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Abstract 

Background: The emergence of multidrug-resistant tuberculosis 
(MDR-TB) presents significant challenges in achieving treatment 
success. Sputum conversion time, an essential indicator of 

treatment progress, varies among patients and may be influenced 

by demographic and clinical factors. This study aimed to identify 
factors associated with sputum conversion time in MDR-TB patients 
treated with all-oral regimens at Persahabatan Hospital during the 
2021–2022 period. 

Method: This retrospective cohort study analyzed data from 154 
MDR-TB patients treated with all-oral regimens at Persahabatan 
Hospital. Patients were categorized by sputum conversion time (≤2 
months or >2 months). Independent variables included age, sex, 
diabetes mellitus, anemia, previous TB treatment, pulmonary 

cavitation, education level, marital status, and initial sputum AFB 
results. Inclusion criteria were primary pulmonary MDR-TB patients 
confirmed via sputum culture, aged ≥20 years, and treated per 
Indonesian national guidelines. Logistic regression analyses 
identified significant factors. 

Results: Among the nine factors studied, four significantly 
influenced sputum conversion time: elderly age, anemia, 
pulmonary cavitation, and initial sputum AFB results. Older age 
(≥60 years) was protective against delayed conversion, while 

anemia, pulmonary cavitation, and higher initial sputum AFB results 
were associated with prolonged conversion times. 

Conclusion: Factors such as anemia, pulmonary cavitation, and 

initial sputum results are associated with delayed sputum 

conversion, with elderly age as a protective factor against delayed 
sputum conversion. 

Keywords: drug resistant, risk factors, sputum conversion, 
tuberculosis 
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INTRODUCTION 
 

Multidrug-resistant tuberculosis 

(MDR-TB) remains a significant public 

health challenge worldwide, particularly in 

low- and middle-income countries. The 

burden of drug-resistant tuberculosis (DR-

TB) in Indonesia is one of the highest 

globally. In 2022, there were an estimated 

24,666 cases of DR-TB in Indonesia, with 

a national treatment success rate of 51% 

(target: 80%). In the same year, Jakarta 

recorded only 50%.1 

Despite advancements in diagnostic 

tools and treatment protocols, achieving 

optimal treatment outcomes continues to 

be hampered by delays in sputum smear 

conversion, a critical milestone in the 

management of TB. Sputum smear 

conversion time, defined as the duration 

required for a patient’s sputum to convert 

from positive to negative, serves as a 

surrogate marker for treatment efficacy 

and reduction in transmissibility. It is 

crucial to identify the factors linked to 

delayed sputum smear conversion to 

enhance tuberculosis treatment outcomes. 

The World Health Organization 

recently updated its guidelines for drug-

resistant tuberculosis treatment, shifting 

away from the long-standing use of 

injectable agents and recommending all-

oral, longer regimens instead.2 Since 2020, 

DR-TB treatment in Indonesia has adopted 

an all-oral drug cocktail based on 

bedaquiline as the primary antibiotic. This 

regimen replaces the injectable regimen 

and eliminates the need for antibiotic 

injections during the intensive phase of 

DR-TB treatment.3 The bedaquiline-based 

all-oral MDR-TB regimen has been shown 

to improve treatment success rates and 

enable faster sputum smear conversion 

compared to injection-based treatments.4 

Previous studies have identified a 

range of factors influencing sputum smear 

conversion time, including patient 

demographics, comorbidities, and disease 

severity. However, limited data exist on 

these factors in the context of all-oral 

regimens, which have become the standard 

of care for MDR-TB in line with global 

health recommendations.5,6 

The goal of this study was to identify 

factors related to delayed sputum smear 

conversion time (≤2 months or >2 months) 

in MDR-TB patients undergoing all-oral 

regimen treatment at Persahabatan 

Hospital from 2021 to 2022.  Sputum smear 

conversion at the end of the 2-month 

intensive phase has been recognized as a 

prognostic indicator of achieving timely and 

complete therapy in patients with 

pulmonary tuberculosis.5,6 

 

METHOD 
 

This retrospective cohort study was 

conducted at Persahabatan Hospital, a 

national referral hospital for patients with 

TB-MDR. This study has been approved by 

Persahabatan Hospital with ethical 

clearance No.0245/KEPK-RSUPP/11/2024. 

