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Abstract

Background: Tuberculosis (TB) and drug-resistant tuberculosis (DR-TB) often present with overlapping symptoms, leading to mis-
classification as other lung diseases. This misclassification acts as a significant barrier to effective TB control. The FAST strategy has
proven to be effective in overcoming this barrier by facilitating early detection.

Aim: This study aimed to detect TB and DR-TB among patients provisionally diagnosed with other lung diseases, with or without a
previous history of TB, by using rapid diagnostic techniques such as GeneXpert MTB/RIF, LED fluorescence microscopy, and solid
culture with drug susceptibility testing (DST).

Methods: The study was conducted from April to September 2015, involving 476 consecutively admitted patients diagnosed with
various lung diseases at a tertiary-level hospital. Sputum specimens were collected from all patients, including early morning spu-
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tum samples from both TB-suspected and non-suspected cases. These specimens were tested using LED fluorescence microscopy,
GeneXpert MTB/RIF, and culturebased DST (NALC-NaOH method) to identify Mycobacterium tuberculosis (MTB) and detect drug
resistance.

Results: Among the 476 patients, 114 (24%) had a history of TB, and 362 (76%) had no previous TB history. TB was detected in
26 (22.8%) patients with a previous TB history and 33 (9.1%) patients without prior TB history. A total of 59 MTB cases (12.39%)
were detected by GeneXpert MTB/RIF, including 4 (6.78%) rifampicin-resistant cases. The microscopy test identified 16 MTB-posi-
tive cases in the group with previous TB history and 20 in the group without previous TB history. Among the 59 GeneXpert-positive
cases, 56 were confirmed by culture, and 4 of them were found to be multidrug-resistant TB (MDR-TB) by DST.

Conclusion: The study reveals that TB and DR-TB cases are frequently misclassified as other lung diseases due to overlapping
symptoms, even in tertiary-level hospitals. Rapid diagnostic techniques, such as GeneXpert MTB/RIF, play a crucial role in detecting
hidden TB and DR-TB cases, ultimately improving early detection and TB control efforts.

Keywords: Tuberculosis (TB), Drug-Resistant Tuberculosis (DR-TB), GeneXpert MTB/RIF, Rapid Screening, Drug Susceptibility

Testing (DST)

Introduction

Tuberculosis (TB), caused by Mycobacterium tuberculosis, re-
mains one of the most pressing public health challenges worldwide,
particularly in developing nations. While TB primarily affects the
lungs (pulmonary TB), it can also manifest as extra-pulmonary TB
(EPTB), involving organs such as the lymph nodes, spine, kidneys,
and central nervous system. Despite the availability of effective di-
agnostic tools, antibiotics, and the Bacillus Calmette-Guérin (BCG)
vaccine, TB continues to be one of the top ten causes of death glob-
ally, and the leading cause of death from a single infectious agent,
surpassing HIV/AIDS [1,2].

In Bangladesh, TB poses a significant public health threat. The
country ranks among the 30 high TB burden nations designated by
the World Health Organization (WHO). According to the National
Tuberculosis Control Programme (NTP), an estimated 300,000 new
TB cases are reported annually, with approximately 70,000 deaths
attributed to the disease [3]. TB incidence in Bangladesh is fueled
by multiple socio-economic factors such as poverty, undernutri-
tion, overcrowding, inadequate housing, and limited healthcare
access-conditions prevalent in both urban slums and rural commu-
nities [4]. A particularly alarming concern is the rise of drug-resis-
tant TB (DR-TB). Multidrug-resistant TB (MDR-TB), defined as re-
sistance to at least isoniazid and rifampicin-the two most powerful
anti-TB drugs-accounts for approximately 1.6% of new cases and
up to 38% of retreatment cases in Bangladesh [5]. DR-TB requires
longer, more complex, and costlier treatments with more toxic sec-
ond-line drugs, often resulting in poor outcomes. Compounding
the issue is the detection of non-tuberculous mycobacteria (NTM),
environmental organisms now recognized as opportunistic patho-
gens, which further complicate TB diagnosis and management [6-
8].

Although Bangladesh has implemented the DOTS (Directly
Observed Treatment, Short-course) strategy nationwide and has
made progress in TB control, gaps remain in early case detection,

especially among asymptomatic or non-suspected individuals. This
contributes to ongoing community transmission. Traditional diag-
nostic approaches often fail to identify TB in patients who do not
present with classic symptoms like chronic cough, night sweats,
and weight loss-thus creating a silent reservoir of undiagnosed and
untreated TB cases [9]. The detection of TB from non-suspected or
subclinical cases is now considered critical for achieving WHO’s
End TB Strategy, which aims to reduce TB incidence by 90% and TB
deaths by 95% by 2035 [10]. Innovative and rapid diagnostic ap-
proaches that can identify TB early-even among individuals with-
out apparent symptoms-are essential to break the chain of trans-
mission, especially in high-burden settings like Bangladesh [11].

