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INTRODUCTION

Tuberculosis (TB) is a major public health problem even 
after 20 years of its declaration as a global public health 

Access this article online
Website: http://www.ijmsph.com Quick Response code

DOI: 10.5455/ijmsph.2017.0824913092017

emergency by the WHO.[1] Started as pilot project in 1993 
by Government of India, Revised National TB Control 
Program (RNTCP) scaled up nationwide by 2006.[2] RNTCP 
recommends periodic sputum smear microscopy during the 
course of treatment to monitor patient progress and to assess 
overall program performance.[2]

Change in the bacteriological status of sputum from initial 
acid-fast bacilli (AFB) positive to AFB negative after 
intensive phase (IP) of treatment is known as sputum smear 
conversion.[2] Smear conversion rate (SCR) is a significant 
operational indicator as it shows the capacity of the program 

Background: Sputum smear conversion rate (SCR) at the intensive phase (IP) of antitubercular treatment is an indicator of 
patient’s response to treatment as well as the performance of tuberculosis (TB) control program, especially in resource-
limited settings. Objectives: The objectives of this study are (1) to identify medicosocial factors associated with a delay in 
sputum smear conversion at the end of IP and (2) to find the influence of sputum smear conversion on treatment outcome. 
Materials and Methods: A prospective study was conducted in all six Designated Microscopy Centers (DMCs) of Davangere 
TB Unit, Karnataka, for 1 year. About 216 new sputum smear-positive pulmonary TB patients aged ≥15 years who were 
diagnosed in these DMCs and registered under Revised National TB Control Program constituted the study sample. Data were 
collected by direct interview method using a pretested, semistructured questionnaire. Results: Majority of the study subjects were 
males, residing in urban areas. The overall sputum SCR was 85.8%. Univariate analysis revealed that elderly age, stigmatization, 
tobacco smoking, diabetes mellitus, and pretreatment sputum smear grading were significantly associated with delayed sputum 
smear conversion at the end of IP. In multivariate analysis, tobacco smoking (adjusted odds ratio [aOR] [95% confidence interval 
(CI)]: 2.18 [1.03-4.61]), diabetes mellitus (aOR [95% CI]: 3.43 [1.27-9.31]), and higher pretreatment smear grading of 3+ (aOR 
[95% CI]: 2.73 [1.27-5.85]) emerged as independent predictors of delayed sputum smear conversion. Delayed sputum smear 
conversion was also found to be significantly linked with unfavorable treatment outcomes. Conclusion: Sputum SCR among 
new smear-positive pulmonary TB patients in Davangere TB Unit was satisfactory. Patients with identified risk factors were less 
likely to achieve sputum smear conversion and need to be monitored more closely to prevent unfavorable outcomes.

KEY WORDS: Designated Microscopy Center; New Smear Positive; Pulmonary Tuberculosis; Sputum Smear Conversion; 
Smear Conversion Rate; Sputum Smear Grading

International Journal of Medical Science and Public Health Online 2017. © 2017 Anandaraj R, et al. This is an Open Access article distributed under the terms of the Creative Commons 
Attribution 4.0 International License (http://creativecommons.org/licenses/by/4.0/), allowing third parties to copy and redistribute the material in any medium or format and to remix, 
transform, and build upon the material for any purpose, even commercially, provided the original work is properly cited and states its license.

Research Article

ABSTRACT



Anandaraj et al. Factors influencing sputum smear conversion delay

 International Journal of Medical Science and Public Health   15662017 | Vol 6 | Issue 11 1567	       International	Journal	of	Medical	Science	and	Public	Health 2017 | Vol 6 | Issue 11

to maintain patients on treatment. It also provides an objective 
evidence for the patient’s response to therapy and hence the 
treatment outcome.[2] Failure of sputum smear conversion 
has been considered as a predictor of patient infectivity and 
treatment failure or relapse.[4]

Patients with positive smears after 2 months of treatment may 
not react well to treatment due to infection with drug-resistant 
Mycobacterium TB, one of the major risk factors for non-cure, 
and remain infectious for prolonged periods of time. It was 
observed in Bangladesh that non converters after 2 months 
of treatment were 40 times at risk of developing multidrug-
resistant TB (MDR-TB).[5] In the era of drug-resistant TB, 
the nation has only 64 RNTCP certified laboratories capable 
of performing culture and drug sensitivity testing (CDST).[6] 
This works out to a very low ratio of 0.05 CDST laboratories 
per million population. Although RNTCP is slowly scaling up 
the CDST laboratory network, not all are able to get screened 
for drug resistance.

