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differentiation of M. tuberculosis.

| Abstract: Tuberculosis is a major health problem throughout the world and there are still a great number of people with the disease. Planning for
controlling tuberculosis is required to identify the sources of infection and screening for the disease. The aim of this study is the differentiation
of Mycobacterium tuberculosis strains for better understands the spread of the disease in North West Iran. In this study, 194 positive cultures
of M. tuberculosis in North West Iran were evaluated by the MIRU-VNTR method. MIRU-12 differentiated the 194 isolates into 138 different
patterns, comprising 30 clusters and 108 unique patterns (HGDI=0.9930). The largest cluster contained twelve isolates. The results showed that
the majority of TB cases in North West Iran are due to reactivation and the 12-MIRU typing method can be used as a first-line method for strain
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Introduction

Nowadays, despite efforts to control tuberculosis
and directly observed therapy short-course (DOTS)
adopted by the world health organization (WHO), glo-
bal TB, especially in developing countries is increasing
(1). Nearly a third of the world's population is infected
with M. tuberculosis but only ten percent of the patients
develop active disease (2). According to the WHO in
2013, nine million new cases of TB occurred worldwide
and as result, 1.5 million people lost their lives. Of these,
360,000 cases were positive for HIV (human immuno-
deficiency virus) (3) and most lived in poor socioecono-
mic conditions(4). The world TB control and contain-
ment program is currently associated with two global
threats. One is the HIV epidemic (5) and the other is
the prevalence of drug-resistant TB (6). Therefore, the
use of methods that can identify the transmission of TB,
especially multi-drug resistant TB (MDR-TB) should
be effective in controlling this disease. To control TB
the sources of the infection needs to be identified (7).
With detection and treatment of the disease (8) using
molecular epidemiology will helps Identifying the pat-
terns of disease transmission and increasing our unders-
tand on the mode of transmission and spread of disease
(9) This enables us to distinguish different mechanism
of TB infection including recurrence of TB from recent
infection transmission (10).

Several different typing methods are developed for
the molecular epidemiology that make the study of strain
diversity and dynamics of the disease possible, beside
the evaluation of tuberculosis control programs (11).
One of the molecular typing methods is MIRU-VNTR
(Mycobacterial Interspersed Repetitive Units-Variable
Number Tandem Repeats). The mycobacterium inters-

persed repetitive units are 40-100 base pair elements
that are tandem repeats dispersed in the M. tuberculosis
complex genome. There are a total of 41 MIRU loci,
of which 12 are usually selected for genotyping: 2, 4,
10, 16, 20, 23, 24, 26, 27, 31, 39 and 40 (12). Different
strains of M. tuberculosis have different numbers of re-
petitions in different positions. This repetition has been
investigated by PCR (Polymerase Chain Reaction) and
the number of repeats is calculated according to the size
of the amplified products (13), Therefore it is an appro-
priate method to analyze the genetic diversity of strains.
The aim of this study is the strain differentiation of M.
tuberculosis, to help gain a better understanding of the
spread of the disease in North West Iran and in this way
helping to choose preventive measures to reduce TB in
the country.

Materials and Methods

Mycobacterial isolates

All isolates of M. tuberculosis were collected from
patients who were referred to central tuberculosis labo-
ratories in North West of Iran. The study population
comprised all patients from whom at least one sample
was positive for M. tuberculosis by culture. One hun-
dred and ninety-six of the M. tuberculosis complexes
were collected from two central tuberculosis laborato-
ries in North West Iran. The isolates were identified as
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Table 1. Discriminatory power of MIRU typing in the present study.

Distinct pattern Unique pattern

No. of clusters

Isolated included in clusters HGDI

138 108 30

86 0.9930%*

*Highest degree for HGDI (Hunter-Gaston discriminatory index) is 1 that shows highest discriminatory power.

M. tuberculosis by Ziehl-Neelsen staining and standard
microbiological tests, including production and growth
rate on Lowenstein Jensen medium (14)

MIRU-VNTR typing

Extraction of DNA from M. tuberculosis isolates was
performed by using lysozyme, SDS, Proteinase K and
CTAB(15, 16). PCR was performed in 20ul volumes
that contained 10-100ng DNA, 0.05uM of specific pri-
mers (17), 1.5Mm MgCl,, 100uM dATP, dCTP, dGTP
and dTTP, 0.5mM KCI, 20mM Tris-HCI, pH 8.4 and
1.25U DNA polymerase (SinaClon, Tehran, Iran). PCR
was performed with an initial 7min denaturizing step
at 94°C and final extension step at 72°C. The tempera-
ture cycles for different types of PCRs were as follows:
35 cycles of 45s at 94°C, annealing temperature for 45s
and 72°C for 45s plus 72°C for 55s. The annealing tem-
perature were as follows: 65, 63, 68, 65, 59, 67, 59, 65,
64, 63, 68 and 65°C for MIRU loci 2, 4, 10, 16, 20,
23, 24, 26, 27, 31, 39 and 40, respectively. In all PCRs
negative controls consisted of the PCR components in
reaction mixtures lacking M. tuberculosis DNA. PCR
products were electrophoresed in 1.5% agarose gel and
after staining with 0.5 micro g/ml ethidium bromide
were visualized under UV light. The sizes of fragments
were determined in comparison with a 100bp DNA lad-
der plus size marker (Fermentas, Lithuania).

