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ABSTRACT 

 It is reported that in spite of availability of anti mycobacterial drugs, tuberculosis (TB) remains one of 
the major health problems facing mankind particularly in developing countries. There is a rise in the trend of 
drug-resistant TB, especially multi drug resistant (MDR), in different parts of world and India being one of the 
high burden countries. This study was undertaken to assess the pattern of initial drug- resistance among 
confirmed pulmonary tuberculosis patients. To detect the primary drug resistance patterns among confirmed 
pulmonary tuberculosis patients and to identify the mutations in the genes responsible for drug resistance by 
using Geno Type MTBDR plus technique. This study was undertaken in a urban tertiary care medical college 
and hospital in Maharashtra over a period of one year in the department of microbiology. Study period: June 
2011 to June 2012. A total of 118 pulmonary tuberculosis cases were studied. For each TB suspected patient, 
sputum smear microscopy and culture on Lowenstein- Jensen’s (L.J) media were performed according to 
standard conventional procedures. Drug sensitivity testing(DST) was carried out by phenotypic gold standard 
proportion method and by a rapid molecular Genotype  MTBDR plus assay which detects the resistance to INH 
(Isoniazid) and  RMP (Rifampicin) by showing the mutations in the katG and /inhA and rpoB genes respectively.  
All 118 smear positive sputum samples were cultured successfully on L.J. media. Out of the 118 B cases, 
5isolates (4.2%) showed resistance to 1

st
 line anti-tuberculosis drugs by phenotypic DST method. Resistance 

pattern was noticed according to the bands of mutations in the rpoB genes (RMP-resistance) and katG 
and/inhA genes (INH-resistance) by using Genotype MTBDR plus method. Commonest (80%) mutations were 
observed inS531L region of rpoB gene while mutations in katG and inhA were observed in 60% and 40% 
isolates respectively. GenoType MTBDRplus assay is an appropriate tool for rapid screening for MDR-TB. In the 
present study, overall rate of primary drug resistance in Mycobacterium tuberculosis is higher as compare to 
other studies. 
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INTRODUCTION 
 
 Tuberculosis (TB) has been associated with significant morbidity and mortality. It still 
remains a major global health problem [1]. Worldwide 9.2 million new cases of TB and 1.7 
million deaths from TB occurred per year [2]. India ranked first in terms of total numbers of 
TB cases in the world. India, China and Russian federation accounted for 62% of the 
estimated global burden of multi-drug resistant-TB (MDR-TB) [3]. MDR-TB is defined as TB 
that is resistant to at least to rifampicin (RMP) and isoniazid (INH) the two most important 
first-line anti-TB drugs [4]. MDR-TB is a challenge to TB controlled to its complex diagnosis 
and obstacles in treatment. In 2008, there were an estimated 440000 cases of MDR-TB 
globally [5]. Many mutations have been identified in different regions of these drug 
resistance genes and resistance to rifampicin has been shown to be associated with 
mutations in the 81bp rifampicin resistance-determining region (RPDR) of the RNA 
polymerase β-subunit (rpoB) gene[6] . The prevalence of MR-TB among new and previously 
treated cases is increasing all over the world as well as in India. As long as, MDR-TB is not 
verified, use of inadequate and hence ineffective antibiotics may lead to further spread of 
resistant bacteria and amplification of resistance therefore, rapid diagnosis and 
identification of MDR-TB is a prerequisite for appropriate treatment. New rapid molecular 
tests for 1st line drug resistance can be used to reduce the delays to detect MDR-TB and 
adapt the treatment. In 2008, the good performance of molecular line probe assays: 
Genotype MTBDR plus (Hain Lifescience GmbH, Nehren, Germany) have led WHO to 
approve their use for rapid screening of patient at risk of MDR-TB [7]. 
 
 The Genotype MTBDR plus test is a PCR-based amplification and reverse blotting 
assay that employs specific probes hybridized to nitrocellulose strips to detect RMPand INH 
resistance. The assay detects mutations in the rpoB gene for RMP resistance, in the katG 
gene for high-level INH resistance and in the inhA regulatory region gene for low-level INH 
resistance [8,9]. 
 
