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Abstract
Smear-positive pulmonary tuberculosis (SPPTB) is the major contributor to the spread of tuberculosis (TB) infection, and it creates
high morbidity and mortality worldwide. The objective of this study was to determine the predictors of delayed sputum smear
conversion at the end of the intensive phase of TB treatment in Kota Kinabalu, Malaysia.
This retrospective study was conducted utilising data of SPPTB patients treated in 5 TB treatment centres located in Kota

Kinabalu, Malaysia from 2013 to 2018. Pulmonary TB (PTB) patients included in the study were those who had at least completed the
intensive phase of anti-TB treatment with sputum smear results at the end of the 2ndmonth of treatment. The factors associated with
delayed sputum smear conversion were analyzed using multiple logistic regression analysis. Predictors of sputum smear conversion
at the end of intensive phase were evaluated.
A total of 2641 patients from the 2013 to 2018 periods were included in this study. One hundred eighty nine (7.2%) patients were

identified as having delayed sputum smear conversion at the end of the intensive phase treatment. Factors of moderate (advanced
odd ratio [aOR]: 1.7) and advanced (aOR: 2.7) chest X-ray findings at diagnosis, age range of>60 (aOR: 2.1), year of enrolment 2016
(aOR: 2.8), 2017 (aOR: 3.9), and 2018 (aOR: 2.8), smokers (aOR: 1.5), no directly observed treatment short-course (DOTS)
supervisor (aOR: 6.9), non-Malaysian citizens (aOR: 1.5), and suburban home locations (aOR: 1.6) were associated with delayed
sputum smear conversion at the end of the intensive phase of the treatment.
To improve sputum smear conversion success rate, the early detection of PTB cases has to be fine-tuned so as to reduce late or

severe case presentation during diagnosis. Efforts must also be in place to encourage PTB patients to quit smoking. The percentage
of patients assigned with DOTS supervisors should be increased while at the same time ensuring that vulnerable groups such as
those residing in suburban localities, the elderly and migrant TB patients are provided with proper follow-up treatment and
management.

Abbreviations: 95% CI = 95% confidence interval, AFB = acid fast bacilli, aOR = advanced odd ratio, DOTS = directly observed
treatment short-course, EPTB = extrapulmonary tuberculosis, Mtb = Mycobacterium tuberculosis, PTB = pulmonary tuberculosis,
SPPTB = smear-positive pulmonary tuberculosis, TB = tuberculosis, TBTC = tuberculosis treatment centres.
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1. Introduction

Tuberculosis (TB) is one of the top 10 diseases leading to
mortality worldwide. It continues to infect a vast segment of
society every year with an estimated 10 million individuals
contracting TB and 1.6 million eventually succumbing to the
disease in 2017.[1] InMalaysia, TB does not only cause morbidity
on the pulmonary tuberculosis (PTB), but also on the extra-
pulmonary type.[2–4] The sputum smear test is widely used to
diagnose PTB. PTB treatment targets include sputum smear
conversion at the end of the intensive phase of anti-TB treatment.
Smear conversion is defined as new smear-positive PTB (SPPTB)
cases that have converted to negative after undergoing anti-TB
treatment during the intensive phase of treatment.[5] Smear
conversion, a significant indicator of TB care performance, also
predicts treatment failure and relapse.[6]

Patients with SPPTB are the main contributors to the spread of
TB infection; this situation occurs when they expel droplet nuclei
that carry infectious bacilli during coughing or sneezing.[7] An
untreated PTB patient could potentially infect 10 to 15 people per
year.[8] Clearance of mycobacteria from sputum is required to
achieve individual cure and reduce the PTB transmission. An
estimated 80% to 90% of SPPTB patients would undergo smear
conversion within 2 to 3months of therapy.[9] The delayed
sputum conversion patient has significant public health impli-
cations for containing the TB pandemic.
The disappearance of acid-fast bacilli from smears and cultures

is the most widely accepted determinant for the treatment of
patients with SPPTB.[10] The related risk factors for delayed
conversion studies were widely conducted worldwide including
in Malaysia.[11] Several factors have been described as having the
potential to delay the smear conversion observed in previous
studies. Sociodemographic factors, high-risk behavior factors,
past medical background factors, the outcome of an examination
after a diagnosis, psychological factors, and healthcare service
factors are among them.[10] The risk factors of delayed sputum
smear conversion are essential information needed by the health
care provider to avoid unfavorable results.[5] It also stresses the
health care system with disease dissemination.[12]