The study population included all adult 

patients (≥20 years old) diagnosed with 

MDR-TB and treated with all-oral regimens 

from 2021 to 2022.  
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All confirmed pulmonary MDR-TB 

patients who were registered at 

Persahabatan Hospital from 1 January 

2021 to 31 December 2022 and treated 

with the new all-oral regimen based on 

Indonesian national guidelines were 

included in the study. Patients were 

included if they had primary pulmonary 

MDR-TB confirmed via sputum culture and 

complete medical records. Patients 

undergoing ongoing or incomplete 

tuberculosis treatment were excluded.  

A total of 154 patient medical records 

were analyzed. Data were extracted from 

hospital medical records, including 

demographics (age, sex, education level, 

marital status), clinical characteristics 

(diabetes mellitus comorbidity, anemia, 

pulmonary cavitation), previous TB 

treatment history, and initial sputum acid-

fast bacilli (AFB) results.  

The dependent variable was sputum 

conversion time, categorized as ≤2 months 

or >2 months. Sputum smear conversion 

refers to cases of smear-positive 

pulmonary TB that become smear-negative 

following anti-TB treatment, confirmed by 

at least two consecutive negative sputum 

AFB smears taken 30 days apart.7,8 Both 

univariate and multivariate logistic 

regression analyses were conducted to 

determine the key factors linked to delayed 

sputum conversion. 

 

RESULT 

 

A total of 154 patients met the 

inclusion criteria of this study. Among 

them, 101 patients (65.6%) experienced 

sputum conversion within ≤2 months, 

while 53 patients (34.4%) required more 

than 2 months. The baseline 

characteristics of patients are written in 

Table 1. 

 

Table 1. Baseline Characteristics of TB-MDR patients 

Variables n % 

Age   

   <60 129 83.8 

   ≥60 25 16.2 

Gender   

   Male 85 55.2 

   Female 69 44.8 

Education Level   

   Below High School 38 24.7 

   High School Equivalent and Higher 116 26.6 

Marital Status   

   Not Married 23 14.9 

   Married 131 85.1 

DM   

   No 83 53.9 

   Yes 71 46.1 

Anemia   

   No 79 51.3 

   Yes 75 48.7 

Cavity on chest X-ray    

   Non-Cavitary 113 73.4 

   Cavitary 41 26.6 

Previous history of TB treatment   

   New TB patient 85 55.2 

   Treated previously 69 44.8 

Sputum AFB results   

   <2+ 91 59.1 

   ≥2+ 63 40.9 

 

Most patients were under 60 years of 

age (83.8%). The proportion of males was 

slightly higher than that of females (55.2% 

vs. 44.8%).  A large proportion of patients 

had an education level equivalent to high 

school or higher (75.3%), and the majority 

were married (85.1%). Over half of the 

patients did not have diabetes mellitus 

(53.9%), and a total of 51.3% of patients 
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did not have anemia.  

Most exhibited non-cavitary lesions 

on chest X-ray (73.4%), and a slightly 

higher proportion were newly diagnosed 

with tuberculosis (55.2%). Sputum AFB 

results were categorized according to the 

IUATLD classification. Results of Negative, 

Scanty, or 1+ were grouped as <2+, while 

results of 2+ or 3+ were grouped as ≥2+. 

Based on this classification, 59.1% of 

patients had AFB results in the <2+ 

category, and 40.9% had results in the 

≥2+ category. 

Univariate analysis was performed 

(Table 2). Delayed sputum smear 

conversion (>2 months) was associated 

with anemia (OR=2.055; P=0.036), 

pulmonary cavitation (OR=2.500; 

P=0.013), and sputum bacillary load of 

≥2+ (OR=3.441; P=0.0001). Elderly age 

has a negative association with delayed 

sputum smear conversion (OR=0.311; 

P=0.034).  

