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Abstract—Tuberculosis is one of the leading causes of death worldwide. WHO 2015 report indicates that Pakistan ranks fourth among 
multidrug resistant tuberculosis (MDR-TB) cases reportedglobally.Fluoroquinolones (FQ) are the primary broad spectrum antibiotics 
used for the treatment of MDR-TB and recent studies indicate a rapid rise in FQ resistance. This study focuses on the molecular 
detection of fluoroquinolone resistance in multi-drug resistant tuberculosis patients and the analysis of mutations occurrence in gyrA, at 
codons 90, 91 and 94.A total of 60 sputum cultured samples were analyzedthrough allele specific polymerase chain reaction (ASPCR) 
with self-designed primers. Among the 60 isolates examined, 36 (60%) were positive for gyrA mutations at codons 90, 91 and 94 while 
24 (40%) were negative. The highest occurrence of mutations was found at codon 94 (37%), followed by mutations at codon 90 (20%) 
and at codon 91 (3%). Results indicate an increasing trend of FQ resistance in Pakistan. This study indicates molecular detection of 
TBto be faster and consistent and holds promise as a diagnostic tool for rapid screening of FQ resistance among MDR-TB patients to 
ensure its control and appropriate treatment. 

Index terms— Multidrug resistant Mycobacterium tuberculosis, Fluoroquinolone resistance, gyrA gene, allele specific polymerase chain 
reaction, ASPCR. 

———————————————————— 

1 INTRODUCTION 
uberculosis (TB) has become the leading cause of 
death worldwide along with human immune 
deficiency virus, reportedly causing 1.5 million 

deaths in 2014. Global survey indicates Pakistan to be 
among the 6th highest burden countries and 4th highest 
with reported MDR-TB cases [1].Pakistan declared 
tuberculosis a national emergency in 2001 and continues 
to face TB as a major public health challenge, despite the 
implementation of numerous programmes and strategies 
to control it. In 2014, a very high 316,577 cases were 
notified with an MDR-TB prevalence of 78% and XDR-TB 
of 3.6% among the reported Drug resistant TB cases [2]. 
The increased resistance among TB isolates has been 
alarming and studies have shown spontaneous mutations 
in genes closely or directly interacting with anti-TB drugs 
to be the primary cause, enhanced by less than the 
required standard of health care among low income 
developing countries [3], [4], [5], [6], [7], leading to MDR-
TB (resistant to two first line anti-TB drugs), Pre-XDR-TB 
(MDR-TB with resistance to one second line anti-TB drug) 
and XDR-TB (MDR-TB with further resistance to 
fluoroquinolones and one aminoglycoside) [1], [8]. 
Fluoroquinolones (FQ) are the most important second 
line anti-TB drug used to treat MDR-TB patients but 
increased use has led to high levels of resistance [10], 
leading to decreased treatment options as MDR-TB 
patients, who already exhibit a low cure rate and a 
comparatively high mortality, develop Pre-XDR-TB [11], 
[12].Mutations ingyrA are the leading cause of 

fluoroquinolone resistance occurring mostly within 
QRDR, codons 88 to 94, successfully explaining 60% to 
95% of FQ resistance among isolates and associated with 
a high XDR potential [13], [14], [15], [16], [17], [18], [19] , 
[20]. Molecular studies have indicated codons 90, 91 and 
94 of GyrA protein actively interacting with 
fluoroquinolones and therefore exhibiting the most 
frequent mutations to induce hydrophobic zones 
decreasing affinity for FQ drugs [4], [21]. 
This study focuses on mutation detection and analysis 
among codons 90, 91 and 94 of gyrA to detect 
fluoroquinolone resistance among MDR-TB isolates using 
Allele Specific Polymerase Chain Reaction (ASPCR). 
Speed and accuracy, are paramount in TB burden areas 
for greater control hence molecular tests being rapid and 
highly sensitive, are a potential diagnostic tool of great 
interest for large scale screening among high TB burden 
areas, disease diagnosis and control [22], [23]. ASPCR is 
fast, provides consistent results and shows great potential 
as a rapid diagnostic tool. 