 In India, the burden of TB remains high and it is one of the leading causes of death in 
adults.  In 2012, the prevalence of all forms of TB was estimated at 232/100,000, the 
incidence at 185/100000 and the mortality at 26/100000 [8-10]. In this context, this study 
was aimed to provide a preliminary data of rate of Mycobacterium tuberculosis  resistance 
to INH,RMP in a tertiary care hospital, Pune; using a phenotypic proportion method and 
presence of mutations in the MDR-strains of Mycobacterium tuberculosis isolates by 
molecular line probe assay ‘Genotype MTBDR plus’.  
  

MATERIALS AND METHODS 
 
Study design 
 
 This was a prospective, hospital-based clinic-microbiological observational study 
conducted at a tertiary care hospital in Maharashtra, India. The study was approved by the 
institutional ethics committee. Written informed consent was taken from patients. 
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Study population 
 
 All the patients attending the chest and TB units with symptoms suggestive of TB 
(cough for two weeks or blood stained sputum) were included regardless of their HIV status.  
 
Inclusion criteria 
 
 New cases – never previously treated or beginning the treatment within the last 
month prior inclusion,  
 
Exclusion criteria 
 
 Retreatment  cases- a previously treated patient who was declared cured or 
completed treatment becomes sputum- positive again, and defaulters- who has taken 
treatment for at least 4 weeks and comes after interruption of treatment for 2 months and 
has active disease. 
 
Specimen processing 
 
 Two sputum samples were collected for each patient, the 1st during the consultation 
and the IInd next day early in the morning. Screening for acid-fast bacilli (AFB) was 
performed by Ziehl-Neelsen stained smears. Specimens were digested and decontaminated 
by Petroff’s method, then inoculated on two slants of L-Jmedium and incubated at 370c. 
Cultures were examined once in a week for 80 days. Any suspect colony confirmed as AFB 
by microscopy was identified by biochemical tests [6-10] and tested for antibiotic resistance 
by proportion (phenotypic) method and Genotype MTBDRplus technique. The details of 
these two techniques used for MDR detection are as follows: 
 
Proportion method 

 
 All the culture positive strains, after sufficient growth were tested to detect drug 
susceptibility testing (DST) against primary anti-tuberculosis drugs -Isoniazide:0.2µg/ml, 
Ethambutol: 2µg/ml, Streptomycin: 4µg/ml and Rifampicin: 40µg/ml by economic variant of 
proportion method. All the isolates resistant to Isoniazid and Rifampicin was taken as 
multidrug resistant (MDR). For inoculation on to a pair of plain and drug containing L.J. 
media, the opacity/turbidity of inoculums was matched to McFarland no.1, against a black 
background the slopes were incubated at 37°C and examined weekly for 8 weeks for the 
growth. The definition of resistance is based on the amount of growth seen on the drug-free 
and drug-containing medium. The proportion of resistant bacilli existing in the strain was 
calculated by dividing the number of colonies in drug-containing media by that in drug free 
media. Below a certain value- the critical proportion- the strain is classified as sensitive; 
above that value, it is classified as resistant. The proportions were reported as percentages 
[10-15].  
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Quality control 
 
 For each batch of testing, a standard strain of H37RV of Mycobacterium tuberculosis 
(sensitive strain) was tested and validated.  
 
 In the present study out of 118 isolates of Mycobacterium tuberculosis 5 were MDR-
TB strains which shows resistance to and INH and RMP. 
 
Line Probe Assay (LPA): GenoTypeMTBDR plus  
 
 The GenoTypeMTBDRplus detects resistance to INHand RMP in Mycobacterium 
tuberculosis based on the detection of the most common mutations in katG, inhAand rpoB 
genes. All the 5 MDR strains of Mycobacterium tuberculosis were tested to detect mutations 
in katG,inhAand rpoB genes. The Genotype  MTBDRplus (Hain life science, Gmbh, Germany) 
was used for Mycobacterium tuberculosis complex identification and INH and/ or RMP 
resistance detection according to manufacturer’s instructions. 
 
