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commonly affects the lungs but can potentially involve 
any system or organ of  the body. It is estimated that one 
untreated infectious TB patient is likely to infect 10-151,2 
people because when they cough or sneeze, they expel 
large amount of  droplets containing large number of  
bacteria, sputum smear positive (SSP) pulmonary TB 
patients are the most signifi cant source of  droplet nuclei, 
which carry infectious bacilli.3 The situation is made worse 
by the emergence of  drug resistant TB, particularly the 
multi-drug resistant (MDR) and extensively drug-resistant 
(XDR)4,5 TB. A case of  MDR-TB is about 20-40 times 
more expensive to manage than a case of  drug-sensitive 

INTRODUCTION

Tuberculosis (TB) is curable and preventable disease, 
which is caused by Mycobacterium TB (MTB). It most 
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Abstract

Introduction: An alarming increase in the global incidence of drug resistant Mycobacterium tuberculosis (TB) infection has created a 
critical need for methods that can rapidly identify drug resistant cases, why isoniazid and rifampicin (RIF) so important, isoniazid is the 
most powerful Mycobactericidal drug available that ensures early sputum conversion and helps in decreasing the TB transmission.

Materials and Methods: A total of 100 patients with new sputum smear positive for acid-fast bacilli were enrolled for study and 
patient excluded with the following criteria, took TB treatment for >1 month, sputum negative pulmonary TB, age >12 years, all 
extra pulmonary TB cases, patients who could not participate actively. We used molecular based mechanism to detect of the 
drug resistant mycobacterium, Line probe assay. Statistical package for the social sciences version 10 was used to analyze 
the results with P < 0.05 taken as signifi cant.

Result: Among the 100 new sputum positive patients, one of multi-drug resistant (MDR) TB, 12 are isonicotinic acid hydrazide 
(INH) mono resistant and none of the RIF mono resistant found in Bikaner, India. Our results also match with others previous 
studies, the prevalence of initial MDR was 1.1% in Bangalore (1980), 0.8% in Pondicherry (1985-1991), 0.9% in Jaipur (1989-
1991), 1% in Pune (1992-1993), and many more study support our study and World Health Organization data of drug resistant.

Conclusion: Prevalence of MDR-TB in new sputum positive patient 1%, INH monoresistance is 12%, no monoresistance 
found for RIF. The status of initial MDR-TB is low in Bikaner district, which refl ects the success of directly observed treatment, 
short-course in effective treatment of drug-susceptible TB and preventing the emergence of drug resistance. Since MDR-TB is 
rare among new TB cases, all new cases of pulmonary TB can be treated with empirical Category I regimen.
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TB.6 Although drug resistance was observed in MTB 
isolates even in the early days of  chemotherapy, the 
emergence of  strains resistant to the two most potent anti-
TB drugs-Isoniazid (H) and rifampicin (RIF) i.e. MDR-TB. 
The level of  initial drug resistance is considered to be 
an epidemiological indicator to assess the success of  the 
National TB Programmed.7

An alarming increase in the global incidence of  drug-
resistant MTB infection has created a critical need for 
methods that can rapidly identify drug-resistant cases.8,9

The choice of  technology to be used for diagnosis of  
MDR-TB has been determined as per recommendations of  
the National Laboratory Committee.10,11 Thus, for the drug 
sensitivity testing at certifi ed laboratory wherever available 
molecular Department of  Science and Technology (DST) 
(e.g. line probe assay [LPA]) is preferred diagnostic method 
because of  the rapid and highly-accurate RIF results.12

The emergence and spread of  drug resistant TB are 
threatening to destabilize global TB control. The prevalence 
of  drug resistant TB is increasing throughout the world 
both among new TB cases as well as among previously-
treated ones (Figure 1). Depicts a pie chart showing 
proportion of  estimated incident cases of  MDR TB in 
2012 World Wide.

