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SUMMARY
Primary Mycobacterium tuberculosis (MTB) infection
doesn’t provide protection against secondary infection
and patients can suffer from multiple strains of M. tuberculosis simultaneously. The aim of this study was to
use molecular genotyping to identify cases of mixed
infection in Northwest of Iran.
One hundred and twenty-one positive culture isolates
of M. tuberculosis were prepared from patients consecutively in Northwest of Iran from March 2017 to March
2018 and then microevolution and mix infection were
assessed using the mycobacterial interspersed repetitive unit-variable number tandem repeat (MIRU-VNTR) method.

n INTRODUCTION

T

uberculosis (TB) is an ancient disease, as the
effects of TB tissue damage can be observed
in the bones of Egyptian mummified corpses. It
is claimed that it has caused more deaths than
any other microbial pathogen [1]. Today in spite
of years of anti-TB drugs’ discovery, widespread
usage of the Bacillus Calmette-Guérin (BCG) vaccine and different diagnostic methods, as well as
the adoption of Directly Observed Therapy Shortcourse (DOTs) for disease control, TB remains a
major health problem worldwide [2]. The num-
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MIRU-VNTR analysis revealed that nine samples
(7.3%) had double alleles in at least one locus, as observed by five cases of microevolution, and four cases
(3.3%) of mixed infection.
According to this study, mixed infection in Northwest of Iran has significantly decreased compared to
13 years ago (7.1% decreased to 3.3%), and in order
to eradicate tuberculosis it is necessary to identify all
cases of mixed infection, at least in recurrent cases, in
the future.
Keywords: Mycobacterium tuberculosis, mixed infection,
microevolution, MIRU-VNTR, Iran.

ber of individuals infected with TB is so high that
over 10 million new cases occurred worldwide in
2019, and about 1,408,000 people died of TB, of
whom 208,000 were HIV-positive [3]. It has been
demonstrated that primary infection cannot provide protection against secondary infection and
TB-infected patients can be infected with more
than one strain of MTB [4, 5]. MTB infection can
even occur in previously TB-infected patients,
during or after successful treatment [6].
For more than two decades, molecular techniques
including IS6110-RFLP[7], spoligotyping, and MIRU-VNTR have been used to study molecular diversity, to determine recent transmission, to identify TB recurrence due to reinfection from relapse
and cross-contamination [8-10]. Additionally, the
methods can also identify co-infection with multiple different strains of MTB [4, 11, 12]. MIRU-
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VNTR is one of the most effective techniques for
identifying mixed infections [13]. MIRU-VNTR
identifies sequences that repeat with various copies in different MTB. It differentiates mixed infection from microevolution. In mixed infection
there is more than one allele in at least two MIRU
Loci, while in microevolution two alleles are detected in only one locus [11, 14]. MIRU-VNTR has
2, 4, 10, 16, 20, 23, 24, 26, 27, 31, 39, 40, A, B, C
loci with good diversity that are suitable for examining mixed infection [9]. Mixed infection is
one of the obstacles to comprehensive TB control
and eradication because it is not easy to diagnose
drug resistance when a patient is infected with
both sensitive and resistant strains [15]. Understanding the relative percentage of mixed MTB
infections is critical to facilitate the prevention of
the spread of drug-resistant strains, evaluation of
new drugs and interpretation of molecular epidemiological data [12, 13, 16]. So as a part of taking
more accurate preventive decisions to reduce TB
in East Azerbaijan province, Iran, it was decided
to use MIRU-VNTR to determine the prevalence
of mixed MTB infections in this region.
n MATERIALS AND METHODS
Mycobacterial isolates
Mycobacterium tuberculosis isolates were obtained
from all patients referred to the Central Tuberculosis Laboratory in northwestern Iran from March
2017 to March 2018. The study included patients
with at least one positive sample for MTB. Totally,
121 isolates of MTB were collected and identification of mycobacterium isolates was performed by
using Ziehl-Neelsen staining and standard microbiological tests like niacin production capability,
catalase activity, nitrate reconstruction, pigment
production and growth rate in the Lowenstein
Jensen Medium [17].
MIRU-VNTR
DNA from mycobacterial isolates was extracted
by using lysozyme, SDS (sodium dodecyl sulfate), proteinase K and CTAB (cetyl trimethyl ammonium bromide) and then dissolved in distilled
water following precipitation with isopropanol
and washing with 70% ethanol [18]. PCR was performed in the volume of 20 µl containing 10-100
ng of DNA, 0.5µM of specific primers, 1.5 mM of
MgCl2,100 µM of dATP, dTTP, dCTP, dGTP, and

