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Introduction 
 

Tuberculosis (TB) remains as a major global 

public health problem, affecting millions of 

people each year. Worldwide incidence of TB 

was 10.4 million in 2015, among them 5.9 

million (56%) were males, 3.5 million (34%) 

were females and 1.0 million (10%) among 

children (1). India accounts for one fourth of 

the global TB burden. An estimated incidence 

of TB cases occurred was 28,00,000 and 

4,80,000 people died due to TB. Over 25% of 

patients seeking care in India’s public sector 

are neither diagnosed nor started on treatment  

 

 

 

 

 

 

 

 

(2). Tuberculosis (TB) is the second largest 

killer worldwide, after HIV and is the leading 

cause of death in HIV patients. Pulmonary TB 

spreads through aerosols and is highly 

contagious. Over 80% of TB infections are 

pulmonary and if left untreated, a pulmonary 

TB patient can infect up to 10-15 other people 

through close contact over the course of a 

year(3). Due to the highly infectious nature of 

pulmonary TB, it is important to diagnose and 

treat the disease very early. Despite the 

availability of highly effective treatment for 

decades, TB remains a major global health 
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Tuberculosis is a major public health problem and second largest cause of death 

among infectious diseases. Rapid diagnosis of tuberculosis and detection of drug 

resistance is essential for effective disease control. WHO has endorsed the use of 

Line Probe assay (genotype MTBDR plus, Hain Life science) and the Xpert 

MTB/RIF assay (Cepheid, Sunnywale, USA) for rapid diagnosis of DRTB. The 

aim of this study is to know the prevalence of TB and its resistance pattern by 

using CBNAAT and LPA in Govt. General hospital, Kurnool. This is a 

prospective study done during the period from Jan 2016 to December 2016; all the 

samples were tested as per the RNTCP guidelines by using CBNAAT and LPA. 

Out of 1650 sputum samples, 280 (16.97%) were positive for Mycobacterium 

tuberculosis. Out of these, 18 (6.42%) showed Rifampicin (RIF) resistance by 

CBNAAT and 22 (7.8%) by LPA. Molecular technologies like LPA and Xpert 

MTB/RIF are the most promising technologies to detect drug resistance. The LPA 

test detects RIF due to mutation in rpoB gene as well as INH resistance due to 

mutations in the inhA and katG genes, while the Xpert MTB/RIF can detect only 

RIF resistance. In such cases LPA has greater role to play. 
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problem mainly because of poor case 

detection (4). The most common method for 

diagnosing pulmonary TB worldwide is 

sputum smear microscopy. However 

sensitivity of direct smear microscopy is low 

and estimates range from 30% to 70%. It is 

even lower in case of HIV-infected patients. 

Culture is more sensitive than microscopy and 

is considered the current gold standard. 

Culture requires specialized and controlled 

laboratory facility and highly skilled 

manpower and takes 2 to 6 weeks to provide 

the result. Molecular techniques such as 

polymerase chain reaction (PCR) or Real 

Time PCR are much more sensitive than 

microscopy and culture. However these tests 

have so far been restricted to centralized 

reference laboratories as they require skilled 

manpower and elaborate infrastructure. Also 

the turnaround time for results could take a 

few days (5,6).  

 

Moreover Drug resistance is a major issue in 

the treatment of tuberculosis. Drug resistance 

is because of either mismanagement of TB 

patients- wrong diagnosis, delay in diagnosis, 

wrong or interrupted treatment and 

injudicious use of both first and second line 

drugs. Multiple approaches to improve 

diagnosis of TB are in development. Amongst 

these are CBNAAT (GeneXpert) and LPA, 

endorsed by WHO to be used in RNTCP for 

rapid diagnosis of MTB and detection of 

Rifampicin resistance (7). 
 