In such a scenario, identification of factors associated with 
persistent sputum positivity at the end of IP may be helpful 
in stratifying such patients. This stratification may improve 
TB control activities in the context of drug resistance by 
prioritizing those patients for screening for drug resistance.

Keeping in mind the above facts, the present study was 
conducted among new smear-positive pulmonary TB patients 
to identify medicosocial factors associated with a delay in 
sputum smear conversion at the end of IP and also the 
influence of smear conversion on treatment outcome.

MATERIALS AND METHODS

Davangere TB unit is located in the central part of Karnataka 
state in south India. It covers a population of over 600,000[7] and 
has six Designated Microscopy Centers (DMCs) functioning 
under RNTCP for the diagnosis of TB. This prospective 
study was carried out in these six DMCs of Davangere TB 
unit. All new sputum smear-positive pulmonary TB patients 
aged ≥15 years of either sex, registering for directly observed 
treatment, short course (DOTS) IP under RNTCP from 
1st January 2014 to 31st December 2014 were enrolled. The 
study subjects were selected consecutively as and when 
they were registering during the study period. Previously 
treated TB patients, new smear-negative pulmonary TB, or 
extrapulmonary TB patients were excluded from the study.

Ethical approval was obtained from the Institutional Ethical 
Review Board. After obtaining informed consent, a pre-tested 
questionnaire was administered by “direct-interview” method 
to collect data regarding sociodemographic factors, clinical 
history, addictions, sputum smear grading, and comorbid 
conditions such as HIV, diabetes mellitus, and undernutrition. 
The pretreatment sputum smears were graded as scanty, 
1+, 2+, or 3+. Patients were subjected to follow-up sputum 

smears at the end of IP for smear conversion and at the end 
of continuation phase for the outcome as per the RNTCP 
guidelines.[3]

Those patients who had obtained negative sputum smear 
status at the end of IP were considered as smear converters. 
Those patients who remained smear positive at the end of 
IP were considered as nonconverters. Favorable outcome 
was assigned for those who were either declared as cured or 
treatment completed. The remaining patients were considered 
to have an unfavorable outcome.

Adherence to DOTS was considered to be present if the 
patient had consumed ≥80% of the prescribed drugs in the IP. 
To assess stigmatization, questions asked to include support 
of family members, abandoned by any, lost respect within 
family or community, and isolation within household. Enacted 
social stigma was arbitrarily considered to be present if it was 
evident in three or more of the abovementioned questions. 
Undernutrition was considered if the calculated body mass 
index was below 18.5 kg/m2.[8]

The collected data were compiled in Microsoft Excel 
worksheet and analyzed using Statistical Package for Social 
Sciences software version 18.0. Categorical variables 
were summarized using percentages and proportions. Chi-
square test was employed for analyzing categorical data. 
Fisher’s exact test was used when the expected value of 
more than 25% of the cells was <5. A P value below 0.05 
was considered statistically significant. Logistic regression 
analysis was performed to find the predictors for the delay in 
sputum smear conversion.

RESULTS

Baseline Characteristics and Smear Conversion

A total of 233 patients registered for DOTS during 
the study period. Mean age of the study subjects was 
41.9 ± 15.12 years. About 164 (70.4%) of them were 
men. Most were residents of the urban area (60.9%). Out 
of 233 patients, 5 (2.2%) patients died, 11 (4.7%) patients 
defaulted from treatment, and 1 (0.4%) was transferred out. 
Of the 216 patients available for the follow-up smear at the 
end of IP, 175 (75.1%) converted to smear negative at the 
end of IP, whereas 41 (17.6%) remained smear positive. 
These 41 patients were treated with extended IP phase, and 
among them, 25 (85.8%) got converted to smear negative 
and 16 (6.9%) still remained persistently smear positive at 
the end 3 months.

Factors Influencing Smear Conversion

After excluding 17 dropouts, factors influencing delay 
in sputum smear conversion at the end of IP of 216 study 
subjects were analyzed. Of the sociodemographic variables, 
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the age was found to have a significant association (P = 0.03) 
with delayed sputum smear conversion with crude odds ratio 
(OR) (95% confidence interval [CI]) of 2.15 (1.03-4.47). 
Study subjects older than 50 years were more likely to go 
for delayed conversion than subjects younger than 50 years. 
It was also observed that 29.3% in the delayed converters 
group were stigmatized as compared to only 15.4% of the 
converters group (P = 0.03). Smokers more often were found 
to have delayed conversion as compared to nonsmokers 
(65.9% vs. 34.1%, P = 0.02). These are depicted in Table 1. 
Among the comorbid conditions, diabetes mellitus was found 
to be significantly associated (P = 0.01) with delayed sputum 
smear conversion. HIV infection was not significantly 
associated (P = 0.30) with delayed smear conversion. An 
initial higher sputum smear grading of 3+ was found to be 
associated (P = 0.03) with delayed smear conversion when 
compared to lower smear grading such as 2+, 1+, and scanty 
(Table 2).

