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      Background

      
				Previous studies concluded predictors of smear non-conversion
				pulmonary tuberculosis (TB) globally as well as in Indonesia. However, there is a limited
				data in hospital setting. This study aimed to explore predictors of smear non-conversion
				pulmonary TB in hospital setting.		  


       


      Methods

      
				A case-control study was conducted to explore predictors of smear non-conversion
				among new-treatment pulmonary TB in Dr. Kariadi General Hospital from
				2017 to 2019. Number of cases and controls have been determined consecutively.
				Data were collected from secondary data accessed in medical records and directly
				from subjects. Non-conversion status in the case group was defined as a persistent
				sputum smear-positive after 2 months of intensive phase of treatment. The subjects’
				characteristics i.e., age, sex, body mass index, education level, occupational status, and predictors
				of smear non-conversion, i.e., patient’s compliance, smoking status, alcohol
				consumption, presence of drugs side effects, health care access, first acid-fast bacilli
				(AFB) smear grading, diabetes mellitus (DM), housing condition, housing density, and
				household income were observed. Chi-square test and binary logistic regression were
				used.			


       


      Results

      
				35 subjects were determined in the case group while 76 subjects were the
				control group and involved in the final analysis. Age, sex, first AFB smear grading,
				smoking status, housing condition, housing density, and DM were involved in the
				model of logistic regression. DM (OR = 3.4; 95% CI = 1.19–10.00) and first AFB smear
				grading (OR = 11.2; 95% CI = 3.86–33.00) were concluded as the predictors of smear non-conversion.			


       


      Conclusions

      
				DM and first AFB smear grading were the predictors of smear non-conversion
				among new-treatment pulmonary TB subjects.			
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				Tuberculosis (TB) remains a serious public health
				problem, which includes in the top 10 causes of death
				in the world.¹ An estimated 10 million people got
				pulmonary TB and 1.2 million of them died in 2018.¹
				Geographically, most of the TB cases occur in Asia
				(44%). Indonesia ranks third (8%), after India (27%)
				and China (9%), which contributes the most TB cases
				in the world.¹ Surprisingly, TB cases in Indonesia
				increased by 70%, from 331,703 in 2015 to 563,879 in
				2018.¹ The failure in the management of pulmonary
				TB was highly caused by limited resources, low
				quality of health system, and high HIV infection
				rate.1,2


			
				The critical parameters in evaluating pulmonary TB
				management are cure rate and smear conversion rate.³
				In 2018, TB cure rate in Indonesia was 71.08% which
				was lower than 85%, the rate determined by World
				Health Organization.¹ Smear conversion rate was also
				decreased remarkably from 80.6% in 2013 to 50.5% in
				2014.¹


			
				The decrease of smear conversion rate adjusts with
				the increase of smear non-conversion rate. Smear non-conversion
				will make the treatment longer and increase
				the risk of drug resistance, relapse, and mortality,
				as well as the TB transmission to others.⁴ It has been
				proven that some factors, i.e., patient’s compliance,3,5,6
				smoking status,3,7 diabetes mellitus (DM),⁸ HIV co-infection,⁹
				and smear acid-fast bacilli (AFB) grading⁹
				are associated with smear non-conversion pulmonary
				TB. Studies also showed that the conversion rate in
				Persahabatan General Hospital, Jakarta, Indonesia
				was 90.8% in 2014¹⁰ and Sri Venkateswara Ramnarain
				Ruia Government General Hospital, Tirupati, India
				was 90.4%.¹¹ However, the studies did not analyze
				the risk factors. Additionally, other studies reported
				that drug side effects,¹² alcohol consumption,¹³ health
				care access,¹⁴ household income,¹³ and housing
				characteristics15,16 i.e., housing condition, and housing
				density were associated with TB treatment outcome.


			
				Previous studies3,7,9,17 concluded the risk factors of
				smear non-conversion in TB. However, to the best of
				our knowledge, there is still a lack of data regarding
				the relationship between drug side effects, alcohol
				consumption, household income, health care access,
				housing characteristics, and smear non-conversion;
				moreover, a few data are known in the Indonesian
				hospital setting. This study aimed to explore the
				predictors of smear non-conversion pulmonary TB.						