Although previous treatment for TB is the strongest 
risk factor for the development of  drug resistant TB,13-15 
naïve patients are also at risk due to either spontaneous 
mutations or transmission of  resistant strains.16,17 The risk 
of  transmission of  resistant strains from close contacts 
is increasing day-by-day because of  the growing burden 
of  drug resistant TB patients.18 Therefore in the context 
to Bikaner division this study sought to determine the 
status of  isoniazid and RIF resistance by LPA in Bikaner 
district. MTB undergoes spontaneous, slow but constant 
mutation resulting in resistant mutant organism.19,20 This 
natural phenomenon varies for different anti-TB drug and 

is genetically determinant. Spontaneous occurrence of  
drug-resistant mutants in wild strains of  mycobacterium 
for RIF is 1 strain in 108 bacilli, for isoniazid, streptomycin, 
ethambutol, kanamycin and p-amainosalicylic acid is 
1 strain in 106 bacilli and for ethionamide, cycloserine, 
capreomycin and thiacetazone is 1 strain in 103 bacilli. 
Spontaneous occurrence of  resistant mutants for RIF and 
isoniazid both simultaneously is 1 strain in 1014 bacilli.21

Thus in a 2.5 cm cavity, which harbors 108-109 bacilli 
only one naturally RIF resistant and 100-1000 naturally 
isoniazid resistant strains may be found. This illustrates a 
very fundamental principle that MDR-TB is a man-made 
problem.22 A high bacterial load and several cycles of  
inappropriate treatment are therefore needed for signifi cant 
numbers of  drug resistance bacilli to emerge (acquired 
drug resistance). These strains can also be transmitted to 
individuals who have never before had TB and they can 
present with drug resistance TB (primary drug resistance), 
resistance can be for mono drug, poly drug, MDR 
(resistant to isonicotinic acid hydrazide [INH] and regional 
integrated pest management) with and without other drug, 
XDR (MDR plus resistant to fl oroquinolons, kanamycin, 
amikacin, capreomycin. Poly drug resistant other than INH 
and RIF at a time, Total drug resistant, resistant to all fi rst 
line and second line drug.23

Why INH and RIF so important, isoniazid is the most 
powerful Mycobactericidal drug available that ensures 
early sputum conversion and helps in decreasing the TB 
transmission. RIF because of  its mycobactericidal and 
sterilizing activities is crucial for preventing relapses. Thus, 
Isoniazid and RIF are the keystones in TB management. 
Molecular mechanism of  drug resistant of  isoniazid 
resistant, mutation in katG is the main mechanism of  
INH resistance.24 KatG S315T mutation is the most 
common mutation in INH-resistant strains, especially 
in high level resistant strains (minimum inhibitory 
concentration [MIC]>5 μg/ml) low-level resistant strains 
(MIC<1 μg/ml) often still possess catalase activity.25,26 
Accounting for 50−95% of  INH-resistant clinical 
isolates.27 Mutations in inhA or its promoter region are 
usually associated with low-level resistance (MICs = 
0.2-1 μg/ml) and are less frequent than katG mutations. 
INH-resistant MTB harboring inhA mutations could have 
additional mutations in katG, conferring higher levels 
of  INH resistance28,29 mutations in inhA not only cause 
INH resistance, they also confer cross-resistance to the 
structurally related drug, ethionamide. RIF resistant, RIF 
is a potent inhibitor of  DNA dependent RNA polymerase. 
RNA polymerase consists a core enzyme having 4 
polypeptide chains α2ββ’ and an additional subunit σ that 
allows promoter recognition for initiation of  transcription. 
These proteins and subunits (αββ’σ) are coded by different 
genes known as rpoA, rpoB, rpoC and rpoD respectively. 

Figure 1: Proportion of estimated incident cases of 
MDR TB in 2012
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RIF resistance (>96%) has been associated with mutations 
in the rpoB gene. Genetic probes which detect drug 
resistance to RIF with >95% accuracy are very suggestive 
of  MDR-TB; <10% of  RIF resistance is monoresistant so 
the RIF resistance is a surrogate marker for MDR-TB in 
>90% of  cases. In an Indian study Siddhiq et al.30,31 found 
that most isolates had mutations at cod on 531. Mutations 
at 516 and 521 are associated with low level resistance (MIC 
<40 μg/ml) and mutations at 510, 526, 527, 528, 531 are 
associated with high level resistance (MIC >64 μg/ml). LPA 
It is a manual and automated system, which is validated for 
SSP samples. Two commercial assay are available INNO-
Lipa test a geno type MTB complex assay use for rpoB gene 
mutation for RIF. InhA and KatG mutation for isoniazid, 
these also can be used for disease differentiation form 
MOTT. LPA s are highly sensitive (≥97%) and specifi c 
(≥99%) for the detection of  RIF resistance, alone or in 
combination with isoniazid (sensitivity ≥90%; specifi city 
≥99%), on isolates of  MTB and on smear-positive sputum 
specimens.32,33 Overall accuracy for detection of  MDR-TB 
was equally high at 99% and retained when RIF resistance 
alone was used as a marker for MDR.34

