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Abstract 
Background: Tuberculosis remains a global health challenge, with sputum conversion serving as a critical indicator of treatment success during 
the intensive phase. This study aimed to identify factors associated with sputum smear non-conversion at the end of intensive phase treatment 
among patients with pulmonary tuberculosis. 
Methodology: This case-control study utilized data from the National Tuberculosis Information Program (NTIP) Registry database between 
2014 and 2019. Newly diagnosed pulmonary tuberculosis patients were included. The study comprised 322 cases of sputum smear non-
conversion and 644 controls who achieved sputum smear conversion. Descriptive statistics and multiple logistic regression were used to analyze 
the data. 
Results: Factors significantly associated with sputum smear non-conversion included male sex (Adjusted Odds Ratio [AOR] = 1.57, 95% CI: 
1.10-2.25), age 35-59 years (AOR = 1.75, 95% CI: 1.19-2.59), age ≥ 60 years (AOR = 1.72, 95% CI: 1.09-2.71), sputum AFB smear grading 
of 2+ (AOR = 2.74, 95% CI: 1.20-6.28) and 3+ (AOR = 4.72, 95% CI: 2.14-10.43), and receiving treatment at a private hospital (AOR = 4.94, 
95% CI: 2.34-10.44). In contrast, patients weighing ≥ 50 kg at baseline treatment were less likely to experience non-conversion (AOR = 0.72, 
95% CI: 0.54-0.96). 
Conclusions: Patients’ sex, age, sputum acid-fast bacilli [AFB] smear grading, and private hospital access were significant risk factors for 
sputum smear non-conversion, while higher baseline weight appeared protective. Enhanced monitoring of high-risk groups could improve 
treatment outcomes. 
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Introduction 

Tuberculosis (TB) remains a major global public 
health concern and a leading cause of illness and death 
worldwide [1]. Caused by the airborne pathogen 
Mycobacterium tuberculosis, TB primarily affects the 
lungs, accounting for approximately 80% of cases [2]. 
It leads to significant healthcare costs, social stigma, 
and disruption to daily life. Globally, around 10 million 
people contract TB annually, with an incidence of 132 
per 100,000 population. The burden is highest in 
Southeast Asia and Africa, reaching 220 per 100,000 
[3]. TB results in about 1.3 million deaths each year, 
mostly in Asia and the Pacific [4]. Thailand remains a 
high-burden country, with a prevalence of 171 per 
100,000 and persistent challenges in meeting the World 
Health Organization (WHO) treatment success targets 
[5].  

The first-line anti-tuberculosis regimen – 
comprising isoniazid, rifampicin, pyrazinamide, and 
ethambutol (2HRZE/4HR) – is considered highly 
effective [6]. The intensive phase, which spans the 
initial two months of treatment, plays a crucial role in 

reducing transmission. Sputum acid-fast bacilli (AFB) 
smear conversion during this period is a key indicator 
of treatment effectiveness. In upper southern Thailand, 
although conversion rates have shown some 
improvement, they continue to fall short of the WHO’s 
targets [5]. 

Over the past decade, multiple studies have 
explored factors influencing sputum smear non-
conversion in pulmonary TB patients. However, 
findings remain inconclusive, with varying reports on 
risk and protective factors [7]. Much of the existing 
literature originates from African countries, with 
limited research from other regions. In Thailand, only 
three small-scale studies – conducted in the northern 
and northeastern provinces – have been published, each 
constrained by small sample sizes and low statistical 
power [8-10]. To date, no large-scale investigation has 
focused on southern Thailand. This study aims to 
address that gap by identifying factors associated with 
sputum smear non-conversion during the intensive 
treatment phase in this region. 
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Methodology 
Study design 

This case-control study was conducted between 
January and February 2021 using secondary data from 
the National Tuberculosis Information Program (NTIP) 
Registry, managed by the Bureau of Tuberculosis, 
Department of Disease Control, Ministry of Public 
Health (MOPH). The data were monitored by the Office 
of Disease Prevention and Control 11 (ODPC 11), 
located in Nakhon Si Thammarat. The study was 
conducted in healthcare facilities providing TB services 
across seven provinces in upper southern Thailand: 
Chumphon, Ranong, Surat Thani, Phang-nga, Nakhon 
Si Thammarat, Phuket, and Krabi. 