Briefly it consists of 3 steps: 1) DNA extraction from the Mycobacterium tuberculosis, 2)  
PCR-based DNA amplification and 3) Reverse hybridization. 
 
1) DNA extraction: Growth of Mycobacterium tuberculosis was suspended in a 300µl of 

Mol.bio.Grade water and homogeneous suspension was prepared by using vortex 
mixing for 30 seconds, which is added in a 1.5ml micro centrifuge tube and spinning 
was carried out at 10000g for 15 seconds. Pellet was resuspended in 200µl of 
Mol.bio. Grade water and homogenization was carried out by vortex mixing for 30 
seconds. It was then incubated in a dry bath at 95°c for 20 minutes and then for 15 
minutes in an Ultrasonicator (to increase the quantity of DNA). Spinning of it was 
carried out at full speed for 5 mins and 5µl of the supernatant was used for PCR.  

2) PCR- based DNA amplification: The amplification mixture contained 35µl of the 
primer nucleotide mix, 5µl of 10x polymerase incubation buffer, 5µl of 25 Mm MgCl2 
,1µl of AmpliTaqGold polymerase (5U/µl;  Biomerix ), and 5µl of the supernatant of 
the cell lysate, for a final volume of 50µl.  The amplification protocol consisted of 
denaturation at 95°C for 5 mins, followed by 10 cycles comprising 30 sec at 95°c and 
2 mins at 58°C, an additional 20 cycles comprising 25 sec at 95°c, 40 sec at 53°C and 
40 sec at 70°C, and then a final extension at 70°C for 8 mins.  

3) Reverse hybridization: Hybridization and detection were performed with a 
Twincubator (Hain Lifescience GmbH, Nehren, Germany). The hybridization 
procedure included the following steps: chemical denaturation of the amplification 
products at room temperature for 5 min, hybridization of the single-stranded biotin-
labled amplicons to membrane-bound probes at 45°C for 30 mins, stringent washes, 
addition of a streptavidin-alkaline phosphatase (AP) conjugate at room temperature 
for 30 mins, and an AP staining reaction to detect colorimetric bands. 

 
 Results were read by lining strips up to code provided with kit. In order for results to 
be valid, CC(Conjugate control) and AC(Amplification control) bands appeared for every 
sample. The presence of TUB band indicated that Mycobacterium tuberculosis complex in 
the sample.  When all WT (wild type) probes showed positive staining for an isolate and 
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mutant probes demonstrated no staining, the isolate was considered susceptible. In 
contrast, the isolate was considered resistant when either any one of the WT probes was 
absent or any one of the mutant probe was present. The rpoB, katG and inhA each had a 
control band which was present in order to interpret the results. Mutation in rpoB predicts 
RMP resistance, katG predicts high level INH resistance and inhA predicts low level INH 
resistance. For the results to be valid the bands were of intensity equal to or greater than 
the intensity of the AC band. In order for a batch of results to be valid, the negative control 
strip had a CC and AC band present, but no other bands were visible. The product insert was 
referred for interpretation of banding patterns and troubleshooting [15-22].      
          

RESULTS 
 
 118 Mycobacterial isolates were identified as belonging to the Mycobacterium 
tuberculosis complex. Characteristics of the patients: majority of patient’s i.e 22.8% were 
found in the age range of 21-30 yrs, followed by 16.3% in 41-50 yrs range and 13.7% were in 
the age group of 31-40 yrs. Sex ratio(M/F) : 1.7:1  
 

Table-1: Age and gender wise distribution of cases 

AGE GROUP MALE FEMALE 

0-10 01 01 

11-20 08 10 

21-30 15 12 

31-40 12 04 

41-50 13 06 

51-60 13 06 

61 onwards 09 06 

Total 75 43 

 