50 mM of KCl, 20 mM of Tris-Cl (pH=8),1.25 U
recombinant Taq DNA polymerase (Sinaclon Co,
Iran) and then 40 µl sterile paraffin was poured [9].
PCR was done with initial 7 min denaturation
step at 94°C and a final 7 min extension step at
72°C. The temperature cycles for different types
of PCRs were as follow, 35 cycles of 1 min at 95°C,
annealing temperature for 1 min and 72°C for 1
min. Annealing temperatures were used as follows: 65, 63, 68, 65, 59, 65, 59, 64, 64, 63, 68, 65, 66,
66, and 66 for MIRU-VNTR loci 2, 4, 10, 16, 20, 23,
24, 26, 27, 31, 39, 40, A, B, and C, respectively. Cycling was carried out in Cyclogene thermal cycler
of Techne Company.
In all the PCRs, the negative controls consisted of
the PCR components in reaction mixtures lacking
bacterial DNA. PCR products were electrophoresed in 1.5% agarose gel and after staining with
DNA safe stain visualized under UV light. The
size of fragments was determined in comparing
with 100bp DNA ladder plus size marker (Fermentas, Lithuania).
n RESULTS
The mixed infection was seen in 4 of 121 isolated
samples from TB patients. These 4 samples (3.3%)
had 2 to 3 alleles in two or more loci. MIRU-VNTR analysis also indicated that at least 9 of the 121
samples (7.3%) contained double alleles in at least
one locus and thatmicroevolution was present in
5 loci, implying that only two alleles were found
in one locus (Table 1). In this study, out of 15 loci,
there were seven loci with multiple alleles including, loci 40 (four cases), 26 (three cases), 10 (two
cases), 16 (two cases), B (two cases), and 31, and A
locus each having one multiple allele. Meanwhile
in the previous study, 12 multiple alleles were observed in 15 loci of 154 samples.
n DISCUSSION
The goal of TB control programs is to eradicate the
disease by breaking the transmission chain, which
is effectively possible with rapid diagnosis and
definitive treatment of active TB cases [19]. Primary infection, reactivation of primary infection,
exogenous re-infection with a new strain of MTB,
and mixed infection are all causes of active TB.
Detection of microevolution and also mixed infection is possible through fingerprinting, especially
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Table 1 - Isolates showing multiple allele for one or more VNTR loci.
Strain ID

allele(s) at MIRU-VNTR locus
2

4

10

16

20

23

24

26

27

31

39

40

A

B

C

36

2

3

5

3,4

2

5

2

2,7

3

3

2

3

4

2

2

60

2

3

3,5

1

2

5

2

5

3

3

2

2,3

2

4

4

Mixed

82

2

3

2,3

3

2

5

2

5

3

0,3,4

2

2,3,4

3

2,4

4

93

2

3

4

3

2

5

1

3,5

3

3

2

2

3

1,2

3

2

2

3

3

1

5

2

4

3

3

2

4

3,4

2

4

Microevolution
24
31

2

3

3

3

2

6

2

3,5

3

3

2

2

2

2

5

73

2

3

3

3

2

5

2

7

3

4

2

3,4

4

2

4

77

2

3

3

1

2

5

2

5

2

3

2

2,4

3

1

4

112

2

3

3

2,3

2

5

1

5

3

3

2

2

3

2

4

MIRU-VNTR methods [11-13]. In this study, microevolution was detected in 4.1% of the samples,
which shows a little reduction compared with the
prior study performed in Northwest of Iran in
which the microevolution was 6.5% (unpublished
data). Observed microevolution in current study
is also lower than microevolution in Eastern Europe (7.3%) and Africa (7%) [11, 15]. Microevolution can occur during the latency phase, active
phase of the disease, and logarithmic growth
phase during culture and it can impact any genetic marker that affects the expression of neighboring genes [20]. Moreover, microevolution can impact TB transmission chain through increasing
MTB proliferation within macrophages [21]. In
this study, 3.3% of cases (4 samples) had 2 or more
than 2 alleles in two or more loci that in one case
two or more alleles were observed in 4 loci which
means that the patient was infected with 3 distinct
MTB strains (Table 1). Similar to our study mixed
infection was 3.1 % in Inner Mongolia, China,
and Vietnam [22, 23]. However, mixed infection
was lower than our study in Guyana and Suriname (0.6%), Botswana (1.7%), Sichuan province,
China (2.4%), and Florida, USA (2.6%) [12, 14, 24,
25]. Mixed infection in Kampala, Uganda (7.1%),
South Africa (9%), Georgia (13.1%), the capital
of Iran (26.6%), and Tehran province, Iran (53%)
was higher than in our study [5, 11, 26-28]. In our
opinion, the high frequency of mixed infections in
these studies is related to the high prevalence of
HIV positive individuals, including the samples