2 METHODOLOGY 
2.1 Samples 
60 cultured samples of confirmed MDR-TB were obtained 
from Gulab Devi Hopital, Lahore, Pakistan, in 
collaboration with University of Health Sciences, Lahore, 
Pakistan. Genomic DNA was extracted using TIANamp 
Genomic DNA isolation kit and analyzed by 1% agarose 
gel electrophoresis. 

2.2 Primer Designing 
Gyrase gene gyrA was translated and codons physically 
mapped to design specific primers. Codon 90 was 
amplified with primer GCG (5’- CCC GCACGG CGA 
CGC -3’), codon 91 with primer TCG (5’- CGC ACG GCG 
ACG CGT -3’), codon 94 with primer GAC (5’- CGA CGC 
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GTC GAT CTA CGA -3’) and a common reverse primer 
(5’- ATG ACC GCG GCC AGG G -3’) were deigned. 
Each PCR tube carrying 50 μl of reaction mixture 
contained 46.5 μl of Master mix, 2.5 μl of Genomic DNA, 
0.5 μl of Forward Primer and Reverse Primer each. The 
thermal cycling parameters were pre-denaturation at 
94˚C for 4 minutes, 40 cycles at 93 ˚C for 30 seconds, 50 ˚C 
for 1 minute and 72 ˚C for 45 seconds, followed by final 
extension at 72 ˚C for 7 minutes. 

2.3 Mutational Analysis through Agarose Gel 
Electrophoresis 
1% agarose gel electrophoresis of PCR products was done 
to analyze the PCR products. Successful amplification of 
wild type sequences produced fragments of 406 bp for 
codon 90, 404 bp for codon 91 and 397 bp for codon 94. 

3 RESULTS 
3.1 Patient profiles 
In this study 60 cultured sputum samples of MDR-TB 
patients were examined, patient profiles indicated 18 
(30%) were females and 42 (70%) were males. Their 
distribution in age groups was; 1 (1.6%) case of MDR-TB 
occurred in less than 15 years of age, 29 (48.3%) cases 
occurred in between 15 to 29 years, 15 (25%) of the cases 
occurred in ages between 30 to 44 years, 10 (16.6%) were 
within 45 to 60 years, and 55 (8.3%) were more than 60 
years of age. The highest occurrence observed within the 
age group 15-29 years. 

3.2 Mutational analysis 
After the ASPCR of the 60 MDR-TB samples, the isolates 
positive for mutations in gyrA were 36 (60%) showing 
bands at target codons, while 48 (40%) were negative for 
this mutation. Among the samples studied, about 12 
(20%) were positive for codon 90 mutation, 2 (3%) at 
codon 91 and 22 (37%) at codon 94. one showed a double 
mutation at codon 94 and codon 90. 
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4 DISCUSSION 
This study aimed at the detection of gyrA mutations 
among sixty (n= 60) MDR-TB isolates to analyze the 
presence of fluoroquinolone resistance among the 
samples and study the mutational type and frequency. 
The patients under consideration had a history of 
resistance against first line anti tuberculosis drugs and 
were undergoing treatment with second line anti TB 
drugs.  
The samples analyzed in this study indicated a greater 
occurrence of MDR-TB in males 70% as compared to 
Females 30%, and the maximum MDR-TB cases to lie 
between the age group 15- 29 years followed by 30 to 44 
years. Regional studies within Pakistan support these 
findings. Although some studies have shown a higher 
prevalence of tuberculosis among women from 15–24 
years, but after 40 years the male occurrence becomes 
significantly higher. Recent studies indicate a greater 
occurrence of confirmed and reported TB cases to be 
higher among men as compared to women, and 
treatment outcomes to have a greater failure rate among 
men as well. Sample analysis from this study also 
indicates a higher male TB incidence of 72% in ages 
greater than 40. A greater unreported TB prevalence is 
highly suspected among women. Reasons to this 
disparity have been attributed to factors such as; delay in 
seeking health care, seeking out low quality health care 
leading to unreported cases, taking care of family 
members sick with TB and therefore being more prone to 
its transmission, nutritional deficiencies and lack of 
awareness [24], [25], [26], [27], [28]. 
Previous studies in Pakistan have reported the rise in FQ 
resistance among the MDR-TB isolates over the years, 
54%, in 2010, 57% in 2011, 59% in 2012 and an average FQ 
occurrence over 2010 to 2014 was about 56% [11]. The 
results of this study indicate the occurrence of 
fluoroquinolone resistance to be 60% among the MDR-TB 
isolates,following the increasing trend and justifying the 

