants were from Manora, 2.0% of the participants were from Nagpur, 2.0% of the participants were from Ralegaon, 2.0% of the participants were from Seloo and 2.0% of the participants were from Tiosa. A total of 84.0% of the participants were from district Wardha, 6.0% of the participants were from Yavatmal, 2.0% of the participants were from Akola, 2.0% of the participants were from Amravati, 2.0% of the participants were from Chandrapur, 2.0% of the participants were from district Nagpur and 2.0% of the participants were from Washim.


4.1 Distribution of the participants in terms of body mass index

In the study, 64.0% of the participants had a BMI < 18.5 Kg/m2, 34.0% of the participants had a BMI: 18.5–22.9 Kg/m2, and 2.0% of the participants had a BMI: 23.0–24.9 Kg/m2. In a similar study by Kumari et al. (11) 2.8% (10/360) of patients had a BMI < 18. A study by Prajapati et al. (13) reported body mass index > 18.5 as one of the factors for successful treatment outcomes of MDR TB.



4.2 Distribution of the participants in terms of occupation

Amongst the participants, 56.0% were farmers, 14.0% were housewives, 10.0% were students, 8.0% were masons, 4.0% were carpenters, 2.0% were barbers, 2.0% were fishermen, 2.0% were fruit vendors, and 2.0% were health care workers. In the study by Mansoori et al. (12) the study participant’s occupations varied, with a significant proportion being unemployed or disabled (34.1%), followed by housewives (23%), and daily laborers (20.6%).



4.3 Distribution of the participants in terms of smoking and alcohol consumption

In the present study, 46.0% of the participants were smokers, while 54.0% of the participants were non-smokers. A total of 32.0% of the participants were alcoholics, while 68.0% of the participants were non-alcoholics. In the study by Ali et al. (10) 61 (34.27%) of study participants were smokers. Mansoori et al. (12) reported that 48.1% of patients had a history of smoking. In a similar study by Prajapati et al. (13) among 112 patients, 35 had a single habit, which included 25 smokers, five alcohol consumers, and those who chewed tobacco. Additionally, 40 patients had multiple habits, combining tobacco chewing, smoking, and alcohol consumption, and this study revealed that tobacco chewing and alcohol consumption were linked to poorer treatment outcomes.



4.4 Distribution of the participants in terms of comorbidities

The participants in the study had various comorbidities, with Diabetes Mellitus being the most common, affecting 12% of the participants (six individuals). Hypertension and HIV were also notable, each affecting 6% of the participants (three individuals each). Additionally, 4% of the participants (two individuals) had Hypothyroidism, while chronic kidney disease and Chronic Liver Disease were each present in 2% of the participants (one individual each). In a similar study by Kumari et al. (11) 10.28% (37/360) of study participants were diabetics, and 13.5% (47/360) cases were HIV reactive. In the study by Mansoori et al. (12) comorbidities included diabetes in 14.1% of patients. A study by Mphande-Nyasulu et al. (14) found that individuals with comorbidities had a 2.16-fold increased risk of TB compared to those without comorbidities, although this finding was not statistically significant (95% CI: 0.33–13.98). Patients with HIV infection had a 2.22-fold increased risk of TB (95% CI: 0.93–5.31). While these findings suggest potential associations, further research is needed to confirm these relationships.



4.5 Distribution of the participants in terms of past history of tuberculosis

In the study, 62.0% of the participants had no history of tuberculosis. A total of 24.0% of the participants had a history of tuberculosis who completed the treatment, while 14.0% of the participants had a history of tuberculosis but were defaulters. Mansoori et al. (12) reported that among patients with MDR tuberculosis, a total of 156 patients (19.5%) had a history of treatment with anti-tubercular therapy.



4.6 Distribution of the participants in terms of contact history of tuberculosis

Amongst the participants, 6.0% had a contact history of tuberculosis, while 94.0% had no contact history of tuberculosis.



4.7 Distribution of the participants in terms of “smear microscopy and culture results”

The study’s findings showed that at the 3rd month, 28% of participants tested positive on smear microscopy, while 72% tested negative. By the 6th month, the positivity rate had decreased to 14%, with 86% testing negative. Culture results also showed a decline in positivity rates over time, with 26% testing positive at 3 months and 74% negative. At 9 months, 10% were culture-positive and 90% were negative, and at 18 months, 12% were positive and 88% were negative. These results indicate a general trend of decreasing positivity rates for both smear microscopy and culture tests over the course of treatment. The above findings suggest that treatment is effective in reducing the bacterial load over time, as evidenced by the decline in positivity rates for both smear microscopy and culture tests. The decrease in positivity rates from 3 to 6 months for smear microscopy and from 3 to 9 months for culture tests indicates a positive response to treatment. However, the slight increase in culture positivity at 18 months compared to 9 months suggests bacteriological reversion. Overall, the results suggest that the treatment regimen is effective in achieving a bacteriological response in a significant proportion of patients. In the study by Prajapati et al. (13) out of 112 patients, 61 (54%) achieved sputum culture negativity by 12 months, with 49 of them converting within the first 6 months. Successful treatment outcomes were observed in 29 patients (25.89%), and this study reported that factors associated with favorable treatment outcomes included age ≤ 40 years, body mass index > 18.5, and sputum/culture conversion at 3 months, and tobacco chewing and alcohol consumption were linked to poorer treatment outcomes.



4.8 Distribution of the participants in terms of adverse drug reactions

In the present study, gastrointestinal issues were the most common, affecting 26% of participants, followed by arthralgia and hepatitis (10% each). The study by Ali et al. (10) found a much higher incidence of gastric irritation (56.18%), hepatitis (25.84%), and ototoxicity (19.10%). Nephrotoxicity was also more common in the Ali et al. (10) study (12.36%). Both studies reported psychiatric issues, but the frequency was much lower in the present study (8% vs. 3.93% for psychosis). Overall, the Ali et al. (10) study reported higher rates of adverse effects (Table 2).


