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ABSTRACT

Tuberculosis (TB) remains a major health problem worldwide. The bacteriological diagnosis of TB is confirmed by a 

sputum smear, which shows a positive result. Sputum culture conversion at two months of TB therapy has a higher 

possibility of completing therapy; however, this method is time-consuming and expensive. This study aimed to analyze the 

initial smear and smear conversion of sputum in the intensive phase therapy as a prognostic determinant of appropriate 

time-targeted therapy. This was a retrospective study on pulmonary TB patients collected from January 2016 to December 

2017. The research subjects at the beginning of the intensive phase were divided into Acid-Fast Bacilli (AFB)-negative and 

AFB-positive (1+, 2+, 3+) sputum smears. The sputum smear examination was evaluated at the end of the intensive phase 

and the end of the six-month treatment. The pulmonary TB patients in this study were 430 patients, dominated by males 

with the main distribution age of 45-54 years. At the beginning of the intensive phase, the negative results of the AFB 

examination were 85.4% and the total positive results with 1+, 2+, or 3+ were 14.6%. At the end of the intensive phase, the 

sputum smear examination of all patients showed 100% conversion, and the sputum smear examination at the end of six 

months of treatment showed negative results. This study has revealed that sputum conversion at the end of the 2-month 

intensive phase can be used as a prognostic determinant of timely complete therapy on pulmonary tuberculosis.
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INTRODUCTION

Tuberculosis (TB) remains a world health problem 

that requires serious attention. It was estimated that 

there were more than 10 million TB patients in 2019 

worldwide. The World Health Organization (WHO) 

reported that the majority of TB patients in 2019 

were in Southeast Asia (44%), Africa (25%) and the 

Western Pacific (18%). Indonesia is listed as the 

country with the second largest TB burden in the 

world (8.5%) after India (26%) and above China 
1(8.4%).

Early TB diagnosis is commonly difficult in clinical 

practice, and early detection of pulmonary TB 

remains a challenge for clinicians. Prompt diagnosis 

of active pulmonary TB is a priority to control the 

spread of TB both for individual treatment and for 

public health intervention to reduce the further 

spread in the community. The diagnosis of TB can be 

confirmed in several ways, including Chest X-ray 

/imaging, Ziehl-Neelsen acid-fast bacteria staining, 

TB culture, and nuclear amplification and gene-based 
2test.  The diagnosis of TB in Indonesia is established 

in two ways, such as bacteriological and clinical 

diagnosis based on medical history and chest           

X-ray/imaging. Bacteriological diagnosis is 

established when: a positive sputum smear is found; 

through a rapid molecular test for instance using 

Xpert MTB/RIF, or through a TB culture test. The 

diagnosis is made clinically with clinical findings and 

chest X-ray/imaging when the AFB sputum smears 
3are negative.

The Sputum Conversion Rate (SCR) using random 

sputum is defined as the percentage of smear-positive 

pulmonary TB cases listed in a specified period that 

converted to smear-negative status after the standard 

two months of the intensive phase of treatment. 

Delayed sputum-smear conversion-related factors 

were wide, including CXR findings in diagnosis, age 

range >60, treatment enrolment, smoking behavior, 

no directly observed treatment short-course observer, 
4foreign citizens, and suburban home locations.  The 

escalation of screening and diagnostic testing 

followed by eradication of undernutrition, poverty, 

diabetes, smoking, and air pollution need to be 

addressed to achieve WHO 2035 TB care and 
5prevention targets.  Previous research in a few 

Nigerian hospitals stated that sputum culture 
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conversion at two months of TB therapy increased the 
6probability to complete therapy on time.  In addition, 

factors enhancing treatment adherence and lowering 

infectiousness after initial treatment improved health 
7literacy among the community.

Studies on sputum smear conversion in 

pulmonary TB patients have frequently been 

reported in some countries; however, the research 

on initial sputum smear status and sputum 

conversion as prognostic determinants of timely 

complete therapy of pulmonary TB patients has 

never been reported. Therefore, the purpose of this 

study was to analyze sputum smear in the early 

intensive phase and the sputum smear conversion at 

the end of the intensive phase of pulmonary TB 

patients as a prognostic determinant of the timely 

complete therapy. 

METHODS

This was observational analytical research using a 

retrospective data collection in all TB patients at the 

Pulmonary clinic of Islamic Hospital Jemursari 

Surabaya, both from the Acid-Fast Bacilli (AFB) 

positive sputum smear and negative sputum smear. 