For multivariate analysis, all the variables with P < 0.05 in 
univariate analysis were entered as independent variables, 
and sputum smear conversion was entered as dependent 
variable. Higher pretreatment sputum smear grading (3+), 
presence of diabetes mellitus, and smoking were found to 
have significant adjusted OR and emerged as independent 
predictors of delayed sputum smear conversion at the end of 
IP (Table 3).

Sputum Smear Conversion and Treatment Outcome

Of the 216 study subjects, the outcome of 176 (81.5%) was 
favorable in terms of cured or treatment completed, whereas 
40 (18.5%) had an unfavorable outcome such as default, 
failure, or death. Significantly more nonconverters, both 
at the end of IP (37.5% vs. 14.8%) and at the extended IP 
(32.5% vs. 1.7%), were having unfavorable outcomes as 
compared to converters. Delay in sputum smear conversion 

Table 1: Association of sociodemographic and clinical factors with smear conversion (n=216)
Variable Converted Not converted P value Unadjusted OR (95% CI)
Age (years)

<50 138 (78.9) 26 (63.4) 0.03 2.15 (1.03-4.47)
≥50 37 (21.1) 15 (36.6)

Gender
Male 120 (68.6) 30 (73.2) 0.56 0.80 (0.37-1.71)
Female 55 (31.4) 11 (26.8)

Domicile
Rural 73 (41.7) 12 (29.3) 0.14 1.73 (0.82-3.61)
Urban 102 (58.3) 29 (70.7)

Education
Illiterate 93 (53.1) 21 (51.2) 0.82 1.08 (0.54-2.13)
Literate 82 (46.9) 20 (48.8)

Social stigma
Absent 148 (84.6) 29 (70.7) 0.03 2.26 (1.03-4.98)
Present 27 (15.4) 12 (29.3)

Adherence
Present 157 (89.7) 36 (87.8) 0.94 1.21 (0.42-3.47)
Absent 18 (10.3) 5 (12.2)

Side effects ATT
Absent 97 (55.4) 18 (43.9) 0.18 1.58 (0.80-3.15)
Present 78 (44.6) 23 (56.1)

Family H/O TB
Absent 148 (84.6) 32 (78.0) 0.31 1.54 (0.66-3.59)
Present 27 (15.4) 9 (22.0)

Alcohol
No 92 (52.6) 20 (48.8) 0.66 1.16 (0.58-2.29)
Yes 83 (47.4) 21 (51.2)

Smoking tobacco
No 94 (53.7) 14 (34.1) 0.02 2.23 (1.10-4.55)
Yes 81 (46.3) 27 (65.9)

TB: Tuberculosis, ATT: Antituberculosis therapy, OR: Odds ratio, CI: Confidence interval
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was found to be significantly associated with unfavorable 
treatment outcomes (Table 4).

DISCUSSION

As per the RNTCP, SCR of at least 85-90% has to be 
achieved in a well-performing area.[2] The cumulative SCR 
in the present study was 85.8% which was slightly lower 
than the state (88%) as well as national (90%) rates.[9] Higher 
SCRs of more than 85% has been noted in other parts of the 
country.[10-17]

Mota et al.[18] in Portugal observed that age above 50 years 
was significantly associated (P = 0.008) with delayed smear 
conversion. A similar result was observed by other authors as 
well.[4,19-22] Reason for elderly patients having higher rates of 
nonconversion may be due to possible age-related immune 
dysregulation and delay in seeking health care which might 
lead to progression of the disease.[23,24]

In our study, although men had higher rates of delayed 
conversion at 2 months than females (73.2% vs. 26.8%), 
gender was not significantly associated with delayed smear 
conversion. This may be due to a higher proportion of 
males in our study. However, studies done elsewhere have 
observed a significant association of gender with smear 
conversion.[18,25]

Many studies have documented demographic, medical, 
microbiological, and radiological factors influencing 
sputum smear conversion,[4,13,19,25-27] but none of them have 
focused on social factors. TB being a well-known example 
of stigmatizing disease, we made an attempt to look into 
the effect of stigmatization on smear conversion. The 
possible influence of social stigma on smear conversion 
can be explained by the loss of support, both economical 
as well as emotional, coupled with neglect by family and 
community. The interplay of these multiple social factors 
may lead to lowered adherence to anti-TB therapy (ATT), 
and also nutrition deprivation due to neglect which in turn 
may result in a delay in smear conversion, as evident in our 
results.