recognition by WHO as one of the most TB burdened 
countries, even though the actual occurrence of TB is still 
unaccounted for as only half the cases are reported and 
recorded in international studies. The lack of facilities, 
public awareness and literacy causes TB cases from rural 
areas to go unreported. The actual TB occurrence is 
suspected to be double the cases recognized by statistical 
studies [29]. 
The largest frequency of mutations lied within the codon 
94 being 64%, followed by codon 90 mutations at 33%, the 
second most frequent among the gyrA mutations 
recorded globally and codon 91 has the least mutation 
occurrence of 6%, consistent with multiple globalgyrA 
mutational studies [14], [23], [30].  Among all the isolates, 
one showed a double mutation at codon 94 and codon 90, 
the most frequently recorded double mutation in gyrA 
[13], [14], [20],  [31]. 
Pakistan being a developing country continues to face TB 
as a major public health challenge, still reporting a very 
high TB and drug resistant TB incidence, an MDR-TB 
occurrence of 32% among the total TB being treated, 3.5% 
among newly reported TB cases and 78% among the drug 
resistant TB cases [1], [32]. The occurrence of FQ 
resistance continues to increase and Considerable data is 
available reporting delayed diagnosis of FQ resistance 
through culture based tests and the resultant poor 
outcomes such as treatment failure or death of patients 
[11]. Improper treatment regimens are a major factor 
contributing to increased resistance among tuberculosis 
isolates. Molecular methods are being stressed upon and 
utilized by global studies as a rapid tool for the detection 
of drug resistance, being more sensitive, accurate and 
rapid as compared to culturing methods [22], [33]. In this 
study, ASPCR has shown to be fast, consistent and holds 
promise as a rapid molecular diagnostic tool requiring 
small sample volumes for better treatment regimens and 
tuberculosis control. 

5 CONCLUSION 
This study aimed at the detection of gyrA mutations 
among sixty (n= 60) MDR-TB isolates for mutational 
analysis and molecular detection of fluoroquinolone 
resistance to calculate the Pre-XDR-TB potential among 
patients and its impact upon the total TB burden faced by 
Pakistan. 
About 60% of the isolates showed resistance associated 
mutations, 64% at codon 94, making it the most frequent 
mutation detected, while the mutational occurrence at 
codon 90 was 33% and 6% at codon 91. One isolate 
showed a double mutation at codon 94 and codon 90. The 
occurrence of MDR tuberculosis was found to be 41 (70%) 
in males and 18 (30%) in females. The distribution in age 
groups was; 1 (1.6%) case of MDR-TB in less than 15 years 
of age, 29 (48.3%) cases lied between 15 to 29 years, 
forming the highest occurrence rate among all age 
groups, 15 (25%) of the cases occurred in ages between 30 
to 44 years, 10 (16.6%) were within 45 to 60 years, and 55 
(8.3%) were more than 60 years of age. 
Results of this study indicates a rise of MDR-TB 
occurrence in Pakistan, suggesting the need for a rapid 
gene based detection system here as well, since 
improvement in diagnostic facilities and their approach 
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to the general public is essential for the much required TB 
control in Pakistan and a fast diagnosis ensures 
immediate and appropriate treatment, forming one of the 
most essential steps for TB control. Results of this 
research support the superior aspects of molecular 
diagnosis tools, being rapid, consistent and highly 
sensitive, and aims to aid in the improvement of 
molecular diagnostic tools while adding to the scarcely 
available data of tuberculosis resistance in Pakistan. 