 
Study samples 

The study included newly diagnosed pulmonary TB 
patients with a positive sputum smear for AFB at the 
baseline treatment. Pulmonary TB was classified under 
code A150 according to the 10th revision of the 
International Statistical Classification of Diseases and 
Related Health Problems (ICD-10). 

Cases were defined as new pulmonary TB patients 
with a positive sputum smear AFB at both baseline and 
the end of the intensive phase of treatment. Controls 
were similarly defined, but with a negative sputum 
smear AFB at the end of the intensive phase. A 1:2 ratio 
of cases to controls was used, and controls were 
systematically and randomly selected based on 
identification numbers from the NTIP Registry 
database. The sample size was calculated using a 
continuity correction to fit the case-control study design 
with a dichotomous outcome [11-13]. We set the 
significance level (α) at 0.01 and the power (1-β) at 
0.90. The area under the normal curve (Z1-α/2 = 1.96) 
and (Z1-β = 0.84) was used for calculations. The case-
to-control ratio (r) was set at 1:2. Based on a previous 
study [8], sputum smear conversion rates were 0.235 for 
cases and 0.381 for controls. This yielded a minimum 
required sample size of 119 cases and 258 controls. 

Initially, 10,818 subjects were enrolled in the study. 
The inclusion criteria were: 1) being a new case of 
pulmonary TB, 2) having a laboratory-confirmed AFB 
test result, and 3) receiving a susceptible drug regimen 
(2HRZE/4HR). The exclusion criteria included: 1) 
transfer out of the study settings, 2) a positive drug 
susceptibility testing (DST), 3) loss to follow-up, 4) 
death during the intensive phase of treatment, and 5) 
incomplete sputum smear AFB results at the end of the 
intensive phase. Of the initial sample, 8,832 patients 
(81.64%) did not meet the inclusion criteria for the 
following reasons: 1) transfer out (155 cases, 1.42%), 

2) loss to follow-up (346 cases, 3.20%), 3) death during 
treatment (987 cases, 9.12%), and 4) incomplete 
sputum smear AFB results at both baseline and the end 
of the intensive phase (6,438 cases, 59.51%). 
Additionally, 828 patients (7.65%) were still 
undergoing treatment, and 78 cases (0.72%) lacked 
sputum smear AFB evaluations. After exclusions, 1,986 
subjects remained. Of these, 322 subjects met the 
criteria for cases, and 1,644 were eligible as controls. 
For this study, we included all 322 eligible cases and 
randomly selected 644 controls for analysis. 

 
Data collection 

The variables of interest were obtained from the 
NTIP Registry database and included demographic 
characteristics, clinical factors, and sputum smear AFB 
results at baseline and at the end of the intensive phase 
of treatment. 

The primary outcome of this study was sputum 
conversion at the end of the intensive phase. Sputum 
conversion was verified through the NTIP Registry 
database. Sputum samples were collected and tested 
using the AFB method, with results categorized as 
negative, scanty, 1+, 2+, or 3+. The outcome was 
treated as a dichotomous variable: sputum smear non-
conversion (positive AFB = 1) and sputum smear 
conversion (negative AFB = 0). The outcome data were 
electronically recorded and reported in the NTIP 
Registry database by health professionals trained in TB 
care. Additionally, the NTIP Registry database is 
routinely monitored and supervised by ODPC 11 in 
Nakhon Si Thammarat, Thailand, ensuring the accuracy 
of all data before analysis. Sputum smears were also 
routinely processed following the guidelines of the 
National Tuberculosis Control Program (NTP). All 
participating laboratories operated under the Ministry 
of Public Health (MOPH) regulations and received 
regular supervision and training to ensure 
standardization of procedures. 

 
Statistical analysis 

Descriptive statistics were used to summarize 
demographic characteristics and variables of interest. 
Bivariate analysis using simple logistic regression was 
conducted to explore factors associated with sputum 
smear non-conversion among subjects with pulmonary 
TB. Multiple logistic regression analysis was then 
performed to determine the relationship between these 
factors and sputum smear non-conversion, adjusting for 
potential confounding variables. 

