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 Abstract  

 

AIMS/OBJECTIVE: To genotype Mycobacterium 

tuberculosis  isolates and assess the magnitude of their clustering. 

STUDY DESIGN: The present study was aimed at 

genotyping of   M. tuberculosis   isolates from Ghatampur area by 

spoligotyping. Thirty five isolates were typed by spoligotyping during 

1 year  period. Isolates were taken from Ghatampur area where NJIL 

&OMD is carrying  out  epidemiological studies on TB. 

MATERIAL & METHODS: DNA of these thirty five 

isolates was extracted by physiochemical process for genotyping. 

Spoligotyping – DR region was amplified according to the instruction 

of manufacturer (Isogen, Bioscience, Maarsen, The Netherland) and 

hybridized DNA was detected by chemiluminescence’s detection 

system (ECL). 

RESULTS: Twenty seven spoligotypes were obtained. Six 

isolates were clustered into two shared type ST 26(CAS1_Del) and   

ST11 (EAI3_IND.  Thirteen isolates showed orphan profile and further 

analysis with “Spotclust” showed that- 10 belonged to CAS family and 

one each toH3, EAI3, EAI5 family. 

CONCLUSION: Our study showed spoligotyping to be fast 

and reliable system both for typing of M. tuberculosis from culture 

isolates. CAS & few EAI was found to be prevalent family in this area. 

Large number of samples from particular area and time period needs to 

be studied. In future spoligotyping may be used as a best first line tool 

to identify and genotype M. tuberculosis especially from field setting. 

Keywords:  Spoligotyping, Mycobacterium tuberculosis, Ghatampur,  

NJIL&OMD, DNA Extrauction, Culture  
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Introduction 

 

 Tuberculosis is an ancient disease. Tubercle bacilli has 

been detected by molecular analysis in a mummy dated circa 

1550-1080 B.C. The disease has been called the ‘white plague’ 

and ‘the captain of all the men of death’. (Ananthanarayan & 

Panicker 2001).  Tuberculosis (TB) is a contagious disease. Like 

the common cold, it spreads through the air.Tuberculosis is one of 

the leading infectious causes of death worldwide (Frieden et al 

2003). 

Someone in the world is newly infected with TB bacilli 

every second. Overall one third of the world’s population is 

currently infected with the TB bacillus.  5-10 % of people who are 

infected with TB bacilli (but who are not infected with HIV)  

become sick or infectious at sometime during their life. People 

with HIV infection are  much more likely to develop TB.The 

World Health Organization (WHO) estimates that more than 80% 

of TB patients are between the ages of 15-49 years. About 30 % 

tuberculosis patients were reported from India and 33% from 

South- East Asia (WHO 2004). 

The only currently available vaccine is M.bovis BCG for 

tuberculosis, it is alive attenuated mycobacterial strain first 

developed in 1921 (Behr et al 1999). In India the overall figures 

for MDR vary from 0-6% and primary MDR is considered to be 

less than 4 % (Paramasivan et al 1998).Various types of tests are 

used for mycobacterial disease detection such as radiological 

examination, tuberculin test sputum examination and microscopy 

for acid fast bacilli in clinical samples. Various other methods 

include biochemical test (Vestal 1997), composition lipid based 
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characterization (Buller et al 1998). But these are time consuming 

and may not give specific result. 

Recent technological advances have lead to many 

improvements in the diagnostic methods, Mycobacterial growth 

indicator tube, fluorescent tubes etc, have been developed for early 

detection of growth. Besides the time tested biochemical methods, 

several newer techniques like gene probes, HPLC (High 

performance liquid chromatography), protein/isoenzymes patterns, 

ELISA has been developed for characterization of mycobacteria 

(Katoch and Sharma 1997). Recent development in DNA 

technology and Molecular Biology have led to method for rapid  

detection of mycobacterial DNA or RNA in clinical specimen, 

such as ribosomal RNA gene (Cox and Katoch 1986). 

In the past strain specific characters used to distinguish 

strains were mainly antibiograms (Collins et al 1984) or 

susceptibility to mycobacteriophage (Bates and Fitzhugh 1967). 

