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ABSTRACT
Background: The transmission dynamics of Mycobacterium tuberculosis (Mtb) using various genotyping tools has been
studied globally and a particular tool for genotyping Mtb is the mycobacterial interspersed repetitive units-variable number
tandem repeats (MIRU-VNTR). Tuberculosis (TB) remains an important public health problem worldwide and Sri Lanka being
a country of tourist destination; because of major development projects undergoing, it has a high proportion of tourists
and immigrants from Asia and Europe that are characterized with highest TB incidences and drug-resistant clinical isolates.
Hence, in order to address the question of Mtb genetic diversity, we investigated the discriminatory power of both MIRU-
VNTR typing of 15 and 24 loci with spoligotyping to differentiate Mtb isolates.

Method: Acid-fast bacilli positive sputum samples (n¼ 150) from first visit patients were collected. Decontamination of
sputum and extraction of genomic DNA were carried out using standard techniques. The isolates were characterized by
MIRU-VNTR for both the 15 and 24 loci and spoligotyping.

Results: In our study population, MIRU-VNTR 15 and 24 loci did not show a significant difference among the identified M.
tuberculosis strains. However, MIRU 24 loci yielded an additional strain LAM, which is of T1 origin. 15 loci strain grouping
had more clusters of strains grouped together while 24 loci differentiated the same cluster of strains into distinct
strain types.

Conclusion: We conclude that the use of 15-locus MIRU-VNTR typing is sufficient for a first-line epidemiological study to
genotype M. tuberculosis, but the additional discriminatory power of 24 loci MIRU-VNTR has been able to differentiate sam-
ples within highly homologous groups.
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Background

Despite global efforts to strive against tuberculosis (TB),
the etiologic agent Mycobacterium tuberculosis (Mtb) is
responsible for a higher mortality rate by an infectious
disease globally [1]. It is believed that about
15,000–20,000 years ago, Mtb, one of the oldest known
pathogen has been evolved from a common progenitor
[2]. TB has been documented 5000 years ago in Egypt,
3300 years ago in India and 2300 years ago in China [3].
The evolution of M. tuberculosis has been studied to
define the diversity, phylogeny and the transmission
dynamics using various markers [4–7]. However, because
of the diversity of these markers in different populations,
the utility of them has been limited [8]. One tool
exploited for genotyping Mtb is the mycobacterial inter-
spersed repetitive units (MIRU), which occur in variable
number tandem repeats (VNTR) consisting of multiple
loci scattered throughout the genome which are also
hyper-variable and may have an evolutionary function
[9]. Comparative sequence analysis of strains H37Rv, M.
bovis strain AF212/97 and five exact tandem repeats
(ETR-A to ETR-E) previously used as a genotyping tool,
were included in the 41 MIRUs [10]. MIRU-VNTR is a
Polymerase Chain Reaction (PCR) based method [10].
This method was found to be adequate for large-scale
prospective studies but still lacked the discriminatory
power of IS6110-RFLP which provides high discrimin-
atory power for high copy number isolates [10,11]. In
order to account for the large number of samples and
for recent strain evolution, a higher level of discrimin-
atory power was required for long-term population-
based studies [12]. In 2006, Supply et al. proposed an
expanded set of 24 MIRU loci with original 12 loci and
includes a highly discriminatory subset of 15 loci [13].
These 15 loci include six of the previous 12 loci with
nine additional loci and are recommended for front-line
epidemiological studies such as outbreak investigation
[13,14]. The additional VNTR loci of both the 15 and 24
loci methods have significantly increased discriminatory
power over the 12 loci method. The complete set of 24
loci has been recommended for phylogenetic studies
[15]. Spoligotyping, when used alone, tends to overesti-
mate the proportion of clustered strains. Therefore, all
spoligotype defined clusters were further discriminated
using MIRU-VNTRs [16]. When the 24 loci MIRU-VNTR
method is coupled with spoligotyping, discriminatory
power can reach or exceed that of IS6110-RFLP
[13,14,17,18]. Although it is considered that Sri Lanka is
a low TB prevalent country in the South-East Asia