			 

      
        METHODS

      


			
			 

			
				This case-control study was conducted from 2017
				to 2019. The secondary data were taken from medical
				records and TB patients’ monitoring sheets, whereas
				the primary data were collected from an interview and
				observation of the subjects recorded in the pulmonary
				TB registry in Dr. Kariadi General Hospital. All
				procedures performed in this study were approved by
				the Institutional Review Board Committee, Department
				of Public Health, Universitas Negeri Semarang (No.052/KEPK/EC/2019).
				All subjects involved in the study provided informed consent. The sample size was determined to
				meet the minimum sample according to the formula
				for a case-control study published previously.¹⁸ Thirty
				subjects with smear non-conversion of new-treatment
				pulmonary TB were assigned as a case group,
				meanwhile twice were assigned in the control group.
				Both of the groups were added a minimum of 10% for
				the anticipation of incompleteness, rejection, and
				another thing.


			
				Non-conversion status was defined as a persistent
				sputum smear-positive after 2 months of the intensive
				phase of treatment. It was categorized as the case
				group. Smear examinations were conducted for three
				sputum smear specimens, i.e., first spot, second spot,
				and morning sample sputum. Results were determined
				as positive if at least one of the specimens was positive,
				while negative if all of them were negative. Subjects
				with negative results then were categorized as the
				control group. This study included subjects aged more
				than or equal to 15 years old. Subjects with extra-pulmonary
				TB, HIV/AIDS, or re-treatment status were
				excluded from the study.


			
				A number of 674 subjects had TB directly observed
				a short-course treatment, which was recorded in
				Dr. Kariadi General Hospital TB registry from
				2017 to 2019. Meanwhile, there were 254 subjects
				diagnosed pulmonary TB with positive AFB. Among
				them, 209 subjects were diagnosed with conversion
				status. Subjects in the control group were obtained
				sequentially from the last visit to the hospital until
				the number was obtained as determined. The
				detailed study subjects’ recruitment is illustrated in
				Figure 1.
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							Figure 1.
						
						
							Subjects recruitment.
							TB=tuberculosis; DOTS=directly observed
							treatment short-course; AFB=acid-fast bacilli						
					

				

				 

				

			
				Secondary data were collected to determine
				the smear non-conversion status and subjects’
				characteristics. The subjects’ characteristics include
				age, sex, body mass index (BMI), level of education, and
				occupational status. Level of education is categorized
				as high and low. High-level education is for subject
				who passed high school or above. The study also
				observed determinants of non-conversion pulmonary
				TB, i.e., patient’s compliance, smoking status, alcohol
				consumption, the presence of drugs side effects,
				health care access, first AFB smear grading, DM,
				housing condition, housing density, and household
				income. These parameters were collected directly from
				subjects, except AFB smear grading.


			
				Patients who paused the treatment for ≥1 weeks
				consecutively or a total interruption of 12 days in non-consecutive
				days were considered as non-compliants.
				Current or former alcohol routine usage in any dosage
				and frequency was categorized as alcohol user as well
				as a current and former smoker. The presence of drug
				side effects involved the presence of the subjects’
				complaints after medication, i.e., nausea, itching,
				arthralgia, hearing disorder, anorexia, and abnormal
				urine color. The limitation of health service access was
				determined by cost and distance.


			
				AFB examination was conducted by the clinical
				microbiologist in the Clinical Microbiology Laboratory,
				Central Laboratory Unit, Dr. Kariadi General Hospital.
				The data were obtained from medical records. The AFB
				were stratified into: 0: nil, 1+: ≤1 AFB, 2+: 2–9 AFB, 3+:
				≥10 AFB per 10 fields of view, respectively. AFB smear
				ratings were categorized as high if the results were
				either 3+ or 2+ and low if the results were either 1+ or
				scanty.


			
				The housing condition consists of wall conditions,
				floor conditions, and lighting. The housing density was
				determined as a number of the building area divided by
				a number of family members living in the same house.
				The condition that met the criterion as published in
				previous study¹⁵ was used to determine the status.
				Household income was considered fair when it met
				the regional minimum salary determined by the local
				government.


			
				Data were presented in frequency and percentage
				based on the case and the control group. Chi-square
				test was performed to analyze the association of
				predictors and the smear non-conversion pulmonary
				TB status. A p-value <0.05 was considered as statistically
				significant. The predictors with a p-value lower than
				0.25 were involved in the logistic regression analysis. All
				statistical analysis was performed using SPSS software
				version 16.0 (IBM Corp., USA).						



