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The control of tuberculosis (TB) has become a global health challenge due to the emergence of
multidrug-resistant tuberculosis (MDR-TB) in Mycobacterium tuberculosis (MTB). This highlights the
need for faster and more accurate detection of tuberculosis cases. The study aims to detect MDR-TB
strains of pulmonary tuberculosis using resistance ratio method and to compare the diagnostic value of
drug susceptibility testing (DST) with line probe assay (LPA) using Genotype MTBDRplus. All the
sputum samples were tested for Acid Fast Bacilli (AFB) by Ziehl-Neelsen’s staining method and were
cultured on Lowenstein-Jensen (L-J) media. The identification and confirmation of M. tuberculosis were
done using various biochemical tests. DST was carried against the first line of anti-TB drugs. MTB
positive samples were subjected to LPA. A total of 57 samples were subjected to DST and LPA for the
detection of drug resistance of MTB to RIF and INH after conventional detection methods were applied
to all the samples. Among these 57 MTB samples, 11 (19.29%) were resistant to INH, 4 (7.14%) were
resistant to RIF; eleven (19.29%) isolates were identified as MDR-TB. LPA revealed 54 MTB positive
among 57 MTB culture-positive samples and 3 showed invalid results. In LPA, MDR-TB was found in10
samples (17.54%) in which one was RIF-resistant. The study concludes risk factors that resulted in the
development of TB are biomedical, socio-cultural, and behavioral interactions. LPA can be used as a
rapid diagnostic technique for the detection of MDR-TB.

Key words: Tuberculosis (TB), multidrug resistance (MDR-TB), drug susceptibility testing (DST), line probe
assay (LPA).

INTRODUCTION

Tuberculosis (TB) caused by Mycobacterium tuberculosis were infected with TB in 2015. Overall, 95% of the total
(MTB) is one of the leading causes of deaths due to TB deaths occurred in low- and middle-income countries.
infectious diseases in developing nations, including India. Six countries had accounted for about 60% of the global
According to the World Health Organization (WHO), 1.8 total, with India leading the burden of tuberculosis in the
million people died due to TB, and 10.4 million people world (WHO, 2016). Globally India has become a home
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for one-fourth of TB burden patients. In 2015, around
280, 00, 00 TB cases occurred in India, and 48, 0000
people had died due to this disease. The global
emergence of Multidrug-resistant tuberculosis (MDR-TB)
is a major public health problem as it causes a major
challenge to control the disease and the mortality rates
associated with it. India has a high burden of patients
with  MDR-TB. Annually, according to India reports,
130,000MDR-TB cases among which 79,000 MDR-TB
cases are pulmonary TB (TB Statistics for India; WHO,
2008).

Early diagnosis of MDR-TB is necessary for the
effective treatment and control of MDR-TB strains. It is
known that resistance to isoniazid (INH) and rifampicin
(RIF) is a key factor to determine the efficacy of the
currently recommended standard treatment regimens.
(Telenti et al., 1997; Cavusoglu et al., 2002; de Viedma et
al., 2002; Morcillo et al., 2002; Saribas et al., 2003).
Conventional techniques for MDR-TB detection are time-
consuming and require sophisticated laboratory
infrastructure, which causes delay in reporting the results.
This in turn delays the proper treatment which increases
the risk of transmission of the disease (Chauhan and
Arora, 2004). Despite various measures available for the
detection of MDR-TB, the prevalence of MDR-TB rate
has remained unchanged in recent years (Havumaki et
al., 2017). There is an urgent need for standardizing rapid
molecular tests such as Line Probe assay (LPA)
(Hillemann et al., 2005).