Although the proportion of subjects not adherent to 
antitubercular drugs was more in delayed converters than 
converters, a significant association could not be established. 
This could be due to the absence of standard criteria under 
the national program to define adherence in ATT.

Smoking as an independent predictor of smear conversion has 
been proven by other studies as well.[22,28,29] Tobacco smoke 
inhibits the defense mechanism of lung against infections.[30] 
It stimulates the alveolar macrophages for an inflammatory 
response and also suppresses the antigen presentation function 
to develop a specific immune response, thereby causing T cell 
anergy.[30-33] Thus, there exists an immunodeficiency pattern 
in smokers which leads to the delayed clearing of bacilli from 
their lungs.

Diabetics were thrice more prone to have a delayed smear 
conversion in our study. Studies conducted elsewhere also 
reiterate this fact.[34-37] Defects in the immune system of 
patients with active TB and diabetes lead to reductions in 
the activation of alveolar macrophages[38] and the capacity 
to produce interleukins,[39] resulting in delayed smear 
conversion.

Table 2: Association of comorbid conditions and initial smear grading with smear conversion (n=216)
Variable Converted Not converted P value Unadjusted OR (95% CI)
HIV

Absent 160 (91.4) 40 (97.6) 0.31 0.26 (0.03-2.07)
Present 15 (8.6) 1 (2.4)

Diabetes mellitus
Absent 157 (89.7) 31 (75.6) 0.01 2.81 (1.18-6.67)
Present 18 (10.3) 10 (24.4)

Undernutrition
Absent 25 (14.3) 10 (24.4) 0.11 0.51 (0.22-1.18)
Present 150 (85.7) 31 (75.6)

Initial smear grading
2+, 1+, scanty 117 (66.9) 20 (48.8) 0.03 2.11 (1.06-4.21)
Grade 3+ 58 (33.1) 21 (51.2)

OR: Odds ratio, CI: Confidence interval

Table 3: Predictors of smear conversion by multivariate 
analysis (n=216)

Variable P value Adjusted OR 95% CI
Age ≥50 years 0.27 1.57 0.69-3.55
Stigmatization 0.08 2.14 0.91-5.03
Smoking tobacco 0.04 2.18 1.03-4.61
Diabetes mellitus 0.01 3.43 1.27-9.31
Initial smear grading 3+ 0.01 2.73 1.27-5.85

OR: Odds ratio, CI: Confidence interval
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We observed that HIV-infected study subjects were more 
prone for going to early conversion than delayed conversion 
(8.6% vs. 2.4%, P = 0.30). Domínguez-Castellano et al.[40] 
observed that the period of conversion was significantly 
shorter in HIV patients (median: 18 days) than those not 
infected with HIV (median: 30 days). As HIV infection 
progresses and CD4 cells are depleted, the host immune 
response becomes less effective. Hence, cavity formation and 
sputum smear positivity are less common in HIV-infected 
TB patients.[3,40-42] Although the study conducted elsewhere 
showed a significant influence of undernutrition on smear 
conversion,[43] the present study could not. This may be 
attributed to geographical differences.

Influence of pretreatment bacillary load on sputum smear 
conversion in TB patients has been extensively researched 
in the past.[4,18,19,21,44,45] Patients with higher initial smear 
grading reflect the higher bacillary load in their lungs, with a 
corresponding increase in cavity formation.[46]

Earlier studies showed significantly lower cure rates and 
higher failure rates for those failing to achieve smear 
conversion at the end of IP.[44,47,48] The present study supports 
this fact, thereby emphasizing the important relation between 
smear conversion and treatment outcome.

Self-reported status of diabetes and non-utilization of 
standardized tools for measuring social stigma are some of 
the limitations of our study.

CONCLUSION

The SCR among previously untreated TB patients in the study 
area appears to be satisfactory. Smear conversion was unlikely 
in patients with certain risk factors, thereby leading to poor 
outcomes. We would like to recommend for prioritization 
of TB patients with tobacco smoking, diabetes mellitus, 
or higher initial smear grading (3+) for initial screening 
for drug resistance, as these patients are at higher risk of 
nonconversion. Orientation about the importance of regular 
follow-up sputum examinations needs to be emphasized to 
TB patients, to foresee drug resistance in them as well as to 
reduce the risk of transmission to the community. Literacy 

and empowerment would pave a long way to address the 
deeply rooted social stigma regarding this disease.
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