TABLE 2 Distribution of the participants in terms of adverse drug reactions.


	Adverse drug reactions
	Frequency
	Percentage




	Anaphylaxis
	0
	0.0%



	Hepatitis
	5
	10.0%



	Cardiac
	1
	2.0%



	Neurological
	2
	4.0%



	Optic neuritis
	0
	0.0%



	Psychiatric
	4
	8.0%



	Gastrointestinal
	13
	26.0%



	Peripheral neuropathy
	4
	8.0%



	Hematological
	2
	4.0%



	Hypothyroidism
	1
	2.0%



	Arthralgia
	5
	10.0%








4.9 Distribution of the participants in terms of “interim outcome and final outcome”

In the study, 88.0% of the participants had bacteriological conversion, 6.0% of the participants had bacteriological reversion, and 6.0% of the participants had no bacteriological conversion. It was found that 86.0% of the participants were cured, 12.0% experienced treatment failure, and 2.0% were lost to follow-up. Various studies have reported treatment success rates for MDR-TB patients. Ali et al. (10) found that the shorter regimen (STR) group had a higher treatment success rate of 86.31% compared to the long-term regimen (LTR) group at 79.51%. Similarly, Abidi et al. (15) reported a higher success rate for shorter regimens at 80.0% versus 75.3% for longer regimens. Other studies have also shown promising results, with Wakjira et al. (16) reporting a 69% successful treatment completion rate, and Panford et al. (17) finding 71.7% successful treatment outcomes in a Ghanaian study. Wahid et al. (18) observed a treatment success rate of 83.7% in the STR group and 73.2% in the LTR group. Trubnikov et al. (19) reported 66.3% successful treatment outcomes, while Kumari et al. (11) found a cure rate of 42.50% and treatment completion rate of 41.60%, resulting in an overall treatment success rate of 84.1%. Munir et al. (9) found that the overall cure rate was 74.8% (98 patients), with 13.8% of patients completing treatment successfully. These studies highlight the varying degrees of success in treating MDR-TB with different regimens.



4.10 Association of alcohol consumption with smear microscopy and culture

The present study found that alcohol consumption is linked to poorer tuberculosis treatment outcomes, with higher rates of positive smear microscopy and culture results. Alcohol consumption also affects final treatment outcomes, with lower cure rates (68.8% vs. 94.1%).

The present study found a significant association between alcohol consumption and smear microscopy results at the 3rd month (χ2 = 9.314, p = 0.005). A larger proportion of participants in the alcoholic group had positive smear microscopy results (56.2%) compared to the non-alcoholic group (14.7%). A larger proportion of participants in the alcoholic group had positive culture results (62.5%) compared to the non-alcoholic group (8.8%). At the 9th month, there is a significant association between alcohol consumption and culture results (χ2 = 5.882, p = 0.031) with a moderate strength of association (Cramer’s V = 0.34). A larger proportion of participants in the alcoholic group had positive culture results (25.0%) compared to the non-alcoholic group (2.9%). At the 18th month, there is no significant association between alcohol consumption and culture results (χ2 = 0.063, p = 1.000). Similarly, in the study by Duraisamy et al. (20), among the patients who failed to achieve sputum culture conversion, 33% consumed alcohol during treatment. In one case, the patient had only missed two doses, suggesting that alcohol’s effects may have contributed to treatment failure rather than non-adherence or ineffective treatment. Another study by Deshmukh et al. (21) revealed that alcohol consumption resulted in missed anti-tubercular treatment doses, missed medical appointments, and patients were not willing to undergo counseling. Various studies by Oeltmann et al. (22), Rehm et al. (23), Jakubowiak et al. (24), Parry et al. (25) has consistently shown that alcohol abuse is linked to poor treatment compliance and clinical outcomes in various diseases, including tuberculosis and these studies have found that individuals who abuse alcohol are more likely to default from TB treatment. Jakubowiak et al. (24), Driver et al. (26) reported that excessive alcohol consumption is associated with a higher likelihood of treatment interruptions, which can negatively impact treatment outcomes. Missed doses likely contribute to most unsuccessful treatment outcomes. However, some patients who consumed alcohol while adhering to treatment still experienced poor outcomes. Alcohol abuse can impact the immunity of the patient, directly leading to treatment failure or poor response (20). The present study found a significant association between alcohol consumption and final outcome (χ2 = 6.253, p = 0.027). A larger proportion of participants in the non-alcoholic group were cured (94.1%) compared to the alcoholic group (68.8%). Conversely, a larger proportion of participants in the alcoholic group had treatment failure (25.0%) and were lost to follow-up (6.2%). The results are similar to the study conducted by Duraisamy et al. (20) which found that patients who consumed alcohol during treatment were 4.3 times more likely to have unsuccessful outcomes. They also missed an average of 18 more doses during the intensive phase compared to non-drinkers.

Normally, alveolar macrophages eliminate over 90% of inhaled M. tuberculosis bacteria in immunocompetent individuals (27). Studies have shown that alcohol can enhance the survival of mycobacteria within the macrophages by suppressing key immune functions, including mobilization, adherence, phagocytosis, and superoxide production (28, 29). Alcohol consumption has been found to impair antigen-specific T-cell activation by disrupting the presentation of mycobacterial antigens to lymphocytes. Chronic alcohol exposure can also suppress cytokine production, which plays a crucial role in cellular communication, activation, and regulation of inflammation and healing mechanisms (29).