LPA s are not a complete replacement for conventional 
culture and DST, as mycobacterial culture is still required 
for smear-negative specimens while conventional DST is 
still necessary to confi rm XDR-TB.35,36 Limitation of  LPA: 
Not applicable for sputum negative and extra pulmonary 
TB cases. Requires highly sophisticated infrastructure. 
Skilled and highly trained persons are required. The global 
incidence of  primary and secondary resistance was 3.6% 
and 20.2%, respectively. Drug XDR TB had been reported 
by 92 countries globally by the end of  2012.

Revised National TB Control Programme (RNTCP) has 
recently undertaken three communities based state level drug 
resistance surveillance studies in Gujarat, Maharashtra and 
Andhra Pradesh and estimated the prevalence of  MDR-TB to 
be about 3% in new cases and 12-17% in re-treatment cases.

MATERIALS AND METHODS

One hundred patients with new SSP for acid-fast bacilli 
(AFB) were included in this prospective study.

The patients who had taken TB treatment for >1 month, 
sputum negative pulmonary TB, age >12 years, all extra 
pulmonary TB cases, patients who could not participate 
actively were excluded from the study. Thorough 
examination of  the respiratory system and sputum for 
AFB smears × 2 samples as per RNTCP guidelines the 
samples were transported immediately to intermediate 
reference laboratory (IRL), Ajmer.37 Other investigation 

including hematology (complete blood count, rythrocyte 
sedimentation rate), X-ray chest posterioranterior View, 
blood Sugar and HIV were done. LPA technology involves 
the following steps.38 DNA is extracted from MTB isolates 
or directly from clinical specimens. Polymerase chain 
reaction (PCR) amplifi cation of  the resistance-determining 
region of  the gene under question is performed using 
biotinylated primers. Following amplifi cation, labeled 
PCR products are hybridized with specifi c oligonucleotide 
probes immobilized on a strip. Captured labeled hybrids 
are detected by colorimetric development, enabling 
detection of  the presence of  MTB complex, as well as the 
presence of  wild-type and mutation probes for resistance. 
LPA testing should be performed in three separate rooms 
and World Health Organization (WHO) recommendation 
manner. DNA extraction should be performed in 
the biosafety level-3 (BSL-3) laboratory, master mix 
preparation in a second room, and PCR and hybridization 
were performed in a third laboratory. If  a mutation is 
present in one of  the target regions, the amplicon will not 
hybridize with the relevant probe. Mutations are therefore 
detected by the lack of  binding to wild-type probes, as well 
as by binding to specifi c probes for the most commonly 
occurring mutations.39 The post-hybridization reaction 
leads to the development of  colored bands on the strip at 
the site of  probe binding and is observed by eye.

LPA are highly sensitive (≥97%) and specifi c (≥99%) for 
the detection of  RIF resistance, alone or in combination 
with isoniazid (sensitivity ≥90%; specifi city ≥99%), on 
isolates of  MTB and on smear-positive sputum specimens. 
Overall accuracy for detection of  MDR was equally high at 
99% and retained when RIF resistance alone was used as 
a marker for MDR. LPA are not a complete replacement 
for conventional culture and DST, as mycobacterial 
culture is still required for smear-negative specimens while 
conventional DST is still necessary to confi rm XDR-TB. 
Sputum samples, which were found positive by ziehl-
neelsen staining at the IRL lab, Ajmer, were subjected to 
LPA testing to detect isoniazid and RIF resistance.