Cartridge-based nucleic acid amplification 

test (CBNAAT) 

 

The CB-NAAT is a semi-quantitative nested 

real-time PCR which detects both MTB and 

RIF resistance directly from clinical 

specimens. It is the WHO-recommended 

method in 2010 for the diagnosis of both 

Pulmonary and Extrapulmonary TB and for 

diagnosing Paediatric TB. Under the current 

RNTCP guidelines, it is recommended for 

diagnosis of drug resistant-TB (DR-TB) in 

presumptive DR-TB and upfront diagnosis of 

TB in key population like paediatric 

tuberculosis, extra-pulmonary cases and 

people living with HIV. The analytical limit is 

131 CFU/ml and the TAT is 2–3 h. Results 

can be ideally available while patient waits in 

the clinic. Because the cartridges are self-

contained, the problem of cross-

contamination between samples is eliminated. 

Sputum is liquefied and inactivated with a 

sample reagent which kills over 99.9% of TB 

bacilli in the specimen, and 2 ml of the 

material is transferred into a cartridge and this 

is inserted in the MTB-RIF test platform. 

Inside the cartridge, the sample is 

automatically filled, washed, filtered by 

ultrasonic lysis of the filter captured 

organisms to release the DNA. It uses three 

specific primers and five unique molecular 

probes to ensure high degree of specificity. 

The primers amplify a portion of 

the rpoB gene 81 bp RIF resistance 

determining region. The probes are capable to 

differentiate between wild-type (WT) and 

conserved sequence and mutations in the core 

region (8). 
 

The sensitivity was 99.8% for smear- and 

culture-positive cases and 90.2% for smear-

negative, culture-positive cases.
(29)

 . The 

estimated specificity was 99.2% for a single 

direct MTB/RIF test, 98.6% for two 

MTB/RIF tests and 98.1%. The MTB/RIF test 

correctly detects RIF resistance with a 

sensitivity of 99.1% and 100% specificity. 

Thus, the test detects TB in essentially all 

smear-positive samples and the majority of 

smear-negative samples. The presence of non-

tuberculous Mycobacteria  does not confound 

testing. The cartridges are stable at room 

temperature. Issue to be considered while 

using CB-NAAT is the presence of mono-

resistance to INH which is not detected in this 

test. INH mono-resistance is documented to 

be 7%–11% in the first-line treatment failures 

and newly diagnosed and previously untreated 

patients, respectively (9). Loss of therapeutic 
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efficacy of this important anti-TB drug has 

considerable implications for treatment and 

control strategies. Both live and dead bacilli 

are picked up by the CB-NAAT thus making 

this test in the current format useless to assess 

post-therapy efficacy. Concerns exist 

regarding false-positive RIF resistance 

results; hence, samples found to be resistant 

must be confirmed by a second Xpert 

MTB/RIF test or an LPA and phenotypic 

culture testing. In case an indeterminate result 

is obtained on the first specimen, a repeat 

testing of a new specimen by CBNAAT is 

required, if the result of this is also 

indeterminate, testing by culture and DST or 

Line Probe assay is mandated. Each cartridge 

has its internal quality control viz. sample 

processing control and Probe Check control. 

If Probe check control fails the test is stopped 

and an error is generated (>5% errors need to 

be investigated). The sample processing 

control must be positive when MTB is NOT 

detected but may be positive or negative is 

MTB is detected. The test requires a trained 

and computer-literate operator, a stable 

supply of electricity and air-conditioned 

settings (10).  

 

Line probe assay (LPA)  

 

This strip test detects TB DNA and genetic 

mutations associated with drug resistance 

from sputum specimens or culture isolates 

after DNA extraction and PCR amplification. 

This is a hybridisation assay that allows 

differentiation between Mycobacterium 

species. Each strip consists of 27 reaction 

zones (bands), including six controls 

(conjugate, amplification, M. tuberculosis 

complex, rpoB, katG and inhA controls), eight 

rpoB WT and four mutants (MUT) probes, 

one katG WT and two MUT probes and 

two inhA WT and four MUT probes. 

Theoretically the TAT is 5–6 h but the entire 

procedure usually takes upto 72 hours. It has a 

good sensitivity and specificity when 

performed on smear-positive and on culture 

isolates. WHO has endorsed LPA for MDR-

TB in 2009. Two commercially available 

products are (1) InnoLiPA assay-

Innogenetics, Belgium, and (2) Hain 

Lifescience GenoType
® 

 MTBDRplus. 

