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Background & objectives: Slums are considered as hotspots of tuberculosis (TB). The study of genetic 
diversity and drug susceptibility profile of Mycobacterium tuberculosis (MTB) will help understand the 
transmission dynamics and can be used for better prevention and control of the disease. The aim of this 
study was to determine the drug susceptibility profiles and genetic diversity using the random amplified 
polymorphic DNA (RAPD) and mycobacterial interspersed repetitive units-variable number of tandem 
repeats (MIRU VNTR) of MTB isolates from sputum samples of pulmonary TB patients residing in the 
two slums of Jaipur city in Rajasthan, India.
Methods: Sputum samples collected from pulmonary TB patients, their contacts and suspects during 
2010-2012 were processed for microscopy and mycobacterial culture. Drug susceptibility testing was 
done by one per cent indirect proportion method on Lowenstein–Jensen medium for first-line anti-TB 
drugs rifampicin, isoniazid, ethambutol and streptomycin. MTB DNA was extracted by physicochemical 
method, and DNA fingerprinting was done by RAPD and MIRU VNTR analysis.
Results: Among 175 sputum samples collected, 75 were positive (43.8%) for acid-fast bacilli, 83 for MTB 
culture and four were contaminated. Fifty two isolates (62.7%) were fully sensitive to four drugs, and 
five (6%) were multidrug resistant (MDR). RAPD analysis of 81 isolates revealed six clusters containing 
23 (28.4%) isolates, and 58 (71.6%) were unique. MIRU VNTR analysis clustered 20 (24.7%) isolates, 
and 61 (75.3%) were unique.
Interpretation & conclusions: About 62.7 per cent isolates from the sputum samples from slum areas were 
sensitive to four drugs; six per cent of isolates were MDR. Poly-resistance other than MDR was high 
(16%). About one-fourth isolates were clustered by either method. RAPD was rapid, less expensive but 
had low reproducibility. MIRU VNTR analysis could identify to greater extent the epidemiological link 
in the population studied.
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India is one of the high tuberculosis (TB) prevalent 
nations in the world1. Several high TB incidence 
nations possess some hyperendemic ‘hotspots’ which 
contribute immensely to TB transmission2. Slums 
are one of these ‘hotspots’, characterized by poverty, 
overcrowding, concentration of lower socio-economic 
class and associated with multiple health problems, 
malnutrition, poorly ventilated houses and unhygienic 
environment3. High transmission of TB has been 
reported in communities characterized by dense 
population and poor hygienic conditions in resource-
poor and high TB incidence countries like India4. Jaipur, 
the State capital of Rajasthan, has over 235 slum areas, 
in which around 4.87 lakh people live (22.4% of the total 
population)5. The major diseases reported in these areas 
are TB (3.0%), blindness (1.9%) and leprosy (0.8%)6. 
High prevalence of TB in slums has been reported from 
India7-9 and western countries2,3. High prevalence of 
multidrug-resistant (MDR) TB has been reported from 
slums in Dhaka10 and Mumbai11, but no such information 
is available from slums of Jaipur. The study of genetic 
diversity of Mycobacterium tuberculosis (MTB) 
strains by DNA fingerprinting in an area can provide 
insights on transmission dynamics11-13. IS6110-based 
restriction fragment length polymorphism (RFLP) 
DNA fingerprinting of MTB has been considered an 
established standard, but the major drawback is that it 
is lengthy, cumbersome and a significant proportion of 
Indian MTB isolates have low or zero copy numbers of 
these sequences which significantly reduces its utility in 
India14-16. This has necessitated the use of other rapid and 
reliable fingerprinting methods for the typing of MTB 
isolates such as random amplified polymorphic DNA 
(RAPD) fingerprinting13, mycobacterial interspersed 
repetitive units-variable number of tandem repeats 
(MIRU VNTR) analysis17 and spoligotyping18. Analysis 
of drug resistance patterns and genotypic diversity of 
the MTB isolates can provide useful information for 
understanding the transmision dynamics. The present 
study was thus planned to analyze the drug resistance 
profile and genotypic diversity of MTB isolates using 
two polymerase chain reaction (PCR)-based systems, 
i.e. IS 986F-based RAPD analysis and 12 loci-based 
MIRU VNTR analysis from sputum samples of 
pulmonary TB patients and their contacts residing in 
the two closely located slums (Eidgah & Nagtalai) of 
Jaipur city, India.