The geno type MTB plus LPA was performed according to 
the manufacturer’s (Hain Lifescience, Nehren, Germany) 
instructions. Three steps for LPA test included DNA 
extraction, multiplex PCR amplification and reverse 
hybridization. These steps were carried out in three separate 
rooms with restricted access and unidirectional workfl ow. 
Mycobacterium DNA was extracted in BSL-3 laboratory 
according to manufacturers’ instructions. Briefl y, 500 μl of  
decontaminated sputum sample was centrifuged at 10,000 
× g for 15 min, the supernatant was discarded, 100 μl 
lysis buffer (A-LYS) was added. Then it was resuspended 
and incubated for 5 min at 95°C, 100 μl neutralization 
buffer (A-NB) was added and centrifuged for 5 min at 
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full speed in a centrifuge. A volume of  5 μl of  the DNA 
supernatant was used for PCR while the remainder was 
stored at 20°C. Master mixture for amplifi cation consisted 
of  10 μl amplifi cation mix-A (provided with kit), 35 μl of  
amplifi cation mix -B (provided with kit) and 5 μl of  DNA 
supernatant in a fi nal volume of  50 μl. The amplifi cation 
protocol consisted of  15 min of  denaturation at 95°C, 
followed by 20 cycles comprising denaturation at 95°C for 
30 s and 65°C for 2 min. This was followed by 30 cycles 
comprising 95°C for 25 s, 50°C for 40 s and 70°C for 40 sec 
and a fi nal extraction at 70°C for 8 min. Hybridization was 
performed with the automatic machine (GT blot-48). After 
hybridization and washing, strips were removed, fi xed on 
paper and results were interpreted.39 Each strip of  LPA had 
27 reaction zones (bands), including six controls (conjugate, 
amplification, MTB complex (TUB), rpoB, katG and 
inhA controls), eight rpoB wild-type (wt1-wt8) and four 
mutant probes (rpoBMUT1, rpoBMUT2A, rpoBMUT2B, 
and rpoBMUT3), one katG wild-type and two mutant 
probes (katGMUT1 and katGMUT2), and two inhA wild 
type and four mutant probes (inhAMUT1,inhAMUT2, 
inhAMUT3A, inhAMUT3B). Either missing of  wild-type 
band or the presence of  mutant band was taken as an 
indication of  a resistant strain. Incomplete amplifi cation of  
RIF and/or INH genes was considered as an invalid result.

Statistical Analysis
According to the reports of  IRL lab Ajmer, statistical 
analysis was done. Appropriate test was applied as and when 
required using statistical package for the Social Sciences 
Software version 10.0 and isoniazide and RIF and both 
resistances were calculated. Ethical approval for the study 
was obtained by the Institutional Review Board.

OBSERVATION AND RESULTS

Observations of  100 patients in different parameters 
e g., data according geographical distribution, out of  that 
most of  the patient form rural (57.1%) of  Bikaner and 
there were 43% from urban back ground. Majority of  
the cases were farmers (28%) followed by house wives 
(27%). Laborer and students constituted to the tune of  
13%, and others were 12%. Seven percent of  cases were 
Government employees. The addiction to smoking in 25% 
cases and 9% were for alcohol, and 5% were for tobacco. 
Only one case was consuming opium, 68% cases had no 
addiction symptomatically Majority of  cases were having 
cough (94%), fever in 89% cases. 49% cases reported 
expectoration, 39% loss of  appetite, 46% had weight loss 
(Table 1). Breathlessness and chest pain was reported by 24 
and 34% cases, respectively. Comorbiditize were: Diabetes 
7%, HIV 3%, Hypertension 2%, ischemic heart disease 2%. 
Resistance to isoniazid 12%, RIF 0 and MDR in only one 

case. According to age, it is evident that out of  12 cases 
having resistance with Isoniazid, 4 cases were present in age 
group 51-60 years followed by 3 cases each in age group 12-
20 and 21-30 years (Table 2). One case was in 41-50 age 
group and one was in 61-70 age group. Only 1 MDR case 
found in age group 61-70 year of  age. The data show that 
out of  12 isoniazid resistant cases, 6 were males and 6 were 
females, and 1 MDR case was male. Of  12 cases having 
resistance to isoniazid, 3 were farmers, 4 were house wives, 
2 were students, 1 was Government employee, 1 laborer 
and others. The 1 case of  MDR was farmer. None of  the 
patients had RIF monoresistance. Perusal of  data reveals 
that out of  12 cases resistant to isoniazid, 7 were having 
no addiction. However, 5 cases were addicted to smoking 
and alcohol both, out of  which 1 case was addict to opium 
also in addition to smoking and alcohol. The only case of  
MDR was habitual of  smoking and alcoholism.