LPAs are as complex to perform as 

conventional culture and DST and require 

skilled and well-trained laboratory personnel, 

as well as adequate laboratory space and 

design (BSL-2/3 level laboratory with Class II 

Biological Safety Cabinet) to reduce the risk 

of false-positive results.  

 

Hence, this study was taken up to show 

importance of bacteriological confirmation 

for accurate and early treatment. The aim of 

this study is to know the prevalence of 

Pulmonary tuberculosis and its resistance 

pattern, by using CBNAAT and LPA and to 

stratify the patients based on the variables like 

age, sex, New or Previously treated case and 

drug resistance. 

 

Materials and Methods 

 

This is a prospective study done during the 

period from Jan 2016 to December 2016; all 

the samples were tested as per the RNTCP 

guidelines by using CBNAAT and LPA. 

Samples from Presumptive TB and 

Presumptive DR-TB were collected in the 

DTCO office, Kurnool and processed by 

CBNAAT at department of Microbiology, 

Government Medical College, Kurnool.  

 

Samples which were positive in CBNAAT 

were transported in cold chain to Damien 

Foundation Urban Leprosy and TB centre, 

Nellore which is operated by DFIT for I line 

and II line LPA. The lab is accredited as an 

IRL for LPA testing. Since the observations 

were made as a part of National TB control 

program, a separate ethical clearance was not 

required. 
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The samples were processed using NALC-

NaOH method. Samples were decanted 

following centrifugation and the sediments 

were resuspended in phosphate buffer 

solution. The LPA was performed according 

to the manufacturer’s protocol. Results were 

obtained by e-mail to the DTCO office within 

a week. 

 

Results and Discussion 

 

CBNAAT Results 

 

Total number of sputum samples included in 

this study was 1650, which are tested by 

CBNAAT. Among these, 280 (16.97%) were 

positive to Mycobacterium tuberculosis 

(MTB). Out of these, 18 (6.42%) showed 

rifampicin (RIF) resistance. Out of these 

MTB positive cases, presumptive TB cases 

were 112 and presumptive DRTB were 168. 

Rifampicin resistance was more among 

Presumptive DRTB cases 7.14% as compared 

to presumptive TB cases 5.35%. 

 

MTB detected :  280 (16.97%) 

Presumptive TB : 

112 

Presumptive DR-TB : 

168 

R 

sensitive 

R 

resistant 

R 

sensitive 

R resistant 

105 6(5.35%) 157 12(7.14%) 

 

Most of the samples were from age group 40-

60 (46.67%) followed by 20-40 (36.54%) 

 

Age in years No. of samples  

0-20 121 (7.33%) 

20-40 603 (36.54%) 

40-60 770 (46.67%) 

>60 156 (14.02%) 

Total 1650 

 

Out of the total 1650 cases, Males were 1024 

(62.06%); amongst them, MTB was detected 

in 194 (18.94%) and Rifampicin resistance 

seen in 13 (6.70%). Females contributed to 

626 (37.93%); amongst them MTB was 

detected in 86 (13.73%) and Rifampicin 

resistance seen in 5 (5.81%). 

 

 
 

LPA results 

 

All the RIF resistant cases by CBNAAT were 

RIF resistant by LPA also. In addition 4 cases 

were detected as RIF resistant contributing to 

total of 22 RIF resistant cases (7.85%). 8 

cases (2.85%) were detected resistant to only 

INH i.e. H Mono resistance. 45 cases 

(16.07%) showed resistance to both INH and 

RIF.  Treatment was started for MDR-TB and 

H Mono resistance depending on the LPA 

results. 