 
Table 2. Univariate analysis of patient characteristics with sputum smear conversion time.  

Variables 

Early sputum 

conversion ≤2 
months (n=101) 

Delayed sputum 

conversion >2 
months (n=53) 

P 
OR  

(95% CI) 

Age     

   <60 80 (62.0) 49 (38.0) 
0.034 0.311  

(0.101-0.960)    ≥60 21 (84.0) 4 (16.0) 

Gender     

   Male 58 (68.2) 27 (31.8) 
0.442 1.299  

(0.666-2.532)    Female 43 (62.3) 26 (37.7) 

DM     

   No 56 (67.5) 27 (32.5) 
0.595 1.198  

(0.615-2.333)    Yes 45 (63.4) 26 (36.6) 

Previous history of TB treatment    

   New TB patient 56 (65.9) 29 (34.1) 
0.931 1.030  

(0.528-2.009)    Treated previously 45 (65.2) 24 (34.8) 

Anemia     

   No 43 (57.3) 32 (42.7) 
0.036 2.055  

(1.044-4.046)    Yes 58 (73.4) 21 (26.6) 

Cavity on CXR     

   Non-Cavitary 21 (50.0) 21 (50.0) 
0.014 2.500  

(1.204-5.191)    Cavitary 80 (71.4) 32 (28.6) 

Education Level     

   Below High School 24 (63.2) 14 (36.8) 
0.717 0.868  

(0.405-1.863) High School Equivalent and Higher 77 (66.4) 39 (33.6) 

Marital Status     

   Not Married 86 (65.6) 45 (34.4) 
0.986 1.019  

(0.402-2.585)    Married 15 (65.2) 8 (34.8) 

Sputum AFB results     

   <2+ 70 (76.9) 21 (23.1) 
0.0001 3.441  

(1.719-6.888)    ≥2+ 31 (49.2) 32 (50.8) 
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Table 3. Multivariate analysis of predictors of sputum smear conversion time.  

Variables B SE P OR  95% CI 

Age      

   Non-elders (<60) (ref) 
-1.246 0.619 0.044 0.288 0.085 – 0.968 

   Elderly Age (≥60) 

Pulmonary cavitation in chest x-ray      

   No pulmonary cavitation (ref) 
0.851 0.416 0.039 2.363 1.046 – 5.337 

   Pulmonary cavitation present 

Anemia      

   No Anemia (ref) 
0.860 0.376 0.024 2.343 1.121 – 4.896 

   Anemia Present 

Sputum bacillary load      

   <2+ (ref) 
0.955 0.377 0.011 2.598 1.241 - 5.441 

   ≥2+ 

Variables with a significance value of 

P<0.250 in the univariate chi-square 

analysis became candidates for 

multivariable analysis. These variables 

include age, anemia, pulmonary cavity, 

and sputum AFB results. 

On multivariate analysis, logistic 

regression was performed (Table 3). 

Elderly age (OR=0.288; P=0.044), 

pulmonary cavitation (OR=1.046; 

P=0.039), anemia (OR=2.055; P=0.024) 

and sputum AFB results (OR=2.598; 

P=0.011) were found to be significant 

factors affecting sputum smear conversion 

time. 

 

DISCUSSION 

 

In this study, 65.6% of patients 

experienced sputum smear conversion 

within ≤2 months, while 34.4% required 

more than 2 months. This finding is 

comparable with existing literature, such as 

the study by Meshesha, which reported 

that 69.66% of MDR/RR TB patients 

achieved sputum smear conversion within 

≤2 months.6 In contrast, Assemie et al. 

observed a higher sputum conversion rate 

of 75.4% at 2 months.9 

The results of this study showed that 

anemia, pulmonary cavity, and pre-

treatment sputum AFB results are the 

significant factors that increase the odds of 

delayed sputum smear conversion, while 

elderly age (≥60 years) was found to have 

lower odds of delayed sputum conversion. 