Material & Methods

The study was conducted during 2010-2012 at 
two urban adjacent slums of Jaipur city (Eidgah & 

Nagtalai) from the Revised National Tuberculosis 
Control Programme Directly Observed Treatment 
Short Course (RNTCP DOTS) centres of the area. The 
sample size was calculated using the formula n=t2 × p 
(1 − p)/m2, taking national prevalence of MDR in new 
smear positive (NSP) cases as 3 per cent (p), margin of 
error at 3 per cent (m), 95 per cent confidence interval 
(t standard value 1.96), resulting in the power of study 
being 0.95. The proposed sample size was calculated 
to be 124. In the present study, 171 TB cases were 
included, of whom 160 were NSP cases. 

Inclusion & exclusion criteria: Consecutive, newly 
diagnosed pulmonary TB patients and pulmonary TB 
suspects (as per the RNTCP guidelines19) visiting the 
DOTS centre and residing in Eidgah and Nagtalai slums 
of Jaipur; known TB patients [less than two months 
of anti-tubercular therapy (ATT)]; MDR-TB suspects 
(treatment failures of Cat II regimen); symptomatic 
contacts suspected of TB of all the above; patients who 
consented to participate in the study and gave their 
written consent were included in the study. Known TB 
patients with greater than two months of ATT [whose 
samples would probably not yield positive growth 
on Lowenstein–Jensen (LJ) culture], as well as all 
patients/suspects/contacts not willing to participate in 
the study were excluded. Known HIV-positive patients 
were also excluded from the study.

Clinical details & sample collection: Detailed history 
of the patients which included age, sex, HIV status, 
and intake of ATT in the past was noted. Written 
informed consent was taken from all the patients/
suspects enrolled in the study. The study protocol was 
approved by the Institutional Ethics Committee of the 
SMS Medical College, Jaipur. Early morning sputum 
samples (4-5 ml) were collected in sterile containers 
and transported to the Mycobacteriology Laboratory 
[RNTCP-approved culture & drug susceptibility 
testing (DST) Laboratory] of SMS Medical College, 
Jaipur, the same day. 

Biosafety precautions: All procedures were performed 
in an RNTCP-accredited biosafety level II (BSL II) 
culture and DST Laboratory. All precautions were 
taken as per RNTCP guidelines19. This was also done 
for the sputum samples after testing as well as for 
culture isolates and media used for the study.

Smear microscopy & culture on Lowenstein–Jensen 
(LJ) medium: Sputum samples were examined by acid-
fast bacillus (AFB) smear microscopy using Ziehl–
Neelsen staining on light microscope and graded 
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according to the RNTCP guidelines19. Thereafter, the 
sputum samples were processed by modified Petroff’s 
method19 and cultured on LJ medium. The slants were 
incubated at 37°C and were regularly observed for 
growth every week.

Biochemical confirmation of Mycobacterium 
tuberculosis: The growth obtained on L-J slants was 
identified by naked eye colony appearance as well 
as growth characteristics and was biochemically 
confirmed by niacin, nitrate test as well as susceptibility 
to p-nitrobenzoic acid20. Biochemically confirmed 
MTB isolates were subjected to DST testing as well as 
RAPD and MIRU VNTR typing.

Drug susceptibility testing: DST was performed by 
indirect one per cent proportion method on LJ media 
for the four first-line drugs (Sigma, USA), namely, 
streptomycin (4 µg/ml), isoniazid (INH) (0.2 µg/ml), 
rifampicin (40 µg/ml) and ethambutol (2 µg/ml)19,21.

Genomic DNA preparation: DNA was extracted from 
the isolates grown on LJ medium, by physiochemical 
method22. Briefly, the growth was scraped and 
suspended in 400 µl TE buffer [10 mM Tris-HCl (pH 
8.0), 1 mM EDTA] and the above suspension was 
placed at 90°C for 20 min, to heat kill the bacteria. 
This was followed by snap chilling at -20°C for 20 
min. Extracted DNA was precipitated overnight with 
isopropanol (-20°C) and washed with 70 per cent 
ethanol. The DNA was dissolved and stored in 40 µl 
TE buffer at 4°C till further usage. The purity and 
quantity of obtained DNA were checked on Nano-
Quant (Tecan, Switzerland) for optimum quality. The 
quality checked DNA was diluted to a concentration 
of 25 ng/µl for RAPD analysis and 2 ng/µl for MIRU 
VNTR analysis.