SPPTB also creates high morbidity and death. Delayed sputum
smear conversion is associated with unfavorable treatment
outcomes including a default of the TB treatment protocol.[13]

PTB patients who still present positive sputum smear with the
regular 6-month regimen at the end of the intense period are at
elevated risk of developing drug resistance especially if therapy is
not explicitly observed.[11] This could lead to an increase in
treatment cost, difficulties and the risk of recurrence. Any
incidence of delayed conversion of positive sputum smear at the
end of the intensive phase of treatment presents a high risk of
spreading the infection; this thus necessitates a further period of
isolation for the TB patient due to the extension of treatment.
Extended periods of isolation and treatment could lead to non-
compliance, additional costs for the patient’s family and health
service, and stigma for the patient himself.[14]

This research aimed to determine the predictors of delayed
sputum smear conversion at the end of the intensive phase of anti-
TB treatment of SPPTB patients in Kota Kinabalu, Malaysia. The
findings of the study will contribute towards ascertaining
methods to enhance sputum smear conversion as well as
identifying patients who require more medical attention and
care (such as advanced lung lesions) so as to improve treatment
outcomes and consequently reduce time and costs which would
2

otherwise be necessary for the third month’s additional smear
test. In addition, awareness of factors associated with delayed
sputum smear conversion would be useful for clinicians to
perform better patient management and improve treatment
outcomes.[15]
2. Methodology

2.1. Study setting

All cases of SPPTB patients registered in the Sistem Maklumat
Tibi (MyTB) database in Kota Kinabalu District between 2013
and 2018 were evaluated for inclusion. Kota Kinabalu has an
estimated population of 500,000 with a population density of
613 persons per km2. An estimated TB incidence of 104 per
100,000 population in 2018 put Kota Kinabalu District above
the national incidence rate of 92 per 100,000 population.[16]

Kota Kinabalu District constitutes 16 townships namely Tanjung
Aru, Sembulan, Kampung Air, Luyang A, Luyang B, Luyang C,
Luyang D, Likas, Pulau Gaya, Laut, Pekan/Taman, Pantai,
Timbok, Kionsom, Darat, and Petagas.
Located on theWest Coast, Kota Kinabalu is the largest district

in Sabah. The district is divided into 5 operational government
TB treatment centres (TBTC): Luyang Health Clinic, Inanam
Health Clinic, Mangatal Health Clinic, Telipok Health Clinic,
and Pusat Rawatan Tibi 1, Queen Elizabeth Hospital. TBTC
treatment guidelines include
1.
 a standardized 6-month rifampicin-based regimen for new
cases and an 8-month regimen for re-treatment cases, and
2.
 the evaluation of acid-fast bacilli (AFB) sputum smear
conversion from positive to negative at the end of the intensive
phase of treatment with the period set at 2 months for new
cases and 3 months for re-treatment cases.

2.2. Study design

This retrospective cohort study was based on the assessment of
the 2013 to 2018 data of SPPTB patients in the district of Kota
Kinabalu, Malaysia. The inclusion criteria for this study were
1.
 new smear-positive PTB cases with follow-up management at
any 5 government TB treatment centers in Kota Kinabalu
during the intensive TB treatment and completion of at least
the intensive phase of the anti-TB treatment,
2.
 extrapulmonary TB (EPTB) patients with unknown sputum
smear results at the end of the intensive phase of treatment,
3.
 patients with missing information on one of the variables,

4.
 patients who were transferred out, and

5.
 patients who had died or had interrupted treatment before the

end of the intensive phase (Fig. 1).