ACKNOWLEDGMENT 
The author wishes to thank the biology department of 
Lahore Garrison University and Sir Hassan Ejaz from the 
Children's Hospital and the Institute of Child Health, 
Lahore, Pakistan,for excellent guidance, Punjab 
University for technical help and Gulab Devi Hospital, 
Lahore, Pakistan, for providing samples.  
 

REFERENCES 
[1]. World Health Organization (WHO). WHO Global 

tuberculosis report 2015.  
[2]. National TB Control Programme, Ministry of National 

Health Services Regulations & Coordination Islamabad, 
Pakistan. World TB Day report 2014.  

[3]. Zhang H, Li D, Zhao L, Fleming J, Lin N,Wang T, et al. 
Genome sequencing of 161 Mycobacterium tuberculosis 
isolates from China identifies genes and intergenic regions 
associated with drug resistance. Nat Genet 
2013;45(10):1255e60.  

[4]. Aldred KJ, Blower TR, Kerns RJ, Berger JM, Osheroff N 
Fluoroquinolone interactions with Mycobacterium 
tuberculosis gyrAse: Enhancing drug activity against wild-
type and resistant gyrAse. ProcNatlAcadSci USA 2016; 
113:E839–E846. 

[5]. World Health Organization. Tuberculosis. Saudi Medical 
Journal2013, 34(11), pp.1205-1207.  

[6]. Centers for Disease Control and Prevention (CDC). TB 
elimination, Multi drug resistant tuberculosis, 2012. 

[7]. Yan C., Bing Z., Hai-can L., Qing S., Xiu-qin Z., Zhi-
guang L., Kang-lin W. and Li-li Z. Prevalence of 
mutations conferring resistance among multi- and 
extensively drug-resistant Mycobacterium tuberculosis 
isolates in China. Nature, The Journal of Antibiotics 
(2015), 21 October 2015; doi:10.1038/ja.2015.106 pp. 1–4.  

[8]. World Health Organization, 2013. Tuberculosis. Saudi 
Medical Journal, 34(11), pp.1205-1207  

[9]. Banerjee R, Allen J, Westenhouse J, Oh P, Elms W, 
Desmond E, Nitta A, Royce S, Flood J. Extensively drug-
resistant tuberculosis in california, 1993-2006. Clin Infect 
Dis. 2008 Aug 15; 47(4):450-7. 

[10]. Singh, M., Jadaun, G.P.S., Srivastava, K., Chauhan, V., 
Mishra, R., Gupta, K., Nair, S., Chauhan, D.S., Sharma, 
V.D., Venkatesan, K. and Katoch, V.M. Effect of efflux 
pump inhibitors on drug susceptibility of ofloxacin 
resistant Mycobacterium tuberculosis isolates. The Indian 
journal of medical research2011, 133(5), p.535.  

[11]. Kauser J., Sadia S., Rumina H.. Fluoroquinolone-resistant 
tuberculosis: implications in settings with weak healthcare 
systems. International Journal of Infectious Diseases 32 
(2015) 118–123. 

[12]. Rao, D., Rao, N., Baig, S. and Ahmed, N. Treatment 
outcome of MDR pulmonary tuberculosis in a tertiary care 
hospital of Karachi, Pakistan. European Respiratory 
Journal2015, 46(suppl 59), p.PA2701.  

[13]. Ritu S., Paul R.R., Jamie M., L. Elaine E., Jyoti A., Rohit 
S., Vithal P.M., Michael S., Max S.. Sequence analysis of 
fluoroquinolone resistance associated genes gyrAand 
gyrBin clinical Mycobacterium tuberculosis isolates from 
suspected multidrug-resistant tuberculosis patients in 
New Delhi, India. J. Clin. Microbiol, 2016. 
doi:10.1128/JCM.00670-16.  