Sputum smear conversion serves as a 

critical marker in tuberculosis treatment 

and is the primary indicator of treatment 

efficacy in TB management.8 

Patients with a higher bacillary load 

(≥2+) during the pre-treatment phase 

were found to be a strong predictor of 

delayed sputum smear conversion. Multiple 

studies across diverse settings report that 

patients with higher pre-treatment sputum 

bacillary loads have significantly increased 

odds of delayed sputum smear 

conversion.10–12 Patients with a higher 

bacillary load, often seen in those with 

extensive tuberculosis lesions, experience a 

significant accumulation of dead bacilli. As 

a result, more time is needed to clear this 

large bacillary burden.13  
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Cavitary lesions observed on chest x-

rays were identified as significant 

predictors of prolonged sputum smear 

conversion time. Previous studies have 

linked pulmonary cavitation as a key risk 

factor for delayed sputum smear 

conversion.14,15 Cavitation slows sputum 

conversion by harboring a high bacillary 

load in a protected environment with poor 

drug penetration. The necrotic debris in 

cavity walls further serves as a reservoir for 

bacilli, delaying their clearance and 

prolonging treatment response.6,16 

Anemia emerged as a significant 

predictor of delayed sputum conversion in 

this study. Defined according to WHO 

criteria, anemia is characterized by 

hemoglobin (Hb) levels below 12.0 g/dL in 

women and below 13.0 g/dL in men.17  

Anemia in TB is often multifactorial, 

commonly arising from chronic 

inflammation (anemia of chronic disease), 

nutritional deficiencies (e.g., iron, folate, 

vitamin B12), or bone marrow 

suppression.18 Previous studies have linked 

anemia with a higher likelihood of 

persistent positive sputum smears after 

two months of tuberculosis treatment.18–20 

However, Kumar et al reported no 

significance between anemia and sputum 

conversion.20  

Previous studies have theorized that 

older age is associated with a weaker 

immune response, which can hinder 

effective clearance of bacilli.21,22 

Additionally, delays in seeking timely 

medical care are more common among 

older individuals, contributing to poor 

treatment progress.23  

In contrast to previous research, 

elderly patients were more likely to achieve 

early sputum conversion than younger 

patients. Although the reason is unclear, 

several explanations are possible. Some 

studies have reported that older 

individuals tend to present with less 

cavitary pulmonary involvement and a 

lower bacillary burden compared to 

younger patients.24–26  

In our analysis, pulmonary cavitation 

was independently associated with 

delayed conversion, suggesting that the 

lower prevalence of cavitary lesions in 

elderly patients may contribute to their 

earlier smear negativity. Improvements in 

patient-centered care, which tailors 

treatment to individual needs, may play a 

role, as patient-centered care often 

demonstrates better adherence.21,27  

Although cavitary lesions were 

independently associated with delayed 

conversion in our model, it is possible that 

additional unmeasured age-related 

differences in disease phenotype, host 

immune response, or healthcare 

engagement contributed to this 

association. Further research may be 

needed to confirm this finding. 

This study has several limitations 

that warrant consideration. Although total 

sampling was used, only 154 of 236 

patients had complete data, raising the risk 

of selection bias and limiting 

generalizability. While the use of total 

sampling minimizes sampling bias, the 

reduction in analyzable cases may have 

limited the statistical power to detect 

smaller, yet clinically significant 
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associations. Consequently, the 

generalizability of the findings may be 

somewhat constrained. Future studies with 

larger, more complete datasets and 

prospective designs are recommended to 

confirm and build upon the results of this 

study. 

 

CONCLUSION 

 

The majority of MDR-TB patients 

treated with the all-oral regimen 

successfully achieved sputum conversion 

within the first two months of treatment. 

Anemia, pulmonary cavitation, and high 

sputum AFB load (≥2+) were independent 

predictors of delayed sputum conversion, 

while older age (≥60 years) was protective. 

 

REFERENCES 
 

1.  Kementrian Kesehatan RI. Laporan 

Program Penanggulangan 

Tuberkulosis Tahun 2022. Jakarta: 

Kementrian Kesehatan RI; 2023.  