2.3. Data collection

Data was obtained from the register of patients in the Malaysian
TB Information System or MyTB developed by the Ministry of
Health Malaysia. MyTB is a web-based application designed for
capturing TB patient information directly from a standardized
template form. At facility level, a TB patient’s clinical information
is collated onto a standardized TB form register by the attending
TB nurse and subsequently validated by the local area TB
coordinator. A copy of the verified information is then forwarded
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Figure 1. Algorithm for the sampling of smear-positive TB treated in Kota Kinabalu TB treatment centers between January 2013 to December 2018.
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for upload onto theMyTB online system at the district level. Once
the data has been uploaded online, it is then available on a server
and may be accessed at both district and national levels. Data for
the present study were aggregated for all health care facilities in
Kota Kinabalu District. The primary factors gathered were the
year of diagnosis, patient’s sociodemographic (age, gender,
education, nationality, working status, and house location) and
clinical features (smoker, diabetes mellitus, human deficiency
virus, and recurrent TB status), TB management (directly
observed therapy supervisor and detection methods), the clinical
presentation of TB (chest X-ray severity), and results of sputum
smear testing before and during anti-TB treatment. Patient data
confidentiality such as name, identification number, and address
were not revealed in the analysis.
2.4. Data analysis

Data was analyzed with IBM SPSS version 26 software. Bivariate
analysis using a simple logistic regression test was conducted to
analyze the risk factors. Variables that were statistically
3

significant in the bivariable analysis were entered into a logistic
regression model. Multivariate analysis was applied to obtain a
final model describing the significant independent predictors of
smear conversion at the end of the intensive phase. A backward
stepwise selection was used to identify the independent risk
factors for delayed sputum conversion at the end of the intensive
phase of anti-TB treatment. Results of the multivariate analysis
were presented as beta, standard error, wald, P value, adjusted
odds ratio, and 95% confidence interval. The fit of the model was
assessed with Hosmer Lemeshow and the overall classification
percentage. Significance of the statistical tests was taken at a
P value of .05.
3. Results

Between 2013 and 2018, a total of 4973 patients with TB were
treated at the various TBTCs in Kota Kinabalu. Of this figure,
537 (10.8%) were EPTB cases, 1214 (24.4%) smear-negative
pulmonary TB and 3,222 (64.8%) smear-positive pulmonary TB.
EPTB and smear-negative cases were excluded from the analysis.

http://www.md-journal.com


Figure 2. Trends of smear-positive PTB cases and conversion rate in Kota Kinabalu District, 2013 to 2018.
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From the total smear-positive cases, 22 (0.7%) cases were
transferred/ default/ death/ change diagnosis while 570 (17.7%)
cases did not have documented smear results at the end of
the intensive phase of treatment. The final case total included
in this study was 2641 (82%) which had documented smear
results at both treatment initiation and the end of the intensive
phase of anti-TB treatment (Fig. 1). Due to incomplete
documented data input in the MyTB system, we excluded cases
with missing data ranging from 34 cases in 2013 to 180 cases in
2016 (Fig. 2).
From 2013 to 2018, a total of 189 (7.2%) PTB cases were

classified as delayed sputum conversion while 2452 (92.8%)
patients had a conversion of sputum smear. The annual
percentage change of TB non-conversion in new cases signifi-
cantly had increased in 2016 (8.4%), 2017 (12.7%), and 2018
(10.0%) from 3.2% in 2013. The mean patient age included in
the analysis was 37.1±16.2 with 1589 (60.2%) males and 1052
(39.8%) females.
Bivariable analysis (Table 1) indicated that delayed sputum

conversion was significantly associated with the year of diagnosis
4

(2016, 2017 and 2008), the ≥50 age group, males, non-
Malaysian citizens, and those who were illiterate, smokers and
residing in suburban areas. They also had absent Bacillus
Calmette-Guerin scarring, presented moderate and advanced
chest X-ray findings at diagnosis, and were without directly
observed treatment, short-course (DOTS) supervisors.
After adjusting for potential confounders in multivariate