       

      
        RESULTS

      


			
			 

			
				Of the 45 non-conversion subjects were in the case
				group; however, only 35 subjects completed primary
				and secondary data (Figure 1). A total of 76 subjects
				with smear conversion was determined as the control
				group. The subjects’ characteristics, i.e., age, sex, level
				of education, and occupational status based on case
				and control group, are presented in Table 1. In the non-conversion
				group, the proportion of older subjects
				was higher than younger. Regarding the gender, males
				were higher than females for the non-conversion
				group. The level of education and occupational status
				were comparable between the groups.


				
				 

				
					
						
							Table 1.
						
						
							Subject's characteristics
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				Predictors of smear non-conversion status
				pulmonary TB as stated in Table 2 reveals that the
				proportion of non-conversion group was significantly
				higher in first AFB smear grading ≥2+. BMI and drug
				side effects between groups were comparable,
				whereas the smoking status of the non-conversion
				group was higher. Surprisingly, the proportion of
				DM was lower compared to the non-DM for both
				conversion status; however, the proportion of both
				was significantly different. The other five predictors
				namely alcohol consumption, access to the health
				services, housing condition, housing density, and
				household income were comparable between groups.


				
				 

				
					
						
							Table 2.
						
						
							Predictors for smear non-conversion status pulmonary TB
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				Table 2 also shows the results of binary logistic
				regression. The final model concluded that DM and
				high smear grading were significantly predicting
				smear non-conversion status among new-treatment
				pulmonary TB with a contribution of 68.19% and
				the rest 31.81% influenced by other predictors. DM
				predicts non-conversion with an adjusted odds ratio
				(OR) was 3.44, while high smear grading predicts non-conversion
				with an adjusted OR was 11.22.						



			 

      
        DISCUSSION

      


			
			 

			
				The present study found that DM and high first
				AFB smear grading were the predictors of smear non-conversion
				status among new-treatment pulmonary
				TB. Current study adds the evidence and strengthening
				previous studies2,3,8,9 that concluded DM and first AFB
				smear grading as major predictors of smear non-conversion
				among new-treatment pulmonary TB. A
				study in Egypt concluded that delay in sputum culture
				conversion, moderate and extensive lung lesions,
				and DM were the predictors for the unsuccessful
				treatment of multidrug-resistant TB cases.¹⁹ Hence,
				these findings contribute to add knowledge on some
				predictors of non-conversion status among new-treatment
				pulmonary TB in Indonesia, which previously
				had been limited in the hospital setting. However, the
				current study found no association of drug side effects,
				alcohol consumption, household income, and housing
				characteristics with smear non-conversion.


			
				High first AFB smear grading was found playing
				a vital role in predicting non-conversion status with
				an adjusted OR of 11.22 than subjects with low smear
				grading. It has been reported that the first AFB smear
				3+ has a higher risk of getting non-conversion after the
				intensive phase of treatment.²⁰ The cumulative rate
				of smear conversion after 2-month intensive phase of
				treatment for TB subjects with first AFB 2+ and 3+ was
				only 34%.²⁰ First AFB grading plays an important role in
				the management of pulmonary TB, which is describing
				pulmonary TB severity and transmission ability²¹ as
				well as indicating the late drug resolution that related
				to the existence of lung cavity and the density of the
				Mycobacterium.


			
				DM was found as a predictor for non-conversion
				among new-treatment pulmonary TB (OR = 3.44).
				Unfortunately, the present study did not report the
				glycemic control that had a meaningful impact.
				The present study also did not observe DM duration,
				severity, and chronicity that could more explain
				regarding treatment outcome. TB-DM optimal
				management is challenging. TB-DM interaction always
				involves issues of treatment outcome, drug-resistance,
				relapse, and mortality. Study reported that DM was
				associated with failure to sputum smear convert at 2
				months and treatment failure.⁸ Study also reported
				that pulmonary TB cases with DM were common to
				be delayed sputum conversion (prolonged positive
				smear) and failure,²² however, limited study reported
				a specific duration of treatment for TB-DM effectively.
				Future studies should consider these issues as well
				as the molecular pathways to understand underlying
				mechanisms and effective treatment approaches for
				TB-DM patients. The molecular pathways might involve
				advanced glycation end products and their receptors,
				inflammatory, oxidative stress, nuclear receptors, and
				cellular metabolism.⁸


			
				Present study also showed that the presence of
				drug side effects has a higher proportion to the smear
				non-conversion and almost reaches the significance
				level (p = 0.05). However, this condition did not match
				the condition of the non-compliant patient, which has
				a very minimum number, i.e., 6% for non-conversion
				status. Indeed, previous study concluded the presence
				of side effects implicate in treatment outcome,¹² but
				in the previous study, the observed population was
				the multi-drugs resistance TB, which most of them
				took a long period of a treatment since they were re-treatment
				cases.