2.  Rich ML, Khan U, Zeng C, LaHood A, 

Franke MF, Atwood S, et al. Outcomes 

of WHO-conforming, longer, all-oral 

multidrug-resistant TB regimens and 

analysis implications. The 

International Journal of Tuberculosis 

and Lung Disease. 2023;27(6):451–7.  

3.  Kementerian Kesehatan RI. Petunjuk 

Teknis Penatalaksanaan Tuberkulosis 

Resistan Obat di Indonesia. Jakarta: 

Kementerian Kesehatan RI; 2024.  

4.  Hatami H, Sotgiu G, Bostanghadiri N, 

Abadi SSD, Mesgarpour B, Goudarzi 

H, et al. Bedaquiline-containing 

regimens and multidrug-resistant 

tuberculosis: a systematic review and 

meta-analysis. Jornal Brasileiro de 

Pneumologia. 2022;48:e20210384.  

5.  Bastiana B, Arimbi MR. Sputum Smear 

Conversion as Prognostic Determinant 

of Timely Complete Therapy on 

Pulmonary Tuberculosis. 

INDONESIAN JOURNAL OF CLINICAL 

PATHOLOGY AND MEDICAL 

LABORATORY. 2022;28(3):219–24.  

6.  Meshesha MD. Predictors of sputum 

culture conversion time among 

MDR/RR TB patients on treatment in 

a low-income setting. PLoS One. 

2022;17(11):e0277642.  

7.  Gamachu M, Deressa A, Birhanu A, 

Ayana GM, Raru TB, Negash B, et al. 

Sputum smear conversion and 

treatment outcomes among drug-

resistant pulmonary tuberculosis 

patients in eastern Ethiopia: A 9-years 

data analysis. Front Med (Lausanne). 

2022;9:1007757.  

8.  Weldemhret L, Atsbaha AH, 

Bekuretsion H, Desta A, Legesse L, 

Kahsay AG, et al. Time to Sputum 

Culture Conversion and Its Predictors 

Among Multidrug Resistant 

Tuberculosis Patients in Tigray, 

Northern Ethiopia: Retrospective 

Cohort Study. Infect Drug Resist. 

2023;16:3671–81.  

9.  Assemie MA, Alene M, Petrucka P, 

Leshargie CT, Ketema DB. Time to 

sputum culture conversion and its 

associated factors among multidrug-

resistant tuberculosis patients in 

Eastern Africa: A systematic review 



Sahat Anugerah Immanuel Sitinjak, et al 

 

https://respiratoryscience.or.id/ 8 

and meta-analysis. Int J Infect Dis. 

2020;98:230–6.  

10.  Bhatti Z, Khan AH, Sulaiman SAS, 

Laghari M, Ali IABH. Determining the 

risk factors associated with delayed 

sputum conversion at the end of the 

intensive phase among tuberculosis 

patients. Eastern Mediterranean 

Health Journal. 2021;27(8):755–63.  

11.  Khor LA, A. Wahid UNI, Ling LL, 

Liansim SMS, Oon J, Balakrishnan MN, 

et al. Prevalence and associated 

factors of delayed sputum smear 

conversion in patients treated for 

smear positive pulmonary 

tuberculosis: A retrospective follow up 

study in Sabah, Malaysia. PLoS One. 

2023;18(3):e0282733.  

12.  Commiesie E, Stijnberg D, Marín D, 

Perez F, Sanchez M. Determinants of 

sputum smear nonconversion in 

smear-positive pulmonary 

tuberculosis patients in Suriname, 

2010 – 2015. Revista Panamericana 

de Salud Pública. 2019;43:e86.  

13.  Kang HK, Jeong BH, Lee H, Park HY, 

Jeon K, Huh HJ, et al. Clinical 

significance of smear positivity for 

acid-fast bacilli after ≥5 months of 

treatment in patients with drug-

susceptible pulmonary tuberculosis. 

Medicine. 2016;95(31):e4540.  

14.  Wenlu Y, Xia Z, Chuntao W, Qiaolin Y, 

Xujue X, Rong Y, et al. Time to 

sputum culture conversion and its 

associated factors among drug-

resistant tuberculosis patients: a 

systematic review and meta-analysis. 