region, around 9000 new tuberculosis cases are reported
every year indicating that TB is an important public
health problem in Sri Lanka. The prevalence rate of
tuberculosis in Sri Lanka in 2012 was 109/100,000 popu-
lation and the mortality rate was 5.9/100,000 population
[19]. The fact that Sri Lanka being an immigration coun-
try for migrants from Asia to Europe and due to the cur-
rent major development projects in the country, it has a
high proportion of migrants originating from parts of
China, India and Bangladesh that are characterized with
highest TB incidences and drug-resistant clinical isolates
[1]. However, only a few investigations have addressed
the question of Mtb genetic diversity in Sri Lanka [20].
In this study, we investigated the discriminatory power
of MIRU-VNTR method for differentiating Mtb isolates
from the Central Province Sri Lanka during a period of
two and half years using 15 and 24 loci VNTR sets with
spoligotyping.

Methods

Study population

A total of 150 acid fast bacilli (AFB) positive sputum
samples from first visit patients were collected over a
period from January 2012 to April 2014 from three dis-
tinct population groups in the Central Province, Sri
Lanka. For this study, we used the same samples from
our previous study [21]. Group I were the general popu-
lation who were culture positive and having TB attend-
ing the Central Chest Clinic, Kandy, Sri Lanka (n¼ 78),
Group II were the prisoners who were culture positive
and having TB in Bogambara prison, Kandy (n¼ 22). The
prisoners in this study population were from the Central
province, Sri Lanka. Group III were the estate workers in
the Central province who were culture positive and hav-
ing TB (n¼ 50). The estate workers were selected from
the District General Hospital, Nuwara Eliya and Central
Chest Clinic, Kandy, Sri Lanka. Ethical clearance was
obtained from the Ethical Review Committee, Faculty of
Medicine, University of Peradeniya, Sri Lanka.

Collection of data and specimens

A validated questionnaire was administered to the
patients of the study population to obtain information
on gender, date and country of birth, nationality, immi-
gration status (if relevant), number of years of residency
in Kandy or elsewhere in Sri Lanka, present address (or
whether the patient is homeless), whether the patient is
living in a health care institution or any public
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institution, the nature of the patient’s employment, soci-
oeconomic status, any previous known exposure to
other persons with TB (especially within the 6 months
before development of any symptoms) and the identity
of patient’s household contacts and respective close
contacts in occupational or crowded settings if relevant.
The sputum samples from the patients who gave con-
sent to the study were collected in autoclavable small
wide mouth glass bottles.

Specimen processing, culture and extraction of
genomic DNA from mycobacteria

Decontamination of sputum was done using the modi-
fied Petroff’s method using 4% NaOH [22].
Lowenstein–Jensen (LJ) medium were inoculated with
the suspension and all slopes were observed for occur-
rence of bacterial growth for 8 weeks. Genomic DNA
was extracted from culture positive isolates (n¼ 150)
and the standard strains of H37Rv and M. bovis, using
standard CTAB/NaCl method [23].

Genotyping of the isolates

The isolates were characterized by two genotyping
methods, spoligotyping and MIRU-VNTR. Mycobacterium
bovis BCG P3 and H37Rv were used as positive controls
and milliQ water as a negative control.

Spoligotyping

Spoligotyping was performed as previously described [6]
using the spoligotyping kit (Occimum Biosolutions,
Hyderabad, India). The spoligo results were compared
with the international spoligotype databases SPOTCLUST
[24] and SITVIT2 [25] of the Pasteur Institute of
Guadeloupe which provides information on the shared-
type distribution of M. tuberculosis spoligotypes at the
worldwide level [26]. At the time of the comparison, the
updated SITVIT2 version contained more than 90,000
patterns from more than 160 countries of patient origin.

MIRU-VNTR typing

MIRU-VNTR genotyping was performed using PCR-ampli-
fication of a panel of 15 and 24 [13] MIRU loci using pri-
mers described in the MIRU-VNTR standard protocol
[26]. Hotstar Taq DNA Polymerase kit (QIAGEN, Hilden,
Germany) was used in the preparation of PCR premixes
for 15 and 24 loci MIRU-VNTR. Briefly, DNA amplification

was carried out in Rotor Gene Q thermal cycler (Qiagen,
Germany). The PCR products were analyzed using 2%
agarose gels and the sizes of the amplicons were
assessed manually using the Genetool software
(Syngene, UK). The MIRU copy number per locus was cal-
culated by using the conventions described [13]. H37Rv
was used to verify the results for a particular locus by
comparing with the allele number assigned for the locus
used. MIRU-VNTR data were analyzed using the web
application MIRU-VNTRplus [17].