Identification of infectious cases is an important step for
TB control programs worldwide. Detection of AFB in
sputum by smear microscopy continues to be the
mainstay diagnostic technique since its introduction in the
late nineteenth century (Chakravorty and Tyagi, 2005).
Drug susceptibility testing in Lowenstein-Jensen (L-J)
culture media remains the cornerstone and gold standard
for the diagnosis of resistance patterns in TB. There are
different conventional methods (proportion, resistance
ratio, and absolute concentration methods), the
radiometric method, and other newer methods used for
determining antimicrobial susceptibility patterns. The
most extensively used is the proportion (PR) and the
resistance ratio (RR) methods. The RR method compares
the resistance of unknown strain of tubercle bacilli (test
organism) with that of a standard laboratory strain of M.
tuberculosis (H37Rv) (Acharya et al., 2010).

The drug resistance of Indian isolates varies from 52.2
to 2% (Igbal et al., 2003). As there are variations in the
resistance pattern to address this, the hospital-based
study was undertaken to perform microscopy,
biochemical analysis, and drug susceptibility testing using
the RR method for the first line of anti-TB drugs. This
method gives faster results than other DST methods.The
revolution of TB diagnosis started in 2008 when WHO
and Foundation of Innovative Diagnostics (FIND)
endorsed the use of Line Probe Assay (LPA) which was
developed by Genotype MTBDRplus (Hain Life Science,
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Nehren, Germany) for the detection of MDR-TB
(Nathavitharana et al., 2017). The assay is based on the
multiplex polymerase chain reaction (PCR) method and
uses reverse hybridization to identify MDR-TB from MTB
culture and smear-positive sputum specimens (Barnard
et al., 2012). LPA detects the wild-type sequencing or
specific mutations associated with the rpoB gene for RIF
resistance, the katG gene for high-level INH resistance,
and inhA regulatory region gene for low-level INH
resistance (Chauhan and Arora, 2004). It targets a
mutation in the 81 base pair “core region” of the rpoB
gene which detects almost 95% of RIF resistant strains
and ahpC-oxy R intergenic region which detects 5-10%
mutation in INH resistant (Nathavitharana et al., 2017).
The study aimed to compare the conventional drug
susceptibility testing (DST) and LPA for the detection of
RIF and INH resistance in MTB.

MATERIALS AND METHODS
Sample size and patient recruitment

The study was approved by the Institutional Ethical Board, KLE
Academy of Higher Education and Research, Belagavi (Karnataka,
India). Patients attending Out Patient Department (OPD) and wards
of the Karnataka Lingayat Education Society (KLES) Dr.Prabhakar
Kore Hospital and Medical Research Centre with symptoms such
as fever, night sweats, and cough for more than 2 weeks with
sputum, chest pain from January 2013 to December 2014 were
included in the study. Non-TB patients, extra-pulmonary TB, and
culture-negative samples excluded. The sampling method for this
study was inverse sampling. The estimated sample size according
to this method should be 125 positive cultures. However, in this
study 232 smear, positive samples were obtained out of which 75
samples were culture-positive. Hence to establish the validity of
results, bootstrapping analysis was carried out (Haldane, 1945).

Collection of samples

Samples were collected after the Ethical clearance was obtained
from the Institutional Ethical Board of KLE University Belagavi
(Karnataka, India).The study was carried out at the Department of
Microbiology, J.N Medical College, KLE University, and Belagavi,
India between January 2013 and December 2014. This is a
Hospital-based study. Sputum samples of all the 3453 patients (1
sputum sample per patient) were collected from Hi-Tech
Laboratory, KLES Dr.Prabhakar Kore Hospital, Belagavi from
January 2013 to December 2014. Patients attending Out Patient
Department (OPD) and wards of the KLES Dr. Prabhakar Kore
Hospital and Medical Research Centre, who have fever, night
sweats, cough for more than 3 weeks with sputum and chest pain
were included sputum sample was collected in a clean, dry, sterile
wide-neck, leak-proof screw cap container (Figure 1).