Historically, TB has been a major affliction of mankind, dating
back thousands of years. Archeological studies have revealed evi-
dence of TB lesions in Egyptian and Andean mummies, and molec-
ular techniques such as PCR and HPLC have confirmed the presence
of M. tuberculosis DNA in ancient human and animal remains, illus-
trating the disease’s longstanding presence and adaptability. The
pathogen was first discovered by Robert Koch in 1882. M. tuber-
culosis belongs to the Mycobacterium tuberculosis complex (MTC),
which also includes M. bovis, M. africanum, M. microti, and oth-
ers, each with varying pathogenicity and host specificity [12,13].
Among them, M. tuberculosis is the dominant human pathogen.
The BCG vaccine, derived from an attenuated strain of M. bovis, has
been part of Bangladesh’s Expanded Programme on Immunization
(EPI) since the 1980s and plays a key role in preventing severe TB
forms in children [14-16].

Genomically, members of the MTC are over 99.9% identical,
yet they exhibit variations in virulence and host adaptation [17].
M. tuberculosis is a slow-growing, obligate aerobe with a complex,
lipid-rich cell wall that enables it to survive harsh environments,
resist disinfectants, and persist in host tissues [18]. The reference
strain M. tuberculosis H37Rv, with a genome size of 4.4 Mb, has
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been instrumental in advancing molecular TB research. However,
genotypic studies in Bangladesh are limited, and there is an urgent
need to understand local strain diversity to improve diagnostics
and treatment outcomes [19-20].

The aim of this study to detect TB and DR-TB among non-sus-
pected individuals using the F-A-S-T strategy with GeneXpert MTB/
RIF, and to determine drug sensitivity patterns through LPA and L]
culture with DST.

Methods and Materials
Study Population

The study included patients of all ages and both sexes, admitted
with complaints related to various lung diseases. Patients currently
undergoing anti-TB treatment were excluded from the study. The
study was conducted over a period of six months, from April 2015
to September 2015. A total of 476 patients were included in the
study, based on purposive sampling.

Collection of Specimens

Sputum specimens were collected from non-suspected TB/DR-
TB patients admitted to the indoor wards of the National Institute
of Diseases of the Chest and Hospital (NIDCH), Mohakhali, Dhaka.
These patients, suffering from other lung diseases, were from vari-
ous regions of Bangladesh. The study was conducted at the National
Tuberculosis Reference Laboratory (NTRL).

Sampling Technique

Purposive and probability sampling techniques were employed
for patient selection. Participants were chosen without random
allocation, and their socio-demographic data, clinical history, and
drug history were collected using a pre-designed data collection
sheet.

Ethical Considerations

The study protocol was reviewed and approved by the Nation-
al Tuberculosis Reference Laboratory (NTRL) at NIDCH. Informed
oral consent was obtained from each patient or their legal guardian
before specimen collection.

Procedure of Specimen Collection

Sputum specimens were collected aseptically from admitted
presumptive TB/DR-TB patients. The initial specimen was tested
using GeneXpert MTB/RIF. A second sample was collected in the
morning from Xpert-positive cases before initiating anti-TB therapy.

Solid Culture on Lowenstein-Jensen (L-J) Media

Lowenstein-Jensen (L-J) media was prepared by mixing min-
eral salt solution, glycerol, malachite green solution, and eggs. The
media was sterilized, and 8 mL was distributed into sterile McCa-
rtney bottles. After coagulation, sputum sediment was inoculated
onto the slants using Pasteur pipettes. The inoculated media was
incubated at 372C. Growth was observed weekly for up to 8 weeks,
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with visible growth of Mycobacterium tuberculosis typically occur-
ring within 3-4 weeks. Colonies were confirmed through morphol-
ogy, Ziehl-Neelsen staining, and biochemical tests.