Out of  total resistant cases, only one (diabetes) co 
morbidity was found. Majority of  cases having isoniazid 
resistance were recorded in socio-economic status (SES) 
Class III-V (P < 0.001). Data reveals that the 7 isoniazid 
resistant cases had a history of  contact with known case of  
TB and 1 multi drug resistant case had a history of  contact 
with known case of  MDR-TB.

DISCUSSION

The present study was prospective done on consecutively 
enrolled 100 patients in the Department of  Respiratory 
Medicine, Sardar Patel Medical College, Bikaner, Rajasthan. 
The demographic profi le of  our patients was similar to 
other series, with a majority (61.89%) of  male patients in 
the economically productive age group.

The mean age of  our cohort was 41.7 years whereas 
mean age for males and females was 44.14 years and 
37.54 years, respectively. Majority (63%) of  patients belong 
to economically productive age group. In a similar study 
at Delhi, mean age of  the patients was 27.8 ± 10.2 year; 
59 (27%) were females.

Table 1: Distribution of the study patients 
according to their symptoms
Symptoms Number n=100 Percentage
Cough 94 94.00
Expectoration 49 49.00
Loss of appetite 39 39.00
Weakness 59 59.00
Weight loss 46 46.00
Fever 89 89.00
Hemoptysis 17 17.00
Breathlessness 24 24.00
Chest pain 34 34.00
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According to WHO global report 2013, prevalence of  
primary/initial drug resistance in India was around 2.2%. 
The prevalence of  initial MDR, isoniazid monoresistance 
and RIF monoresistance observed in different studies in 
different institutes and tertiary care centers India and result 
were founds, ranged from 0.5% to 3%, 10.4-15.2% and 
0.5-2% respectively from years 1999 to 2005.40

In the previous studies the prevalence of  initial MDR was 
1.1% in Banglore41 (1980), 0.8% in Pondicherry42 (1985-
1991), 0.9% in Jaipur43 (1989-1991), 1% in Pune44 (1992-
1993), and many more study support our study. However, 

Anuradha et al., showed 1.5% RIF monoresistance. In the 
present study monoresistance to, isoniazid was 12%. In 
2009, Ramachandran et al., also found (11%) similar results.

Risk factors for drug resistant TB: Here factors are, contact 
history, low SES and illiteracy were found to be associated 
with drug resistance.

In this study, the association between age and gender with 
drug resistance not signifi cant. However, according to 
WHO report on MDR and XDR surveillance 2010 data 
from many countries showed no association between drug 
resistance and gender of  the patient. MDR-TB surveillance 
data in 13 Countries of  Central and Eastern Europe showed 
that peak of  MDR-TB was seen at 35-44 years of  age.45

Our work showed that the association known for centuries 
between TB and poverty also applies to MDR-TB. In this 
study, majority of  drug resistant TB patients were of  low 
SES and uneducated, which was similar to Turkey study.46 
In the present study, no signifi cant association was found 
between addiction and initial drug resistance. The issue 
of  HIV infection being a risk factor for drug resistant 
TB has been discussed for several years. Here 3% patient 
were positive for HIV and none of  them were having drug 
resistance, Therefore, the HIV positive status and MDR may 
be events independent of  each other in the present study. 
Bashar et al., found a signifi cant association between diabetes 
and MDR-TB. In present study, 7 patients were diabetic, and 
none of  them are MDR TB, was isoniazid mononresistance. 
In the present study, signifi cant association was found 
between contact history and drug resistance.1

CONCLUSIONS

The status of  initial MDR-TB is low in Bikaner district, which 
refl ects the success of  directly observed treatment, short-
course in effective treatment of  drug-susceptible TB and 
preventing the emergence of  drug resistance. Since MDR-TB 
is rare among new TB cases, all new cases of  pulmonary TB 
can be treated with empirical Category I regimen.

REFERENCES

1. Chakraborty AK. Epidemiology. In: Sharma SK, Mohan A, Raviglione MC, 
editors. Tuberculosis. 2nd ed. 2011. p. 16-51.

2. Key facts about tuberculosis. Available from: http://www.who.int/
mediacentre/factsheets/fs104/en. [Last accessed on 2015 Jan 10].