Microscopic technique

From purulent part of the specimen, and subjected to smear
microscopy by Ziehl-Neelsen (ZN) staining for acid-fast bacilli in
laboratory level 3 biosafety level 2. The grading of smears was
done according to the guidelines provided by the Revised National
Tuberculosis Control Program (RNTCP) of India (WHO, 2009). The
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Figure 1. Schematic flow of procedure followed for confirmation of the species of Mycobacterium tuberculosis.

results of the microscopic examination were reported according to
the Revised National Tuberculosis Control Programme (RNTCP).
The processing of samples was carried out in a biosafety cabinet
with standard procedures (Revised TB Programme, 2005; Central
TB Division, 2005).

Culture technique

All sputum specimens were handled at the bio-safety level (BSL-3).
Only smear-positive samples were cultured by Petroff's method (N-
acetyl-L-cysteine and sodium hydroxide (NALC-NaOH) the
sediments were suspended in distilled water. The supernatant was
discarded after centrifugation and two slopes of Léwenstein—Jensen
(LJ) media was taken for inoculation of each sample. The
inoculated LJ media was incubated at 37°C. Reading and
interpretation was done for the colony formation every week,
preferably twice within the first week. The contaminated cultures
and rapidly growing mycobacteria (colonies apparent in less than 7
days) were removed. M. tuberculosis colonies were developed
within 3-4 weeks. Cultures were kept for up to 8 weeks before being
reported as negative (Figure 2a) (Protocol for Processing, 1998).

Biochemical tests

The identification and confirmation of M. tuberculosis were done
using various biochemical tests. Catalase Test- Into two screw-cap
test-tubes 0.5 ml of phosphate buffer was dispensed (pH7.0). One
tube was placed in the water-bath at 68°C for 20 min. Another tube
was left at room temperature (Figure 2c).

Nitrate reduction test

Two loopful of bacterial growth was emulsified in 0.2 ml distilled
water; then 2 ml of the substrate medium was added. Incubation
was done at 37°C for 2 h. To each tube in sequence one drop of
reagent 1 (HC1), two drops of reagent 2 (Sulfanilamide), and two
drops of reagent 3 (n-naphthyl ethylenediamine dihydrochloride)
was added. The development of a red colour indicated a positive

reaction (Figure 2b).

Tween-80 hydrolysis

A volume of 0.5 ml freshly prepared Tween 80—peroxide substrate
was added to each tube. The formation of bubbles was observed.
The release of the oleic acid from Tween 80 results in the change of
colour from the neutral indicator yellow to red within 5-10 days.

p-nitro benzoic acid (PNB) susceptibility

Single slope of LJ medium was inoculated containing Para-Nitro
Benzoic acid (PNB Sodium Salt) 500 mcg/ml with bacterial
suspension. It was incubated at 37°C and growth was recorded on
the 28th day (Manual on isolation, 1998).

Drug susceptibility testing (DST)

Minimal Inhibitory Concentration (MIC) on solid LJ medium was
used for DST which is expressed as a resistance ratio method
according to the standard operating procedure of RNTCP. All the
culture-positive MTB isolates (showing colonies more than 20) were
further analyzed by DST resistant ratio method. The media
containing two-fold dilutions of the primary anti-TB drugs were
prepared as follows: INH, 0.5and 1.0 pg/ml; RIF, 32.0 and 64.0
pg/ml; streptomycin (SM), 16.0 and 32.0 pg/ml; and ethambutol
(EMB), 4.0 and 8.0 pg/ml. One drop (100 pl) of 1 mg/ml bacillary
suspension (McFarland No.1) from a Pasteur pipette was spread on
the surface of each drug-containing slope of media of different
concentrations. The same procedure was done for the Hz7RV strain,
which was used as a positive control for the test. All the tubes were
incubated at 37°C for 4 weeks and were observed every week. The
growth was examined after 28 days and this was defined by the
presence of 20 or more colonies in the drug-containing media
(Figure 2a and b). The isolates were considered resistant when the
growth appeared on the drug-containing media (Revised TB
Programme 2014). MTB in all isolates were identified by the slow
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Figure 2. M. tuberculosis a) colonies on L-J Media, Biochemical tests b) Nitrate Reduction Test c) Catalase Test.