Random amplified polymorphic DNA (RAPD) analysis: 
RAPD analysis was done by method described by 
Linton et al13. The DNA was amplified using single 
primer IS 986F - 5’ACG CTC AAC GCC AGA 
GAC CA 3’; Tm=61°C13 (Imperial Life Sciences, 
Gurgaon, India). This was targeted to the inverted 
repeat sequences of IS 986 between closely spaced 
copies of this element13. The PCR mix (25 µl) used 
for the experiment contained 1× PCR buffer, 1.5 mM 
MgCl2, 1.5 U of Taq DNA polymerase and 200 µM of 
deoxynucleoside triphosphate (dNTP). All reagents for 
PCR amplification were obtained from Merck, USA. 
To this mix, 50 ng of genomic DNA was added. The 
resulting mix was incubated for five minutes at 94°C. 
A total of 40 cycles of PCR was run on a thermal cycler 

(ABI, USA). The reaction consisted of a denaturation 
step for 30 sec at 94°C, an annealing step for one 
minute at 36°C and an extension step for one minute 
at 72°C. The annealing temperature was kept low to 
allow less stringent annealing of primer along the 
template DNA. This was followed by a step of final 
extension for seven minutes at 72°C. The analysis was 
repeated on the same DNA in another independent 
run experiment, following the same protocol to check 
whether the results were reproducible or not. The 
reproducible profiles were used in the analysis.

Mycobacterial interspersed repetitive units-variable 
number of tandem repeats (MIRU VNTR) analysis: 
For MIRU VNTR, 12 sets of primers were used for 
the MIRU loci17,23 [2, 4, 10, 16, 20, 23, 24, 26, 27, 
31, 39, 40 (Imperial Life Sciences)]. The PCR mix 
was prepared using the HotStarTaq DNA polymerase 
kit (Qiagen, Germany). The reaction mixture (20 µl) 
contained 1× PCR buffer, 1.5-3.0 mM MgCl2, 0.4 U 
of Taq polymerase, 200 µM of dNTP mix, 0.4 µM of 
primer. The reactions were carried on ABI thermal 
cycler starting with a denaturing step of 15 min at 
95°C. After denaturation, the PCR was performed 
for 40 cycles of one minute at 94°C, followed by one 
minute at 59°C and 1.5 min at 72°C. The reaction was 
terminated by incubating for 10 min at 72°C.

The PCR products generated by both the steps were 
visualized by electrophoresis in a gel containing two 
per cent agarose (Sigma, USA). For size determination, 
100 bp (base pair) DNA marker (G Bio, India) was 
used. The reproducibility of the profile was checked by 
repeating the experiment twice.

Positive control (PC) & negative control (NC): 
Negative control consisted of PCR mix with nuclease-
free distilled water instead of genomic DNA and was 
run with each batch of amplification. DNA from MTB-
H37Rv was used as positive control (PC). 

Analysis of fingerprints & cluster analysis: Gels were 
photographed and band sizes were estimated using a gel 
documentation and analysis system (Bio-Rad, USA). 
For RAPD analysis, the size of the bands that differed 
by less than 15 bp was considered to be the same. The 
band pattern for each isolate was noted. Only distinct 
and prominent bands were used in assessing RAPD 
patterns. For the non-reproducible RAPD patterns, 
the common bands from two independent runs were 
taken into account for cluster analysis. Taking into 
consideration all such bands obtained, the presence or 
absence of a band was noted for each isolate. A data 
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matrix was composed and the numerals 1 and 0 were 
built on the basis of presence (1) or absence (0) of a 
band observed. This binary code for each isolate was 
used for the determination of phylogenetic similarity 
between isolates. The genetic relationship among the 
isolates was determined by constructing a similarity 
matrix based on calculating the Jaccard’s coefficient11. 
Isolates with a Jaccard’s coefficient of ≥0.8 were 
assumed to be clustered. Statistical analysis was 
performed using SPSS 17.0 (SPSS Inc., Chicago, IL, 
USA).