Drug Susceptibility Testing (DST) on L-] Media

DST was performed using the proportion method to test Iso-
niazid (INH) and Rifampicin (RIF) resistance. The preparation in-
volved adding working solutions of INH, RIF, and Para-nitro benzoic
acid (PNB) to separate L-] media bottles. Bacterial suspension was
standardized to McFarland standard No. 1 (1 mg/mL, equivalent to
107 to 108 CFU/mL). Serial dilutions (1073 to 10~°) were prepared,
and 0.5 mL of each dilution was inoculated onto the respective L-]
slants. Bottles were incubated at 372C and examined weekly. A
strain was considered resistant if the number of colonies growing
on drug-containing media was 1% or more compared to the drug-
free media. The results were interpreted as susceptible or resistant.

GeneXpert MTB/RIF Testing

GeneXpert MTB/RIF is a real-time PCR-based diagnostic tool
that automates the detection of M. tuberculosis and RIF resistance.
The system uses disposable cartridges containing all reagents nec-
essary for nucleic acid extraction, amplification, and detection. The
procedure involves adding a sample reagent to sputum in a 3:1 ra-
tio, followed by a 15-minute incubation at room temperature. After
transferring the inactivated specimen to the GeneXpert cartridge,
the cartridge is placed into the GeneXpert device for PCR amplifica-
tion. Results are automatically generated in 90 minutes, indicating
the presence of MTB and resistance to rifampicin.

Line Probe Assay (LPA)

The Line Probe Assay (LPA) was used for the rapid detection of
drug resistance in Mycobacterium tuberculosis. Two assays were
employed: the INNO-LiPA Rif TB Assay, which detects rifampicin
resistance by identifying mutations in the rpoB gene, and the Geno-
Type MTBDRplus, which detects resistance to both rifampicin (RIF)
and isoniazid (INH) by identifying mutations in the rpoB, katG, and
inhA genes. Both assays use reverse hybridization, where the DNA
of M. tuberculosis is amplified through PCR and hybridized to spe-
cific probes fixed on a membrane, with the presence or absence of
mutations visualized by color changes, enabling the detection of
drug-resistant strains.

Result Interpretation

The results from GeneXpert MTB/RIF testing were categorized
into three groups: positive, negative, and invalid. A positive result
indicated that Mycobacterium tuberculosis (MTB) was detected,
with or without resistance to Rifampicin. A negative result meant
MTB was not detected in the sample. An invalid result was consid-
ered inconclusive due to potential technical errors or sample-relat-
ed issues. Line Probe Assay (LPA) results were interpreted by an-
alyzing the presence or absence of specific mutations in the rpoB,
katG, and inhA genes. Resistance to Rifampicin (RIF) and Isoniazid
(INH) was determined based on mutations in these gene regions.
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The detection of these mutations allowed for the rapid identifica-
tion of drug-resistant TB strains.

Statistical Analysis

The collected data was subjected to statistical analysis to as-
sess the diagnostic performance of GeneXpert MTB/RIF, LPA, and
culture with Drug Susceptibility Testing (DST). Calculations of sen-
sitivity, specificity, and accuracy were performed to evaluate the re-
liability of each method. Statistical software, such as SPSS, was used
to analyze the data and establish relationships between diagnostic
test outcomes and clinical variables. This analysis helped in deter-
mining the effectiveness of each diagnostic tool in detecting TB and
drug-resistant TB among non-suspected patients.

Copyright© Md Samiul Bashir

Results

The study involved a total of 476 non-suspected TB/DR-TB pa-
tients, with a significant male predominance-361 males (75.8%)
and 115 females (24.2%). The age distribution of the study pop-
ulation showed that the majority of patients (60.7%) fell within
the 25-54 years age group, making it the most common age range
for non-suspected TB/DR-TB cases. The next largest group was pa-
tients aged 55 years and above, comprising 20% of the total pop-
ulation, while 19% were in the 15-24 years age range. The mean
age of the participants was 30.5 + 13.9 years, indicating a relative-
ly young population. This suggests that TB/DR-TB could impact
adults across a wide range of ages, but particularly middle-aged
individuals (Figure 1).

131

Age - Sex distribution

H Female ®mMale ®Total

934
» gl 5 I
1 | - -

15-24 25-34 35-44 45-54 55-64

Figure 1: Age and Sex Distribution of the study Population.

Table 1 presents the GeneXpert results for non-TB suspects,
categorized by their previous TB history. Out of the 476 non-TB
suspects, 114 had a history of TB, while 362 did not. Among the
362 patients without a previous TB history, 329 were negative for
MTB, 31 were MTB-positive with rifampicin sensitivity, and 2 were

MTB-positive with rifampicin resistance. In the group with a pre-
vious TB history, 88 patients were included, with 24 showing ri-
fampicin sensitivity and 2 showing rifampicin resistance. In total,
of the 59 MTB-positive cases, only 4 exhibited rifampicin resistance
(Figures 2-4).