Initially, a simple logistic regression analysis was 
utilized to evaluate potential factors influencing 
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mortality. A separate model was constructed for each 
variable of interest. Continuous variables, such as 
patient age, were categorized, and polytomous variables 
– including patient age and occupation, as well as the 
grading of sputum smear AFB at baseline treatment – 
were converted into dummy variables before being 
included in the model. Factors with a Wald test p ≤ 0.25 
were entered into the initial model. Backward 
elimination was applied to remove factors with a Wald 
test p ≥ 0.05. The p-value of the partial likelihood ratio 

test was used to assess the model fit, resulting in the 
final model that included all relevant factors. Although 
this model selection approach aimed to adjust for 
potential confounding, residual confounding due to 
unmeasured or unknown variables cannot be entirely 
excluded. 

The results are presented as odds ratios (OR) and 
adjusted odds ratios (AOR), with 95% confidence 
intervals (95% CI). Risk factors for sputum smear non-
conversion were defined as OR > 1, protective factors 

Table 1. Bivariate analysis of factors associated with sputum smear non-conversion at the end of intensive phase treatment among patients with 
pulmonary tuberculosis in Upper Southern, Thailand. 

Factors 
n (%) of sputum smear 

non-conversion Crude OR 95%CI p 
n % 

Sex     0.003 
Female 57 25.22 Ref.   
Male 265 35.81 1.65 1.18-2.31  
Age (years)     0.011 
< 35 48 24.62 Ref.   
35-59 202 36.14 1.73 1.20-2.51  
≥ 60 72 33.96 1.58 1.02-2.43  
Weight at baseline treatment (kg)     0.027 
< 50 152 37.25 Ref.   
≥ 50 170 30.47 0.74 0.56-0.97  
Occupations     0.616 
Agricultures 126 33.07 Ref.   
Employees and sales 112 31.91 0.95 0.70-1.30  
Government and Entrepreneur officers 16 30.77 0.90 0.48-1.68  
Unemployees or others 68 37.36 1.21 0.84-1.74  
Grading of sputum smear AFB at baseline treatment     < 0.001 
Scanty 8 14.55 Ref.   
1+ 59 20.34 1.50 0.67-3.35  
2+ 59 31.89 2.75 1.22-6.19  
3+ 196 44.95 4.80 2.21-10.40  
Comorbidity     0.395 
No 253 32.69 Ref.   
Yes 69 35.94 1.15 0.83-1.61  
Health services accessibility     0.002 
Community hospitals 204 30.77 Ref.   
Secondary hospitals 81 34.91 1.21 0.88-1.66  
Tertiary hospitals 16 43.24 1.71 0.88-3.35  
Private hospitals 21 61.76 3.63 1.79-7.40  
Direct observation therapy (DOT)     0.710 
Health staff 198 33.79 Ref.   
Non-health staff 124 32.63 0.95 0.72-1.25  
Timeliness of following up (with 70 days)     0.228 
Yes 284 34.05 Ref.   
No 38 28.79 0.78 0.52-1.17  
Risk group     0.408 
No 270 32.81 Ref.   
Yes 52 36.36 1.17 0.81-1.70  
History of contacts to TB patients     0.237 
No 173 35.09 Ref.   
Yes 149 31.50 0.85 0.65-1.11  
History of contacts to MDR-TB patients     0.083 
No 301 34.13 Ref.   
Yes 21 25.00 0.64 0.39-1.07  
ve+: Positive; OR: Odds ratio; 95%CI: 95 Percent confidence interval; Ref.: Reference group; *p was calculated by using a partial likelihood 
ratio test. 
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as OR < 1, and no association as an OR that includes 1. 
 

Results 
The demographic characteristics of the cases and 

controls showed that most subjects were male, 
comprising 82.30% of cases and 73.76% of controls. 
Approximately one-third of both groups were aged 60 
or older (22.36% of cases and 21.74% of controls), with 
the mean age being 49.01 years (SD = 14.64) for cases 
and 47.04 years (SD = 15.80) for controls. Both groups 
had similar rates of employment in agriculture (39.13% 
and 39.60%, respectively). 