Statistical analysis

All isolates included in this study were classified into
two groups, clustered and non-clustered. A cluster was
defined as two or more isolates with identical MIRU-
VNTR types. Isolates with an unmatched genetic pat-
tern were considered non-clustered. Clustered isolates
were assumed to have arisen from recent transmission.
The MIRU-VNTR allelic diversity (h) at a locus was
calculated as h=1-}y */n(nl), where ¥, is the frequency
of the ith allele at the locus and n is the total number of
strains in the typing scheme. The Hunter Gaston discri-
minatory index (HGDI) was used as a numerical index
for MIRU-VNTR discriminatory power (18). The mini-
mum estimate of the proportion of tuberculosis cases re-
lated to recent transmission was calculated as (number
of clustered isolates-number of clustered)/total number
of isolates (19). Categorical data were compared by
Chi-square test (or Fisher’s exact test). P-values below
0.05 were considered significant. Online MIRU-VNTR-
plus tools were used for cluster analysis of the isolates
(http://www.miru-vntrplus.org/).

Results

Sample of positive-culture tuberculosis (196) were
prepared from sputum (n=137), bronchial fluid (n=32),
gastric lavage (n=4), urine (n=8), cerebrospinal fluid
(n=4), synovial fluid (n=3), peritoneal fluid (n=2), pleu-
ral fluid (n=2), biopsy (n=2) and exudates or aspirate
abscess (n=2). Two of these samples were excluded due

to cross-contamination. The remaining 194 isolates that
were studied (128 isolates from East Azerbaijan and 66
isolates from West Azerbaijan) included 98 (50.51%)
samples from males and 96 (49.49%) samples from
females with a ratio male to female of 1.02. In East
Azerbaijan, 57.81% of patients were female and in West
Azerbaijan 33.33% of patients were female. The age
range of the patients varied from newborn (40 days old)
to 80 years old. By using the MIRU-VNTR method, 138
distinct patterns were detected that contained 30 cluste-
red samples and 108 (55.67%) unique samples (Table
1). The level of clustering in this study was 44.33%:
46.88% in East Azerbaijan and 39.39% in West Azer-
baijan. The largest cluster had 12 members, with seven
members from West Azerbaijan and five members from
East Azerbaijan. Eight were female and four were male.
In several clusters there was no epidemiological connec-
tion, however, 1 five-member cluster, 2 four-member
clusters, 9 three-member clusters and 17 three-member
clusters observed (Table 2). Among these 30 clusters, 16
clusters were from Tabriz, most with two members. Two
clusters from Urmia were unique and 12 clusters were
from both Tabriz and Urmia, most of which had more
than two members. Allelic diversity in 12 MIRU-VNTR
are presented in Table 3. Loci 10, 26 and 40 had high
discriminatory power (>0.6). Loci 4, 16, 20, 23, 24, 27

Table 2. MIRU clusters for the isolates in the present study.

MIRU Pattern ® NO. of isolates in cluster
2333-2325-2322 12
2342-2524-3323
2343-2525-3323
2332-1515-3324
2323-1525-3322
2333-1624-3322
2323-1525-3321
2332-1524-3324
2333-2516-3323
2233-2525-3322
2332-2525-2324
2332-1325-3322
2243-2325-3322
2331-1515-3423
2333-1515-3322
2341-2512-3322
2323-2513-3323
2223-2525-3323
2323-1512-3223
2333-1323-2322
2333-2323-3322
1324-1515-3324
2332-2524-3322
2363-2523-3323
2332-2615-3322
2333-2322-3322
2253-2525-2323
2331-1513-3324
2233-2523-3323
2323-2526-3313
2order of MRIU loci 2,4,10,16,20,23,24,26,27,31,39,40.

DN NN NN NN WWWLWWWWWWWER Do
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Table 3. MIRU-VNTR allelic distribution in isolates of the present study.