logistic regression analysis (Table 2), the predictors for delayed
sputum smear conversion were ascertained. These included
moderate (advanced odd ratio [aOR]: 1.8, 95% confidence
interval [95% CI]: 1.3–2.5) and advanced (aOR: 2.7, 95% CI:
1.6–4.5) chest X-ray finding at diagnosis, age>60 (aOR: 2.1,
95% CI: 1.1–4.0), year of enrolment (2016 (aOR: 2.8, 95% CI:
1.5–5.3), 2017 (aOR: 3.9, 95% CI: 2.1–7.0), 2018 (aOR: 2.8,
95% CI: 1.5–5.0)), smoker (aOR: 1.5, 95% CI: 1.1–2.1), no
DOTS supervisor (aOR: 6.9, 95% CI: 2.4–20.0), non-Malaysian
citizen (aOR: 1.5, 95% CI: 1.0–2.2), and rural house location
(aOR: 1.6, 95% CI: 1.1–2.3). This model fit was based on a non-
significant result of Hosmer and Lemeshow Test (P= .62) and the
overall percentage of 92.8% from the classification table.



Table 1

Bivariable analysis on associated sociodemographic, comorbid, and clinical factors with delayed sputum smear conversion in Kota
Kinabalu TBTC, 2013 to 2018.

Smear results

Variable

Total Delayed sputum conversion

OR P value 95% CI
Yes (n=189) No (n=2452)

N f (%) f (%)

Prevalence 2641 189 (7.2) 2452 (92.8) – – –

Year of enrolment
2013 471 (17.8) 15 (3.2) 456 (96.8) – – –

2014 384 (14.5) 16 (4.2) 368 (95.8) 1.3 .45 0.7–2.7
2015 428 (16.2) 16 (3.7) 412 (96.3) 1.2 .65 0.6–2.4
2016 371 (14.0) 31 (8.4) 340 (91.6) 2.8 <.01 1.5–5.2
2017 465 (17.6) 59 (12.7) 406 (87.3) 4.4 <.01 2.5–7.9
2018 522 (19.8) 52 (10.0) 470 (90.0) 3.4 <.01 1.9–6.0

Age group
<20 401 (15.2) 22 (5.5) 379 (94.5) – – –

20–40 1219 (46.2) 79 (6.5) 1140 (93.5) 1.2 .48 0.7–1.9
41–60 776 (29.4) 64 (8.2) 712 (91.8) 1.6 .09 0.9–2.6
>60 245 (9.3) 24 (9.8) 221 (90.2) 1.9 .04 1.0–3.4

Gender
Female 1052 (39.8) 58 (5.5) 994 (94.5) – – –

Male 1589 (60.2) 131 (8.2) 1458 (91.8) 1.5 <.01 1.1–2.1
Working status
Working 1289 (48.6) 88 (6.9) 1196 (93.1) – – –

Not working 1357 (51.4) 101 (7.4) 1256 (92.6) 1.1 .56 0.8–1.5
Nationality
Malaysian 1726 (65.4) 90 (45.2) 1636 (94.8) – – –

Non-Malaysian 915 (34.6) 99 (10.8) 816 (89.2) 2.2 <.01 1.6–3.0
Education level
Illiterate 993 (37.6) 110 (11.1) 883 (88.9) 3.0 <.01 1.6–5.9
Primary 681 (22.0) 30 (5.2) 551 (94.8) 1.3 .46 0.6–2.7
Secondary 815 (30.9) 39 (4.8) 776 (95.2) 1.2 .59 0.6–2.5
Tertiary 252 (9.5) 10 (4.0) 242 (96.0) – – –

DM
Yes 205 (7.8) 12 (5.9) 193 (94.1) – – –

No 2436 (92.2) 177 (7.3) 2259 (92.7) 1.3 .45 0.7–2.3
HIV status
Yes 27 (1.0) 1 (3.7) 26 (96.3) – – –

No 2614 (99.0) 188 (7.2) 2426 (92.8) 2.0 .49 0.3–14.9
Smoker
Yes 794 (30.1) 76 (9.6) 718 (90.4) 1.6 <.01 1.2–2.2
No 1847 (69.9) 113 (6.1) 1734 (93.9) – – –