The inclusion criteria were as follows: Patients 

diagnosed bacteriologically or clinically with 

pulmonary TB by a Pulmonologist; The examination 

of positive sputum smear and negative sputum 

smear validated by a Clinical Pathologist; Patients 

who qualified the criteria for category I of TB therapy; 

Patients who underwent treatment for at least 6 

months. The exclusion criteria were TB patients with 

uncontrolled diabetes mellitus, HIV, and TB patients 

with malignancy.

The diagnosis of pulmonary tuberculosis in 

patients clinically was performed by using medical 

history of suspected criteria of cough for more than 2 

weeks, loss of appetite or body weight, and fever, 
3including additional tests such as chest X-ray.  The 

results of TB diagnosis were obtained when there 

were clinically and radiologically fibroinfiltrates, 

fibroindurations, and cavities. The AFB sputum from 

pulmonary tuberculosis patients was collected at the 

beginning of intensive therapy, and the end of 

intensive and 6-month therapy using the Ziehl 

Neelsen staining method. The results of the AFB  

examination were reported positive when AFB were 

found, categorized in AFB 1+ (10-99 AFB per 100 

fields), 2+ (1-10 AFB per field), and 3+ (more than 10 

AFB per field). The treatment process for category I 

TB patients was carried out with a single dose 

multidrug therapy method for 6-months. Final 

evaluation of AFB sputum smears status and the 

outcome therapy of patients (cured in 6-month 

therapy or need to continue the treatment to          

9-month therapy/prolonged)  was carried out after 

6-months of therapy. The patient was declared 

cured/complete therapy or prolonged by a 

Pulmonologist based on clinical, laboratory, and 

radiological data of the patients.

Univariate data in the form of frequency 

distribution data were presented. The SCR was 

calculated by the proportion of converted sputum 

smear with all patients in the intensive phase. The 

correlation between the conversion of AFB sputum 

at the end of the intensive phase with the patient 

outcome of 6-months of complete therapy and the 

correlation between the AFB sputum at the 

beginning of the intensive phase with the patient 

outcome of 6-months of complete therapy in 

pulmonary TB patients were statistically analyzed by 

Chi-Square test by using statistical software SPSS 

version 25. Research permission was obtained from 

the Health Research Ethics Committee of Islamic 

Hospital Jemursari, Surabaya with number 

00198/KEPK-RSI JS/IV/2018.

RESULTS AND DISCUSSIONS

A total of 430 pulmonary TB patients in this study 

was collected from January 2016 to December 2017 

with the age ranging from 15 to 83 years old      

(Table 1).

Table 1. Characteristics of patients with pulmonary TB

Age Patients (n) 
Gender Category 

Male (n) Female (n) 

15-24 

25-34 

35-44 

45-54 

55-64 

>65 

Total 

48 

80 

82 

85 

72 

63 

430 

21 

32 

49 

55 

43 

49 

249 

27 

48 

33 

30 

29 

14 

181 

 

There were 249 male patients (57.9%) and 181 

female patients (42.1%) involved in this study. This 

study showed that most pulmonary TB patients were 

dominated by males with the main distribution age 

of 45-54 years. Studies conducted by China indicated 

that the incidence of TB increased from year to year 

at the age of 45 and over, with the highest number of 
8sufferers aged 15-24.  TB infection closely related to 

increase, earlier study stated that the highest 
9prevalence was in the 65 year and over.  
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Regarding AFB examination at the beginning of 

intensive therapy, 366 patients were negative 

(85.1%), 32 patients were 1+ (7.4%), 15 patients were 

2+ (3.5%), and 17 patients were 3+ (4%). The AFB 

sputum at the end of the intensive phase of therapy 

was examined, and the conversion was calculated for 

evaluation of the therapy outcome. Table 2 presents 

the initial AFB data and AFB  conversion at the end of 

the two months intensive phase of therapy.

As described in Table 2, the result of AFB 

conversion of all patients was 100%. A negative AFB 

sputum result indicated that the patient was no 

longer infectious. The total sputum conversion rate 

in all groups of pulmonary TB patients reached 100%. 

The results of AFB at the end of the 6-month 

treatment can be seen in Table 3.