[14]. Jung-Yien C., Wei-Yih C., Shun-Tien C., Chia-Jung C., 
Chong-Jen Y., and Po-RenH..Mutations in gyrAand 
gyrBamong Fluoroquinolone- and Multidrug-resistant 
Mycobacterium tuberculosis Isolates. Antimicrob. Agents 
Chemother, 2016. doi:10.1128/AAC.01049-15.  

[15]. Kambli, P., Ajbani, K., Nikam, C., Khillari, A., Shetty, A., 
Udwadia, Z., Georghiou, S.B., Rodwell, T.C., Catanzaro, 
A. and Rodrigues, C.. Determination of MICs of 
levofloxacin for Mycobacterium tuberculosis with 
gyrAmutations. The International Journal of Tuberculosis 
and Lung Disease,2015, 19(10), pp.1227-1229.  

[16]. Yin X, Yu Z. Mutation characterization of gyrAand 
gyrBgenes in levofloxacin-resistant Mycobacterium 
tuberculosis clinical isolates from Guangdong Province in 
China. The Journal of infection. 2010; 61(2):150–4. PMID: 
MEDLINE:20452372. doi: 10.1016/j.jinf.2010.05.001  

[17]. Florence B., Nicolas V., Alexandra A.,Vincent J. and 
Wladimir S.. Detection by GenoTypeMTBDRsl Test of 
Complex Mechanisms of Resistance to Second-Line Drugs 
and Ethambutol in Multidrug-Resistant Mycobacterium 
tuberculosis Complex Isolates. JOURNAL OF CLINICAL 
MICROBIOLOGY, 2010, p. 1683–1689 Vol. 48, No. 5.  

[18]. Singh, P., Jain, A., Dixit, P., Prakash, S., Jaiswal, I., 
Venkatesh, V. and Singh, M., 2015. Prevalence of 
gyrAand B gene mutations in fluoroquinolone-resistant 
and-sensitive clinical isolates of Mycobacterium tuberculosis 
and their relationship with MIC of ofloxacin. The Journal 
of antibiotics, 68(1), pp.63-66. 

[19]. Xia Yu, Guirong Wang, Suting Chen1, Guomei Wei, 
Yuanyuan Shang, Lingling Dong1, Thomas Schön, 
DaneshMoradigaravand, Julian Parkhill, Sharon J. 
Peacock, Claudio U. Köser, and Hairong Huang. 
Mycobacterium tuberculosis wild-type and non-wild-type 
MIC distributions for the novel fluoroquinolone 
antofloxacin compared with ofloxacin, levofloxacin, and 
moxifloxacin. Antimicrob. Agents Chemother, 2016. 
doi:10.1128/AAC.00393-16.  

[20]. Duong D., Nguyen T., Nguyen T., Dai V., Dang T., Vo 
Sy K., Do Dang A., Nguyen V., Nguyen H., Dinh N., 
Jeremy F. and Maxine C.. Beijing Genotype of 
Mycobacterium tuberculosis Is Significantly Associated with 
High-Level Fluoroquinolone Resistance in Vietnam. 
ANTIMICROBIAL AGENTS AND CHEMOTHERAPY, 
2009, p. 4835–4839 Vol. 53, No. 11.  

[21]. Aldred KJ, Blower TR, Kerns RJ, Berger JM, Osheroff N. 
Fluoroquinolone interactions with Mycobacterium 
tuberculosis gyrAse: Enhancing drug activity against wild-
type and resistant gyrAse. ProcNatlAcadSci USA,2016, 
113:E839–E846.  

