
I n t e r n a t i o n a l J o u r n a l o f M y c o b a c t e r i o l o g y 2 ( 2 0 1 3 ) 2 3 7 – 2 3 9

.sc ienced i rec t .com
Avai lab le a t www
ScienceDirect

journal homepage: www.elsevier .com/ locate / IJMYCO
Short Communication

Prevalence of Mycobacterium tuberculosis with multiple
copies of IS6110 elements in Gulbarga, South India
Philip Raj Abraham a,1, Aradhana Chauhan b, Ravindranath Gangane c,
Vishnu Datta Sharma b, Channappa Shivannavar a,*

a Department of Microbiology, Gulbarga University, Gulbarga 585 106, India
b Department of Microbiology and Molecular Biology, National JALMA Institute for Leprosy and Other Mycobacterial Diseases,

PO Box No. 1101, Tajganj, Agra 282 001, India
c Department of Microbiology, Mahadevappa Rampure Medical College, Gulbarga 585 105, India
A R T I C L E I N F O

Article history:

Received 23 July 2013

Received in revised form

17 September 2013

Accepted 18 September 2013

Available online 12 October 2013

Keywords:

Gulbarga

IS6110

Mycobacterium tuberculosis

RFLP
2212-5531/$ - see front matter � 2013 Publis
http://dx.doi.org/10.1016/j.ijmyco.2013.09.003

* Corresponding author. Tel.: +91 8472 263297
E-mail address: ctshiv@gmail.com (C. Shi

1 Present address: Laboratory of Molecula
Nampally, Hyderabad 500 001, Andhra Prade
A B S T R A C T

This study was carried out to ascertain the prevalence of Mycobacterium tuberculosis by

insertion sequence 6110 (IS6110) based DNA fingerprinting method in Gulbarga district

belonging to the southern part of India. Results showed that among the 52 M. tuberculosis

isolates studied, 57.7% exhibited more than 5 copies of IS6110 showing the prevalence of

M. tuberculosis with multiple copies of IS6110 elements.

� 2013 Published by Elsevier Ltd. on behalf of Asian-African Society for Mycobacteriology.
Tuberculosis (TB) remains a major infectious disease and

causes high morbidity and mortality worldwide. According

to the World Health Organization 2011, it is estimated that

there were 8.8 million incidence cases and 1.1 million deaths

owing to TB in the year 2010. India alone accounted for 26% of

all TB cases worldwide [15]. For understanding the molecular

epidemiology of the causative agent, an array of molecular

typing methods targeting different molecular markers has

been recently introduced. Among these, DNA fingerprinting

of Mycobacterium tuberculosis (MTB) has gained increased
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acceptance as a useful tool to understanding the molecular

epidemiology and phylogenetic investigations [13,14]. Restric-

tion fragment length polymorphism (RFLP) typing by insertion

sequence 6110 (IS6110) probe has become the approved stan-

dard and most widely used method for differentiating the

strains of MTB [5,12]. In the present study, using this finger-

printing methodology, an attempt was made to know the

prevalence of MTB in Gulbarga which belongs to the southern

part of India.
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Gulbarga is generally considered to be a socioeconomically

and educationally backward area. The personal as well as

public hygienic standards are poor which can enhance the

incidence of infectious diseases, including TB. The MTB iso-

lates (n = 52) were collected from sputum specimens of indi-

viduals attending designated microscopic centers (DMC) of

Gulbarga during the period from February 2005 to March

2006. The specimens were collected after obtaining consent

from the study subjects with the help of DMC staff. Equal vol-

umes of 1% cetylpyridinium chloride–2% sodium chloride

(CPC–NaCl) solution was used to preserve and transport the

sputum specimens to the National JALMA Institute for Lep-

rosy and Other Mycobacterial Diseases (NJIL and OMD), Agra,

India for further processing [11]. The specimens processed for

culture on Lowenstein–Jensen’s medium were confirmed as

MTB by a set of biochemical tests. The method described by

van Soolingen et al. [13] was followed for the isolation of

genomic DNA from MTB cultures. RFLP was performed using

the protocol described by van Embden et al. [12]. Briefly, DNA

was digested with PvuII restriction enzyme (Genei, Bangalore,

India) and the fragments were electrophoretically separated

on 1% agarose gel. Later on, the fragments of DNA were trans-

ferred overnight onto positively charged nylon membrane

and hybridized with digoxigenin (DIG)-labeled 245 bp IS6110

probe. DIG nucleic acid labeling and detection kit (Roche Diag-

nostics, Germany) was used for detection.