Phylogenetic tree and data analysis

Web tools available at http://www.miruvntrplus.org [10,
27] were used to plot the minimum spanning tree (MST)
and the phylogenetic radial tree using unweighted pair
group method with arithmetic mean (UPGMA). Genetic
diversity of each locus was calculated as the Hunter
Gaston diversity index (HGDI) using the formula
described by Hunter and Gaston [28]. The discriminatory
power and allelic diversity were calculated using h value
and Hunter Gaston Discriminatory Index (HGDI) using
the equations: h¼ 1 � Rxi2 where xi is the frequency of
the ith allele at each locus [28].

HGDI ¼ 1� 1
N N�1ð Þ

Xs

j¼1

nj nj � 1ð Þ

where N is the total number of isolates, s is the total
number of different patterns and nj is the number of
isolates belonging to the jth pattern [29]. Clustering rate
was calculated using the formula (nc � c)/n, where the
nc is the total number of clustered cases, c is the num-
ber of clusters, n is the total number of cases in the
study [30].

The HGDI varies between 0.00 and 1.00, with a value
of 0.00 indicating that all strains are indistinguishable
and a value of 1.00 indicating that all strains in the sam-
ple are differentiated. ‘Clustering’ is used to partition a
set of data points into groups (‘clusters’), so that the
points in each group share some common characteris-
tics, typically proximity according to some distance or
similarity measure. The clustering rate is denoted as a
percentage, with lower percentages indicating higher
discriminatory power.

Results

Demographic characteristics of patients

Among the total 150 patients, 79.3% were males, and
the majority (30.66%) was in the age group between 46
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and 60 years. EAI lineage and its sub lineages were iden-
tified in Kandy district, Sri Lanka. EAI lineage had the
highest prevalence rate of 43.23%. Beijing (8.7%),
Haarlem (20%) and MANU (12.7%) strains were also
prevalent in Kandy district. Of the collected data, all the
patients were born in Sri Lanka, majority were from the
Central Province. However, there were a few patients
born in other provinces outside Central Province in Sri
Lanka (Group I and Group III; see Figure S1) and
attended the Central Chest Clinic to receive treatments
for TB. The majority of the patients in general popula-
tion (group I) were from the Central Province (85.9%)
including patients from Kandy (78.2%), Matale (6.4%)
and Nuwara Eliya (1.3%) districts. All the prisoners
(group II) in this study were from Kandy district (100%)
and the majority of the estate workers (group III) were
from Kandy (28%) and Nuwara Eliya (60%) districts
(Figure S1).

MIRU-VNTR genotyping

Molecular typing of Mtb isolates was performed using
15 and 24 MIRU-VNTR loci on 150 clinical isolates from
150 patients belonging to three population groups. As
an initial approach to comparing the efficiency of MIRU-
15 with MIRU-24, we studied the same sample popula-
tion we had already used to test the efficiency of MIRU-
15 [21]. Therefore, 15 MIRU-VNTR locus was performed
on 150 samples and 19 unique lineages/sub-lineages
were identified. The alternate subset of 24 highly dis-
criminatory MIRU-VNTR loci were also used to genotype
the 150 study samples which yielded 20 lineages/sub-
lineages (Table 3). The 15 locus MIRU-VNTR set provided
the highest clustering rate (25.33%) and lowest HGDI
(0.896) whereas, the 24 locus MIRU-VNTR set provided
the lowest clustering rate (12.66%) and highest HGDI
(0.897) of the two sets of MIRU-VNTR loci (Table 1).