For MIRU VNTRs, the band sizes for the 
amplification products of each locus were determined. 
The number of repeats/alleles at each locus was 
determined using the MIRU VNTR allelic table17. This 
led to the formation of a 12-digit code for each isolate 
comprising the number of repeats at each locus. Two 
isolates with similar 12-digit code and /or difference 
at a single locus of the 12-digit number (i.e. >90% 
similarity) were grouped into one cluster. MIRU 
VNTR allelic diversity at each locus was determined 
using online tool (MIRU VNTR plus)23.

Results

Smear & culture positivity: Of the 175 sputum samples 
collected from patients under treatment, their contacts 
as well as suspected TB patients, culture results were 
obtained for 171 samples (four were contaminated and 
could not be retrieved). Among the 171 samples, 68 

were from known pulmonary TB cases and 103 were 
from contacts which included family, neighbourhood, 
workplace and social contacts from the same slum area. 
Of these samples, 160 were untreated/ATT less than two 
months (NSP/CAT I patients) and 11 were retreatment 
cases (RT, CAT II patients). These comprised 106 males 
and 65 females (male:female=1.6:1), and their age 
ranged from 3 to 71 years (mean ±SD 35.46 ±16.91yr). 
All were HIV negative. On sputum smear microscopy, 
75 of 171 (43.9%) were AFB positive. Mycobacterial 
growth on LJ culture was observed in 83 (48.5%) 
patients. Among the 103 suspected TB contacts, 17 
(16.5%) were positive for MTB culture. All 83 isolates 
were biochemically confirmed as MTB. Seventy four 
of these patients (89.2%) were new untreated cases 
(CAT I) and nine (10.8%) were RT (CAT II). These 
CAT II cases were on treatment for varying duration 
ranging from six months to two years (Table I).

Drug susceptibility testing (DST) patterns and treatment 
outcomes of patients: DST was done for all the 83 
isolates. Among the 74 CAT I isolates, 66.2 per cent 
(n=49) were fully sensitive, three were MDR (4.1%); 
one (1.4%) were isoniazid monoresistant; nine (12%) 
were monoresistant to streptomycin and 12 (16%) were 
poly-drug resistant. Of the nine isolates from CATII 
cases, three (33.3%) were fully sensitive; two (22%) 
were MDR; three (33%) were poly-drug resistant and 
one (11%) was mono-resistant to isoniazid (Table II).

Table I. Summary of bacteriological results of patients included in the study
Category of patients Number of patients AFB positive (%) MTB culture positive (%)
Category I (NSP) 160 65 (40.62) 74/83 (89.2)
Category II (RT) 11 10 (90.9) 9/83 (10.8)
Total 171 75 (43.9) 83/171 (48.5)
MTB, Mycobacterium tuberculosis; AFB, acid‑fast bacillus; NSP, new smear positive; RT, retreatment

Table II. Drug susceptibility profiles of culture‑positive cases
Drug sensitivity profile Category I (n=74) (%) Category II (n=9) (%) Total (n=83) (%)
Fully sensitive 49 (66.2) 3 (33.3) 52 (62.7)
Rifampicin mono‑resistance Nil Nil Nil
Isoniazid mono‑resistance 1 (1.4) 1 (11.1) 2 (2.4)
Streptomycin mono‑resistance 9 (12.2) Nil 9 (10.8)
Ethambutol mono‑resistance Nil Nil Nil
MDR 3 (4.1) 2 (22.2) 5 (6.0)
Poly‑drug resistance other than MDR 12 (16.2) 3 (33.3) 15 (18.1)
MDR, multidrug resistant
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Mono-resistance to rifampicin and ethambutol 
was not seen in both the categories of patients. Mono-
resistance to streptomycin was quite high (12.2%) in 
CAT I patients but was not observed in CAT II patients. 
Poly-drug resistance was observed in 16.2 and 33.3 per 
cent, respectively, in CAT I and CAT II patients (Table 
II).

Random amplified polymorphic DNA (RAPD): RAPD 
analysis and MIRU VNTR fingerprints could be typed for 
81 of 83 isolates (97.6%). RAPD profiles of the isolates 
showed band patterns consisting of 1-15 bands, detected 
in the range of 176-1600 bp. Positive control, MTB-
H37Rv showed two prominent bands at 810 bp and at 
377 bp in all amplifications (Fig. 1). A total of 64 patterns 
were obtained (58 unique and 6 clustered). Twenty three 
isolates were clustered in these six clusters (28.4%), 
whereas 58 (71.6%) isolates showed unique pattern. The 
largest cluster was of seven isolates (Table III).