Based on the number of IS6110 elements in the genome,

the isolates were classified into three groups, namely I, II

and III. The isolate harboring more than 5 copies of

IS6110 was considered under group I, between 1 and 5 cop-

ies as group II and zero copy as group III. Of the 52 isolates,

57.7% of the strains harbored multiple copies, i.e., more

than 5 copies, indicating the prevalence of isolates with

multiple copies of IS6110 in Gulbarga. However, 23% of the
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Fig. 1 – IS6110 hybridization patterns of M. tuberculosis

isolates of Gulbarga. H37Rv – M. tuberculosis standard used

for the comparison of IS6110 elements, lanes 1–10 are M.

tuberculosis isolates collected from pulmonary tuberculosis

patients registered at designated microscopic centers, STD-

molecular weight standard.
strains showed 5 or less than 5 copies, and 19.2% of MTB

isolates were lacking IS6110 (Fig. 1). The number of IS6110

copies for individual isolates varied from 0 to 14. Compari-

son of copy numbers among these isolates did not show

any clustering, however, samples collected at different time

intervals from the same patient showed a similar pattern of

IS6110 (Fig. 1, lane 6 and 7).

IS6110-based DNA fingerprinting is considered the gold

standard method and is generally used to study the molecular

epidemiology of TB owing to its higher strain discriminatory

power and reproducibility as compared with other DNA fin-

gerprinting methods [6]. This method has been proved to be

useful for molecular typing of MTB in different parts of India.

This methodology in this study demonstrated different

hybridization patterns of IS6110 probe which suggests the dif-

ferences in the copy numbers of IS6110 element and also its

genomic location. Earlier studies from southern India re-

ported the prevalence of MTB isolates with low or no copy

number of IS6110 element. The first study from south India

(Madras) revealed a high frequency of single and zero copy

isolates in the study population [4]. A study from Kerala

reported 62.5% of isolates lacking IS6110 [9]. Later, Narayanan

et al. [8] reported 41% of MTB isolates with single copy

number in Tiruvallur district of south India. However, in

another study on strains collected from different regions of

India with zero copy and low copy numbers that are found

all over the country and are not restricted to south India alone

[3], studies from northern India reported a prevalence of mul-

tiple copies of IS6110 varying from 65% to 78% among the MTB

isolates [2,3,7,10]. The present study also reports the same

trend as that observed in northern India. This is the first study

from the southern part of India reporting a higher percentage

(57.7%) of MTB isolates harboring multiple copies of the

IS6110 element.

Even though the copy number of IS6110 in MTB ranges

from 0 to 25, the population-based molecular epidemiological

studies report that most strains contain 8–18 copies, a num-

ber sufficient to enable discrimination between large num-

bers of MTB isolates [1]. In the present study, the number of

IS6110 copies varied from 0 to 14, which is sufficient to enable

discrimination between the majority of isolates. Also, a simi-

lar banding pattern of IS6110 in samples collected at different

time intervals from the same patient shows the efficiency of

this technique in reproducing the results. No clustering

among the isolates studied was observed, and the probable

reason for this observation could be the low number of sam-

ples included in this study. Despite the small sample size, a

significant level of polymorphism has been observed, which

is due to the prevalence of multiple copies of the IS6110 ele-

ments. This fingerprinting method has proved to be very use-

ful in discriminating the MTB isolates at least in this region of

south India. Hence, in order to employ this fingerprinting

method, further study needs to be carried out on a larger

number of samples with detailed demographical data. Also,

a study of drug resistance patterns of these isolates will help

in better understanding the molecular epidemiology of TB in

this part of the country in order to make the TB control pro-

gram more effective.



I n t e r n a t i o n a l J o u r n a l o f M y c o b a c t e r i o l o g y 2 ( 2 0 1 3 ) 2 3 7 – 2 3 9 239
Conflict of interest

The authors report no conflict of interest.

Acknowledgements

We are thankful for the guidance and support provided by Dr.

V.M. Katoch, former Director, National JALMA Institute for

Leprosy and Other Mycobacterial Diseases, Agra, India and

also thankful for the District TB Officers and technicians of

DMC, Gulbarga for their cooperation in collecting the sputum

specimens for this study. P.R. Abraham thanks Gulbarga Uni-

versity, Gulbarga for providing research studentship during

the Ph.D work.
R E F E R E N C E S
[1] M.V. Burgos, A.S. Pym, Molecular epidemiology of
tuberculosis, Eur. Respir. J. 36 (Suppl.) (2002) 54s–65s.

[2] A. Chauhan, D.S. Chauhan, D. Parashar, P. Gupta, V.D.
Sharma, A.S. Sachan, et al, DNA fingerprinting of
Mycobacterium tuberculosis isolates from Agra region based on
IS 6110 probe, Indian J. Med. Microbiol. 22 (2004) 238–240.