4.11 Association of “comorbidities: diabetes mellitus” with smear microscopy and culture

There is a significant association between diabetes mellitus and smear microscopy results at the 3rd month (χ2 = 5.057, p = 0.044) with a moderate strength of association (Cramer’s V = 0.32). A larger proportion of diabetic participants (66.7%) had positive smear microscopy results compared to non-diabetics (22.7%). At the 6th month, there is no significant association between diabetes mellitus and smear microscopy results (χ2 = 2.117, p = 0.192) with a low strength of association (Cramer’s V = 0.21).

In the present study, a significant association between diabetes mellitus and culture results at the 3rd month (χ2 = 5.861, p = 0.033) with a moderate strength of association (Cramer’s V = 0.34). A larger proportion of diabetic participants (66.7%) had positive culture results compared to non-diabetics (20.5%). At the 9th month, there is no significant association between diabetes mellitus and culture results (χ2 = 0.758, p = 1.000), with little to no association (Cramer’s V = 0.12). None of the diabetic participants had positive culture results. At the 18th month, there is no significant association between diabetes mellitus and culture results (χ2 = 0.649, p = 1.000), with little to no association (Cramer’s V = 0.16). None of the diabetic participants had positive culture results. The study by Viswanathan et al. (30) showed that patients with diabetes (TB-DM) had delayed sputum conversion and higher treatment failure rates compared to non-diabetic patients (TB non-DM). Specifically, 14.7% of TBDM patients remained sputum-positive at the end of the intensive phase, compared to 3.5% of TB non-DM patients. The mean duration for sputum conversion was also longer in TBDM patients (64.2 days) compared to TB non-DM patients (61.5 days).

The present study found no significant association between diabetes mellitus and interim outcome (χ2 = 0.930, p = 1.000) with a low strength of association (Cramer’s V = 0.14). All diabetic participants had bacteriological conversion. There is no significant association between diabetes mellitus and final outcome (χ2 = 0.266, p = 0.616), with little to no association (Cramer’s V = 0.07). The proportions of participants who were cured (83.3% vs. 86.4%) and experienced treatment failure (16.7% vs. 11.4%) were similar between the diabetic and non-diabetic groups. A study by Duraisamy et al. (20) reported that the prevalence of diabetes (33%) did not significantly impact treatment outcomes. Another study by Nandakumar et al. (31) found that while patients with unknown DM status and those with DM had higher rates of unfavorable outcomes (23% and 17%, respectively), the difference was not statistically significant, however, poor glycemic control or unknown control status showed a trend toward increased risk of unfavorable outcomes. Xu et al. (32) found that diabetes mellitus (DM) was significantly associated with adverse treatment outcomes. Specifically, DR-TB patients with DM had a higher risk of unsuccessful treatment outcomes, treatment failure, and lower rates of cure and treatment completion. Similar associations were observed in MDR-TB patients. In a study by Viswanathan et al. (30) TBDM patients had higher rates of treatment failure (4.2% vs. 0.7%) and multidrug-resistant TB (1%), and similarly, in the present study, it was concluded that diabetes is associated with poorer TB treatment outcomes and increased treatment failure.



4.12 Association of “comorbidities: HIV” with smear microscopy and culture

The present study reveals a significant and strong association between HIV and poorer tuberculosis treatment outcomes. Participants with HIV had higher rates of positive smear microscopy and culture results, and lower rates of bacteriological conversion and cure. Notably, all participants with HIV had treatment failure, whereas the majority of non-HIV participants were cured. These findings suggest that HIV co-infection significantly impacts tuberculosis treatment outcomes, highlighting the need for targeted interventions and management strategies for individuals with HIV-TB co-infection.

In the present study, a significant association between HIV and smear microscopy results at the 3rd month (χ2 = 8.207, p = 0.019) with a moderate strength of association (Cramer’s V = 0.41). A total of 100% of participants with HIV had positive smear microscopy results at the 3rd month compared to 23.4% of non-HIV participants. At the 6th month, there is a significant association between HIV and smear microscopy results (χ2 = 19.605, p = 0.002) with a high strength of association (Cramer’s V = 0.63). A total of 100% of participants with HIV had positive smear microscopy results at the 6th month compared to 8.5% of non-HIV participants. A study by Singh et al. (33) indicated that individuals living with HIV who are co-infected with multidrug-resistant/extensively drug-resistant tuberculosis (M/XDR-TB) experience poor outcomes and high mortality rates. This co-infection is also linked to M/XDR-TB epidemics and outbreaks.

The present study found a significant association between HIV and culture results at the 3rd month (χ2 = 9.083, p = 0.015) with a moderate strength of association (Cramer’s V = 0.43). A total of 100% of participants with HIV had positive culture results at the 3rd month compared to 21.3% of non-HIV participants. At the 9th month, there is a significant association between HIV and culture results (χ2 = 11.387, p = 0.023) with a moderate strength of association (Cramer’s V = 0.48). A total of 66.7% of participants with HIV had positive culture results at the 9th month compared to 6.4% of non-HIV participants. At the 18th month, there is a significant association between HIV and culture results (χ2 = 15.942, p = 0.010) with a high strength of association (Cramer’s V = 0.8). A total of 100% of participants with HIV had positive culture results at the 18th month compared to 4.3% of non-HIV participants.

In the present study, there was a significant association between HIV and interim outcome (χ2 = 26.359, p = 0.001) with a high strength of association (Cramer’s V = 0.73). None of the participants with HIV had bacteriological conversion, while 93.6% of non-HIV participants had bacteriological conversion. The study by Isaakidis et al. (34) revealed that among HIV patients who had previously received treatment for TB, had a higher proportion of multidrug-resistant TB and more advanced TB resistance profiles (36%) compared to those who were newly diagnosed (11%).