 

There is an urgent need for rapid diagnostic 

methods for early diagnosis and initiation of 

treatment of Tuberculosis. Over the last years, 

efforts have been made to improve and 

develop rapid diagnostic tools and drug 

susceptibility testing (DST) for TB. During 

this period, the World Health Organization 

(WHO) had issued 10 policy statements for 

improving diagnosis of TB, including the use 

of commercial and noncommercial DST 

methods and implementation of molecular 

methods such as the line probe assay (LPA) 

and Xpert MTB/RIF (or GeneXpert) assay 

(11). These molecular methods are developed 

to target the rpoB gene, which consists of a 

81-bp hot-spot region from codons 507 to 

533, called the rifampin resistance-

determining region (RRDR) (12). So far more 
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than 50 mutations have been characterized 

within this region by DNA sequencing but 

only point mutations at codons 526 or 531 are 

known to cause high levels of RIF resistance 

(13). In contrast, mutations in codons 511, 

516, 518, 522, and 533 cause low-level 

resistance to RIF. Mutations conferring RIF 

resistance occur rarely in other regions of 

the rpoB gene (14). 

 

In the present study males were 

predominantly affected. Age group mostly 

affected was 40-60 years followed by 20-40 

years. Presumptive DRTB (Previously 

treated) cases showed more positivity rate. 

Rifampicin resistance was more in males and 

among previously treated cases (7.14%).  

Similar results were observed in study by 

Syed Beenish Rufai et al.(8) In the study by 

R.Tripathi et al(20) RIF resistance was very 

high 54.4% due to selection bias of patients. 

Kumar et al.(15) and Sharma et al.(16) 

 reported 25.8% and 22% of MDR, 

respectively. 

 

In our study LPA, it was observed that LPA 

was more sensitive in detection of RIF 

resistance than CBNAAT. Sequencing 

analysis of samples done by Syed Beenish 

Rufai et al showed 91.3% concordance with 

LPA but only 8.7% concordance with the 

Xpert MTB/RIF assay (8). 

 

H Mono resistance was detected in 8 cases in 

our study. Kumar P et al (15) stated that 

Isoniazid resistance is more common in high 

TB burden countries and those isolates may 

not be resistant to Rifampicin. In contrast this 

statement, Somoskovi A et al (17) noted if the 

isolate is RIF resistant, it is more likely that it 

is also INH resistant, thus making RIF 

resistance a surrogate marker for the 

identification of MDR-TB.  In High TB 

burden countries like India, higher rifampicin 

mono resistance was observed. Whereas, in 

South Africa lower rifampicin mono 

resistance was reported (13.5%) (18). In 

United States with low TB burden, low 

rifampicin resistance levels were observed by 

Ridzon R et al (19).  

 

CBNAAT and LPA assays have been 

extremely useful in the diagnosis of DR -TB. 

Though CBNAAT is very user friendly and is 

considered the method of choice in 

identification of  MTB  and detection of RIF 

resistance, it should always be kept in mind 

that H Mono resistance and resistance to 

second line drugs is also  very common. In 

such cases LPA has greater role to play.  

 

References 

 
1. World Health Organization (WHO) Global 

Tuberculosis Report. 2016. 

http;//apps.who.int/iris/bitsstream/10665/25

0441/1/9789241565394-eng.pdf?ua=14. 

2. Central TB Division. TB India 2017: 

Revised National Tuberculosis Control 

Programme: annual status report (Internet). 

New Delhi, India: Directorate General of 

Health Services, Ministry of Health and 

Family Welfare; 2017.  

3. M.B.Miller, E.B.Popowitch, 

M.G.Backlund, et al.,Performance of Xpert 

MTB/RIF RUO assay and IS6110 real time 

PCR for Mycobacterium tuberculosis 

detection in clinical samples, J. Cli. 

Microbio. 49 (10) (2011) 3458-3462 

4. Brisson-Noel A, Gicquel B, Lecossier D, 

Levy-Frebault V, Nassif X, et al. (1989) 

Rapid diagnosis of tuberculosis by 

amplification of mycobacterial DNA in 

clinical specimens. Lancet ii: 1069–71. 

5. Beige J, Lokies J, Schaberg T, Finckh U, 

Fischer M, et al. (1995) Clinical evaluation 

of a Mycobacterium tuberculosis PCR 

assay. J Clin Microbiol; 33:90–5 

6. J.E.Golub, C.I.Mohan et al., Active case 

finding of Tuberculosis: historical 

perspective and future prospects, 

Int.J.Tuberc Lung dis.9(11)(2005)1183-

1203 

7. Denkinger CM, Kik SV, Cirillo DM, 

Casenghi M, Shinnick T, Weyer K, et al. 