Table 1. Cycling reaction for PCR.

Temperature (°C) Time Cycle
95 15 min 1
95 30s
58 120s 10
95 25s
53 40 s 20
70 40 s
70 8 min 1

growth rate, colony morphology and biochemical tests such as the
incapability to grow on PNB acid, niacin positive and catalase-
negative test, nitrate negative test (Chauhan et al., 1998).

Line probe assay (LPA)

The bacterial colonies from cultures were used for DNA extraction
(Bhawan, 2009). The bacterial DNA was extracted from the
colonies of solid media according to the manufacturer’s instructions.
Molecular grade water of 300 pl was added to and the DNA was by
vortexing. This bacterial suspension was centrifuged for 15 min at
10,000 rpm. The supernatant was aspirated and the pellet was
resuspended in 100 pl distilled water. The specimens were heat-
killed at 95°C for 20 min, sonicated for 15 min and centrifuged at
13000 rpm for 5min. The supernatant containing DNA was
transferred into a fresh tube. The extracted DNA was kept in4°C
and was used within 1-7 days. The procedure of LPA was
performed according to the manufacturer's instructions (Hain
Lifescience, Nehren, Germany, 2012). It consists of three steps: 1)

multiplex PCR, 2) amplification and 3) reverse hybridization
(Khanna et al., 2010). To avoid contamination, these steps were
carried out in three separate rooms with restricted access and
unidirectional flow.

A total of 5 pl DNA was added to 45ul of the master mix for each
PCR reaction and the amplification procedure for cultured isolates
were followed as per the directions given by the manufacturer
(QIAGEN, Hilden, Germany). The cycling reaction is given in Table
1. Hybridization and detection is the final step in the assay, which
was performed by using all the materials and reagents provided by
the kit manufacturer (GmbH, Hain Life Science). A twelve well
plastic tray was used for all three steps: denaturation, hybridization,
and detection. In this tray, a denaturation buffer of 20 pl was
dispensed to this 20 ul of DNA amplicons and mixed thoroughly.
The solution was incubated at room temperature for 5 min. After
denaturation, a 30 min hybridization step was done by adding 1ml
of pre-warmed green hybridization buffer (HYB). After the aspiration
of HYB 1ml of preheated red stringent wash buffer was added. To
remove the excess STR buffer 1 ml of rinse (RIN) solution was
added which was followed by the addition of previously prepared
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Table 2. Age-gender distribution of pulmonary tuberculosis.

Total no. of patients = 57

S/N  Agegroup Male Female Total
Total count % Total count % Total count %

4 7.01

1 >18 3 5.26 1 1.75 11 19.3

2 20-30 6 10.54 5 8.77 15 26.31
2 3.51

3 30-40 11 19.3 4 7.01 15 26.31

4 40-50 1 1.75 1 1.75 8 14.04

5 50-60 12 21.05 3 5.26 2 3.51

6 61-70 7 12.28 1 1.75 57 100

7 71-80 1 1.75 1 1.75

Total 40 71.18% 16 28.07%

Table 3. The general characters distribution of pulmonary tuberculosis.

Character Number of patients = 57
. Smoking 38 (67.85%)
H ;
abits Alcoholism 32 (49.23%)

Diabetes Mellitus

Health
ealth status "y

Labour
Farmer
Business

Socioeconomic status

07 (10.76%)

25 (38.46%)
22 (33.84%)
09 (13.84%)

conjugate solution. Once again the strips were washed by 1ml of
RIN solution and 1 ml of distilled water. In the final step, 1 ml of
diluted substrate solution was added to each well and the tray was
washed with 1 ml of distilled water. The bands were air-dried and
the staining reaction was observed, showing whether the probes
have been hybridized or not (GmbH, Hain Life Science).

The LPA strip has 27 reaction zones or bands for verification of
the test procedures. The strips of LPA consist of two internal
controls; conjugate control (CC) and amplification control (AC). The
presence of positive MTB control tuberculosis-complex DNA band
(TUB) reaction indicates the given specimen is positive for MTB
complex. The test is considered valid only when wild type (WT) and
mutation (MUT) bands are present, if these two bands are absent
the test is considered invalid (GmbH, Hain Life Science).