In the present study, there was a significant association between HIV and final outcome (χ2 = 23.404, p = 0.002) with a high strength of association (Cramer’s V = 0.68). A total of 100% of participants with HIV had treatment failure, while 91.5% of non-HIV participants were cured. The study by Chikkahonnaiah (35) reported that the clinical stage of HIV significantly influenced treatment outcomes. Patients with stage II HIV had a higher cure rate of 55.6% (10 patients) and a lower mortality rate of 16% (4 patients). In contrast, patients with stage IV HIV had a mortality rate of 72% (18 patients). This association was statistically significant, with a p-value of 0.002.



4.13 Comparison between longer and shorter regimens with smear microscopy and culture

In the present study, there was no significant association between treatment regimen (Shorter vs Longer) and smear microscopy results at the 3rd month (χ2 = 1.587, p = 0.208) or 6th month (χ2 = 1.495, p = 0.417). Similarly, there is no significant association between treatment regimen and culture results at the 3rd month (χ2 = 0.104, p = 0.747) or 9th month (χ2 = 0.222, p = 1.000). The strength of association between treatment regimen and smear microscopy and culture results is low (Cramer’s V < 0.2). The proportions of participants with positive and negative smear microscopy and culture results are comparable between the two treatment regimens. In a similar study by Wahid et al. (18) patients received either a shorter treatment regimen (STR) or a longer treatment regimen (LTR). The STR group had a significantly shorter time to sputum culture conversion (SCC) compared to the LTR group (2.03 vs. 2.69 months, p < 0.001). Multivariate analysis showed that STR was the only predictor of early SCC, while factors like older age, lower baseline body weight, and LTR treatment were associated with unsuccessful treatment outcomes and their study concluded that STR demonstrated superior antimicrobial activity against MDR-TB, resulting in earlier SCC, higher cure rates, and lower mortality compared to LTR.



4.14 Comparison of adverse drug reactions in the shorter regimen and the longer regimen

The safety and tolerability of shorter MDR-TB regimens have been debated. A study by Trubnikov et al. (19) in Uzbekistan, found healthcare providers were skeptical about the regimen’s safety due to potential toxicity concerns. However, a systematic review and meta-analysis by Nyang’wa et al. (36) suggested shorter regimens had a lower risk of loss to follow-up compared to longer ones. The present study compared the adverse drug reactions (ADRs) between patients receiving a shorter regimen and those receiving a longer regimen (Table 3). No significant differences were observed in the incidence of most ADRs between the two groups. Gastrointestinal ADRs were common, affecting 28% of patients in the shorter regimen group and 24% of patients in the longer regimen group. Arthralgia was significantly more common in the shorter regimen group (20%) compared to the longer regimen group (0%). Hepatitis, neurological, and hematological ADRs were also observed, but the differences between the groups were not statistically significant. In contrast, the study by Ali et al. (10) found significant differences in the incidence of certain ADRs, with gastric irritation (63.16%) and skin pigmentation (11.58%) in the shorter regimen group, whereas those in the longer regimen group were more likely to experience myelosuppression (13.68%). These disparate findings highlight the need for further research to understand the relationship between treatment duration and ADR. These findings imply that treatment duration may influence the type and frequency of adverse effects, which could inform treatment decisions and monitoring strategies.


TABLE 3 A comparison of adverse drug reactions in the shorter regimen and the longer regimen.


	Adverse drug reactions
	Treatment
	P-value



	
	Shorter regimen (n = 25)
	Longer regimen (n = 25)
	





	Anaphylaxis
	0 (0.0%)
	0 (0.0%)
	1.000 (3)



	Hepatitis
	4 (16.0%)
	1 (4.0%)
	0.349 (2)



	Cardiac
	0 (0.0%)
	1 (4.0%)
	1.000 (2)



	Neurological
	0 (0.0%)
	2 (8.0%)
	0.490 (2)



	Optic neuritis
	0 (0.0%)
	0 (0.0%)
	1.000 (3)



	Psychiatric
	2 (8.0%)
	2 (8.0%)
	1.000 (2)



	Gastrointestinal
	7 (28.0%)
	6 (24.0%)
	0.747 (3)



	Peripheral neuropathy
	1 (4.0%)
	3 (12.0%)
	0.609 (2)



	Hematological
	0 (0.0%)
	2 (8.0%)
	0.490 (2)



	Hypothyroidism
	1 (4.0%)
	0 (0.0%)
	1.000 (2)



	Arthralgia
	5 (20.0%)
	0 (0.0%)
	0.050 (2)






In the present study shorter regimen group, the most common ADRs were gastrointestinal (28%), arthralgia (20%), and hepatitis (16%). Some patients experienced psychiatric ADRs (8%), peripheral neuropathy (4%), and hypothyroidism (4%). No patients experienced anaphylaxis, cardiac, or optic neuritis. In the longer regimen group, the most common ADRs were gastrointestinal (24%), neurological (8%), and psychiatric (8%). Some patients experienced peripheral neuropathy (12%), hematological ADRs (8%), and cardiac ADRs (4%). No patients experienced anaphylaxis or optic neuritis. In a similar study by Munir et al. (9) it was found that the shorter regimen group experienced significantly fewer side effects at treatment completion compared to the longer regimen group (p < 0.05). In contrast, a study by Trubnikov et al. (19) during the treatment period, 47 drug adverse events (DAEs) were reported, resulting in an incidence rate of 6.15 DAEs per 100 person-months. A total of 38 patients (40%) experienced at least one DAE, with 21 patients (22.1%) experiencing grade 3 or 4 DAEs. The median time to onset of DAEs was 101 days (64–139 days). The common DAEs were gastrointestinal disorders, liver failure, and ototoxicity, with Prothionamide being the most frequently implicated drug. In response to DAEs, treatment adjustments were made, including temporary interruption of the offending drug in 55.3% of cases, dose reduction in 8.5%, and permanent discontinuation in 8.5% of cases. HIV emerged as the only predictor correlated with a greater hazard of DAE.