House location
Urban 934 (35.4) 42 (4.5) 892 (95.5) – – –

Sub-Urban 1707 (64.6) 147 (8.6) 1560 (91.4) 2.0 <.01 1.4–2.9
Case status
New 2487 (94.2) 176 (7.1) 2311 (92.9) – – –

Recurrent 154 (5.8) 13 (8.4) 141 (91.6) 1.2 .54 0.7–2.1
Detection
Active/Screening 364 (13.8) 19 (5.2) 345 (94.8) – – –

Passive 2277 (86.2) 170 (7.5) 2107 (92.5) 1.5 .13 0.9–2.4
BCG scar
Yes 1802 (68.2) 98 (5.4) 1704 (94.6) – – –

No 839 (31.8) 961 (10.8) 748 (89.2) 2.1 <.01 1.6–2.9
Chest X-ray at diagnosis
No lesion /Minimal 1295 (49) 60 (4.6) 1235 (95.4) – – –

Moderate 1179 (44.6) 104 (8.8) 1075 (91.2) 2.0 <.01 1.4–2.8
Advanced 167 (6.3) 25 (15) 142 (85) 3.6 <.01 2.2–6.0

DOT supervisor
Yes 2625 (99.4) 183 (7.0) 2442 (93) – – –

No 16 (0.6) 6 (37.5) 10 (62.5) 8.0 <.01 2.9–22.3

95% CI = 95% confidence interval, BCG = Bacillus Calmette–Guérin, DM = diabetes mellitus, DOT = directly observed therapy, HIV = human deficiency virus, OR = odds ratio, TBTC = tuberculosis treatment
centers.
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Table 2

Multivariable analysis on factors associated with delayed sputum smear conversion at the end of the second month of intensive phase
treatment.

Variable B S.E. Wald P value aOR 95% CI

Year of enrolment
2016 1.02 0.33 9.68 <.01 2.77 1.5–5.3
2017 1.35 0.30 19.99 <.01 3.86 2.1–7.0
2018 1.02 0.31 11.08 <.01 2.77 1.5–5.0
No DOTS Supervisor 1.93 0.55 12.56 <.01 6.89 2.4–20.0

Chest x-rays at diagnosis
Moderate 0.56 0.17 10.44 <.01 1.75 1.3–2.5
Advanced 0.98 0.27 13.23 <.01 2.67 1.6–4.5
Non-Malaysian 0.41 0.19 4.81 .03 1.50 1.0–2.2
Smoker 0.43 0.16 7.21 <.01 1.54 1.1–2.1
Age >60 0.74 0.33 5.04 .03 2.09 1.1–4.0
Residence of rural area 0.47 0.19 6.15 .01 1.59 1.1–2.3

95% CI = 95% confidence interval, aOR = adjusted odds ratio, DOT = directly observed therapy.
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4. Discussion
Analysis of MyTB data between 2013 and 2018 showed that
predictors for delayed sputum conversion were the year of
diagnosis (2016, 2017, and 2018), absence of DOTS supervisor,
chest X-rays at diagnosis (moderate and advanced), non-
Malaysian citizens, smokers, aged more than 60years old, and
residing in suburban/rural areas. At the end of the intensive phase
of TB treatment, multiple factors could contribute towards the
delayed conversion of sputum smear. Ideally, culture is the best
way to assess Mycobacterium tuberculosis (Mtb) viability since
non-viable bacteria are microscopy (AFB smear) and remain
visible.[5] This method unfortunately cannot be used in field
conditions particularly in restricted environments such as in
developing nations due to factors of cost and the time required to
produce the results. Some studies however have indicated a
strong correlation between sputum AFB smear and sputum
culture.[11,17] Therefore, it would be adequate to use microscopic
observation as a tool to assess the conversion of sputum smear in
this study.
The percentage of smear-positive patients with delayed sputum

smear conversion at the end of the intensive phase of anti-TB
treatment is an indicator of the performance of the TB
programme.[11,18] Studies conducted in many settings showed
that the proportion of non-conversion sputum smear at the end of
the intensive TB treatment phase ranged from 5% to 32%.[18,19]