Drug resistance 
 
 Among 118 Mycobacterium tuberculosis isolates, 5 (4.2%) were MDR-TB strains 
showing resistance to both and INH and RMP: first-line anti-tuberculosis drugs by 
phenotypic gold standard proportion method on L.J. All these strains were subjected to line 
probe assay (LPA) to detect mutation pattern in the respective genes. Table no.-2 and shows 
the different patterns of mutations in the genes of these 5 MDR-TB strains. In 3 strains rpoB 
WT8 gene was missing while missing of rpoB WT7, 8 and rpoB WT4,5 was observed in two 
different strains. High level INH resistance was observed in 2 strains showing presence of 
katG MUT1 band while low level INH resistance was observed in 3 strains showing presence 
of inhA MUT3A in 2strains and inhA MUT3B in one strain. LPA was fond to be 100% sensitive 
for detection of MDR-TB strains.    
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Table no.-2: Pattern of gene mutations detected by LPA in Mycobacterium tuberculosis Isolates 

 

Sample number Banding patterns of MDR-TB isolates 

1 Negative control 

3 rpoB WT8 missing and  rpoB MUT3, katG MUT1 present 

4 rpoB WT8 missing and rpoB MUT2A, inhA MUT3A present 

5 rpoB WT8 missing and rpoB MUT3, inhA MUT3B present 

6 rpoB WT7and8 missing and rpoB MUT3, inhA MUT3A present 

7 rpoB WT4and5 missing and rpoB MUT3, katG MUT1 present 

 

 
Figure 1 Representative DNA strip patterns obtained with the genoType MTBDR plus assay. 

 

DISCUSSION 
 

 This study aimed to provide preliminary data on the rate of resistance to first-line 
anti-tuberculosis drugs, especially INH and RMP and pattern of mutations in the genes 
responsible for drug resistance. For studying this aspect, the phenotypic proportion method 
and genotypic method (LPA) were used. 
 
Genotypic (LPA) Vs Phenotypic (Proportion)  
 
 It is reported that in recent years substantial progress has been made in our 
understanding of the molecular basis of Mycobacterium tuberculosis drug resistance. 
Molecular based assays are potentially the most rapid and sensitive methods for the 
detection of drug resistance. These assays detect all common drug resistance mutations. 
Some of these techniques include direct sequencing of PCR products, SSCP analysis, 
heteroduplex analysis, dideoxy fingerprinting, an RNA/DNA duplex, base-pair mismatch 
assay, Lucifer’s mycobacteriophage strategy, a rRNA/DNA- bioluminescence-labeled probe 
method, a reverse hybridization- based line probe assay, add end other strategies [18-23] . 
In the present study GenoType MTBDRplus (Line probe assay) was used which detects 
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resistance to INH and RMP in clinical isolates based on the detection of the most common 
mutations in rpoB, katG and inhA genes. It uses PCR and reverse-hybridization to probes 
immobilized on a assay strips [23-28] 
 
 All the 5 MDR strains detected by phenotypic methods have shown the mutations in 
the rpoB gene (RMP-resistance) and katG /inhA (INH- resistance) by GenoType MTBDRplus 
molecular method (Table No.2). Thus the sensitivity for MDR, RMP, INH detection was found 
to be 100%. The same 100% sensitivity for MDR-TB detection by this method was reported 
by Kembhavi et.al.  While lower sensitivity (92.5%) was reported by Farroqui et.al. and 
97.7% by Maurya et.al. [17] . The commonest pattern seen was missing of WT8 and presence 
of MUT3 in rpoB in 4 (80%) strains while presence of rpoB MUT2A was seen in one strain. 
Low level INH resistance was observed in 60% strains while high level resistance was 
observed in 40% strains. The similar pattern of mutations was reported by Kembhavi et.al., 
Farroqui et.al., Maurya et.al. Details of these studies are given in Table no.3.  
 