The discovery of a variety of repetitive DNA elements in 

M.tuberculosis genome has led to development of restriction 

fragment length polymorphism (RFLP) (Eisenach et al 1988) for 

differentiation of clinical isolates of M. tuberculosis. DNA 

fingerprinting of M. tuberculosis has gained increase acceptance 

for useful tool for epidemiology and phylogenetic investigation of 

M. tuberculosis (van soolingen embden et al 1993). 

Various DNA fingerprinting methods used are IS6110 

RFLP (van Embden et al 1993, PGRS Ross et al 1992, Poulet 

and Cole 1994),(GTG)5 (wiid et al 1994) etc, of these methods 

IS6110 RFLP has been recognized as gold standard and 

extensively used worldwide to establish outbreaks and strain 

discrimination. But this method suffers from several disadvantages 

like method is not applicable to those stains having either too high 

or too low copy number of IS6110(Cowan et al 2002,Lee et al 

2002), requires availability of luxuriant growth on solid culture 

medium and method is slow, cumbersome,  labour  intensive and 

technically demanding. 

Various PCR based strain genotyping method including 

RAPD (Abed et al 1995,Linton et al 1984,Singh et al 

2002),AFLP(Amplified Fragment Length Polymorphism)(Vos et 

al 1995,Ahmed et al2003),DR based methods (Herman’s et al 

1992),VNTR typing (Frothingham and Meeker O’ Connell 

1998)MIRU- VNTR typing (Supply et al 2000) and spoligotyping 

(Hermens et al 1991, Kamerbeek et al 1997) are now available.  

Spoligotyping (spacer oligotyping) in which the direct repeats 

(DRs) are used as a target for in vitro DNA amplification. The size 

of direct repeat in direct repeat locus is 36 bp. It is multiple and 

well conserved ,interspersed with non repetitive spacer sequences 

34to 41 bp long (Kamerbeek et al 1997)and which is exploited to 

obtain different hybridization patterns of the amplified  DNA with 

multiple synthetic spacer oligonucleotide which are covalently 

bound to membrane(Kamerbeek et al 1997). 

Although its level of discrimination is lower than 

obtained with restriction fragment length polymorphism associated 

with IS6110 (Goyal et al2001, Baueret al1998) in most strains, 

the performance of the technique regarding the degree of 

differentiation and reproducibility is good (Kamerbeek et 

al1997). Spoligotyping is suitable, rapid and robust and PCR 

based method for simultaneous detection and typing of M. 

tuberculosis specimen. It has been extensively used alone or in 

conjugation with other techniques for tracking epidemics (Sola et 

al 1999). For description of highly prevalent familes such as 

Beijing family (van Soolingen et al 2000) etc. 

There are limited numbers of studies on 

epidemiology/genetics diversity of human tuberculosis using 

spoligotyping of Indian strain of M. tuberculosis (Singh et al 

2002,Bhanu et al 2004). The study is being undertaken to identify 

genotypes of M. tuberculosis isolates from Ghatampur area and to 

gain knowledge about the prevalent spoligotyping based family in 

this region.       

MATERIALS AND METHODS: 

This study was conducted with M. tuberculosis strains 

isolates. Isolates were taken from Ghatampur area where NJIL 

&OMD is carrying out epidemiological studies on TB. During 1 

year period of study, 35 ,M. tuberculosis strains were isolated. 

Only one isolate was included per patient. Samples included in this 

study were from patients presenting to our laboratory units from 

the Ghatampur area, East Uttarpredesh, India. 

DNA method. Mycobacteria were cultured on Middlebrook 7H10 

agar. DNA extraction from mycobacterial colonies was carried out 

by the cetyltrimethylammonium bromide method. DNA extraction 

was performed by using van Embden et al (1993) method.  

Spoligotyping. Spoligotyping was carried out with a commercially 

available kit from Isogen Bioscience BV, Maarssen, The 

Netherlands, according to the manufacturer’s instructions. 