Number of isolates with the specified MIRU copy number

Locus 0 1 2 3 4 5 6 7 8 9 10 Allelic diversity
2 1 11 177 5 0.16
4 4 41 145 4 0.39
10 1 40 96 32 11 7 4 2 1 0.68
16 16 47 118 12 11 0.56
20 53 139 2 1 0.41
23 1 1 2 37 5 127 19 1 1 0.51
24 61 131 2 0.44
26 8 27 21 53 75 8 2 0.74
27 6 40 146 2 0.39
31 17 158 18 1 0.32
39 9 183 2 0.10
40 5 67 81 32 7 2 0.67
and 31 had intermediate discriminatory power (0.3< Discussion

<0.6) and loci 2 and 39 had low discriminatory power.
Among the 12 loci in the MIRU-VNTR, locus 26 had
the highest diversity (h=0.74). By using the convenient
MIRU method, relatively high discriminatory power
was obtained (HGDI=0.9930). In this study, almost one
third of TB cases were due to recent transfer: 86 recur-
rent minus 30 recent = (86-30)/194 = 29%. To determine
the risk factors associated with the recent transfer, 86
patients in the cluster were compared with 108 patients
out of the cluster (Table 4). No significant association
was observed in the clustering for sex, previous BCG
vaccination, PPD positive skin test, diabetes, smoking
and having a TB patient in the family (p> 0.05) While
patients older than 60 years old were stayed within the
cluster (p<0.073). There was also a significant relation-
ship between the site of infection (p<0.015), hospita-
lization during the past year (p<0.053) and placement
within the categories. Patients who had a history of anti-
TB drugs had the most significant association with cate-
gories (p<0.004).

Table 4. Risk factor for clustering in the North West of Iran.

M. tuberculosis infection can develop immediately
after infection acquisition or after many years of acqui-
sition. This may be due to reactivation of previous infec-
tion, or recurrent infection. Genotyping is essential to
distinguish between re-infection and re-activation. The
IS6110 method is often used as a standard technique but
it is difficult and time-consuming, so in the last decade
the MIRU-VNTR method has been used as a alternative
method for strain differentiation due to its high speed
and simplicity. It also has a high discriminatory power
that enables study of the population genetics of M. fu-
berculosis (20) especially when a sufficient number of
samples are examined.

In this study, the MIRU-VNTR method was used to
determine the genetic diversity of strains and to study
the dynamics of TB transmission in Northwest Iran.
There was great variation in the MIRU-VNTR patterns,
as of 194 isolates, 86 (44.33%) could be placed into
thirty clusters. This is very similar to the 43.3% cluster

Risk factor No. of patients

No. of clustered

No. of non-clustered
P value

(%) patients (%) patients (%)
Age (years)
<40 55(28.35) 21(24.42) 34(31.48) 0.265
41-59 60(30.93) 24(27.91) 36(33.33) 0.405
> 60 79(40.72) 41(47.67) 38(35.19) 0.073
Sex
Male 98(50.51) 43(50) 55(50.93) 0.895
Female 96(49.49) 43(50) 53(49.07) 0.895
Site of TB
Pulmonary 171(88.14) 81(94.19) 90(83.33) 0.015
Extra pulmonary 23(11.86) 5(5.81) 18(16.67) 0.015
Previous BCG vaccination 72(37.11) 28(32.56) 44(40.74) 0.229
PPD positive skin test 98(50.52) 42(48.84) 56(51.85) 0.670
Diabetic patients 26(13.40) 14(16.28) 12(11.11) 0.287
Smoking 64(32.99) 28(32.56) 36(33.33) 0.907
Previous hospitalization (during last 78(40.21) 41(47.67) 37(34.26) 0.053
year)
Previous TB treatment 16(8.25) 2(2.33) 14(12.96) 0.004
Underlying disorders 14(7.22) 7(8.14) 7(6.48) 0.652
History of family TB 34(17.53) 14(16.28) 20(18.52) 0.676
History of contact tracing 33(17.01) 14(16.28) 19(17.59) 0.804
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in our previous study in this area (17). Only slight in-
creases of clustering were observed in this latest study,
therefore it seems progress in TB control in the region
has not occurred. However fewer clusters occurred than
in the total found in three provinces of Iran (21), where
61.98% clustering occurred, or the 57.446% clustering
in Xi’an city, West China (22), and around 57.5% in Al-
meria, South East Spain (23). In North West Iran there
is no migration from Afghanistan and Pakistan, so the
control of TB is generally acceptable and the Beijing
strain has not been observed. However, in the Sistan
and Baluchistan provinces of Iran, because of com-
mon borders to countries with a high TB prevalence
and Afghan immigrants, the TB level is high and HIV
infection is greater than in Kermanshah (21). In Iran's
capital, Tehran, the level of clustering is greater because
of widespread marginalization and migrants from all
over Iran and Afghanistan. In Xi'an (West China) the
majority of the strains belong to the Beijing family (22).
MIRU-VNTR typing in Beijing strains is limited and
the power of differentiation is low (24). As the IS6110-
RFLP method is not efficient for strains with less than
six bands, it does not give accurate clustering (25).