RESULTS

All the 3453 sputum samples were subjected to Z-N
staining. The smear examination yielded the following
bacillary load: +1 AFB in 92 (39.65%), 2+ in 69 (29.75%)
and 3+ in 71 (30.6%). Of these 232, 167 samples
(71.18%) were males and 65 samples (28.07%) females
(Table 2). Smoking (67.85%) and alcoholism (49.23%)
were the commonest predisposing conditions and 72.3%

were labour and farmer by profession (Table 3).

Out of 232 smear-positive samples, 75 were culture-
positive, 70 were culture-negative, 34 were contaminated
and 53 had less than20 colonies. Biochemical tests were
performed for 65 samples (10 were excluded due to issues
associated with culture handling). The samples were
furthertested by biochemical analysis using catalase, nitrate
reduction test, tween-80 hydrolysis, and p-nitrobenzoic
acid (PNB) susceptibility for the confirmation of MTB. Out
of these, 60 (25.86%) isolates were MTB and 5 isolates
(2.1%) were non-tuberculosis Mycobacteria (NTM).

Among 60, 3 yielded less than 20 colonies in a culture
which were excluded from further tests. The remaining 57
samples were subjected to DST analysis (Figure 4).
Among these 57 MTB samples, 11 (19.29%) were
resistant to INH, 4 (7.14%) were resistant to RIF, and11
(19.29%) isolates were identified as MDR-TB through the
resistance ratio method of DST (Table 4). LPA revealed
54 MTB positive among 57 MTB culture-positive samples
and 3 showed invalid results (Figure 3). The TUB band
was absent in all five NTM specimens. In LPA 10
samples (17.54%) were MDR-TB, in which one was RIF-
resistant (Table 5).
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Table 4. Drug resistance pattern obtained by DST.

Resistance

Number of isolates (N=57)

Percentage Total Percentage

Mono-resistance 11
INH

RIF

STM

EMB

Resistance to two drugs
INH+RIF

STM+INH

STM+RIF

STM+EMB

INH+ EMB

RIF+EMB

Resistance to three drugs
STM+RIF+EMB 2
Resistance to four drugs
STM+INH+RIF+EMB 9

o O &

O oOoOooconN

19.64
7.14

26.78

3.57 3.57

3.57 3.57

16.07 16.07

INH: Isoniazid, RIF: Rifampicin, STM: Streptomycin, EMB: Ethambutol .

DISCUSSION

TB has existed for millennia and remains a major global
health problem. In developing countries laboratory plays
a crucial role in diagnosing TB. It is one of the top 10
causes of death worldwide, ranking above HIV/AIDS as
one of the leading causes of death from an infectious
disease (WHO, 2016). Thus, the present study was
undertaken to study the drug resistance pattern, the risk
factor associated with TB, and recommending the use of
the resistance ratio method for DST. The risk factors
which resulted in the development of TB were
biomedical, socio-cultural, and behavioral interactions
(Balaji et al., 2010).

One of the predisposing factors for the cause of
Pulmonary TB was low economic status as these classes
of people were more illiterate and have fewer health
facilities which resulted in more mortality (Gupta et al.,
2011). TB was more common in males (71.18%) when
compared to females (28.07%). The accompanying risk
factors (Smoking, Alcoholism, and DM), may have
triggered the disease more in males as they are prone to
such lifestyle (Acharya et al., 2010; Deodhar et al., 1999).
Alcoholism is one of the most important morbid factors for
TB infection (Fleming et al., 2006). This study predicts
that Ziehl-Neelsen staining is rapid and inexpensive, but
lacks sensitivity and specificity. It cannot be used to
distinguish between the various members of the
Mycobacterium and also requires a high amount of
organisms in the specimen. Due to its low sensitivity,
there are high chances of false negatives. Resistance
testing is too expensive with modern techniques. In such
cases as conventional L-J based approach, the DST

method may be a suitable alternative. There are studies
carried out in Bijapur and Pakistan where the isolation
rate was 34.74 and 25.84% respectively, which can be
compared to these results. There can be a variety of
reasons for culture-negative; the organism may have lost
their ability to grow on culture media or patients on
treatment with regimens have negative results (Gaude et
al., 2014).