Table 1: GeneXpert Results for Non-TB Suspects with and without Previous TB History: Detection of MTB and Rifampicin Resis-

tance.
Non - TB Suspects with Non - TB Suspects without
previous TB history previous TB history Total
MTB not detected 88 329 417
Rif S 24 31 55
RifR 2 2 4
Total 114 362 476
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GeneXpert result
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Figure 2: Comparative Analysis of Non-TB Suspects with and without Previous TB History.
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Figure 3: Prevalence of MTB and Rifampicin Resistance Among Non-TB Suspects with Prior TB History.
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Figure 4: GeneXpert Results for Non-TB Suspects without Previous TB Exposure.

Table 2 compares the results of GeneXpert-positive cases with
microscopy (sediment) results. Out of the 59 GeneXpert-positive
cases, 19 were negative on LED fluorescence microscopy, all of
which were from the rifampicin-sensitive group. Among the re-

maining 40 microscopy-positive cases, 4 showed rifampicin resis-
tance and 36 were rifampicin-sensitive. Of the 40 microscopy-posi-
tive cases, 6 were classified as scanty, 7 as 1+, 16 as 2+,and 11 as 3+
based on the microscopy results.
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Table 2: Comparison of GeneXpert and Microscopy Results in Rifampicin-Sensitive and Rifampicin-Resistant TB Cases (n=59).

GeneXpert Positive (+ve) cases vs

Microscopy (sediment)

Microscopy Result
Negative Scanty 1+ 2+ 3+ Total
Rif S 19 6 7 13 10 55
GeneXpert .
Result Rif R 0 0 0 3 1 4
Total 19 6 7 16 11 59

Table 3 shows that among the 59 GeneXpert-positive cases, 6
were classified as MTB not detected in LPA, all of which were ri-
fampicin-sensitive according to GeneXpert results. All 4 cases with
rifampicin resistance in GeneXpert were identified as multidrug-re-

sistant (MDR) by LPA. Among the 49 rifampicin-sensitive cases
identified by GeneXpert, 2 were found to be rifampicin-resistant,
and 4 showed resistances to isoniazid (INH) in LPA, with 1 case ex-
hibiting both rifampicin and isoniazid resistance, indicating MDR.

Table 3: Comparison of GeneXpert and LPA Results in Rifampicin-Sensitive and Rifampicin-Resistant TB Cases (n=59).

GeneXpert positive vs LPA result
MTB not Rif Rif INH INH
: MDR
detecte_d/ln S R S R
valid
Rif
6 47 2 45 4 1
GeneXpert S
Result Rif
0 0 4 0 4 4
R

Table 4 shows that among the 59 GeneXpert-positive cases test-
ed by the solid L] culture method, 45 were culture-positive. Out of
the 45 positive cultures, 5 were identified as multidrug-resistant

(MDR), of which 1 was sensitive in both GeneXpert and LPA results.
Among the 40 non-MDR cases, 7 showed mono-resistance to isoni-
azid (INH).

Table 4: GeneXpert Positive vs Culture Growth and Drug Susceptibility Testing (DST).

GeneXpert positive vs Culture Growth & DST
Negative Positive
Mono Mono
MDR Others
R H
Rif
GeneXpert Result 14 0 7 33
S
Rif
0 0 0 0
R

Discussion

This study aimed to evaluate the prevalence of Mycobacterium
tuberculosis (MTB) and drug-resistant tuberculosis (DR-TB) in a
cohort of non-suspected TB/DR-TB patients using the GeneXpert
MTB/RIFE, Line Probe Assay (LPA), and solid L] culture with drug
susceptibility testing (DST). The findings suggest that, while the
majority of cases were rifampicin-sensitive, a notable proportion
exhibited resistance, particularly in patients with a history of pre-

vious TB treatment.

The study population consisted of 476 individuals, with a sig-
nificant male predominance (75.8%), which is consistent with find-
ings from other studies that show a higher prevalence of TB among
males due to factors such as occupational exposure and delayed
healthcare seeking in men [21]. The mean age of the patients was
30.5 = 13.9 years, suggesting that TB/DR-TB predominantly affects
younger adults, particularly those in the 25-54 years age group
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(60.7%). This is consistent with global TB trends, where TB inci-
dence peaks in economically active age groups, potentially impact-
ing the workforce and exacerbating economic burdens [22].