4.15 Treatment adherence

The adherence to treatment in the shorter regimen was 100% and 96% in the longer regimen. The high adherence rate observed in both the shorter and longer regimen groups suggests that patients were generally able to comply with their prescribed treatment schedules, likely supported by structured follow-up, patient counseling, and access to directly observed therapy or similar adherence support strategies. The slightly lower adherence in the longer regimen could reflect challenges in maintaining prolonged treatment, including side effects, fatigue, or loss of motivation. Despite high adherence rates overall, monitoring remains crucial, especially for longer regimens, to prevent treatment failure or the development of further resistance. These findings support the potential public health benefit of implementing shorter regimens in national TB control programs to enhance adherence and outcomes.



4.16 Association between “treatment” and “interim outcome”

Both treatment regimens have similar efficacy in achieving bacteriological conversion, and the treatment regimen may not significantly impact interim outcomes (Table 4). The study found no significant association between treatment regimen and interim outcome (χ2 = 0.667, p = 1.000), with 88% of participants in both the shorter and longer regimen groups achieving bacteriological conversion. The proportions of participants with bacteriological reversion (8% vs. 4%) and no bacteriological conversion (4% vs. 8%) were also similar between the two groups. The strength of association between treatment regimen and interim outcome was low (Cramer’s V = 0.12), suggesting that the treatment regimen may not have a significant impact on interim outcomes.


TABLE 4 The association between “treatment” and “interim outcome.”


	Interim outcome
	Treatment
	Fisher’s exact test



	
	Shorter regimen
	Longer regimen
	Total
	χ 2
	P-value





	Bacteriological conversion
	22 (88.0%)
	22 (88.0%)
	44 (88.0%)
	0.667
	1.000



	Bacteriological reversion
	2 (8.0%)
	1 (4.0%)
	3 (6.0%)



	No bacteriological conversion
	1 (4.0%)
	2 (8.0%)
	3 (6.0%)



	Total
	25 (100.0%)
	25 (100.0%)
	50 (100.0%)








4.17 Association between “treatment” and “final outcome”

The present study investigated the association between treatment regimen and final outcome, utilizing Fisher’s exact test, and the results indicated no significant difference in the distribution of final outcomes between the two treatment groups, with a chi-squared value of 1.023 and a p-value of 1.000. In terms of specific outcomes, 88.0% of participants who received the shorter regimen were cured, while 12.0% experienced treatment failure, and none were lost to follow-up. Similarly, 84.0% of participants who received the longer regimen were cured, 12.0% had treatment failure, and 4.0% were lost to follow-up (Table 5). The study suggests that both treatment regimens have comparable efficacy in achieving a cure, with a high proportion of participants being cured in both groups (88% in the shorter regimen group and 84% in the longer regimen group). The similarity in treatment failure rates (12% in both groups) further supports the notion that the treatment regimens have similar outcomes. Overall, the findings indicate that the shorter regimen may be as effective as the longer regimen in achieving favorable treatment outcomes. Our results are consistent with Munir et al. (9) that reported cure rates were comparable between the longer regimen (75.6%) and shorter regimen (73.8%) treatment groups, with similar treatment failure rates (6.2% and 6.1%, respectively), and these differences in treatment outcomes were not statistically significant (p > 0.05). Another study by Ali et al. (10) compared treatment outcomes between shorter regimen (STR) and longer regimen (LTR) groups. The STR group had a higher treatment success rate of 86.31% (82 patients) and a lower death rate of 4.21% (4 patients), whereas the LTR group had a success rate of 79.51% (66 patients) and a higher death rate of 9.63% (8 patients). Another study by Abidi et al. (15) also revealed that the shorter regimen had higher success rates with pooled proportions of 80.0% versus 75.3% and reported that the difference was attributed to fewer patients being lost to follow-up in the shorter regimen group and may even improve adherence and patient outcomes primarily due to reduced loss to follow-up in the shorter regimen group. A study by Wakjira et al. (16) found that after 24 months, 69% of patients had completed treatment, while 27% had died from the disease. A retrospective cohort study by Lecai et al. (37) in China highlighted the challenge of adverse events, with 24.9% of patients requiring a modification in MDR-TB treatment due to these events, though the success rate was not specified. In Ghana, a study conducted by Panford et al. (17) showed that 71.7% of patients achieved successful treatment outcomes for MDR-TB, although a mortality rate of 17.0% was observed. In a similar study by Wahid et al. (18) treatment success was higher in the STR group (83.7% vs. 73.2%, p < 0.001), attributed to higher cure rates (79.9% vs. 70.9%, p = 0.006) and lower death rates (9.9% vs. 18.3%, p = 0.002). A study by Trubnikov et al. (18) evaluated the effectiveness and predictors of drug adverse events (DAEs) in patients treated with a shorter treatment regimen (STR) for rifampicin-resistant tuberculosis and treatment outcomes showed that 66.3% of patients were successfully treated, while 17.9% experienced treatment failure, 7.4% died, 5.3% were lost to follow-up, and 3.2% were not assessed. Among the 54 patients who completed treatment, no recurrence was detected after 12 months. In another study by Kumari et al. (11) out of 360 confirmed MDR-TB patients, 42.5%, were cured, and 41.60% completed treatment, resulting in an overall treatment success rate. However, 6.11% were lost to follow-up, 0.50% experienced treatment failure, and 9.10% died. The study concluded that the standardized shorter MDR regimen showed high overall success rates with low treatment failure rates; however, the cure rate was lower than this study.


TABLE 5 The association between “treatment” and “final outcome.”