In our study population, MIRU-VNTR 15 and 24 loci
did not show a significant difference among the identi-
fied M. tuberculosis strains. However, MIRU 24 loci
yielded an additional strain LAM, which is of T1 origin.
The 24 loci grouping of strains differed when compared
to the 15 loci strain grouping. 15 loci MIRU-VNTR yielded
a total of 57 clustered cases in 19 distinct clusters

whereas the 24 loci MIRU-VNTR yielded 33 clustered
cases in 14 clusters (Figure 1(a,b)). Therefore, in compari-
son to the 15 loci strain grouping, the 24 loci strain
grouping differentiated the cluster of strains into distinct
strain types due to its higher discriminatory power.
MIRU Mtub 21 and QUB-11b were found to be the most
discriminatory of all MIRU loci with an HGDI of 0.72. The
least discriminatory locus was locus MIRU 20 with the
lowest HGDI (Table 2).

The HGDI of the M. tuberculosis isolates at each MIRU-
VNTR locus varied significantly. Among the 24 loci, the
HGDI for 7 loci (Mtub 21, QUB-2163b, ETRA, MIRU 31,
Mtub 39, QUB 26, MIRU 39) exceeded 0.6, suggesting
that they were highly discriminating. 12 loci (Mtub 04,
ETRC, MIRU 04, MIRU 40, MIRU 10, Mtub 30, MIRU 26,
QUB-4156, MIRU 23, MIRU 24, ETRB, Mtub 35) showed
moderate discrimination (0.3�h� 0.6), but MIRU 16
(h¼ 0.15489), MIRU 02 (h¼ 0.015625), MIRU 27
(h¼ 0.161319) and Mtub 29 (h¼ 0.177042) were less
polymorphic. No diversity was observed for the MIRU 20
locus (h¼ 0). In the study presented here, the HGDI
increased to 0.082 and 0.083 with the addition of spoli-
gotyping data to 15 loci and 24 loci MIRU-VNTR data
respectively (Table 1).

Analysis of spoligotyping data

The spoligotyping analysis was done by assigning SIT
numbers and genotypic clade designations by compar-
ing with the SPOTCLUST and SITVIT2 databases, and the
results obtained are summarized in Table 3. This table
shows data both for all the 150 isolates versus data by
taking only one isolate per patient (n¼ 150 isolates).
The overall partition of strains according to major phylo-
genetic M. tuberculosis clades was performed according
to signatures provided in SITVITWEB [25]. The six major
clades observed ranked in the following order: East-
African-Indian (EAI-59/150; 39.33%), Haarlem (H-30/150;
20%), Beijing (13/150; 8.6%), Central European family T
(10/150; 6.5%), European Family X (8/150; 5.2%) and
Central and Middle Eastern Asian (Delhi/CAS-1/150;
0.6%). Additionally, six other sub-lineages were identified
including; MANU (19/150; 12.6%), EAI3-IND (4/150; 2.6%),
EAI6-BGD1 (2/150; 1.3%) and M. tuberculosis S/Qu�ebec
(1/150; 0.6%), Family36 (2/150; 1.3%) and Family35 (1/
150; 0.6%). Of the 13 isolates belonging to Ural (U) line-
ages, six ‘U likely H’ (SIT124), five ‘U likely H3’ (SIT124)
and two ‘U likely EAI’ (SIT523) were identified (Table 3
and Table S1). These results indicate that EAI is the most
endemic lineage in Sri Lanka with reference to the

Table 1. Discriminatory index and clustering rate of MIRU-VNTR
and spoligotyping.
MIRU-VNTR locus set Number of unique genotypes HGDI Clustering rate (%)

15 lociþ spoligotyping 19 0.896 25.33
24 lociþ spoligotyping 20 0.897 12.66
Spoligotyping 16 0.814 52.66
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Figure 1. (a) UPGMA-radial tree displaying the genetic relationships of 150 isolates (Group I, Group II and Group III) of M. tuberculosis based
on 15 MIRU-VNTR loci and spoligotyping. The linkage distance scale is indicated at the bottom. (b) UPGMA-radial trees displaying the gen-
etic relationships of 150 isolates (Group I, Group II and Group III) of M. tuberculosis based on 24 MIRU-VNTR loci and spoligotyping. The link-
age distance scale is indicated at the bottom.
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isolates in the study presented here. This result also sup-
ports the findings that the EAI (CAS) lineage was the
most common and widely prevalent across India,
whereas EAI lineage was more common in south and
eastern India. In our study, 126/150 isolates belonged to
25 shared types which have already been classified in
SITVIT2 database. The EAI lineage with SIT126 pre-domi-
nated the strains among the general population. Beijing
strain was only identified among the general population
where shared type (ST) 1 of Beijing lineage being the