			
				The previous study concluded an alcohol
				consumption was related to the failure of TB treatment
				because most of them tend to default from treatment.13,16
				Those studies observed compliance that was closely
				related to default from treatment. However, the small
				sample size in this study limited the comprehensive
				analysis and understanding of their relationship. Only
				around 7% of the total study population were alcohol
				users and around 6% of the study population were non-compliant
				patients, without specifying how many of
				them were both as alcohol users and non-compliant
				patients. Moreover, in this study alcohol consumption
				status was determined for subjects that currently or
				former routine alcohol usage without differentiating
				the dosage and frequency. These conditions are
				certainly detailed parameters that must be observed to
				conclude the relationship of alcohol consumption with
				treatment outcomes through default from treatment
				as a mediation variable.


			
				Similarly, the health care access, household income,
				and housing characteristics were well established as
				predictors of TB treatment outcome.¹³⁻¹⁶ However,
				the present study concluded that all these predictors
				were not related to the smear non-conversion status.
				These current findings add to evidence that predictors
				of TB treatment outcome did not exactly the same
				as predictors of smear non-conversion status in
				the intensive phase of treatment. Additionally, the
				health care access, household income, and housing
				characteristics could be categorized as socioeconomic
				determinants for treatment outcomes. Noticing
				these aspects, community-based study with a large
				sample size should be considered to conclude their
				associations.


			
				Previous study reported that smoking is related
				to anti-tuberculosis treatment adherence.²³ Previous
				study also concluded that cigarette smoking in active
				pulmonary TB is related to delayed culture conversion.
				The frequency of delayed culture conversion after
				2 months of treatment increasingly in sequentially
				in a group of never smokers, ex-smokers, current
				non-smokers, and current smokers.²⁴ This study only
				observed smoker status without differentiating in any
				detailed terms of the status.


			
				The current study also found that the conversion
				rate of new-treatment pulmonary TB subjects in Dr.
				Kariadi General Hospital was 82.3% (209 of 254 of new-treatment
				pulmonary TB patients (Figure 1). This finding
				was in accordance with previous studies globally and
				Indonesia as well, which ranged from 74.7 to 90.8.3,9,10,25
				However, some crucial predictors, i.e., HIV/AIDS and
				re-treatment status that obviously will implicate the
				conversion rate⁹ were excluded from this study.


			
				The current study was conducted based on
				hospital data as achieving the primary goal of the
				study. Indeed, this study did not represent the general
				population condition; moreover, the status of the
				hospital as a national referral implies the pulmonary
				TB cases tend to be more complicated. This single
				local center study also limits generalization, therefore
				further study involving multi-center is needed. The
				use of culture to diagnose and its conversion after 2
				months of treatment as well as the rapid molecular test
				was not observed in the present study. The most vital
				confounding variables, i.e., HIV/AIDS and re-treatment
				status, were excluded from the study implies not a
				comprehensive understanding of the predictors. Based
				on several limitations of the current study described
				above, further research is needed to understand
				the related predictors thoroughly for smear non-conversion
				among new-treatment pulmonary TB.									


		 
			 In conclusion, DM and first AFB smear grading were
			 the predictors of smear non-conversion, suggesting
			 that adequate attention must be considered for new-treatment
			 pulmonary TB subjects with DM and high
			 AFB smear grading to achieve successful outcome
			 treatment.		 
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High housing density 10 (29) 12 (16) 0.189 2.133 (0.818-5.561) 0.779 0.832 (0.230-3.011)
Low household income 26 (74) 52 (68) 0.686 1.333 (0.543-3.277) - -

TB=tuberculosis; OR=0dds ratio; Cl=confidence interval; AFB=acid-fast bacilli; BMI=body mass index; DM=diabetes mellitus
*Chi-square test; 'binary logistic regression test, all variables that had p<o0.25 using chi-square test were included in this analysis, R? = 0.465
(Nagelkerke)