Table 2 showed the GeneXpert results for non-TB suspects with
and without previous TB history. A significant number of individu-
als without a previous TB history (329 out of 362) were negative
for MTB, which is expected since they did not have prior exposure.
However, 33 individuals from this group showed MTB positivity,
and 4 of them exhibited rifampicin resistance. This highlights the
possibility of undiagnosed TB or DR-TB in non-suspect popula-
tions, underscoring the importance of active screening and testing
in high-risk groups. In contrast, among individuals with previous
TB history, 24 of 88 showed rifampicin sensitivity, while only 2 had
rifampicin resistance. Previous studies have also reported higher
rates of rifampicin resistance among individuals with a history of
prior TB treatment due to incomplete or improper treatment reg-
imens [23].

In the comparison of GeneXpert and microscopy results (Table
2), it was found that out of 59 GeneXpert-positive cases, 19 were
negative on LED fluorescence microscopy. This discrepancy could
be attributed to the higher sensitivity of GeneXpert in detecting
MTB, including cases with low bacterial loads that might not be de-
tectable by traditional microscopy, which is limited in sensitivity.
Other studies have reported similar findings where GeneXpert out-
performs microscopy, especially in detecting drug resistance [24].
Among the 40 microscopy-positive cases, 4 were rifampicin-resis-
tant, and 36 were rifampicin-sensitive. This further highlights the
role of GeneXpert in detecting resistance that may not be easily
detected by microscopy, particularly in resource-limited settings
where microscopy remains a primary diagnostic tool.

The comparison between GeneXpert and LPA results (Table 3)
showed that among 59 GeneXpert-positive cases, 6 were classified
as MTB not detected in LPA, but all 6 were rifampicin-sensitive ac-
cording to GeneXpert. This discrepancy could be due to the differ-
ences in the mechanisms by which the two tests detect resistance.
While GeneXpert directly detects rifampicin resistance mutations
in the rpoB gene, LPA identifies a broader spectrum of mutations
that can influence resistance patterns. Interestingly, all 4 cases with
rifampicin resistance in GeneXpert were found to be multidrug-re-
sistant (MDR) in LPA, which is consistent with the global trend
where rifampicin resistance often correlates with resistance to oth-
er first-line drugs, such as isoniazid (INH) [25]. Among the rifampi-
cin-sensitive cases, 2 were found to be rifampicin-resistant by LPA,
and 4 showed isoniazid resistance, with 1 case demonstrating both
rifampicin and isoniazid resistance, indicating MDR. These findings
align with other studies that highlight the challenges of dual resis-
tance in TB cases and the importance of using multiple diagnostic
methods to fully characterize the drug resistance profile [26].

Table 4 presented the comparison of GeneXpert-positive cas-
es with culture growth and DST. Among the 59 GeneXpert-positive
cases, 45 were culture-positive, and 5 of these were identified as
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MDR. Interestingly, 1 MDR case was sensitive to both GeneXpert
and LPA, suggesting a potential discrepancy between molecular
and culture-based results. This finding may reflect the limitations
of molecular tests in detecting all forms of resistance, particular-
ly in cases with complex resistance patterns. Among the non-MDR
cases, 7 showed mono-resistance to isoniazid, highlighting the con-
tinued burden of drug resistance in the study population. These
results are consistent with other studies showing that while GeneX-
pert and LPA are highly accurate in detecting rifampicin resistance,
they may not always detect all forms of drug resistance, particularly
in cases of mono-resistance [27].

This study emphasizes the utility of GeneXpert MTB/RIF, LPA,
and L] culture in diagnosing TB/DR-TB, but also highlights the chal-
lenges in detecting all forms of drug resistance. The findings suggest
that while rifampicin resistance is a critical marker of drug-resis-
tant TB, multidrug resistance and mono-resistance to isoniazid are
also significant concerns. The study underscores the importance of
using a combination of diagnostic tools to ensure comprehensive
detection of drug resistance patterns and improve TB management.
Future research should focus on improving diagnostic methods to
detect more complex resistance patterns, particularly in high-risk
populations with previous TB history.

Conclusion

This study shows that using GeneXpert MTB/RIF, Line Probe
Assay (LPA), and L] culture with drug susceptibility testing (DST)
improves the diagnosis of TB and drug-resistant TB (DR-TB), espe-
cially in patients not initially suspected of TB. GeneXpert was more
sensitive than microscopy, though some results varied between
methods. TB was most common in middle-aged men, with prior
TB history linked to drug resistance. Combining molecular and cul-
ture-based tests is key to accurate diagnosis and better treatment,
helping to control DR-TB. More research is needed to improve de-
tection of complex resistance patterns.
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