	Final outcome
	Treatment
	Fisher’s exact test



	
	Shorter regimen
	Longer regimen
	Total
	χ 2
	P-value





	Cured
	22 (88.0%)
	21 (84.0%)
	43 (86.0%)
	1.023
	1.000



	Treatment failure
	3 (12.0%)
	3 (12.0%)
	6 (12.0%)



	Lost to follow up
	0 (0.0%)
	1 (4.0%)
	1 (2.0%)



	Total
	25 (100.0%)
	25 (100.0%)
	50 (100.0%)






These findings suggest that shorter regimens can be as effective as longer regimens, often due to lower rates of loss to follow-up (38). However, the potential for adverse events necessitates vigilant management to ensure optimal treatment outcomes. The above literature suggests that shorter treatment regimens may be as effective as longer ones for some drug-resistant TB patients, potentially reducing treatment burden and improving patient outcomes. The higher success rate in the STR group may be attributed to better adherence, a crucial factor in TB management.




5 Conclusion

The study found that both shorter and longer regimens for MDR-TB have comparable efficacy in achieving bacteriological conversion and cure. The treatment outcomes, including smear microscopy and culture results, were similar between the two groups. Notably, the shorter regimen group had a slightly higher cure rate (88%) compared to the longer regimen (84%). HIV co-infection, diabetes mellitus, and alcohol consumption were associated with poor treatment outcomes. Overall, the findings suggest that the shorter regimen may be as effective as the longer regimen in achieving favorable treatment outcomes, which could have significant implications for reducing treatment duration and improving patient compliance.



6 Limitations

The sample size was relatively small, which may limit the generalizability of the results to larger populations. Although both regimens had similar efficacy, the study may have been underpowered to detect clinically significant differences. Additionally, the study was conducted in a single center in a specific region, which may not represent other areas with different demographics, clinical characteristics, and healthcare infrastructure.



7 Recommendations

National TB programs should consider the use of shorter regimens for MDR-TB patients as they appear to be as effective as the longer regimens. With the introduction of newer regimens like BPaLM and BpaL, multicenter trials comparing them with the shorter regimen must be carried out. Targeted interventions should be implemented to address the needs of patients with HIV and diabetes mellitus, who are at higher risk of poor treatment outcomes. After prescribed treatment completion, follow-up culture tests should be done for a minimum of 2 years or when symptomatic to rule out any chance of recurrence. Therapeutic drug monitoring, host-directed immunotherapies, autophagy inducers, gene therapy, and RNA-based therapy are new areas of interest.



Data availability statement

The original contributions presented in this study are included in this article/supplementary material, further inquiries can be directed to the corresponding author.



Ethics statement

The studies involving humans were approved by institutional ethics committee DMIMS. The studies were conducted in accordance with the local legislation and institutional requirements. The participants provided their written informed consent to participate in this study.



Author contributions

AK: Methodology, Supervision, Writing – original draft, Writing – review & editing. UJ: Methodology, Validation, Writing – original draft, Writing – review & editing. BG: Methodology, Supervision, Validation, Writing – original draft, Writing – review & editing. VA: Investigation, Writing – original draft, Writing – review & editing.



Funding

The author(s) declare that no financial support was received for the research and/or publication of this article.



Acknowledgments

We would like to thank the staff of the DOTS center in our hospital and the hospital staff of the hospital who have contributed to the patient treatment and care.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Generative AI statement

The authors declare that no Generative AI was used in the creation of this manuscript.

Any alternative text (alt text) provided alongside figures in this article has been generated by Frontiers with the support of artificial intelligence and reasonable efforts have been made to ensure accuracy, including review by the authors wherever possible. If you identify any issues, please contact us.



Publisher’s note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



References


	1. World Health Organization. Tuberculosis (TB). (2024). Available online at: https://www.who.int/news-room/fact-sheets/detail/tuberculosis (accessed October 23, 2024).

	2. World Health Organization. Tuberculosis Resurges as Top Infectious Disease Killer. (2024). Available online at: https://www.who.int/news/item/29-10-2024-tuberculosis-resurges-as-top-infectious-disease-killer (accessed November 23, 2024).

	3. World Health Organization. 1.3 Drug-resistant TB. (2024). Available online at: https://www.who.int/ teams/global- tuberculosis-programme/ tb-reports/global-tuber culosis-report-2024/tb-disease-burden/1-3-drug-resistant-tb (accessed November 23, 2024).

	4. Ministry of Health & Family Welfare. Union Health Ministry Approves Introduction of New Shorter and More Efficacious Treatment Regimen for Drug-Resistant TB in India | Ministry of Health and Family Welfare | GOI. (2024). Available online at: https://mohfw.gov.in/?q=pressrelease-57 (accessed November 23, 2024).

	5. World Health Organization. Tuberculosis: Multidrug-resistant (MDR-TB) or rifampicin-resistant TB (RR-TB). (2024). Available online at: https://www.who.int/news-room/questions-and-answers/item/tuberculosis-multidrug-resistant-tuberculosis-%28mdr-tb%29 (accessed October 23, 2024).

	6. Ministry of Health & Family Welfare. Guidelines-for-PMDT-in-India-May-2012.pdf. (2024). Available online at: https://tbcindia.mohfw.gov.in/wp-content/uploads/2023/05/8320929355Guidelines-for-PMDT-in-India-May-2012.pdf (accessed October 23, 2024).

	7. Seung KJ, Keshavjee S, Rich ML. Multidrug-resistant tuberculosis and extensively drug-resistant tuberculosis. Cold Spring Harb Perspect Med. (2015) 5:a017863. doi: 10.1101/cshperspect.a017863

	8. World Health Organization. Companion Handbook to the WHO Guidelines for the Programmatic Management of Drug-Resistant Tuberculosis. Geneva: World Health Organization (2014).