Mycobacterial interspersed repetitive units-variable 
number of tandem repeats (MIRU VNTR) analysis: 
MIRU VNTR analysis revealed 69 patterns (61 unique 
& 8 clustered). Lineage of 52 of 81 (64.19%) isolates 
could not be determined by this typing. No association 
was observed with VNTR and Beijing or any other 
lineage in the MDR isolates (Table IV). MIRU VNTR 

signature code of H37Rv, i.e. 23’3226133321, was 
observed in all amplifications (Fig. 2). In all, 20 
(24.7%) isolates were clustered and 61 were unique 
(75.3%). The Hunter Gaston’s Discriminatory index 
(HGDI)23 for RAPD was 0.9873 and for MIRU 
VNTR was 0.9951. Five MIRU loci (10, 16, 23, 26, 
31) were found to be ‘highly discriminatory’ (allelic 
diversity; h≥0.6), four MIRU loci (4, 24, 39, 40) were 
‘moderately discriminatory’ (h: 0.3-0.59) and three 
loci (2, 20, 27) were ‘poorly discriminatory’ (h<0.3) 
(Table V). The concordance between MIRU VNTR 
and RAPD clusters was low. In all, 14 (17.3%) isolates 
were clustered by RAPD alone, 11 (13.6%) by MIRU 
VNTR alone and nine (11.1%) were clustered by both 
the methods whereas 47 (58.02%) were not clustered 
by either of the methods. Among the 23 isolates 
obtained from known cases and epidemiologically 
linked contacts, only two (8.9%) were clustered by 
RAPD and nine (39.1%) by MIRU VNTR.

Discussion

In the present study, 48.5 per cent samples collected 
from known pulmonary TB patients, suspects and their 
contacts were positive for MTB. The AFB smear and 
culture positive rates were low as compared to that 
reported in the general population by RNTCP under the 

Table III. Epidemiological links & drug susceptibility testing (DST) patterns in random amplified polymorphic DNA (RAPD) clusters
RAPD Cluster number Epidemiological links DST patterns
1 (n=7) No direct link MDR (0)

Fully sensitive (2)
Other poly‑drug resistance (2)

2 (n=5) No direct link MDR (0)
Fully sensitive (5)
Other poly‑drug resistance (0)

3 (n=3) No direct link MDR (1)
Fully sensitive (2)
Other poly‑drug resistance (0)

4 (n=3) 2/3 direct linked MDR (0)
Fully sensitive (3)
Other poly‑drug resistance (0)

5 (n=3) No direct link MDR (0)
Fully sensitive (2)
Other poly‑drug resistance (0)

6 (n=2) No direct link MDR (0)
Fully sensitive (2)
Other poly‑drug resistance (0)

Total (n=23) 2/23 (8.69%) had direct links MDR (1)
Fully sensitive (16)
Other poly‑drug resistance (2)

MDR, multidrug resistant
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Fig. 1. Agarose gel image showing random amplified polymorphic 
DNA (RAPD) profiles of Mycobacterium tuberculosis (MTB) 
isolates from the two slums. Lanes 1-11, samples (isolates 
from the slums); NC, no-template control; PC, positive control 
(M. tuberculosis strain H37Rv).

Table IV. Epidemiological links & drug susceptibility testing  (DST) patterns in mycobacterial interspersed repetitive unit‑variable 
number of tandem repeat (MIRU VNTR) clusters
MIRU VNTR Cluster number Epidemiological links DST patterns
1 (n=3) No direct link MDR (0)

Fully sensitive (1)
Other poly‑drug resistance (2)

2 (n=3) 2/3 direct linked MDR (1)
Fully sensitive (2)
Other poly‑drug resistance (0)

3 (n=2) 2/2 direct linked MDR (0)
Fully sensitive (2)
Other poly‑drug resistance (0)

4 (n=3) 3/3 direct linked MDR (1)
Fully sensitive (1)
Other poly‑drug resistance (2)

5 (n=3) 2/3 directly linked MDR (0)
Fully sensitive (1)
Other poly‑drug resistance (0)

6 (n=2) No direct link MDR (0)
Fully sensitive (1)
Other poly‑drug resistance (1)