More than half of both groups had an initial 
treatment weight of 50 kg or more (52.80% of cases and 
60.25% of controls). A high proportion of cases 
(60.87%) and one-third of controls had a baseline 
sputum smear AFB grading of 3+. Comorbidities were 
present in approximately one-third of both groups. 
Among cases, the most common comorbidities were 
diabetes, asbestosis, and HIV whereas among controls, 
they were diabetes, silicosis, and HIV. 

Directly observed therapy (DOT) by non-health 
staff was reported by 38.51% of cases and 39.75% of 
controls. Both groups had high follow-up rates during 
the first two months (88.20% of cases and 85.40% of 
controls), with no notable tuberculosis risk factors 
identified in most participants (83.85% of cases and 
85.87% of controls). Around half had a history of TB 
contact, including close contacts (44.41% of cases and 

47.36% of controls) and household contacts (1.86% of 
cases and 2.95% of controls), while 6.52% of cases and 
9.78% of controls had contact with MDR-TB patients. 
Most participants accessed community healthcare 
services (63.35% of cases and 71.27% of controls). 

Logistic regression revealed that male subjects were 
more likely to experience sputum smear non-
conversion than females. Subjects aged 35-59 and those 
aged 60 or older had a higher likelihood of non-
conversion compared to those under 35. Subjects with 
a body weight of 50 kg or more were 26% less likely to 
experience non-conversion. Higher sputum smear AFB 
gradings (2+ and 3+) at baseline were significantly 
associated with non-conversion. Additionally, 
receiving treatment at a private hospital was 
significantly associated with increased odds of sputum 
smear non-conversion (Table 1). 

Multivariate logistic regression confirmed 
significant associations between sputum smear non-
conversion and several factors, including male gender, 
older age, lower body weight, higher AFB grading at 
baseline, and receiving private care at a private hospital. 
Male subjects and those aged 35 or older had an 
approximately a twofold increased risk of non-
conversion. Higher baseline AFB gradings were also 
significantly associated with increased odds of non-
conversion. Notably, receiving treatment at a private 
hospital was linked to nearly a fivefold increase in the 
risk of sputum smear non-conversion (Table 2). 

Table 2. Multivariate analysis of factors associated with sputum smear non-conversion at the end of intensive phase treatment among patients 
with pulmonary tuberculosis in Upper Southern, Thailand. 

Factors Crude OR (95%CI) Adjust OR (95%CI) p* 

Sex   0.012 
Female Ref. Ref.  
Male 1.65 (1.18-2.31) 1.57 (1.10-2.25)  
Age (years)   0.013 
< 35 Ref. Ref.  
35-59 1.73 (1.20-2.51) 1.75 (1.19-2.59)  
≥ 60 1.58 (1.02-2.43) 1.72 (1.09-2.71)  
Weight at baseline treatment (kg)   0.027 
< 50 Ref. Ref.  
≥ 50 0.74 (0.56-0.97) 0.72 (0.54-0.96)  
Grading of AFB Smart at baseline treatment   < 0.001 
Scanty Ref. Ref.  
1+ 1.50 (0.67-3.35) 1.45 (0.64-3.29)  
2+ 2.75 (1.22-6.19) 2.74 (1.20-6.28)  
3+ 4.80 (2.21-10.40) 4.72 (2.14-10.43)  
Health services accessibility   < 0.001 
Community hospitals Ref. Ref.  
Secondary hospitals 1.21 (0.88-1.66) 1.33 (0.95-1.87)  
Tertiary hospitals 1.71 (0.88-3.35) 1.69 (0.83-3.41)  
Private hospitals 3.63 (1.79-7.40) 4.94 (2.34-10.44)  
ve+: Positive; OR: Odds ratio; 95%CI: 95 Percent confidence interval; Ref.: Reference group; *p was calculated by using a partial likelihood 
ratio test. 
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Discussion 
In summary, our study identified several factors 

significantly associated with sputum smear non-
conversion among pulmonary tuberculosis patients at 
the end of the intensive treatment phase. These include 
sex, age, baseline weight, baseline sputum smear 
grading, and access to healthcare services. 