Drug susceptibility testing was carried on all first-line
anti-tubercular drugs-INH, RIF, EMB, and STM. It was
observed that 11 specimens were sensitive to all 4 drugs.
INH mono-resistance was comparable, INH+RIF
resistance is nearly 50% reduced in our case, resistance
to STM+RIF+EMB combination is reduced to one third,
and resistance to all four drugs is double in this study.
The MDR-TB rate is highly variable between countries
and in between the states of India i.e. Delhi (33.7%),
Bihar (15%), Mumbai (51%), Gujarat (17.4%) and Tamil
Nadu (20.3%) (Tripathy et al., 2015). The resistance of
MTB in this study was (19.64%) which can be compared
to Tamil Nadu and Gujarat. Since drug-resistant TB has
increased in incidence and interfered with TB control
programs, monitoring of drug resistance patterns is very
much important to prevent MBR-TB outbreaks. So, all
isolates of M. tuberculosis should be tested for their
susceptibilities to the primary anti-tubercular drugs.

Of the conventional culture-based techniques for
antimicrobial susceptibility testing, the Resistance Ratio
(RR) and the Proportion (PR) methods are commonly
used. The resistance ratio method is still in use in many
countries especially the United Kingdom (Kent and
Kubica, 1985). However, WHO has recommended the
use of the proportion method to be used for determining
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Table 5. The pattern of genetic mutation in drug-resistant Mycobacterium tuberculosis isolates using the Genotype

MTBDRplus assay.

* A

G Gene region of the RIF mono INH mono MDR”
ene Band . : A ; A
mutation resistance N=1 resistance” N=0 N=10
wWT 315 1 (100%) 0 (0%) 9 (90%)
katG MUTL  S315T1 0 (0%) 0 (0%) 1 (10%)
MUT2  S315T2 0 (0%) 0 (0%) 8 (80%)
WT1 0.9375 1 (100%) 0 (0%) 10 (100%)
wT2 -8 1 (100%) 0 (0%) 10 (100%)
ha  MUTL  CIST 0 (0%) 0 (0%) 10 (100%)
MUT2  A16G 0 (0%) 0 (0%) 0 (0%)
MUT3A T8C 0 (0%) 0 (0%) 0 (0%)
MUT3B T8A 0 (0%)
WT1  506-509 1 (100%) 0 (0%) 10 (100%)
WT2  510-513 1 (100%) 0 (0%) 10 (100%)
WT3  513-517 1 (100%) 0 (0%) 10 (100%)
WT4  516-519 1 (100%) 0 (0%) 10 (100%)
WT5  518-522 1 (100%) 0 (0%) 10 (100%)
_— WT6 521-525 1 (100%) 0 (0%) 10 (100%)
WT7 526-529 1 (100%) 0 (0%) 10 (100%)
WT8  530-533 0 (0%) 0 (0%) 10 (100%)
MUTL D516V 0 (0%) 0 (0%) 6 (60%)
MUT2A  H526Y 0 (0%) 0 (0%) 0 (0%)
MUT2B  H526B 0 (0%) 0 (0%) 0 (0%)
MUT3  S531L 9 (90%)

*Definitions of abbreviations: INH = isoniazid; RIF = rifampicin; MDR = multidrug-resistant. ‘Values are numbers, with

367

percentages in parentheses.

drug susceptibility of M. tuberculosis. The RR method
has been used in this study this compares the resistance
of the unknown strain with that of the control strain on the
same batch of the medium. Resistance can be expressed
as the ratio of the MIC (Minimum Inhibitory
Concentration) of the test strain to the MIC of the control
strain in the same test. The RR method was convenient
for inoculum preparation and it required a shorter time to
perform. Interpretation of the result was rather simple
when it can compare to other methods.