In the present study, the clustering rate of tubercu-
losis strains was 44.33%, indicating that most TB cases
in the region were caused by reactivation until recent
population movements in this area. Although urbaniza-
tion has increased, especially in the city of Tabriz, due
to the lack of immigration from other countries, clus-
tering is low in this area and the majority of the strains
had a unique pattern. Therefore, in this study, 29% of
TB cases were due to recent transmission. This is high
compared to 14.4% in London (26), but is less when
compared to 37% in Casablanca, Morocco (27). The
level of infection control is a major factor. However,
compared with a level of 26.8% in a recent study in our
region, it shows a slight increase. This may be due to
the increased level of HIV in the region and reduction
of revenue is due to economic downturn. Overall, one
strategy to prevent further spread of TB appears to be
via the treatment of latent tuberculosis infection.

Great changes in MIRU-VNTR allele variation are
seen in different geographical areas. In Paris, France
(20) locus 39 (h=2) had the lowest diversity, locus 26
had the highest diversity (h=0.67), the next being locus
10 (h=0.69), then locus 40 (h=0.74). In Kerala, India
40 had the highest diversity among the 12 locus MIRU
(28), and in a loci similar study in Singapore, locus 26
and locus 10 had the highest diversities (29), so exten-
sive genetic diversity of different strains occurs in dif-
ferent regions of the world.

In this study, we examined gender as a risk factor but
sex was not identified as a factor in the spread of bacteria
(p> 0.05). However, a study in Tehran (30), found male
gender was a risk factor for TB clustering and 73.2%
were males inside clusters (30) Fewer women than men
had TB, possibly due to the low literacy level among
women, their low level of employment, more poverty
among females and also the low prevalence of HIV in
the region compared with men. Generally, a young age
is known as a risk factor for recent transmission (26).
In a study in Tehran, 85.7% of patients in a cluster were
under 35 years old (31). Despite recent transmission in
young people, in our study, most of the patients in a

cluster were more than 60 years old [Table 4]. This was
probably due to unemployment, low living standards of
the elderly, low prevalence of HIV in the region, which
is more common in young people and the sacrifice of
the elderly, with reduced family incomes causing elder-
ly family members more food poverty, thereby increa-
sing TB transmission. In contrast to Farnia’s study in
Tehran(30), a relationship between TB and clustering
was observed (p< 0.05). As bacteria are transmitted
through coughing and sneezing (11), pulmonary cases
are the main sources of infection and as a result, there
are more cases of pulmonary tuberculosis than of extra
pulmonary tuberculosis within clusters. In addition,
people who were hospitalized during the previous year
are more likely to be in a cluster because there is not
an acceptable level of control and surveillance in the
regional hospital.

The discriminatory power of 12-MIRU in this study
was 0.9930 for all samples, with 138 having a distinct
pattern [Table 1]. In a similar study in the USA, the
HGDI on 259 isolates was 0.995 (32), while in Taiwan,
the HGDI on the 502 samples collected was 0.951 (33)
and in Xi’an, China on 195 isolates was determined
as 0.948 (22). In the studies from Taiwan and China,
a significant number of strains belonged to the Beijing
family, leading to a low HGDI. So far, Beijing strains
have not been identified in North West Iran, so the rela-
tive genetic diversity of strains is high. An increasing
aging population and the activation of latent infection
is effective in giving a higher discriminatory power in
countries like Iran, so the MIRU method can be a good
way to differentiate strains in this population base. In
contrast, the spoligotyping method used alone has low
discriminatory power (25)(32), and although 1S6110-
RFLP gives good results, it is time-consuming. It is bet-
ter suited for retrospective analysis.

In this study 30 MIRU patterns were obtained, 12
of which were common in both Western and Eastern
Azerbaijan. The largest cluster with 12 samples was
common among the two provinces (7 samples from the
West Azerbaijan province and 5 samples from the East
Azerbaijan province). This shows that TB transmission
occurs between these two provinces, probably due to
being adjacent provinces and the high mobility between
them. For example, many of the residents in small towns
in the West Azerbaijan province had been referred to
the Tabriz in the East Azerbaijan province for medical
treatment and work, so it seems probable that this has
led to infection with the strains of M. tuberculosis cir-
culating in the area. If TB case detection is improved,
the health care of West Azerbaijan province increased
and the mobility between the two provinces thereby
reduced, this should limit TB transmission between the
two provinces. (17), that mostly contained intra-cluster
samples. This suggests that detection, treatment in the
region was not sufficient, and untreated patients were
thus able to transmit the disease to new people. This
indicates the way forward to control the spread of infec-
tion.

It can be concluded that the 12-MIRU typing method
is a simple, reliable and repeatable method that has
enough power to assess the genetic diversity and iden-
tify sources of TB infection, when a sufficient number
of samples have been examined. This technique can be
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used as a first-line method to differentiate M. tuberculo-
sis strains in population-based studies.
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