7 (n=2) No direct link MDR (0)
Fully sensitive (1)
Other poly‑drug resistance (1)

8 (n=2) No direct link MDR (0)
Fully sensitive (2)
Other poly‑drug resistance (0)

Total (n=20) 9/20 (45%) had direct links MDR (2)
Fully sensitive (11)
Other poly‑drug resistance (6)

MDR, multidrug resistant

programme conditions1. This could be due to inclusion 
of a section of patients who were also on treatment in 
the slums but had taken less than two months treatment. 
Similar culture positive rates have been reported from 

other parts of the country and in other slum settings 
from Lucknow24, Gujarat25 and south India26. 

About 66.2 per cent of isolates belonging to NSP 
cases (CAT I) were fully sensitive to all of the four 
drugs tested in the present study. Studies undertaken 
at Lucknow24, Gujarat7,25 and Ernakulam (Kerala)26 
have reported higher sensitivity to all the first-line 
drugs (78.6, 78.7 & 72.1%, respectively). MDR TB 
observed in the present study in the NSP cases was 
4.1 per cent, which was comparable to those from 
Lucknow24 (4.7%) but higher than Gujarat25 (2.4%), 
and Kerala26 (0.6%). Poly-drug resistance other than 
MDR was seen in 16.2 per cent of our isolates, which 
was higher than other studies which reported 3 to 
10.7 per cent9,24-26. Total resistance (both mono- and 
poly-drug) to streptomycin in CAT I cases was high, 
i.e. 33.63 per cent, as also reported by other workers 
from India (27.69 & 70.0%8, respectively). This could 
be due to indiscriminate use of streptomycin in slums 
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Fig. 2. Agarose gel images of mycobacterial interspersed repetitive units-variable number of tandem repeats (MIRU VNTR). Panels (A-L) depict 
MIRU 2, 4, 10, 16, 20, 23, 24, 26, 27, 31, 39 and 40. In each panel lanes are marked as M, 100 bp DNA marker; various lanes, MIRU VNTR 
profiles of the isolates; NC, MIRU fingerprint of no-template control for the respective locus; PC, MIRU fingerprint of positive control 
(M. tuberculosis strain H37Rv) for the respective locus.
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which is a cheap injectable as well as readily available 
drug from the pharmacist.

Acquired multidrug resistance in the present study 
was observed to be 22.2 per cent; poly-drug resistance 

other than MDR 33.3 per cent and mono-drug resistance 
to INH as 11.1 per cent. The profile may not be truly 
representative as very few sputum samples from CATII 
patients were analysed. Study from Gujarat25 reported 
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17.4 per cent MDR, other poly-drug resistance eight per 
cent and mono-drug resistance to INH as 11.1 per cent.

Isolates with MDR pattern in the present study 
were similar to our previous report, i.e. 4.5 and 24.3 per 
cent27 in NSP and RT cases, respectively, and marginally 
higher (2.5 & 16%, respectively)1 than the reported 
national average. Mono-resistance to streptomycin was 
high (12.2%) in CAT I patients but was not observed in 
CAT II patients. As the study had only a small number 
of CAT II cases, no conclusions could be drawn. The 
high percentage of poly-drug resistance observed in 
both CATI and CATII patients needs to be addressed, 
as these patients are more commonly treatment failure 
cases and are prone to develop into MDR.

PCR-based genotyping methods are easy to use, 
rapid and need one day. The RFLP-based methods 
require 3-4 days and more labour intensive. RAPD 
analysis uses single randomly selected primer to scan 
the entire bacterial genome, therefore can be applied 
to any genome irrespective of its complexity and has 
been used by many Indian investigators4,28-30 for DNA 
fingerprinting. Using RAPD analysis, a previous study 
from Agra clustered 9 of 16 (56.25%) isolates obtained 
from the same family residing in a slum area29. 

 The reliability and reproducibility of the method 
reside in the correct choice of primers and optimization 
of reaction conditions. IS 986 F primer is targeted to 
the inverted repeat sequences of the insertion sequence 
98613. In our study, the fingerprints obtained from two 
independent runs on the same DNA sample yielded 
reproducible results in only 55 of 81 (68%) isolates. 