Spoligotyping based on the 43 spacers of the direct-repeat region 

of the M. tuberculosis complex was carried out with primers DRa 

(5_GGTTTTGGGTCTGACGAC 3_) and DRb (5_CCGAG 

AGGGGACGGAAAC 3_) as originally described by Kamerbeek 

et al (1997). 

RESULTS 

In this study spoligotyping was applied to identify and 

genotype of thirty five M. tuberculosis  isolates  from Ghatampur 
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area . Figure 13 and Table-1 show the spoligotypes of 

M.tuberculosis from Ghatampur area. 

                                                         

43 spacers 

 

   
 

 

  Fig: 13 Spoligotype of different M. tuberculosis isolate from 

Ghatampur area 

 

  The following table describes various spoligotypes of M. 

tuberculosis isolates from Ghatampur area; their octal code and 

their shared type in the international data base  spol DB4.0 

(Brudey et al 2006). 

 Table: 1- Spoligotypes from M.tuberculosis isolates from 

pulmonary TB cases  from Ghatampur area 

 

S.No. Isolate Octal code ST/Family 

 KMW-122 703760000000331 ST1120/CAS 

 KMW-167 477777777413071 ST11/EAI3_IND 

 KMW-175 477777777413071 ST11/EAI3_IND 

 KMW-177 777777777413671 ST256/EAI5 

 KMW-186 777766777760771 ST221/X1 

 KMW-238 776377777760771 ST34/S 

 KMW-205 703777740003771 ST26/CAS1_DEL 

 KMW-341 501777400003771 ORPHAN/CAS 

 KMW-353 577777677413771 ORPHAN/EAI5 

 KMW-370 703777740002771 ST1091/CAS1_DEL 

 KMW-392 777777777760771 ST53/T1 

 KMW-404 703777740000771 ST357/CAS 

 KMW-426 703777740003731 ST429/CAS1_DEL 

 KMW-474 477777777413671 ST1369/EAI5 

 KMW-491 477777777413001 ORPHAN/EAI3 

 KMW-495 477777777413071 ST11/EAI3_IND 

 KMW-521 777777577420771 ORPHAN/H3 

 KMW-559 700367740003771 ORPHAN/CAS 

 KMW-565 703777740003771 ST26/CAS1_DEL 

 KMW-202 400377740003771 ORPHAN/CAS 

 KMW-227 NA  

 KMW-236 NA  

 KMW-256 703777740000000 ST1264/CAS 

 KMW-313 700357740003671 ORPHAN/CAS 

 KMW-334 703717740003771 ORPHAN/CAS 

 KMW-337 703774740003771 ORPHAN/CAS 

 KMW-348 NA  

 KMW-350 703767740003771 ST141/CAS 

 KMW-460 703777700000371 ST1345/CAS 

 KMW-466 400377740003771 ORPHAN/CAS 

 KMW-514 503347740003011 ORPHAN/CAS 

 KMW-524 503347700003071 ORPHAN/CAS 

 KMW-561 NA  

 KMW-582 503367740003061 ORPHAN/CAS 

 KMW-583 703777740003771 ST26/CAS1_DEL 

 

NA-Not Amplified 

  

Twenty seven spoligotypes were obtained. Six isolates 

were clustered into two shared type 

 ST 26(CAS1_Del) and   ST11 (EAI3_IND.  Thirteen 

isolates showed orphan profile and further analysis with 

“Spotclust” showed that- 10 belonged to CAS family and one each 

to H3, EAI3,EAI5 family. 

DISCUSSION 

Tuberculosis (TB) is a global problem (Raviglion et al 

1995).  As estimated 1.7 billion people, nearly one third of the 

world population, is infected with M. tuberculosis (Brudey et al 

2004). Each year, there are 8.4 million new cases and 2 to 3 

million deaths (STP 2006). The risk of infections is proportional 

to the intensity of exposure. Infection does not usually lead to 

disease. WHO estimated that if the effectiveness of TB control 

programmes does not improve substantially the number of TB 

cases will pass the 200 million (WHO 2007).  

           HIV (Human Immunodeficiency Virus) is the strongest 

known risk factor for the development of TB. HIV breaks down 

the immune system and makes patients highly susceptible to 

tuberculosis. These patients, in turn, can spread TB to others 

(Rajasekaran et al 2000). 