most prevalent ST among the Beijing isolates in this
study (12; 8%) and Haarlem (20%) being the pre-domin-
ant strain among the estate workers. Regarding the
world-wide distribution of major shared types encoun-
tered in the present study, it is important to underline
that EAI pre-dominated in our setting with 59/150
(39.33%) of the isolates. It was followed by SIT124
(Haarlem lineage) with 17/150 (11.33%) of strains and
SIT100 (MANU lineage) 14/150 (9.3%) of the isolates.
Spoligotyping of the 150 isolates led to a total of 26 dif-
ferent spoligo patterns, whereas 10 patterns were not
yet reported and corresponded to orphans (Table S1).
Used alone, spoligotyping grouped 100 strains in 21
clusters (2–14 strains per cluster) with an overall cluster-
ing rate of 52.66% (Table 1).

Phylogenetical analysis using UPGMA radial tree and
minimum spanning tree (MST)

We have used UPGMA radial trees and MSTs to deter-
mine the phylogeny of the isolates based on spoligotyp-
ing and 15 and 24 loci MIRU-VNTR. In both the 15 and
24 radial trees, we have observed that there were three
major branches in which one of the three branches
gave rise to two sub-branches, EAI and the European lin-
eages (Figure 1(a,b)). Branch three had the largest num-
ber of nodes as compared to branches 1 and 2.
Additionally, in both the trees, EAI strains were more
homogeneous than the other strains. Beijing isolates
were the most homogeneous with the least number of
nodes and longest branch lengths. According to previ-
ous studies by Chatterjee et al., it was noted that the
analysis based on UPGMA may mislead due to the
assumption of the nearest ancestor, but it still yielded
the differential clonal nature of the strains. The Beijing
isolates were found to be the most clonal with least
genetic distances in the branches while the Haarlem iso-
lates with longer branches reflected the greater diver-
gence among the isolates. When the 15 and 24 loci
radial trees were compared, the 24 loci tree had
replaced T1 strain of the 15 loci tree in the branch 1 by
LAM strain and have added T3 strain to the branch 2
and T1 strain to the branch 3 in 24 loci radial tree
(Figure 1(b)). Additionally, when the two trees were
compared, the arrangements of strains in clusters were
observed to be different (Figure 1(a,b)).

Figure 2(a,b) illustrate the MST summarizing potential
evolutionary relationships of M. tuberculosis 15 and 24
loci MIRUs [Figure 2(a,b)]. Using this approach, one con-
siders that all intermediate stages are present within the

Table 3. Distribution of study isolates in various lineages as deter-
mined using spoligotyping and MIRU-VNTRplus databases.

Lineage/
Sub-lineage Genotype/SpolDB4 SIT

Strain assignments
using 15

MIRU-VNTR loci

Strain assignments
using 24

MIRU-VNTR loci

EAI Orphan 34 34
EAI5 126, 138, 236, 934, 1090,

2674, Orphan
19 19

MANU1 100, 937 15 15
Ural 124, 523 13 13
H3 50, 124, 533, Orphan 7 7
T1 53, 159, 573 8 7
MANU2 54, 1634 4 4
EAI6_BGD1 591 1 1
EAI3_IND 11, Orphan 2 2
S 34 1 1
X3 1157 2 2
Beijing 1, Orphan 13 13
Delhi/CAS Orphan 1 1
H1 47, 1952 2 2
T4 Orphan 1 1
T3 Orphan 1 1
H Orphan 10 10
X 2180, Orphan 6 6
Orphan – 10 10
LAM 159 0 1

Table 2. Hunter–Gaston discriminatory index (HGDI) for the loci in
MIRU-15 and MIRU-24 sets.