[3] D.S. Chauhan, V.D. Sharma, D. Parashar, D. Chauhan, H.B.
Singh, R. Singh, et al, Molecular typing of Mycobacterium
tuberculosis strains isolates from different part of India based
on IS6110 element polymorphism using RFLP analysis, Indian
J. Med. Res. 125 (2007) 577–581.

[4] S.C. Das, C.N. Paramasivan, D.B. Lowrie, R. Prabhakar, P.
Narayanan, IS6110 restriction fragment length
polymorphism typing of clinical isolates of Mycobacterium
tuberculosis from patients with pulmonary tuberculosis in
Madras, south India, Tuber. Lung Dis. 76 (1995) 550–554.

[5] P.W. Hermans, D. van Soolingen, J.W. Dale, Insertion element
IS 986 from Mycobacterium tuberculosis: a useful tool for
diagnosis and epidemiology of tuberculosis, J. Clin. Microbiol.
28 (1990) 2051–2058.

[6] K. Kremer, D. van Soolingen, R. Frothingham, W.H. Haas,
P.W.M. Hermans, C. Martin, Comparison of methods based on
different molecular epidemiological markers for typing of
Mycobacterium tuberculosis complex strains: inter laboratory
study of discriminatory power and reproducibility, J. Clin.
Microbiol. 37 (1999) 2607–2618.

[7] J.P. Mathuria, P. Sharma, P. Prakash, J.K. Samaria, V.M. Katoch,
S. Anupurba, Role of spoligotyping and IS6110-RFLP in
assessing genetic diversity of Mycobacterium tuberculosis in
India, Infect. Genet. Evol. 8 (2008) 346–351.

[8] S. Narayanan, S. Das, R. Garg, L. Hari, V.B. Rao, T.R. Frieden,
et al, Molecular epidemiology of tuberculosis in a rural area
of high prevalence in south India. Implications for disease
control and prevention, J. Clin. Microbiol. 40 (2002) 4785–
4786.

[9] I. Radhakrishnan, Y.K. Manju, R. Ajay Kumar, S. Mundayoor,
Implications of low frequency of IS6110 in fingerprinting field
isolates of Mycobacterium tuberculosis from Kerala, India, J.
Clin. Microbiol. 39 (2001) 1683.

[10] N. Siddiqui, M.D. Shamim, A. Amin, D.S. Chauhan, R.K. Das,
D. Shrivastva, Typing of drug resistant isolates of M.
tuberculosis from India using the IS 6110 element reveals
substantive polymorphism, Infect. Genet. Evol. 1 (2001) 109–
116.

[11] R. Smithwick, B.S. Constance, L.D. Hugo, Use of
cetylpyridinium chloride for the decontamination of sputum
specimens that are transported to the laboratory for the
isolation of Mycobacterium tuberculosis, J. Clin. Microbiol. 1
(1975) 411–413.

[12] J.D.A. van Embden, M.D. Cave, J.T. Crawford, J.W. Dale, K.D.
Eisenach, B. Gicquel, Strain identification of Mycobacterium
tuberculosis by DNA fingerprinting: recommendations for a
standardized methodology, J. Clin. Microbiol. 31 (1993) 406–
409.

[13] D. van Soolingen, P.W. Hermans, P.E. de Haas, D.R. Soll, J.D.
van Embden, Occurrence and stability of insertion sequences
in Mycobacterium tuberculosis complex strains: evaluation of
an insertion sequence dependent DNA polymorphism as a
tool in the epidemiology of tuberculosis, J. Clin. Microbiol. 29
(1991) 2578–2586.

[14] R.M. Warren, M. Richardson, S.L. Sampson, G.D. van der Spuy,
W. Bourn, J.H. Hauman, Molecular evolution of Mycobacterium
tuberculosis: phylogenetic reconstruction of clonal expansion,
Tuberculosis 81 (2001) 291–302.

[15] World Health Organization (2011). Global tuberculosis
control. WHO Report 2011, Geneva. Available from <http://
www.who.int/tb/publications/global_report/2011/
gtbr11_full.pdf>.