Int.J.Curr.Microbiol.App.Sci (2017) 6(6): 3367-3373 

3372 

 

Defining the needs for next generation 

assays for tuberculosis. J Infect Dis. 

2015;211: S29–S38. pmid:25765104 

8. Syed Beenish Rufai, Parveen Kumar, Amit 

Singh, Suneel Prajapati, Veena Balooni, 

and Sarman Singh. Comparison of Xpert 

MTB/RIF with Line Probe Assay for 

Detection of Rifampin-

Monoresistant Mycobacterium tuberculosis. 

J Clin Microbiol. 2014 Jun; 52(6): 1846–

1852. 

9. Miotto P, Piana F, Penati V, Canducci F, 

Migliori GB, Cirillo DM. 2006. Use of 

genotype MTBDR assay for molecular 

detection of rifampin and isoniazid 

resistance in Mycobacterium tuberculosis 

clinical strains isolated in Italy. J. Clin. 

Microbiol. 44:2485–2491. 

10.1128/JCM.00083-06  

10. Marlowe EM, Novak Weekley SM, 

Cumpio J, Sharp SE, Momeny MA, Babst 

A, Carlson JS, Kawamura M, PandoriM 

2011. Evaluation of the Cepheid Xpert 

MTB/RIF assay for direct detection of 

Mycobacterium tuberculosis complex in 

respiratory specimens. J. Clin. 

Microbiol. 49:1621–1623. 

10.1128/JCM.02214-10  

11. Lawn SD, Mwaba P, Bates M, Piatek A, 

Alexander H, Marais BJ, Cuevas LE, 

McHugh TD, Zijenah L, Kapata N, 

Abubakar I, McNerney R, Hoelscher M, 

Memish ZA, Migliori GB, Kim P, Maeurer 

M, Schito M, Zumla 2013. Advances in 

tuberculosis diagnostics: the Xpert 

MTB/RIF assay and future prospects for a 

point of care test. Lancet Infect. 

Dis. 13:349–361. 10.1016/S1473-

3099(13)70008- 

12. Li J, Xin J, Zhang L, Jiang L, Cao H, Li L. 

2012. Rapid detection of rpoB mutations in 

rifampin resistant M. tuberculosis from 

sputum samples by denaturing gradient gel 

electrophoresis. Int. J. Med. Sci. 9:148–156. 

10.7150/ijms.3605  

13. Ahmad S, Mokaddas E, Fares E. 

2002. Characterization of rpo B mutations 

in rifampin-resistant clinical 

Mycobacterium tuberculosis isolates from 

Kuwait and Dubai. Diagn. Microbiol. 

Infect. Dis. 44:245–252. 10.1016/S0732-

8893(02)00457-1  

14. Mani C, Selvakumar N, Narayanan S, 

Narayanan PR. 2001. Mutations in 

the rpoB gene of multidrug-resistant 

Mycobacterium tuberculosis clinical 

isolates from India. J. Clin. 

Microbiol. 39:2987–2990. 

10.1128/JCM.39.8.2987-2990.2001  

15. Kumar P, Balooni V, Sharma BK, Kapil V, 

Sachdeva KS, Singh S. 2014. High degree 

of multidrug resistance and hetero-

resistance in pulmonary TB patients from 

Punjab state of India. Tuberculosis 94:73–

80. 10.1016/j.tube.2013.10.001  

16. Sharma S, Madan M, Agrawal C, Asthana 

AK. Genotype MTBDR plus assay for 

molecular detection of rifampicin and 

isoniazid resistance in Mycobacterium 

tuberculosis. Indian J Pathol Microbiol 

2014;57:423-6. 

17. Somoskovi A, Parsons LM, Salfinger M. 

2001. The molecular basis of resistance to 

isoniazid, rifampin, and pyrazinamide in 

Mycobacterium tuberculosis. Respir. 