Differences between the patterns generated by RAPD 
might be due to technical and operating parameters of 
the method rather than true inter genetic polymorphism. 
Variations in RAPD patterns are attributed to priming 
efficiency during early rounds of amplification, 
concentration and purity of template DNA, primer / 
template ratio, or the ramp times of the cyclers used31-33. 
In many settings like slums, tuberculosis often results 
from casual contact, in addition to close contact with 
infected patients13. Standard MIRU VNTR typing 
has been shown to have slightly good predictive 
value for tracing TB transmission32, and clustering 
has shown epidemiological linkages and has higher 
reproducibility and discriminatory power18. In our study 
also, discriminatory power of MIRU VNTR analysis 
was higher (HGDI=0.9951) in comparison with RAPD 
analysis (HGDI=0.9873). Studies from Kanpur18, New 
Delhi34 and Mumbai35 also reported that MIRU 26 was 
highly discriminatory using the 12 loci. Although the 24 
locus variant of the method is more discriminatory, the 
present study being the first one from this region reports 
the use of 12 loci. Moreover, 24 loci MIRU VNTR has 
been found to be more useful for phylogenetic studies 
whereas 12 and 15 loci MIRU VNTR has been found 
useful for epidemiological investigations33. In the 
present study, 28.39 per cent isolates were clustered by 
RAPD analysis and 24.69 per cent by MIRU VNTR 
analysis. However, among the known contacts, only 
8.9 per cent were clustered together by RAPD while 
39.1 per cent by MIRU VNTR.

No association was observed in genotypic clustering 
and drug resistance patterns. Poly-drug resistance was 

Table V. Mycobacterial interspersed repetitive unit‑variable number of tandem repeat (MIRU‑VNTR) allelic diversity
MIRU locus Allele number Allelic diversity (h)

0 1 2 3 4 5 6 7 8 9 10
MIRU 2 ‑ 1 80 ‑ ‑ ‑ ‑ ‑ ‑ ‑ ‑ 0.01
MIRU 4 ‑ ‑ 61 3 2 10 1 3 ‑ ‑ ‑ 0.41
MIRU 10 ‑ 1 6 13 15 12 25 9 ‑ ‑ ‑ 0.81
MIRU 16 ‑ 2 10 20 34 14 1 ‑ ‑ ‑ ‑ 0.71
MIRU 20 ‑ 4 77 ‑ ‑ ‑ ‑ ‑ ‑ ‑ ‑ 0.08
MIRU 23 ‑ ‑ ‑ 1 14 44 12 7 3 ‑ ‑ 0.64
MIRU 24 1 64 16 ‑ ‑ ‑ ‑ ‑ ‑ ‑ ‑ 0.33
MIRU 26 ‑ 4 15 6 9 13 8 21 2 3 ‑ 0.84
MIRU 27 ‑ 1 7 71 1 ‑ 1 ‑ ‑ ‑ ‑ 0.22
MIRU 31 ‑ 1 4 16 19 25 14 2 ‑ ‑ ‑ 0.77
MIRU 39 ‑ 6 16 48 11 ‑ ‑ ‑ ‑ ‑ ‑ 0.59
MIRU 40 ‑ 3 22 47 8 1 ‑ ‑ ‑ ‑ ‑ 0.58
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observed in only one cluster by RAPD, but by MIRU, 
50 per cent clusters showed poly-drug resistance. Higher 
clustering of MTB isolates from slums has been reported 
by several workers2,3. The lower rates of clustering 
(25-28.0%) found in our study may be because of 
inability to include all TB patients in the areas as well as 
that the infection may have been acquired from outside 
the slums. 

Limitations of our study were the inability to 
include all TB patients, high mobility of inhabitants in 
the slum areas leading to possible missing of clustered 
cases, reactivation of old dormant cases exposed years 
ago and thus failure to establish links. The benefit of 
the study was that it tried to analyse the drug resistance 
profile in new and retreated TB cases and genetic 
diversity in slum areas. MDR rates observed were 
similar to the rest of country. 

In conclusion, rifampicin and ethambutol mono-
resistance was not seen in MTB isolates and only six 
per cent isolates were MDR. MIRU VNTR technique 
was found to be highly discriminatory and efficient in 
identifying definitive epidemiologically linked cases. 
RAPD analysis was rapid, inexpensive, had fairly high 
discriminatory power but had lower reproducibility and 
was unable to link related patients in the community. 
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