3. TB India 2013. Revised National Tuberculosis Control Programme. Annual 
Status Report; Introduction. 2013. p. 12.

4. Pratt RJ. Extensively drug-resistant (XDR) tuberculosis: A new threat to 
global public health. Br J Infect Control 2007;8:20-2.

5. Dheda K, Shean K, Zumla A, Badri M, Streicher EM, Page-Shipp L, et al. 
Early treatment outcomes and HIV status of patients with extensively drug-
resistant tuberculosis in South Africa: A retrospective cohort study. Lancet 
2010;375:1798-807.

Table 2: Distribution of various parameters in the 
patients with resistance to anti-tubercular drug
Parameter Isoniazid 

resistance
RIF 

resistance
MDR

Age group
12-20 3 0 0
21-30 3 0 0
31-40 0 0 0
41-50 1 0 0
51-60 4 0 0
61-70 1 0 1
>70 0 0 0

Gender
Male 6 0 0
Female 6 0 0

Occupation
Farmer (n=28) 3 0 1
Government employee (n=07) 1 0 0
Laborer (n=13) 1 0 0
Housewife (n=27) 4 0 0
Student (n=13) 2 0 0
Other (n=12) 1 0 0

Comorbidity
Diabetes mellitus (07) 01 0 0
HIV (03) 0 0 0
Hypertension (02) 0 0 0
IHD (02) 0 0 0

Socio economic scale 
(Modifi ed kuppuswamy scale)

I 0 0 0
II 01 0 0
III 0 0 0
IV 03 0 0
V 09 0 01

Addiction
Nil (n=68) 7 0 0
Smoker (n=25) 5 0 1

History of contact
Yes 7 0 1
No 5 0 0

Education
Illiterate (n=61) 06 0 01
R and W (n=06) 0 0 0
Primary (n=07) 02 0 0
Middle (n=08) 02 0 0
Secondary (n=07) 02 0 0
Senior secondary (n=05) 01 0 0
Graduate (n=06) 0 0 0

MDR: Multi drug resistance, RIF: Rifampicin



Saugat et al.: Multi-Drug Resistant Tuberculosis detection by Line Probe Assay

95 International Journal of Scientifi c Study | February 2015 | Vol 2 | Issue 11

6. World Health Organization. On Anti-tuberculosis Drug Resistance 
Surveillance. Publication No. WHO/HTM/TB/2008.394. Geneva, 
Switzerland: World Health Organization; 2008.

7. Farmer P, Bayona J, Becerra M, Furin J, Henry C, Hiatt H, et al. The dilemma 
of MDR-TB in the global era. Int J Tuberc Lung Dis 1998;2:869-76.

8. Moore DA, Evans CA, Gilman RH, Caviedes L, Coronel J, Vivar A, et al. 
Microscopic-observation drug-susceptibility assay for the diagnosis of TB. 
N Engl J Med 2006;355:1539-50.

9. Guidelines for PMDT in India. Available from: http://www.tbcindia.nic.
in/pdfs/Guidelines%20for%20PMDT%20in%20India%20-%20May% 
202012.pdf. [Last accessed on 2015 Jan 10].

10. Sharma SK, Mohan A. Multidrug-resistant tuberculosis: A menace that 
threatens to destabilize tuberculosis control. Chest 2006;130:261-72.

11. Espinal MA, Laserson K, Camacho M, Fusheng Z, Kim SJ, Tlali RE, et al. 
Determinants of drug-resistant tuberculosis: Analysis of 11 countries. Int J 
Tuberc Lung Dis 2001;5:887-93.

12. Casal M, Vaquero M, Rinder H, Tortoli E, Grosset J, Rüsch-Gerdes S, et al. 
A case-control study for multidrug-resistant tuberculosis: Risk factors in 
four European countries. Microb Drug Resist 2005;11:62-7.

13. Paramasivan CN, Venkataraman P. Drug resistance in tuberculosis in India. 
Indian J Med Res 2004;120:377-86.

14. Snider DE Jr, Kelly GD, Cauthen GM, Thompson NJ, Kilburn JO. Infection 
and disease among contacts of tuberculosis cases with drug-resistant and 
drug-susceptible bacilli. Am Rev Respir Dis 1985;132:125-32.