[22]. ANNA E..Fighting an old disease with modern tools: 
characteristics and molecular detection methods of drug-
resistant Mycobacterium tuberculosis. Infectious Diseases, 
2015; Early Online: 1–17  

[23]. Elisea A., Donald C., Antonino C., Theodore 
G.,Stephanie B., John A., Timothy R.. Frequency and 
Geographic Distribution of gyrAand gyrBMutations 
Associated with Fluoroquinolone Resistance in Clinical 
Mycobacterium tuberculosis Isolates: A Systematic Review. 
PLoS ONE 10(3):e0120470. 
doi:10.1371/journal.pone.0120470.  

IJSER

http://www.ijser.org/


International Journal of Scientific & Engineering Research, Volume 7, Issue 11, November-2016                                                                                        811 
ISSN 2229-5518 

IJSER © 2016 
http://www.ijser.org 

[24]. Shah, S.K., Dogar, O.F. and Siddiqi, K., 2015. 
Tuberculosis in women from Pashtun region: an ecological 
study in Pakistan. Epidemiology and infection, 143(05), 
pp.901-909.  

[25]. Ayaz, A., Hasan, Z., Jafri, S., Inayat, R., Mangi, R., 
Channa, A.A., Malik, F.R., Ali, A., Rafiq, Y. and Hasan, 
R., 2012. Characterizing Mycobacterium tuberculosis 
isolates from Karachi, Pakistan: drug resistance and 
genotypes. International Journal of Infectious Diseases, 
16(4), pp.e303-e309.  

[26]. Codlin, A.J., Khowaja, S., Chen, Z., Rahbar, M.H., 
Qadeer, E., Ara, I., McCormick, J.B., Fisher-Hoch, S.P. 
and Khan, A.J., 2011. Gender differences in tuberculosis 
notification in Pakistan. The American journal of tropical 
medicine and hygiene, 85(3), pp.514-517.  

[27]. Tehseen I., Muhammad A., Zafar H., Naveed A., Salman 
A..Gender Differences among Suspected Pulmonary 
Tuberculosis Patients undergoing Sputum Smear 
Microscopy. Ann. Pak. Inst. Med. Sci. 2011; 7(1): 14-17. 

[28]. Khan, A.H., Israr, M., Mateen, O., Hadi, M.A. and Aftab, 
R.A., 2015. Gender Differences in Treatment Outcome 
among Tuberculosis Patients: A Retrospective Cohort 
Analysis in Pakistan. The West Indian medical journal.  

[29]. Fatima, R., Harris, R.J., Enarson, D.A., Hinderaker, S.G., 
Qadeer, E., Ali, K. and Bassilli, A., 2014. Estimating 
tuberculosis burden and case detection in Pakistan. The 
International Journal of Tuberculosis and Lung Disease, 
18(1), pp.55-60.  

[30]. Sekiguchi J-i, Disratthakit A, Maeda S, Doi N. 
Characteristic Resistance Mechanism of Mycobacterium 
tuberculosis to DC-159a, a New Respiratory Quinolone. 
Antimicrobial Agents and Chemotherapy. 2011; 
55(8):3958–60. doi: 10.1128/aac.00417-10 PMID: 
WOS:000292733800044.  

[31]. Hillemann D, Rusch GS, Richter E. 2009. Feasibility of 
the GenoTypeMTBDRsl assay for fluoroquinolone, 
amikacin-capreomycin, and ethambutol resistance testing 
of Mycobacterium tuberculosis strains and clinical 
specimens. J ClinMicrobiol 47:1767–1772.  

[32]. National TB Control Programme, Ministry of National 
Health Services Regulations & Coordination Islamabad, 
Pakistan. Annual TB report 2014.  

[33]. Hoffner S , A ngeby K, S turegard E, J onsson B, J 
ohansson A , Sellin M , et al . Proficiency of drug 
susceptibility testing of Mycobacterium tuberculosis against 
pyrazinamide: the Swedish experience. Int J Tuberc Lung 
Dis 2013; 17:1486 – 90.  

 
 

IJSER

http://www.ijser.org/

	Acknowledgment