Allele n¼ 150

Copy number

HGDI0s 1s 2s 3s 4s 5s 6s 7s 8s 9s

Mtub 04 149 0 80 52 1 16 0 0 0 0 0 0.58
ETRC 149 0 0 5 36 107 1 0 0 0 0 0.43
MIRU 04 147 0 0 60 0 14 73 0 0 0 0 0.58
MIRU 40 147 0 0 71 59 0 17 0 0 0 0 0.59
MIRU 10 146 0 0 17 14 102 13 0 0 0 0 0.48
MIRU 16 145 0 1 10 133 1 0 0 0 0 0 0.15
Mtub 21 148 0 1 2 22 38 10 12 0 0 63 0.72
QUB-2163b 148 0 0 15 37 10 0 18 0 3 65 0.72
ETRA 149 0 0 2 38 84 0 12 10 3 0 0.61
Mtub 30 148 0 10 78 0 60 0 0 0 0 0 0.56
MIRU 26 147 0 0 88 1 13 42 0 0 0 3 0.55
MIRU 31 146 0 0 0 37 70 29 10 0 0 0 0.66
Mtub 39 148 0 0 57 54 19 4 14 0 0 0 0.69
QUB-26 148 0 0 0 0 3 25 51 65 4 0 0.66
QUB-4156 148 0 40 82 25 1 0 0 0 0 0 0.59
MIRU 02 128 0 0 127 1 0 0 0 0 0 0 0.015
MIRU 23 128 0 0 0 0 18 78 31 1 0 0 0.55
MIRU 39 120 0 8 49 53 10 0 0 0 0 0 0.63
MIRU 20 132 0 0 132 0 0 0 0 0 0 0 0
MIRU 24 146 3 86 52 5 0 0 0 0 0 0 0.53
MIRU 27 116 0 2 0 106 8 0 0 0 0 0 0.16
Mtub 29 128 0 6 1 3 116 2 0 0 0 0 0.18
ETRB 128 0 10 20 98 0 0 0 0 0 0 0.38
Mtub 35 121 0 12 10 92 2 5 0 0 0 0 0.41
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Figure 2. (a) Minimum spanning trees (MSTs) belonging to 15 loci MIRU-VNTR. The length of the branches represents the distance between
patterns while the complexity of the lines (continuous, black dotted and grey dotted) denotes the number of allele/spacer changes
between two patterns. (b) Minimum spanning trees (MSTs) belonging to 24 loci MIRU-VNTR. The length of the branches represents the dis-
tance between patterns while the complexity of the lines (continuous, black dotted and grey dotted) denotes the number of allele/spacer
changes between two patterns.

INFECTIOUS DISEASES 7



sample analyzed by first including the individual that
shows the greatest number of possible linkages to other
individuals in the population studied. We used this
method to highlight the links between the 15 loci MIRU
and 24 loci MIRU differing by changes observed in their
number of copies for 15 and 24 MIRU patterns (line-
ages/sub-lineages are marked on this tree). The structure
of the tree is represented by branches (continuous vs.
dotted lines) and circles representing each individual
pattern (Figure 2(a,b)).

15 MIRU led to well organized and highly linked
strains belonging to the evolutionary recent EAI lineage
that in our study comprised MANU, Family33, EAI3-IND,
with two major sub branches, as well as the EAI6-BGD1
sub-lineage. In addition, the strains Haarlem, T and X
were identified. Finally, MIRU typing resulted in an effi-
cient splitting of the spoligotyping clusters (compatible
with results summarized in Table 3), with sub-cluster
strains being well organized around their closest paren-
tal strain.

Discussion

Genotyping of Mtb isolates is a useful tool, not only for
local contact investigations but for its ability to allow
comparisons of TB worldwide. Molecular typing by
MIRU-VNTR has been used in epidemiology studies and
its stability is found to be adequate for tracking recent
transmission and distinguishing relapses and re-infec-
tions [31]. The system based on 12 loci is most widely
used among the different sets of MIRU-VNTR loci [32].
However, it is not effective for the analysis of clustered
isolates [33]. Other sets of MIRU-VNTR loci, such as the
14 loci set and the 15 loci set have improved the dis-
crimination of unrelated isolates [34]. An optimized set
of 24 loci has also been defined. However, studies have
suggested that all 24 loci are not required for genotyp-
ing M. tuberculosis strains in any given situation [13] as
the number of loci required depends on the lineage
known to be prevalent in the investigated area [35].