Table No. 3: showing comparison of results of studies based on MTBDR plus 
 

Study Technique used MDR sensitivity Mutations RMP Mutations INH 

Farroqui et.al.2012 MTBDRplus 92.5% 531,533 S531L S315T:katG 
C15T:inhA 

Maurya et.al. 2013 MTBDRplus 97.7% S531L S315T1:katG 

Kembhavi et.al. 
2013 

MTBDRplus 100% 531,526,516 , S531L S315T1:katG 
C15T:inhA 

Present study MTBDRplus 100% S531L S315T:katG 
C15T:inhA 

 

                                   
Rifampicin resistance (RMP) 
 
 Rifampicin is a powerful bactericidal agent used as a first line anti-tubercular drug. 
Rifampicin resistance arises due to mutations in rpoB gene DNA dependent RNA 
polymerase. The nature and frequency of mutations in the gene of RMP resistant isolates 
vary considerably according to geographical location. Analysis of approximately 500 
rifampicin resistant strains from global sources has found that 96% of rifampicin resistant 
clinical isolates of Mycobacterium tuberculosis have mutations in the 81- bp core region of 
rpoB gene, which encodes the β-subunit of RNA polymerase. Detection of mutations in the 
81 bp core region correlated (100%) very highly in their study. Similar findings have been 
reported by Barnard et.al.  and  Ravindran et.al. The sensitivity of RMP can be decreased if 
mutations are outside the 81-bp region of rpoB gene which cannot be detected by this 
assay. We found a higher (80%) proportion of RMP resistance due to S531L mutations. 
Kembhavi et.al.also found higher proportion (89.65%) of RMP resistance due to S531L in 
their study but the lower proportion (62.3%) and (62%) of RMP resistance was reported by 
Maurya et.al. and  Farooqi et.al. respectively [25-30]. 
 
INH résistance 
 
 INH is also a bactericidal agent used as a first line drug for TB. Resistance to INH 
arises due to mutations in different genes including katG, inhA, ahpc andand other genes 
that remain to be established. In the present study, katG mutations were found in 60% and 
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40% in inhA genes. Kembhavi et.al. had reported  higher (75.86%) katG mutations and lower 
(20.66%)  inhA mutations. Maurya et.al. had also reported commonest INH mutations in 
katG (93.3%) and lower (28.9%) in inhA genes. Similarly Farooqi et.al. had reported the 
higher proportion (66.1%) of mutations in katG genes and  lower proportion (1.9%) of 
mutations  in inhA genes. High prevalence of katG mutations has been reported to confer 
resistance in high prevalence countries [24] and for a much lower proportion in lower TB 
prevalence settings presumably due to ongoing transmission of these strains [25-
27].Geographical profile of rpoB mutations in Mycobacterium tuberculosis was studied by 
Lingala et.al. reported that74% of RMP resistant isolates in their study includes common 
mutations at 531,526 and 516 region of rpoB gene. They have also reported the multiple 
silent mutations between 145-184 (outside the hot spot region) in their study [23-25]. 
 
 The main objective of our study is detection of MDR rate in new cases (Initial drug 
resistance).It is defined as the patients who have never been treated previously or treated 
for less than one month. The present overall rate of MDR-TB in India is 12-17% in among 
retreatment cases and 2-3% in new cases. In the present study the MDR rate in new cases 
was 4.2%. The increase in MDR rate can be attributed to the emergence of HIV co infection, 
lack of awareness about treatment among the infected, non-availability of well-equipped 
diagnostic laboratory and family commitments. In this study we found that LPA is an 
appropriate tool for rapid screening for MDR-TB and has the potential to substantially 
reduce the turnaround time of DST results by phenotypic methods. However, WHO 
recommendations on infrastructure, training, assurance and other requirements should be 
followed to ensure high quality results. 
 

CONCLUSION 
 
 Use of automated, molecular assays will help in early detection of drug-resistant 
cases and also helps to detect mutations. But these systems should be made affordable as 
the prices are higher than the conventional tests. 
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