           TB can be controlled and treated. Various types of tests are 

used top diagnose TB. Key factors in the control of   tuberculosis 

are rapid detection, adequate therapy and contact tracing to arrest 

further transmission. A complete medical evaluation for TB must 

include a medical history, a chest X-ray, and a physical 

examination. Tuberculosis radiology is used in the diagnosis of 

 

M. 

tuberculosis 

Isolates 
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TB. It may also include a Mantoux tuberculin skin test, a 

serological test, microbiological smear and cultures. 

 Various other methods used for identification includes 

biochemical test (Vestal 1977), chemical composition/lipid based 

characterization (Butler et al 1998), but these methods are time 

consuming and may not give specific result. Recent development 

in DNA technology and molecular biology have led to methods for 

rapid detection of mycobacterial DNA or RNA in clinical 

specimens. 

 DNA fingerprinting of M. tuberculosis   has gained 

increase acceptance as a useful tool for epidemiology and 

phylogenetic investigation of M. tuberculosis. Restriction fragment 

length polymorphism (RFLP) typing with insertion element 

(Hermans 1990) IS6110 as a probe, has become the most widely 

used method for differentiating the strains of M. tuberculosis   

isolates (Behr et al 1997). This technique is used for the 

discrimination of M. tuberculosis strain (Cave et al 1991) and 

identification of the transmission chain .  

 Spoligotyping (also known as spaceroligotyping), a new 

method for simultaneous detection and typing of M. tuberculosis   

complex bacteria, has been recently developed (Groenen et al 

1993 Hermans et al 1991).  

 In this method, direct repeats (DRs) are used as a target 

for in vitro DNA amplification and the variation in the spacer is 

exploted to obtain different hybridization patterns of the amplified 

DNA with multiple synthetic spacer oligonucleotides which are 

covalently bound to membrane. In Spoligotyping  DRs (direct 

repeats) are used as a target to find polymorphism.Polymorphism 

in these region appear to comprise  mainly the presence or absence 

of single discrete DVRs (direct variable repeat) or stretches of 

contiguous DVRs (van Embden et al 2000) with in the direct 

repeat locus of M.tuberculosis. 

 Results of spoligotyping can be obtained from a M. 

tuberculosis   culture within one day. Thus the clinical usefulness 

of spoligotyping is determined by its rapidity, both in detecting 

causative bacteria and in providing epidemiologic information on 

strain identities (Embden et al 1993). It has advances over IS6110 

typing (Chauhan et al 2004) in that it is faster and easier to 

perform reproducible and it requires only small quantities of DNA.  

 It is the method for simultaneous detection and typing of 

M. tuberculosis   strain with acid-fast bacilli positive slides from 

clinical specimens or mycobacterial cultures. Spoligotyping may 

be used alone or with other techniques for tracking epidemics 

(Sola et al 1999). 

             In Indian settings, the application of this PCR based 

technique for studying epidemiology of tuberculosis is lacking 

particularly in field settings. In this study the usefulness of this 

technique both for genotyping of M. tuberculosis from culture 

isolates from Ghatampur area was evaluated.  Isolates from this 

area were clustered into two   families CAS1_del and EAI 3_Ind 

family. Orphan isolates on analysis with ‘spotclust’ showed that- 

10 belonged to CAS family and one each toH3, EAI3,EAI5 family. 

Further study will include large number of   isolates  so 

that it can be used in field settings and can provide useful data to 

clinician in different settings.  

 "CAS-family" & EAI was found to be predominant, because 

sample size was low, distribution of other families like Beijing, 

MANU, etc needs to be studied and correlated with the drug 

resistance profile.  

        

CONCLUSION 

 Our study showed spoligotyping to be fast and reliable system 

both for typing of M. tuberculosis from culture isolates. CAS & 

few EAI was found to be prevalent family in this area. Large 

number of samples from particular area and time period needs to 

be studied. In future spoligotyping may be used as a best first line 

tool to identify and genotype M. tuberculosis especially from field 

settings.  
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