In the present study, the analysis of the two sets of
MIRU-VNTR loci showed the expected results. Though
the HGDI is only increased by 0.1% when comparing 15
and 24 MIRU-VNTR loci, the clustering rate showed a
noticeable decrease of 12.67%. According to previous
studies, it was noted that the basic idea behind the
identification of a cluster is the notion that clustering
indicates an ongoing or recent transmission, whereas
unique patterns indicate reactivation events [36]. The 24
loci subset, as is predicted, provided the increased

resolution compared to the 15 loci method, with the 24
loci method providing slight improvements over the 15
loci subset. However, the 15 loci methodology is known
as a highly discriminatory method for first-line genotyp-
ing of Mtb isolates and is recommended to consider as
a replacement for the 12 loci method [12,34].
Approximately, one-third of the isolates were clustered
into groups of 19 indistinguishable 15 loci MIRU pat-
terns. These groups generally contained samples from a
single district, but in some cases there are isolates from
multiple districts involved in the clusters. The application
of the 15 and 24 loci MIRU-VNTR methods allow us to
further differentiate these groups. Instances where indis-
tinguishable patterns cross district boundaries, highlight
the need for a national surveillance program that can
facilitate real-time tracking and contact investigations
associated with a potentially highly mobile individual or
group. Studies have shown that transmission across
regions is not rare and tracking can be accomplished
efficiently when adequate data is available [12]. Data of
our study also illustrates that the higher discriminatory
power provided by the 24 MIRU loci could help to elim-
inate the investigations of spurious relationships.

In our study, loci MIRU 10 and Mtub 30 showed mod-
erate diversity which was similar to studies done previ-
ously [35,37] by genotyping the isolates epidemic,
particularly in Asia. The 7 loci (Mtub 21, QUB-2163b,
ETRA, MIRU 31, Mtub 39, QUB 26, MIRU 39) in our study
which showed a higher diversity has shown a similar
result in a previous study as well [37]. When compared
to previous studies, the Sri Lankan samples represented
here has a relatively low HGDI and high clustering rates
[17,18]. This is due to the highly homologous nature of
the samples. Moreover, the application of the 15 or 24
loci MIRU-VNTR sets were able to discriminate indistin-
guishable spoligo patterns of the isolates into distinct
clusters based on the MIRU pattern. According to previ-
ous studies, in areas with more diverse populations, this
level of discrimination was not required for immediate
investigations, but has proved fruitful over the long-
term tracing in regional outbreaks or the evolution of a
strain over time [38].

For a successful TB control program, studying the
molecular epidemiology of M. tuberculosis clinical iso-
lates is important, as this unravels the disease transmis-
sion dynamics and highlights the most successful strains
circulating within a population in a specific geographical
region. The addition of spoligotyping data to 24 loci
MIRU-VNTR data provides a very high level of discrimin-
ation. To address regional concerns and to quickly
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differentiate strains of interest in an outbreak setting,
alternate sets of MIRU loci have been proposed [13,39].
However, these methods are found to be inadequate for
standardized, long-term, nation-wide surveillance.
According to a study by Christianson et al., it is noted
that in order to provide long-term surveillance of high
volumes of samples, higher level of discriminatory
power is required and according to their study, this high
level of discrimination is provided using a 24 loci MIRU-
VNTR typing [12]. Furthermore, the addition of spoligo-
typing can help to further differentiate clustered sam-
ples to the level of IS6110-RFLP.

Conclusion

The genotyping using 24 MIRU-VNTR loci had a greater
utility in the classification of Mtb strains into lineages
and sub-lineages than 15 loci typing in the setting of
the Central Province, Sri Lanka. The use of 15 loci MIRU-
VNTR typing was sufficient for a first-line epidemio-
logical study to genotype M. tuberculosis isolates.
However, the additional discriminatory power of 24 loci
MIRU-VNTR was able to differentiate samples within
highly homologous groups and to identify occurrences
of indistinguishable patterns among different geograph-
ical localities at a high level of discrimination when com-
pared to 15 loci MIRU-VNTR method. Therefore, the use
of the 24 MIRU loci for long-term surveillance will be
advantageous for providing rapid and highly discrimin-
atory genotyping data.
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