In our study, only 7.2% of patients with SPPTB had delayed
conversion of sputum smear at the end of the 2nd month of the
intensive phase of the treatment, a percentage rate deemed
acceptable. However, if categorized by treatment years, the year
2016 (aOR: 2.8, 95% CI: 1.5–5.3), 2017 (aOR: 3.9, 95% CI:
2.1–7.0), and 2018 (aOR: 2.8, 95% CI: 1.5–5.0) were
significantly associated with delay in sputum smear conversion
at the end of the intensive phase of TB treatment in multivariable
analysis. Furthermore, there were major differences of cases that
had to be excluded due to incomplete data input in each year from
2013 to 2018 ranging from 34 cases in 2013 to 180 cases in 2016
(Fig. 2). Consequently, we were unable to rule out that the
missing data in the MyTB database system might have impacted
the results of calculated smear conversion rate in each respective
year. As such, the reasons for the low smear conversion rate
observed in Kota Kinabalu District in 2016, 2017, and 2018
compared to 2013 could not be ascertained. Previous research
had also reported similar results whereby delayed sputum
6

conversion increased in trend if analyzed by year of diagnosis.
Although the exact reasons for this remain unclear, incomplete
data reporting of smear results could be a contributing factor.
Other factors include non-response to first-line treatment, a
consequence of the rise of drug-resistantMtb cases and change in
TB case management compared to previous years.[11] Further
exploration is necessary to understand these results and
determine how incomplete smear results might be improved.
One of the reasons for sputum smear conversion delay even

after 2 months of intensive phase treatment is inadequate
supervision and monitoring of the treatment itself.[20] In this
study, absence of DOTS supervisors (aOR=6.9, 95% CI: 2.4–
20.0) was ascertained as an independent factor for delayed
sputum conversion. In the context of Malaysia, all patients are
required to have a DOTS supervisor, usually either a family
member or health care worker. If the patient is without any
DOTS supervisor or where the supervision is inadequate, there is
an increased likelihood or tendency of non-compliance. Proper
supervision of PTB patients enables the close monitoring of
compliance and adherence to the TB treatment which in turn
would increase the success rate of sputum conversion.
Unsematham et al found that moderate and advanced X-ray

lesions in PTB patients were associated with delayed smear
conversion.[21] Their findings are in agreement with our study
whereby moderate (aOR=1.8, 95% CI: 1.3–2.5) and advanced
(aOR=2.7, 95%CI: 1.6–4.5) lesions in chest X-rays at diagnosis
were associated with delayed sputum conversion. Late diagnosis
is often linked to advanced lung lesions in PTB with cavity and
extensive disease presenting higher bacterial loads, a condition
which prolongs bacterial clearance.[22,23] Earlier detection of TB
would reduce the number of patients with advanced and very
advanced chest X-ray findings and subsequently lead to faster
conversion of sputum smear.
Our analysis showed that smokers (aOR=1.5, 95% CI: 1.1–

2.1) were significantly associated with delayed sputum conver-
sion compared to non-smokers in the intensive phase of anti-TB
treatment. This association between smoking and delayed
sputum conversion has been proven and documented in other
studies although there are some conflicting views on the role of
smoking in the conversion of sputum smear.[24–29] Tobacco
smoke inhibits the defence mechanism of the lung against
infections.[26] It stimulates the alveolar macrophages for
inflammatory response together and suppresses the antigen
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presentation function to develop a specific immune response
thereby causing T-cell anergy.[30] Thus the existence of an
immunodeficiency pattern among smokers would lead to the
delayed clearing of bacilli from their lungs.[31] Another study
reports that smoking behavior impairs the natural mucociliary
clearance of tracheal, bronchial secretions and alveolar macro-
phage function against Mtb in patients with TB. It therefore
requires a longer period for smoking TB patients to achieve
sputum conversion compared to non-smoking TB patients.
Past research also highlighted an association between age and

delayed sputum conversion.[32–34] The findings in our study were
in concurrence with these reports whereby we found older
patients in the age range of>60 (aOR=2.1, 95% CI: 1.1–4.0) to
be more prone to delayed sputum conversion compared to
younger patients. Older TB patients demonstrated significantly
higher rates of non-conversion due probably to age-related
immune deficiencies. Other reasons include delay in seeking
health care for the elderly which then leads to the progression of
the disease.[35,36]