Males were found to be twice as likely as females 
to experience sputum smear non-conversion. 
Physiological differences between sexes – such as 
variations in chromosomes, hormones, and immune 
response – contribute to this disparity [14]. Females 
generally exhibit higher levels of white blood cells and 
stronger immune responses, which aid in combating 
Mycobacterium tuberculosis infections [15]. In 
contrast, males tend to have lower white blood cell 
counts and may develop more severe cavitary disease 
due to higher pathogen loads [16]. Additionally, 
behavioral factors – such as lower treatment adherence 
and reduced self-care practices among males, 
particularly over the long course of TB treatment – 
further exacerbate their elevated risk [17,18]. 

These findings align with previous studies. A cohort 
study conducted in Portugal found that males were ten 
times more likely to experience non-conversion (OR = 
10.80) [19], while a study in South African 
demonstrated a smaller increased risk (OR = 1.44) [20]. 
Conversely, studies from The Gambia and Tanzania 
reported a reduced association between male sex and 
non-conversion, with odds ratios of 0.58 and 0.49, 
respectively [21,22]. In Thailand, one study also 
observed a reduced, though non-significant, association 
(OR = 0.88) [10]. 

Our findings indicate that older age is significantly 
associated with sputum smear non-conversion. Aging 
weakens the immune system, making it more difficult 
for older patients to eliminate infections effectively 
[23]. Additionally, older adults are more likely to 
experience adverse reactions to TB treatment, which 
can further complicate recovery [24]. Studies 
conducted in Suriname (AOR = 6.10), Tanzania (OR = 
6.70), and Portugal (OR = 4.40) support this association 
between older age and an increased risk of non-
conversion [19,25,26], A study from Thailand also 
reported a smaller but significant risk in individuals 
over 40 years of age (AOR = 2.88) [9]. However, 
studies in Rwanda [27], Tanzania [28], and Iran [29] 
found no statistically significant association between 
age and sputum smear non-conversion. 

Patients with a baseline weight of ≥ 50 kg were 28% 
more likely to achieve sputum smear conversion, 
possibly due to better health status, greater nutritional 

reserves, and improved tolerance to anti-tuberculosis 
treatment. A higher body weight may help mitigates the 
adverse effects of anti-TB drugs, thereby supporting 
treatment adherence and efficacy [30,31]. However, 
this association should be interpreted with caution, as 
previous studies have reported inconsistent findings 
across different settings, including Thailand [9,10], 
Malaysia [33], Pakistan [34], Rwanda [27], Tanzania 
[28, 35], and Uganda [36], where found no significant 
link was observed between baseline weight and sputum 
smear non-conversion. Nevertheless, a study from 
Lithuanian similarly found that a lower body mass 
index (BMI) was associated with a reduced conversion 
rate (OR = 0.81) [32]. 

A higher baseline sputum smear AFB grading (2+ 
and 3+) was associated with a significantly increased 
risk of non-conversion. AFB testing quantifies the 
bacterial load of Mycobacterium tuberculosis, with 
higher grades indicating more severe infections that 
typically require longer periods to resolve [37]. Studies 
from Cameroon [38], Tanzania [26], and Lithuania [32] 
similarly reported that patients with 2+ and 3+ grades 
had higher odds of non-conversion. However, studies 
from South Africa [20,39], Suriname [25], and Thailand 
[10] reported only moderate or non-significant 
association. Our findings also indicate that patients 
receiving treatment at private hospitals had a nearly 
fivefold higher risk of sputum smear non-conversion 
compared to those treated at community hospitals. This 
disparity may stem from several factors. Private 
hospitals may not implement DOT as rigorously, may 
have less standardized laboratory quality control 
procedures, and may lack the comprehensive TB 
control programs typically found in public health 
facilities. These systemic differences likely contribute 
to reduced treatment adherence and inadequate follow-
up, ultimately compromising patient outcomes. This 
highlights the urgent need to strengthen TB control 
strategies in the private healthcare sector. Key action 
should include enhanced staff training, strict 
implementation of DOT, and the standardization of 
treatment protocols to align with national TB 
guidelines. Such improvements are essential to ensure 
consistent and effective tuberculosis management 
across all healthcare settings. 