BMC Infect Dis. 2024;24(1):169.  

15.  Diktanas S, Vasiliauskiene E, 

Polubenko K, Danila E, Celedinaite I, 

Boreikaite E, et al. Factors Associated 

with Persistent Sputum Positivity at 

the End of the Second Month of 

Tuberculosis Treatment in Lithuania. 

Tuberc Respir Dis (Seoul). 

2018;81(3):233–40.  

16.  Urbanowski ME, Ordonez AA, Ruiz-

Bedoya CA, Jain SK, Bishai WR. 

Cavitary tuberculosis: the gateway of 

disease transmission. Lancet Infect 

Dis. 2020;20(6):e117–28.  

17.  Domenica Cappellini M, Motta I. 

Anemia in Clinical Practice—Definition 

and Classification: Does Hemoglobin 

Change With Aging? Semin Hematol. 

2015;52(4):261–9.  

18.  Araújo-Pereira M, Nogueira BMF, 

Spener-Gomes R, Carvalho ACC, 

Sant’Anna FM, Figueiredo MC, et al. 

Anemia and anti-tuberculosis 

treatment outcome in persons with 

pulmonary tuberculosis: A multi-

center prospective cohort study. J 

Infect Public Health. 2023;16(6):974–

80.  

19.  Agrawal Y, Goyal V, Singh A, Lal S. 

Role of Anaemia and Magnesium 

Levels at the Initiation of Tuberculosis 

Therapy with Sputum Conversion 

among Pulmonary Tuberculosis 

Patients. J Clin Diagn Res. 

2017;11(6):BC01–4.  

20.  Kumar RNH, Rao CR, Maradi R, 

Umakanth S, Sanju SVC, Rao BPS. 

Impact of anemia on sputum smear 

conversion and treatment outcomes 

among newly diagnosed tuberculosis 

https://respiratoryscience.or.id/index.php/journal/index


Factors Associated with Delayed 2-Month Sputum Smear Conversion                                                                        
in MDR-TB Patients Treated with All-Oral Regimen  

 Respir Sci 2025, Vol.6 No.1 9 

patients in Southern India. Int J 

Mycobacteriol. 2023;12(2):117–21.  

21.  Marcum ZA, Hanlon JT, Murray MD. 

Improving Medication Adherence and 

Health Outcomes in Older Adults: An 

Evidence-Based Review of 

Randomized Controlled Trials. Drugs 

Aging. 2017;34(3):191–201.  

22.  Olmo-Fontánez AM, Turner J. 

Tuberculosis in an Aging World. 

Pathogens. 2022;11(10):1101.  

23.  Caraux-Paz P, Diamantis S, de 

Wazières B, Gallien S. Tuberculosis in 

the Elderly. J Clin Med. 

2021;10(24):5888.  

24.  Tabernero E, Rodrigo T, Garros J, 

Altube L, Garay E, Medina JF, et al. TB 

in the elderly: clinical features and 

outcomes. The International Journal 

of Tuberculosis and Lung Disease. 

2022;26(9):842–9.  

25.  Moya-Salazar J, Samán J, Pasco IA, 

Moya-Salazar MM, Rojas-Zumaran V, 

Contreras-Pulache H. Reduced 

bacillary load in elderly patients with 

active extrapulmonary and pulmonary 

tuberculosis in Peru: analysis of 

confirmatory culture after acid-fast 

bacilli test. Front Microbiol. 

2024;15:1398999.  

26.  Wu IL, Chen J, Shiau R, Chitnis AS, 

Jaganath D. Tuberculosis Disease 

Among Adults Aged 65 Years and 

Older: Alameda County, California, 

2016–2019. Open Forum Infect Dis. 

2022;9(11):ofac575.  

27.  Conn VS, Ruppar TM, Maithe Enriquez 

R, Cooper PS. Patient-Centered 

Outcomes of Medication Adherence 

Interventions: Systematic Review and 

Meta-Analysis. Value in Health. 

2016;19(2):277–85.  

  