The all group of patients at the end of 6-months 

of treatment showed negative AFB results of 100%, 

respectively. There were 100% of patients with a 

Table 4. Sputum AFB at the beginning of the intensive phase and patient outcome after 6-month complete therapy 

 Initial 

AFB 

Smear 

Negative AFB Smear 

at the End of 6-

Month Therapy 

Completing 

6-Month of 

TB Therapy 

(cured) 

Extending anti-TB 

Treatment to 9-Months 

(prolonged) 

 

Negative 

1+ 

2+ 

3+ 

Total 

366 

32 

15 

17 

430 

366 

32 

15 

17 

430 

 

335 

31 

14 

16 

396 

 

31 

1 

1 

1 

34 

Table 3. Results of AFB smears at the end of 6-month treatment

 Initial AFB 

Smear 

Negative AFB Smear at 

the End of 6-Month 

Therapy 

Percentage of Negative 

AFB (%)  

            

Negative 

1+ 

2+ 

3+ 

Total 

366 

32 

15 

17 

430 

366 

32 

15 

17 

430 

 

100  

100 

100 

100 

100 

 

negative smear result in the group of patients with a 

positive initial smear and the group with a negative 

initial smear at the end of 6-month treatment.

From Table 4, it can be seen that from 366 

patients with negative initial AFB status, 335 patients 

were declared cured within 6 months of therapy; 

therefore, the cure rate at 6 months of therapy in the 

group of patients with negative initial AFB was 

335/366 x 100%, totaling 91.5%. A total of 31 patients 

were included in the 9-month treatment category. 

This study showed that the group of patients with 

negative initial AFB status had a 91.5% cure rate 

during the duration of 6-month complete therapy, 

and a small proportion (31 subjects) of this patient 

group was classified into the 9-month treatment 

category and showed a 100% cure rate at the end of 

treatment. 

From Table 4 it can also be seen that from 32 

patients with initial AFB status 1+, there were 32 

  

 

Table 2. Initial and 2-month intensive phase therapy of AFB smear

 

Initial AFB Smear 

 

Negative AFB Smear at 

the End of Intensive Phase 

(2 months) 

AFB 

Conversion (%) 

Negative 

1+ 

2+ 

3+ 

Total 

366 

32 

15 

17 

430 

366 

32 

15 

17 

430 

100 

100 

100 

100 

100 
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  patients whose AFB results became negative and 31 

were declared cured within 6 months of therapy; 

therefore, the cure rate at 6 months of therapy in the 

group of patients with 1+ initial AFB was 31/32x 

100%, totaling 96.8%. 

In the group of patients with baseline AFB 2+, all 

15 patients with baseline AFB 2+ showed negative 

AFB after 6 months of therapy and 14 patients were 

declared cured; therefore, the cure rate was        

14/15 x 100%, totaling 93.3%. Likewise, in the group 

of patients with initial AFB 3+, their cure rate was  

16/17 x 100%, totaling 94.1%. The total number of 

patients with positive baseline AFB who  recovered 

within 6 months of therapy was 61/64 x 100%, totaling 

95.3%. This study revealed that the group of patients 

with a positive initial smear of 1+, 2+ or 3+  had a cure 

rate of  95.3%  in 6-month therapy.

 The total number of patients with a 6-month 

complete therapy in the initial negative and positive 

baseline AFB group was 396/430 x 100%, totaling 

92.1%. The total number of patients with 9-month 

complete therapy was 34/430 x 100%, totaling 7.9%.

The correlation between the initial intensive 

phase of sputum smear and the outcome of 6-month 

therapy in pulmonary tuberculosis patients in this 

study was statistically analyzed using the Chi-Square 

test (α=0.05). In this analysis, the groups will be 

divided into the negative and the positive (1+, 2+, or 

3+) groups at the beginning of the intensive phase. 

As described in Table 5, the p-value was        

0.301 > 0.05. This indicated that there was no 

significant correlation between the initial intensive 

AFB with the patient outcome of 6-months complete 

therapy. Whatever the results of the initial intensive 

phase of AFB sputum status, both the negative and 

positive AFB smear results (+1, +2, and +3) did not 

Table 6. Chi-Square analysis of AFB conversion and outcome of 6-month therapy 

  
Patient Outcome at 6-Month Therapy 

  Cured  Not Cured  Total  p-value  

End of 2-month intensive 

sputum smear 

Sputum conversion 

No conversion (1+, 

2+, 3+) 

396 

 

0 

34 

 

0 

430 

 

0 

 

- 

 Total 396 34 430  

 

Table 5. Chi-Square analysis of initial AFB smear and 6-month complete therapy 

 

 

Patient Outcome at 6-Month Therapy 

  Cured  Not Cured Total  p-value  

Initial Sputum

Smear 

Negative 

Positive (1+, 2+, 3+) 

335 

61 

31 

3 

366 

64 

0.301 

 Total 396 34 430  

affect the outcome of complete therapy (6 months). 