Our findings show a significant association between 
health service accessibility and sputum smear non-
conversion at the end of intensive TB treatment. 
Patients treated in private hospitals had a fivefold 
higher risk of non-conversion compared to those treated 
in community hospitals. This study, conducted in upper 
southern Thailand, covered seven provinces where 
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most healthcare facilities are affiliated with the MOPH. 
Approximately 80.81% of these facilities are public, 
comprising three tertiary hospitals (3.03%), nine 
secondary hospitals (9.09%), and 68 community 
hospitals (68.69%). In contrast, private hospitals 
constitute 19.19% of the total. TB clinics in these public 
facilities are subject to annual monitoring by the 
Division of Tuberculosis, ensuring compliance with 
high standards of care, including adherence to the 
International Standards for Tuberculosis Care (ISTC). 
Moreover, the provision of DOT by trained health 
personnel in these settings is associated with lower, and 
often non-significant sputum, rates of sputum smear 
non-conversion – particularly in secondary and tertiary 
hospitals – ultimately improving treatment outcomes. 

This study's strengths include the use of secondary 
data from the NTIP Registry, managed by ODPC 11 in 
Nakhon Sri Thammarat, where treatment outcomes 
were recorded by trained professionals, ensuring data 
accuracy. The large sample size allowed for precise 
detection of associations with sputum smear non-
conversion, as evidenced by the narrow confidence 
intervals. A power analysis, using continuity correction 
for the case-control design with sputum grading 
proportions of 0.41 and 0.59 for cases and controls, 
respectively, demonstrated a power of 99.70% (1-𝛽𝛽) at 
an alpha level of 0.05 [11-13]. Despite the large initial 
sample size, approximately 82% of eligible cases were 
excluded due to transfer out, death, incomplete sputum 
smear results, or ongoing treatment. This high 
exclusion rate may introduce selection bias and limit the 
generalizability of the findings to all pulmonary 
tuberculosis patients in the region. Patients with more 
severe disease or poor treatment adherence may have 
been underrepresented, potentially influencing the 
observed associations. Additionally, the study did not 
account for certain clinical and behavioral factors – 
such as cavitary lesions [32], smoking [40], alcohol use, 
substance abuse [32,41], nutritional status, or treatment 
side effects - due to limitations in the NTIP Registry. 
These unmeasured variables may affect sputum smear 
conversion, particularly among patients treated in 
private hospitals or those in high-risk groups, and 
should be considered when interpreting the results. 

The identified factors—sex, age, weight, sputum 
grading, and healthcare accessibility—highlight the 
need for targeted interventions to improve TB treatment 
outcomes. In particular, the markedly higher risk of 
non-conversion in private hospitals calls for urgent 
policy action. Standardizing the implementation of 
DOT, enhancing patients’ follow-up, and providing 
tailored education for high-risk groups – such as older 

males and those with higher AFB sputum grades – are 
essential strategies. Policymakers should strengthen TB 
control efforts through improved resource allocation, 
inter-sectoral collaboration, and public-private 
partnerships to ensure equitable and high-quality care. 

 
Conclusions 

The study concludes that sex, age, baseline weight, 
sputum grading, and healthcare accessibility 
significantly affect sputum smear non-conversion 
among pulmonary tuberculosis patients. Tailored 
interventions are essential, especially for high-risk 
groups such as older males and those treated in private 
hospitals. Concrete strategies – such as implementing 
standardized DOT protocols, enhancing follow-up 
systems, and providing targeted TB education and 
counselling in private healthcare settings – are 
recommended to improve treatment adherence and 
outcomes. Strengthening the capacity of healthcare 
providers, allocating appropriate resources, and 
fostering public-private collaboration are also critical. 
Continued monitoring and future research into 
behavioral and lifestyle factors will further inform 
clinical practice and public health policy. 
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