In MDR-TB detection, the conventional culture and
DST on the solid LJ media is a time-consuming process.
However, an early diagnosis of RIF and INH drug-
resistant MTB is essential for effective treatment and
control of MDR-TB. With the advent of molecular
techniques and the development of commercial or in-
house DNA hybridization or amplification methods, the
results of MDR-TB can be obtained fast (Ahmed et al.,
2017). With the introduction of LPA for the rapid
diagnosis of drug-resistant TB, there has been a
significant reduction in time to start the treatment in MDR
suspected cases.

The present study was conducted to determine the

pattern of mutations in MTB using LPA and to compare
with DST for the detection of RIF and INH resistance in
culture-positive isolates. The findings of this study
showed that many mutations, which occurred in the rpoB
and katG genes, are comparable to those reported in
other countries (Taniguchi et al., 1996; Siddigi et al.,
2002). The existence of common mutations in the rpoB
gene, at codons 526 and 531 isolates from India and
other countries, supports the assumption that these
mutations are common for many drug-resistant strains
around the globe (Telenti et al., 1993; Sun et al., 2008).
In this study, resistance to RIF was higher than that of
INH in LPA. This similarity was also observed in Ethiopia
(Meaza et al., 2017). The common mutation associated
with RIF was similar to the present study.

The LPA test failed to detect mono- INH resistant
strains in 11 specimens, which were detected by
conventional DST. One MDR-TB sample detected by
DST showed the false result in LPA as MTB which could
be due to the presence of PCR inhibitors during the
process of DNA extraction. Similar results were also
observed in another study conducted in central India
(Desikan et al.,, 2017). Among 57 isolates, 10 were RIF
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resistant strains and one was RIF mono-resistant of
MDR-TB which had a mutation on rpoB S531L diagnosed
by the presence of MUT3 band (Table 3). The most
frequent mutation found in INH was a katG mutation,
which occurred more commonly in MDR-TB strains than
in INH mono-resistant strains. RIF resistance is
associated with the mutations in 81 base pairs region
(codon 527 to 533) of the rpoB gene (Yue et al., 2003).
The finding of dominant mutations for RIF resistance in
rpoB S531L in the present study is similar to a previously
published report (Miotto et al., 2006).

In this study, no mutations were observed in the inhA
gene region. Similarly, a low frequency of inhA gene
mutations was reported in Ethiopia (Omer et al., 2016). A
study from north India also has reported a low frequency
of INH resistance mutation in the inhA gene. This could
suggest that there are possibilities of mutation in other
codons of the katG and inhA gene (Omer et al., 2016).
The high prevalence of mutations within the rpoB core
region in the MDR-TB strains isolated from India
indicates the potential of a rapid diagnostic test for the
detection of drug-resistant MTB. As stated, the detection
of mutations in the rpoB gene is very effective for the
diagnosis of drug resistance to RIF in MTB complex since
the mutations in the hot spot region are prevailing. The
invalid results observed in the present study were due to
the lower bacillary load in sputum specimens or culture-
negative samples, which emphasizes not using the LPA
test, directly for smear-negative clinical specimens
(Chauhan and Arora, 2004).

The limitation of LPA by Genotype MTBDR plus assay
is that it requires sophisticated infrastructure, well-trained
and skilled laboratory personnel. The test does not
provide convenient results with sputum specimens, which
have a lower bacillary load (Yadav et al.,, 2013).
However, the use of LPA can lead to the earlier initiation
of appropriate drug therapy which will thereby prevent
further transmission of the drug-resistant strains.
Applying the LPA method to detect drug resistance in the
MTB isolates in clinical laboratories, require further
research and method validation, aiming to enable the
patients receive appropriate standardized MDR-TB
treatment regime at an early stage of the illness.
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