from patients died in the area with a high prevalence of HIV, hospitalized prisoners, and patients
with a history of TB with various antibiotic resistance patterns, as well as having been carried on
in a congested city with a large number of Afghan
immigrants likewise immigrants play a critical
role in TB transmission and increase the disease’s
cases [5, 11, 26-30].
Allele frequency was four in locus 26, a figure
higher than the other loci. Loci 40, 16, B, 10, 31,
A, 23, 27, C, 39, and 4 were in the next ranks, respectively (unpublished data), so loci 40, 26, 10,
16, B, 31 and A MIRU-VNTR typing can be utilized in Iran, especially in Northwest, to analyze
mixed infections quickly. In the current study
mixed infections were 3.3%, which shows a significant reduction compared with the prior study
with 7.1% mixed infection frequency. This significant reduction is due to consideration of directly
observed therapy, free treatment of TB patients at
TB diagnosis and treatment centers, performing
molecular epidemiologic studies in Northwest region of Iran and isolating hospitalization place of
multi drug resistance TB (MDR-TB) patients from
non-MDR-TB in the city of Tabriz, the capital of
the province. To control the tuberculosis, it is necessary to pay special attention to the MDR-TB,
especially in patients with mixed infections [31].
Treatment failure in TB patients is caused by a
variety of factors, including incomplete drug administration, irregular drug use, premature drug
discontinuation, drug resistance, and mixed in-
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fection, particularly when the patient is infected
with a mix of resistant and sensitive microorganisms and drug resistance is not correctly diagnosed. Antibiotic treatment pressure can alter the
dominant strains in sputum culture, resulting in
treatment failure and increased mortality in patients with mixed infections, thus patients should
be given extra care [6, 25, 32]. Furthermore, as
mixed infections accelerate the propagation of
drug-resistant strains, drug susceptibility testing
on various colonies is essential in mixed infections [6, 27]. In detecting mixed infections, the
quality of sputum, testing on sputum samples,
culture medium, minimum number of cultures,
molecular typing method and infection status
can be effective [33]. Acquisition of mixed infections depends on the incidence of infection in the
community and the diversity of its strains found
in the environment and population, but it can occur in places where the prevalence of tuberculosis
is low [23, 25]. In jails and regions where HIV is
more prevalent, mixed infection is widespread
[11, 26]. Local TB frequency, past tuberculosis
treatment history, long-term hospitalization, aging, congenital immunodeficiency, and immunosuppressive conditions including alcoholism,
malnutrition, renal failure, cancer, children suffering from rheumatoid arthritis, leukemia and
diabetes can all raise the likelihood of mixed infection [25, 28, 34-36]. To lessen the amount of instances of mixed infection, it is important to treat
latent TB infections and halt transmission, which
may be accomplished by speeding up access to
high-risk individuals such as HIV-positive people
and identifying suspects [24].
There is a risk of false positives in mixed infections due to cross-contamination. So, in the mycobacteriology laboratory attention should be
paid to good laboratory practice, such as preparing appropriate questionnaire for each sample
submitted to the laboratory, processing at least
one negative control sample per working day,
preventing aerosols creation and contamination
in performing MIRU-VNTR to minimize the risk
of cross contamination [37]. As spoligotyping and
IS6110-RFLP are unable to detect mixed strains of
a lineage, the MIRU-VNTR method outperforms
them in detecting mixed infection. Although
spoligotyping is less sensitive and certain strains
lack the IS6110 gene, the MIRU-VNTR may distinguish several strains of the same lineage [38,

39]. However, as MIRU-VNTR only detects differences in a few loci, employment of the wholegenome-sequencing (WGS) would be excellent
for identifying strains and instances of mixed infection. Of course, this approach also has limitations of reading duplicate regions, requiring complex data analysis, and high cost [20]. It is critical
to detect mixed infection since ignoring it might
increase TB mortality and postpone eradication.
In this study, there were the following limitations:
1) this study included only a limited number of
patients whose samples were sent to a reference laboratory.
2) MIRU-VNTR was carried out with 15 loci.
3) Each person had only one culture sample analyzed.
4) The impact of risk factors has not been studied
due to the limited number of mixed infections.
It can be concluded that 3.3% of TB patients had
mixed infection, which has been significantly decreased compared to the previous study (7.1%).
This reduction would be owing to improved
diagnostic methods and directly observed therapy. Eventually for eradicating TB, all cases of
mixed infection, or at least samples of recurrent patients, are recommended to be identified
through molecular typing.
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