Res. 2:164–168. 10.1186/rr54  

18. Mukinda FK, Theron D, van der Spuy GD, 

Jacobson KR, Roscher M, Streicher EM, 

Musekiwa A, Coetzee GJ, Victor TC, 

Marais BJ, Nachega JB, Warren RM, 

Schaaf HS. 2012. Rise in rifampicin 

monoresistant tuberculosis in Western 

Cape, South Africa. Int. J. Tuberc. Lung 

Dis. 16:196–202. 

19. Ridzon R, Whitney GC, McKenna MT, 

Taylor JP, Ashkar SH, Nitta AT, Harvey 

SM, Valway S, Woodley C, Cooksey R, 

Onorato IM. 1998. Risk factors for rifampin 

monoresistant tuberculosis. Am. J. Respir. 

Crit. Care Med. 157:1881–1884. 

20. R.Tripathi, P Sinha, R Kumari, P 

Chaubey, A Pandey, S Anupurba 

Department of Microbiology, Institute of 

Medical Sciences, Banaras Hindu 

University, Varanasi, Uttar Pradesh, India . 

Detection of rifampicin resistance in 

tuberculosis by molecular methods: IJMM, 

year: 2016. Volume:34, Issue:1, Page:92-94 

  

https://www.ncbi.nlm.nih.gov/pubmed/?term=Rufai%20SB%5BAuthor%5D&cauthor=true&cauthor_uid=24648554
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kumar%20P%5BAuthor%5D&cauthor=true&cauthor_uid=24648554
https://www.ncbi.nlm.nih.gov/pubmed/?term=Singh%20A%5BAuthor%5D&cauthor=true&cauthor_uid=24648554
https://www.ncbi.nlm.nih.gov/pubmed/?term=Singh%20A%5BAuthor%5D&cauthor=true&cauthor_uid=24648554
https://www.ncbi.nlm.nih.gov/pubmed/?term=Singh%20A%5BAuthor%5D&cauthor=true&cauthor_uid=24648554
https://www.ncbi.nlm.nih.gov/pubmed/?term=Prajapati%20S%5BAuthor%5D&cauthor=true&cauthor_uid=24648554
https://www.ncbi.nlm.nih.gov/pubmed/?term=Balooni%20V%5BAuthor%5D&cauthor=true&cauthor_uid=24648554
https://www.ncbi.nlm.nih.gov/pubmed/?term=Singh%20S%5BAuthor%5D&cauthor=true&cauthor_uid=24648554
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4042801/
http://www.ijmm.org/searchresult.asp?search=&author=R+Tripathi&journal=Y&but_search=Search&entries=10&pg=1&s=0
http://www.ijmm.org/searchresult.asp?search=&author=P+Sinha&journal=Y&but_search=Search&entries=10&pg=1&s=0
http://www.ijmm.org/searchresult.asp?search=&author=R+Kumari&journal=Y&but_search=Search&entries=10&pg=1&s=0
http://www.ijmm.org/searchresult.asp?search=&author=P+Chaubey&journal=Y&but_search=Search&entries=10&pg=1&s=0
http://www.ijmm.org/searchresult.asp?search=&author=P+Chaubey&journal=Y&but_search=Search&entries=10&pg=1&s=0
http://www.ijmm.org/searchresult.asp?search=&author=P+Chaubey&journal=Y&but_search=Search&entries=10&pg=1&s=0
http://www.ijmm.org/searchresult.asp?search=&author=A+Pandey&journal=Y&but_search=Search&entries=10&pg=1&s=0
http://www.ijmm.org/searchresult.asp?search=&author=S+Anupurba&journal=Y&but_search=Search&entries=10&pg=1&s=0


Int.J.Curr.Microbiol.App.Sci (2017) 6(6): 3367-3373 

3373 

 

How to cite this article:  

 

Vijayalakshmi, J., A.Surekha and Akshatha, P. 2017. Advanced Breeding Strategies to Mitigate the 

Threat of Black Stem Rust of Wheat. Int.J.Curr.Microbiol.App.Sci. 6(6): 3367-3373.  

doi: https://doi.org/10.20546/ijcmas.2017.606.395    

 

 

 

https://doi.org/10.20546/ijcmas.2017.606.395