	9. Munir MK, Saeed MS, Haider SZ, Shamim S. Comparison of short term and long term multidrug resistant tuberculosis treatment outcomes in tertiary care settings. J King Saud University Sci. (2024) 36:103133. doi: 10.1016/j.jksus.2024.103133

	10. Ali S, Rumman A, Ullah U, Ghafoor A, Khan HL, Younas F, et al. Investigating the effectiveness of longterm regimen versus short-term regimen in treating drug resistant tuberculosis and their treatment outcomes. Pak J Chest Med. (2024) 30:4–11.

	11. Kumari SL, Kongara S, Bhaskar K, Srikanti R, Bhushana Rao CR, Sanjana PH. Outcomes and adherence of shorter MDR TB regimen in patients with multidrug resistant tuberculosis. Indian J Tuberc. (2023) 70:103–6.

	12. Mansoori N, Pahlavanzadeh B, Atarjalali M. Risk factors associated with multidrug-resistant tuberculosis in areas with a moderate tuberculosis burden. Int Health. (2025) 17:186–94. doi: 10.1093/inthealth/ihae039

	13. Prajapati K, Mishra V, Desai M, Solanki R, Naik P. Treatment outcome of patients having extensively drug-resistant tuberculosis in Gujarat, India. Int J Mycobacteriol. (2017) 6:289–95. doi: 10.4103/ijmy.ijmy_59_17

	14. Mphande-Nyasulu FA, Puengpipattrakul P, Praipruksaphan M, Keeree A, Ruanngean K. Prevalence of tuberculosis (TB), including multi-drug-resistant and extensively-drug-resistant TB, and association with occupation in adults at Sirindhorn Hospital, Bangkok. IJID Reg. (2022) 2:141–8. doi: 10.1016/j.ijregi.2022.01.004

	15. Abidi S, Achar J, Neino M, Bang D, Benedetti A, Brode S, et al. Standardised shorter regimens versus individualised longer regimens for rifampin-or multidrug-resistant tuberculosis. Eur Respiratory J. (2020) 55:1901467. doi: 10.1183/13993003.01467-2019

	16. Wakjira MK, Sandy PT, Mavhandu-Mudzusi AH. Treatment outcomes of patients with MDR-TB and its determinants at referral hospitals in Ethiopia. PLoS One. (2022) 17:e0262318. doi: 10.1371/journal.pone.0262318

	17. Panford V, Kumah E, Kokuro C, Adoma P, Baidoo MA, Fusheini A, et al. Treatment outcomes and associated factors among patients with multidrug-resistant tuberculosis in Ashanti Region, Ghana: a retrospective, cross-sectional study. BMJ Open. (2022) 12:e062857. doi: 10.1371/journal.pone.0262318

	18. Wahid A, Ghafoor A, Khan AW, Al-Worafi Y, Latif A, Shahwani N, et al. Comparative effectiveness of individualized longer and standardized shorter regimens in the treatment of multidrug resistant tuberculosis in a high burden country. Front Pharmacol. (2022) 13:973713. doi: 10.3389/fphar.2022.973713

	19. Trubnikov A, Hovhannesyan A, Akopyan K, Ciobanu A, Sadirova D, Kalandarova L, et al. Effectiveness and safety of a shorter treatment regimen in a setting with a high burden of multidrug-resistant tuberculosis. Int J Environ Res Public Health. (2021) 18:4121.

	20. Duraisamy K, Mrithyunjayan S, Ghosh S, Nair SA, Balakrishnan S, Subramoniapillai J, et al. Does Alcohol consumption during multidrug-resistant tuberculosis treatment affect outcome? A population-based study in Kerala, India. Ann Am Thorac Soc. (2014). 11:712–8. doi: 10.1513/AnnalsATS.201312-447OC

	21. Deshmukh RD, Dhande DJ, Sachdeva KS, Sreenivas A, Kumar AM, Satyanarayana S, et al. Patient and provider reported reasons for lost to follow up in MDRTB treatment: a qualitative study from a drug resistant TB Centre in India. PLoS One. (2015) 10:e0135802. doi: 10.1371/journal.pone.0135802

	22. Oeltmann JE, Kammerer JS, Pevzner ES, Moonan PK. Tuberculosis and substance abuse in the United States, 1997–2006. Arch Intern Med. (2009) 169:189–97. doi: 10.1001/archinternmed.2008.535

	23. Rehm J, Baliunas D, Borges G, Graham K, Irving H, Kehoe T, et al. The relation between different dimensions of alcohol consumption and burden of disease: an overview. Addiction. (2010) 105:817–43. doi: 10.1111/j.1360-0443.2010.02899.x

	24. Jakubowiak WM, Bogorodskaya EM, Borisov SE, Danilova ID, Kourbatova EV. Risk factors associated with default among new pulmonary TB patients and social support in six Russian regions. Int J Tuberc Lung Dis. (2007) 11:46–53.

	25. Parry C, Rehm J, Poznyak V, Room R. Alcohol and infectious diseases: an overlooked causal linkage? Addiction. (2009) 104:331–2. doi: 10.1111/j.1360-0443.2008.02500.x

	26. Driver CR, Matus SP, Bayuga S, Winters AI, Munsiff S. Factors associated with tuberculosis treatment interruption in New York City. J Public Health Manag Pract. (2005) 11:361–8. doi: 10.1097/00124784-200507000-00017

	27. Bermudez LE, Wu M, Martinelli J, Young LS. Ethanol affects release of TNF and GM-CSF and membrane expression of TNF receptors by human macrophages. Lymphokine Cytokine Res. (1991) 10:413–9.

	28. Rimland D. Mechanisms of ethanol-induced defects of alveolar macrophage function. Alcohol Clin Exp Res. (1984) 8:73–6.