15. Zignol M, Hosseini MS, Wright A, Weezenbeek CL, Nunn P, Watt CJ, 
et al. Global incidence of multidrug-resistant tuberculosis. J Infect Dis 
2006 15;194:479-85.

16. Sharma SK, Mohan A. The implications of multidrug resistant tuberculosis. 
Eur Infect Dis 2007;1:52-4.

17. Sharma SK, Turaga KK, Balamurugan A, Saha PK, Pandey RM, Jain NK, 
et al. Clinical and genetic risk factors for the development of multi-drug 
resistant tuberculosis in non-HIV infected patients at a tertiary care center 
in India: A case-control study. Infect Genet Evol 2003;3:183-8.

18. Sharma SK, Guleria R, Jain D, Chawla TC, Saha P, Mohan A, et al. Effect 
of additional oral ofl oxacin administration in the treatment of multidrug-
resistant tuberculosis. Indian J Chest Dis Allied Sci 1996;38:73-9.

19. Bustreo F, Migliori GB, Nardini S, Raviglione MC. Antituberculosis drug 
resistance: Is it worth measuring? The WHO/IUATLD Working Group on 
Antituberculosis Drug Resistance Surveillance. Monaldi Arch Chest Dis 
1996;51:299-302.

20. Zhang Y, Yew WW. Mechanisms of drug resistance in Mycobacterium 
tuberculosis. Int J Tuberc Lung Dis 2009;13:1320-30.

21. Mendez AP. How many drug-resistant tubercle bacilli can be found in the 
sputum of patients who have never received treatment for tuberculosis? 
In: Toman’s Tuberculosis; Case Detection, Treatment, And Monitoring – 
Questions And Answers 2nd ed. Geneva: WHO; 2004. p. 203-06.

22. Espinal M. What is the “fall and rise” phenomenon and the “sequential 
regimen” mechanism? Toman’s Tuberculosis Case Detection, Treatment, and 
Monitoring – Questions and Answers. 2nd ed. Geneva: WHO; 2004. p. 200-1.

23. Udwadia Z. Emergence of new forms of totally drug-resistant tuberculosis 
bacilli. Chest  2009;134:187-192.

24. Shoeb HA, Bowman BU Jr, Ottolenghi AC, Merola AJ. Peroxidase-mediated 
oxidation of isoniazid. Antimicrob Agents Chemother 1985;27:399-403.

25. Middlebrook G. Isoniazid-resistance and catalase activity of tubercle 
bacilli; A preliminary report. Am Rev Tuberc 1954;69:471-2.

26. Hazbón MH, Brimacombe M, Bobadilla del Valle M, Cavatore M, 
Guerrero MI, Varma-Basil M, et al. Population genetics study of isoniazid 
resistance mutations and evolution of multidrug-resistant Mycobacterium 
tuberculosis. Antimicrob Agents Chemother 2006;50:2640-9.

27. Heym B, Alzari PM, Honoré N, Cole ST. Missense mutations in the 
catalase-peroxidase gene, katG, are associated with isoniazid resistance in 
Mycobacterium tuberculosis. Mol Microbiol 1995;15:235-45.

28. Deretic V, Philipp W, Dhandayuthapani S, Mudd MH, Curcic R, Garbe T, 
et al. Mycobacterium tuberculosis is a natural mutant with an inactivated 
oxidative-stress regulatory gene: Implications for sensitivity to isoniazid. 
Mol Microbiol 1995;17:889-900.

29. Musser JM. Antimicrobial agent resistance in mycobacteria: Molecular 
genetic insights. Clin Microbiol Rev 1995;8:496-514.

30. Kapur V, Li LL, Iordanescu S, Hamrick MR, Wanger A, Kreiswirth BN, 
et al. Characterization by automated DNA sequencing of mutations in 
the gene (rpoB) encoding the RNA polymerase beta subunit in rifampin-
resistant Mycobacterium tuberculosis strains from New York City and 
Texas. J Clin Microbiol 1994;32:1095-8.

31. Siddiqi N, Shamim M, Hussain S, Choudhary RK, Ahmed N, Prachee, 
et al. Molecular characterization of multidrug-resistant isolates of 
Mycobacterium tuberculosis from patients in North India. Antimicrob 
Agents Chemother 2002;46:443-50.