http://refhub.elsevier.com/S2212-5531(13)00088-5/h0005
http://refhub.elsevier.com/S2212-5531(13)00088-5/h0005
http://refhub.elsevier.com/S2212-5531(13)00088-5/h0010
http://refhub.elsevier.com/S2212-5531(13)00088-5/h0010
http://refhub.elsevier.com/S2212-5531(13)00088-5/h0010
http://refhub.elsevier.com/S2212-5531(13)00088-5/h0010
http://refhub.elsevier.com/S2212-5531(13)00088-5/h0015
http://refhub.elsevier.com/S2212-5531(13)00088-5/h0015
http://refhub.elsevier.com/S2212-5531(13)00088-5/h0015
http://refhub.elsevier.com/S2212-5531(13)00088-5/h0015
http://refhub.elsevier.com/S2212-5531(13)00088-5/h0015
http://refhub.elsevier.com/S2212-5531(13)00088-5/h0020
http://refhub.elsevier.com/S2212-5531(13)00088-5/h0020
http://refhub.elsevier.com/S2212-5531(13)00088-5/h0020
http://refhub.elsevier.com/S2212-5531(13)00088-5/h0020
http://refhub.elsevier.com/S2212-5531(13)00088-5/h0020
http://refhub.elsevier.com/S2212-5531(13)00088-5/h0025
http://refhub.elsevier.com/S2212-5531(13)00088-5/h0025
http://refhub.elsevier.com/S2212-5531(13)00088-5/h0025
http://refhub.elsevier.com/S2212-5531(13)00088-5/h0025
http://refhub.elsevier.com/S2212-5531(13)00088-5/h0030
http://refhub.elsevier.com/S2212-5531(13)00088-5/h0030
http://refhub.elsevier.com/S2212-5531(13)00088-5/h0030
http://refhub.elsevier.com/S2212-5531(13)00088-5/h0030
http://refhub.elsevier.com/S2212-5531(13)00088-5/h0030
http://refhub.elsevier.com/S2212-5531(13)00088-5/h0030
http://refhub.elsevier.com/S2212-5531(13)00088-5/h0035
http://refhub.elsevier.com/S2212-5531(13)00088-5/h0035
http://refhub.elsevier.com/S2212-5531(13)00088-5/h0035
http://refhub.elsevier.com/S2212-5531(13)00088-5/h0035
http://refhub.elsevier.com/S2212-5531(13)00088-5/h0040
http://refhub.elsevier.com/S2212-5531(13)00088-5/h0040
http://refhub.elsevier.com/S2212-5531(13)00088-5/h0040
http://refhub.elsevier.com/S2212-5531(13)00088-5/h0040
http://refhub.elsevier.com/S2212-5531(13)00088-5/h0040
http://refhub.elsevier.com/S2212-5531(13)00088-5/h0045
http://refhub.elsevier.com/S2212-5531(13)00088-5/h0045
http://refhub.elsevier.com/S2212-5531(13)00088-5/h0045
http://refhub.elsevier.com/S2212-5531(13)00088-5/h0045
http://refhub.elsevier.com/S2212-5531(13)00088-5/h0050
http://refhub.elsevier.com/S2212-5531(13)00088-5/h0050
http://refhub.elsevier.com/S2212-5531(13)00088-5/h0050
http://refhub.elsevier.com/S2212-5531(13)00088-5/h0050
http://refhub.elsevier.com/S2212-5531(13)00088-5/h0050
http://refhub.elsevier.com/S2212-5531(13)00088-5/h0055
http://refhub.elsevier.com/S2212-5531(13)00088-5/h0055
http://refhub.elsevier.com/S2212-5531(13)00088-5/h0055
http://refhub.elsevier.com/S2212-5531(13)00088-5/h0055
http://refhub.elsevier.com/S2212-5531(13)00088-5/h0055
http://refhub.elsevier.com/S2212-5531(13)00088-5/h0060
http://refhub.elsevier.com/S2212-5531(13)00088-5/h0060
http://refhub.elsevier.com/S2212-5531(13)00088-5/h0060
http://refhub.elsevier.com/S2212-5531(13)00088-5/h0060
http://refhub.elsevier.com/S2212-5531(13)00088-5/h0060
http://refhub.elsevier.com/S2212-5531(13)00088-5/h0065
http://refhub.elsevier.com/S2212-5531(13)00088-5/h0065
http://refhub.elsevier.com/S2212-5531(13)00088-5/h0065
http://refhub.elsevier.com/S2212-5531(13)00088-5/h0065
http://refhub.elsevier.com/S2212-5531(13)00088-5/h0065
http://refhub.elsevier.com/S2212-5531(13)00088-5/h0065
http://refhub.elsevier.com/S2212-5531(13)00088-5/h0070
http://refhub.elsevier.com/S2212-5531(13)00088-5/h0070
http://refhub.elsevier.com/S2212-5531(13)00088-5/h0070
http://refhub.elsevier.com/S2212-5531(13)00088-5/h0070
http://www.who.int/tb/publications/global_report/2011/gtbr11_full.pdf
http://www.who.int/tb/publications/global_report/2011/gtbr11_full.pdf
http://www.who.int/tb/publications/global_report/2011/gtbr11_full.pdf

	Prevalence of Mycobacterium tuberculosis with multiple  copies of IS6110 elements in Gulbarga, South India
	Conflict of interest
	Acknowledgements
	References