A patient’s residence locality, whether suburban or in rural
areas, is also a variable that significantly delayed the sputum
conversion (aOR=1.6, 95% CI: 1.1–2.3). Delay in arriving at a
definitive diagnosis and in the initiation of optimal treatment
increases TB morbidity, mortality, the possibility of emergence of
drug resistance, and risk of transmission among rural communi-
ties.[37] In addition, access to TB diagnosis and treatment for
people with TB who live in rural areas is significantly delayed.[38]

The distance between the patient’s home and the corresponding
health facility could also affect the adherence to the treat-
ment.[39,40] Multiple factors contribute to the delay and lower
treatment compliance or completion rates among rural dwellers
including individual factors such as distrust of healthcare
providers and reliance on alternative medicine. This delay is
also oftentimes linked to socio-economic factors such as lack of
funds to pay for cost of transportation and treatment, the need to
prioritise between either working for their daily livelihood or
undergoing treatment, and the inability to access a treatment
facility due to distance.[41,42]

Our study also found non-Malaysians (OR=1.5, 95% CI:
1.0–2.2) associated with delayed sputum conversion. The
number of such studies among the immigrant population is
however limited due tomultiple factors such as language barriers,
uncertain legal status, lack of access to the health care system,
increased geographic mobility, and socio-cultural differences in
conceptions about the disease. These factors, taken together, will
hinder proper follow-up treatment by health care services among
this vulnerable population.[43]

Past research also highlighted other reasons for the delay of
sputum smear conversion at the end of the intensive phase of anti-
TB treatment; among these contributory factors are lack of
education, poor patient adherence, co-morbidity, low quality
anti-TB drugs, anti-TB drugs doses below the recommended
range, drug-resistant TB, heavy bacillary load and recurrent PTB
disease.[33,44,45] However, our study found these factors as non-
significant contributors to the delay in sputum conversion in the
local context.
4.1. Limitations

Our study is limited in that the assessment was based solely on
information acquired from patient registers with some essential
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risk factor information such as the outcome of this study which is
post-treatment smear grades missing from the MyTB system.
Several studies had reported that at the end of the intensive TB
treatment, heavy original bacillary load was recorded as a
significant risk factor for delay in sputum smear transforma-
tion.[44–47] Future improvements or upgrade of MyTB should
consider the inclusion of pre-treatment smear grades in the
information system. In addition, not all patients who were smear-
positive had sputum culture results. Due to this limitation, only
sputum smear AFB results were used as the outcomes in this study
since no sputum culture was available for use as comparison to
the sputum smear. Due to the lack of information and missing
data in the MyTB system, our study could only include 2641
(82%) of the 3222 smear-positive pulmonary TB in the analysis.
To ensure the MyTB system is solid in content and delivery,
future data input has to include these missing data and other
critical variables especially sputum smear results, initial smear
grading during diagnosis, and socio-economic status of
patients.[48] These will greatly assist in the optimisation of
national TB control measures.
5. Conclusion

Our study has shown that delayed smear conversion at 7.4% is
considered low and acceptable in following the WHO target and
recommendation. Moderate and advanced chest X-ray findings
at diagnosis, non-Malaysians, the age range of >35, low
education level, smokers, absence of DOTS supervisors, and
residence in suburban or rural localities were associated with
delayed sputum conversion. To improve sputum smear conver-
sion rate, there is a need to improve early detection of PTB
cases to
1.
 reduce late or severe cases presenting during diagnosis,

2.
 strengthen quit-smoking management and promotions among

PTB patients, and

3.
 increase the percentage of patients with DOTS supervisors.

In the same instance, the vulnerable population i.e. those
residing in suburban localities, the elderly and migrant TB
patients must be given access to proper follow-up treatment and
management.
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