	29. Crews FT, Bechara R, Brown LA, Guidot DM, Mandrekar P, Oak S, et al. Cytokines and alcohol. Alcohol Clin Exp Res. (2006) 30:720–30.

	30. Viswanathan V, Vigneswari A, Selvan K, Satyavani K, Rajeswari R, Kapur A. Effect of diabetes on treatment outcome of smear-positive pulmonary tuberculosis—a report from South India. J Diabetes Complications. (2014) 28:162–5. doi: 10.1016/j.jdiacomp.2013.12.003

	31. Nandakumar KV, Duraisamy K, Balakrishnan S, Sagili KD, Satyanarayana S, Enarson DA. Outcome of tuberculosis treatment in patients with diabetes mellitus treated in the revised national tuberculosis control programme in Malappuram District, Kerala, India. PLoS One. (2013) 8:e76275. doi: 10.1371/journal.pone.0076275

	32. Xu G, Hu X, Lian Y, Li X. Diabetes mellitus affects the treatment outcomes of drug-resistant tuberculosis: a systematic review and meta-analysis. BMC Infect Dis. (2023) 23:813. doi: 10.1186/s12879-023-08765-0

	33. Singh A, Prasad R, Balasubramanian V, Gupta N. Drug-resistant tuberculosis and HIV infection: current perspectives. HIV/AIDS Res Palliative Care. (2020) 12:9–31. doi: 10.2147/HIV.S193059

	34. Isaakidis P, Das M, Kumar A, Peskett C, Khetarpal M, Bamne A, et al. Alarming levels of drug-resistant tuberculosis in HIV-infected patients in metropolitan Mumbai, India. PLoS One. (2014) 9:e110461. doi: 10.1371/journal.pone.0110461

	35. Chikkahonnaiah P, Surendran A, Anaswara K, Kamble N. Factors associated with treatment outcome of multidrug-resistant tuberculosis patients co-infected with human immunodeficiency virus in a Drug resistant tuberculosis centre. J Med Sci Res. (2022) 10:71–5. doi: 10.17727/JMSR.2022/10-14

	36. Nyang’wa BT, Berry C, Kazounis E, Motta I, Parpieva N, Tigay Z, et al. Short oral regimens for pulmonary rifampicin-resistant tuberculosis (TB-PRACTECAL): an open-label, randomised, controlled, phase 2B-3, multi-arm, multicentre, non-inferiority trial. Lancet Respiratory Med. (2024) 12:117–28. doi: 10.1016/S2213-2600(23)00389-2

	37. Lecai J, Mijiti P, Chuangyue H, Qian G, Weiguo T, Jihong C. Treatment outcomes of multidrug-resistant tuberculosis patients receiving ambulatory treatment in Shenzhen, China: a retrospective cohort study. Front Public Health. (2023) 11:1134938. doi: 10.3389/fpubh.2023.1134938

	38. Karnan A, Jadhav U, Ghewade B, Ledwani A, Shivashankar P. A Comprehensive review on long vs. short regimens in multidrug-resistant tuberculosis (MDR-TB) under programmatic management of drug-resistant tuberculosis (PMDT). Cureus. (2024). 16:e52706. doi: 10.7759/cureus.52706




Copyright
 © 2025 Karnan, Jadhav, Ghewade and Alone. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.

OPS/images/fmed-12-1645820-g001.jpg
[ Assessed-for eligibility (n =50) ]

!

[ Enrolled ]

Shorter regimen | _| Longer regimen
(9 months) | (18 months)
(n =25) (h=25)

A4 \ 4

Compared for sputum microscopy at 3rd,
4th, 5th, and 6th month and culture con-
version at 6th, 9th, and 18th month

Vv

Compared for efficacy,
compliance, and adverse drug
reactions at end of treatment






OPS/images/cross.jpg
©

|





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Comparing the longer regimen and the shorter regimen for multidrug-resistant pulmonary tuberculosis patients treated under the programmatic management of drug-resistant tuberculosis



		1 Introduction



		1.1 Aims



		1.2 Objectives



		1.3 Study design



		1.4 Study setting



		1.5 Study population



		1.6 Inclusion criteria



		1.7 Exclusion criteria



		1.8 Study period



		1.9 Sample size







		2 Materials and methods



		3 Results



		4 Discussion



		4.1 Distribution of the participants in terms of body mass index



		4.2 Distribution of the participants in terms of occupation



		4.3 Distribution of the participants in terms of smoking and alcohol consumption



		4.4 Distribution of the participants in terms of comorbidities



		4.5 Distribution of the participants in terms of past history of tuberculosis



		4.6 Distribution of the participants in terms of contact history of tuberculosis



		4.7 Distribution of the participants in terms of “smear microscopy and culture results”



		4.8 Distribution of the participants in terms of adverse drug reactions



		4.9 Distribution of the participants in terms of “interim outcome and final outcome”



		4.10 Association of alcohol consumption with smear microscopy and culture



		4.11 Association of “comorbidities: diabetes mellitus” with smear microscopy and culture



		4.12 Association of “comorbidities: HIV” with smear microscopy and culture



		4.13 Comparison between longer and shorter regimens with smear microscopy and culture



		4.14 Comparison of adverse drug reactions in the shorter regimen and the longer regimen



		4.15 Treatment adherence



		4.16 Association between “treatment” and “interim outcome”



		4.17 Association between “treatment” and “final outcome”







		5 Conclusion



		6 Limitations



		7 Recommendations



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Acknowledgments



		Conflict of interest



		Publisher’s note



		References

















OPS/images/cover.jpg
& frontiers | Frontiers in Medicine

Comparing the longer regimen
and the shorter regimen
for multidrug-resistant
pulmonary tuberculosis
patients treated under
the programmatic
management of drug-resistant
tuberculosis












OPS/images/logo.jpg
¥ frontiers | Frontiers in Medicine