The results of this study showed a high percentage of 

patients completing 6-month therapy and declared 

cured regardless of the initial results of the patient's 

AFB smear. 

This study showed good results despite the 

presence of negative sputum and positive sputum 

with grades 1+, 2+ and 3+ at the beginning. Another 

study found a bacillary load that was stated to be 2+ 

or 3+ indicated conversion failure at the end of the 
10intensive phase.  Increased completed treatment on 

culture-positive cases suggests improved case 

management and strengthened cases belonging to 
11the population.  In line with this research, a study 

conducted in Ethiopia showed a 75% cure rate in 

smear-positive patients that the treatment outcome 

was affected by age, distance to the health facility, 
12and serostatus of HIV.

Regarding the correlation between the smear 

sputum conversion at the end of an intensive phase 

and patient recovery, this analysis was divided into 

two groups such as the sputum conversion group    

at the end of the intensive phase and the                 

non-conversion group, either +1, +2, or +3 using 

Chi-Square test (Table 6). 

The p-value could not be analyzed because all 

sputum examinations at the end of the intensive 

phase were negative. All AFB sputum smear 

examinations were converted at the end of the 

intensive phase. 

This study suggested that AFB sputum smears at 

the end of the intensive phase in the group of 

patients with initial AFB status of 1 +, 2 +, and 3 + 

showed 100% of conversion. The cure rate of           

6-month complete therapy in this patient group was 

95.3%. Three (3) patients had to undergo 9-month 
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therapy and showed a 100% cure rate at the end of 

the treatment. The total AFB conversion rate of this 

patient group was 100% and almost 100% had the  

6-month complete therapy. From these data, it was 

concluded that the sputum conversion at the end of 

the intensive phase can be used as a prognostic 

determinant of 6-month complete therapy on time 

in pulmonary TB patients. 

This study was in line with previous studies in 

Cameroon, which stated that sputum conversion at 

the end of the intensive phase of therapy has a better 

therapeutic outcome than those who did not 
6perform sputum conversion.  A study conducted on 

MDR-TB patients with a bi-monthly treatment 

evaluation method with sputum culture conversion 

stated that conversion in the first two months of 

treatment had a better therapeutic outcome than 
13patients without conversion.  Another study 

conducted on MDR-TB patients with DM and 

without DM showed no significant difference in 

conversion culture time between both populations 
14and both had the same chance of recovery.

Some factors play a role in patient recovery 

including marital status, HIV status, level of 
15education, treatment category, and knowledge.  

Several factors that can cause the failure of TB 

therapy are the delay in the initiation of intensive 

therapy from initial symptoms, which are weight loss, 

the delay in the late intensive phase smear, and the 
16high bacilli load at the end of the intensive phase.

This study revealed that there was a total 

decrease or no more bacillary load found on AFB 

smears at the end of the intensive phase. The 

majority of patients who were admitted and 

recovered within 6 months of therapy had 

demonstrated sputum conversion into negative 

results at the end of the intensive phase. This 

suggested that sputum conversion at the end of the 

intensive phase can be used as a prognostic 

determinant of the appropriateness of 6-months 

complete TB therapy on time. In addition, this study 

also found that the initial sputum smear status, both 

smear-positive (+1, +2, and +3) and smear-negative 

showed no significant difference in terms of the 

prognosis of complete therapy on time. 

CONCLUSIONS AND SUGGESTIONS

Sputum conversion in patients with pulmonary TB 

in the intensive phase can be used as a prognostic 

determinant of complete therapy on time after 6-

months of treatment for TB patients. The patient's 

initial AFB status did not affect the accuracy of the 

on-time recovery, almost all patients showed        

on-time recovery. A further longitudinal cohort 

study was needed to evaluate the etiological factors 

in patients who had prolonged 9-month therapy. 
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