32. Drobniewski FA, Pozniak AL. Molecular diagnosis, detection of drug 
resistance and epidemiology of tuberculosis. Br J Hosp Med 1996;56:204-8.

33. World Health Organisation. Policy statement. Molecular line probe assays 
for rapid screening of patients at risk of multidrug resistant tuberculosis 
(MDR-TB), 27 June 2008. Available from: http://www.who.int/tb/dots/
laboratory/lpa_policy.pdf. [Last accessed on 2015 Jan 10].

34. Singhal R, Arora J, Lal P, Bhalla M, Myneeedu VP, Behera D. Comparison 
of line probe assay with liquid culture for rapid detection of multi-
drug resistance in Mycobacterium tuberculosis. Indian J Med Res 
2012;136:1044-7.

35. WHO Multidrug-resistant tuberculosis (MDR-TB), 2013. Available from: 
http://www.who.int/tb/challenges/mdr. [Last accessed on 2015 Jan 10].

36. Global Tuberculosis Control, 2011. WHO: Geneva; 2011. Available 
from: http://www.who.int/tuberculosis/publications/global_report/. [Last 
accessed on 2015 Jan 10].

37. Revised National Tuberculosis Control Programme (RNTCP), Central TB 
Division Directorate General of Health Services, Manual For Laboratory 
Technicians, May 1999. p. 14.

38. Albert H, Bwanga F, Mukkada S, Nyesiga B, Ademun JP, Lukyamuzi G, 
et al. Rapid screening of MDR-TB using molecular Line Probe Assay is 
feasible in Uganda. BMC Infect Dis 2010;10:41.

39. Anek-Vorapong R, Sinthuwattanawibool C, Podewils LJ, McCarthy K, 
Ngamlert K, Promsarin B, et al. Validation of the GenoType MTBDRplus 
assay for detection of MDR-TB in a public health laboratory in Thailand. 
BMC Infect Dis 2010 20;10:123.

40. D’souza DT, Mistry NF, Vira TS, Dholakia Y, Hoffner S, Pasvol G, 
et al. High levels of multidrug resistant tuberculosis in new and treatment-
failure patients from the Revised National Tuberculosis Control Programme 
in an urban metropolis (Mumbai) in Western India. BMC Public Health 
2009 29;9:211.

41. Chandrasekaran S, Chauhan MM, Rajalakshmi R, Chaudanti-tuberculosis 
drugs in patients attending an urban district tuberculosis centre. Indian J 
Tuber 1990;37:215-6.

42. Jena J, Panda BN, Nema SK, Ohri VC, Pahwa RS. Drug resistance pattern 
of mycobacterium tuberculosis in a chest diseases hospital of armed forces. 
Lung India 1995;13:56-9.

43. Joseph MR, Shoby CT, Amma GR, Chauhan LS, Paramasivan CN. 
Surveillance of anti-tuberculosis drug resistance in Ernakulam District, 
Kerala State, South India. Int J Tuberc Lung Dis 2007;11:443-9.

44. Chandrasekaran S, Jagota P, Chaudhuri K. Initial drug resistance to 
antituberculosis drugs in urban and rural district tuberculosis programme. 
Indian J Tuber 1992;39:171-5.

45. Fleming MF, Krupitsky E, Tsoy M, Zvartau E, Brazhenko N, Jakubowiak W, 
et al. Alcohol and drug use disorders, HIV status and drug resistance in a 
sample of Russian TB patients. Int J Tuberc Lung Dis 2006;10:565-70.

46. Spellman CW, Matty KJ, Weis SE. A survey of drug-resistant Mycobacterium 
tuberculosis and its relationship to HIV infection. AIDS 1998;12:191-5.

How to cite this article: Saugat R, Soni G, Chabda M, Mathur BB, Gujrani M, Thakral P, Modi CS, Kapoor A. Study of Isoniazid and 
Rifampicin Resistance among New Sputum Smear Positive Pulmonary Tuberculosis Patients by Line Probe Assay in Bikaner. Int J Sci 
Stud 2015;2(11):90-95.

Source of Support: Nil, Confl ict of Interest: None declared.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


