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A B S T R A C T

Tuberculosis (TB) is a chronic infectious disease with multiple manifestations and gradual progression that re-
mains a major health problem and a leading cause of death worldwide. In recent years, a number of DNA
fingerprinting techniques have been developed to identify strains of the Mycobacterium tuberculosis (MTB)
complex. Spoligotyping is one of the first PCR-based genotyping methods. Information on the number and
identification of common strains among MTB complex samples in clinical samples from Kermanshah city is
needed to develop more effective therapeutic strategies.

This is a descriptive cross-sectional study of 41 sample patients with TB referred to Kermanshah Tuberculosis
Centre between December 2021 and June 2022, including sputum, aspiration, urine, etc. First, the susceptibility
of the developed bacteria to culture media was compared with that of isoniazid using the proportional method,
and rifampin was determined according to the standard protocol. Demographic data of patients referred to the
Centre for the Control of Lung Diseases were also recorded.

In the next step, spoligotyping was carried out using the standard method and each strain pattern was recorded
as an OCTAL code and compared with the information available at the World Bank on spoligotyping and its
strains. Forty-one patients with pulmonary TB were tested using spoligotyping. Four MTB strains were identified,
including H4, CAS, T1 and H1.

The H4 strain also had the highest frequency with 16 samples (39%) among the MTB complex strains isolated
using spoligotyping.

The highest frequency of strains isolated using spoligotyping was associated with the H4 strain. It can be
concluded that spoligotyping is very cost effective, simple, repeatable and highly sensitive.

1. Introduction

It is estimated that 9.9 million people get ill from tuberculosis (TB) in
2020. TB remains one of the world’s top infectious killers. 1.3 million
people died from TB, including 214,000 people with HIV. According to
the report of the World Health Organization (WHO), the rate of TB in
Iran is 16 per 100,000, which indicates the low TB incidence in this
country [1–3]. In recent years, the emergence and spread of multidrug-

resistant (MDR) strains of MTB poses a critical public health problem
and make TB more difficult to control and treat [4,5].

The published articles indicate that Kermanshah province is one of
the endemic centers of TB in the west of Iran. One of the reasons for this
high prevalence can be due to the number of immigrants from neigh-
boring countries such as Iraq, which can increase the spread of the
disease and increase the cases of MDR TB [6]. The high mortality rate
due to TB worldwide, spread of a rapid and accurate diagnostic methods
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could significantly reduce the related mortality [7]. See (Table 1).
Therefore, molecular typing of MTB complex isolates can be helpful

in the control of TB by identifying the dynamics of transmission and the
source of infection, which can infect a person endogenously (recurrence
of a previous infection) or exogenous (new transmission of the disease)
[8,9]. The existence of unique genetic markers in the conserved genome
of MTB can explain the difference in typing technique, such as Insertion
Sequence IS6110 [10], Mycobacterial Interspersed Repetitive Units-
Variable Number of Tandem Repeats (MIRU-VNTR) [11], and Large
Sequence Polymorphism (LSP) [12]. Restriction Fragment Length
Polymorphism (RFLP) and reverse line dot blot spoligotyping [13].

There is a specific region within the MTB complex genome that is
composed of a number of repeats of the DR locus polymorphism of 36
bp, that are connected to one or two non-repetitive 43 bp spacer se-
quences [14]. The spacer sequences are unique and can be hybridized
with the spacer oligonucleotide. The hybridization plot shows which
spacer oligonucleotide is present in which strain. This method is called
spoligotyping (spacer).

In examining the DR locus of several strains, it has been observed
that the order of the spacer sequences was almost the same, but deletion
and addition of the spacer and DR sequences may also occur. This is the
reason for the identification of a different species of MTB complex [11].

Among the advantages of this method is its ease and repeatability,
which requires two days to perform. This method is very sensitive and
can detect even two to three bacteria in a patient sample without cul-
ture. It is also useful for samples with a small number of IS6110. PCR-
based methods (such as spoligotyping) are generally faster than RLFP,
but have a lower resolution limit. Disadvantages of this method is the
lower resolution of spoligotyping than RFLP because it targets only one
percent of the genome. Also, this method does not have the ability to
separate samples with multi-strain contamination. This method is not
effective for non-tuberculosis mycobacteria [15].

Genotyping of MTB complex isolates using the spoligotyping tech-
nique was carried out for the first time in Kermanshah province as a
regional reference in the west of the country. This technique provides
useful information to compare the genetic diversity of the same strains
with other techniques such as MIRU-VNTR and PFGE. In the past, the
only indicators available to study TB epidemiology were drug suscep-
tibility profiles and phage typing, which limited the use of both
methods. In recent years, many DNA fingerprinting methods have been
proposed to determine the species of the Mycobacterium tuberculosis
complex. In order to control the spread of tuberculosis, it is necessary to
carry out investigations to identify the strains and types of the organism.
Spoligotyping is one of the methods used to achieve this. So, our aim in
this study was to determine antimicrobial resistance profile and preva-
lence of MTB complex in Western Iran using the spoligotyping method.
By recognizing the types of strains as well as identifying the most
common strains, the strains can be investigated more and more accu-
rately from a genetic point of view, and by identifying the drug resis-
tance of the strains, it is possible to develop effective preventive and
therapeutic policies.

2. Materials and methods

2.1. Sample collection

Among the patients who referred to the laboratory of Kermanshah
Lung Disease Center, 90 cases of sputum smear positive were reported,
of which 41 cases were culture positive. Positive culture cases were
defined as cases in which at least one colony had grown on Lowenstein-
Jensen (LJ) medium. Then, biochemical characteristics such as niacin
accumulation, nitrate reduction, and catalase test were recorded for
definitive diagnosis of TB.

2.2. Antibiotic sensitivity test

The sensitivity test for isoniazid (INH), ethambutol (EMB), and
rifampin (RIF) was performed using the proportional method, and the
amount of resistance to these drugs and the frequency of MDR isolates
among the investigated isolates were determined.

2.3. DNA extraction

G spin kit was used for DNA extraction according to the manufac-
turer’s instructions.

2.4. Polymerase chain reaction (PCR)

After DNA extraction, PCR using primers DRa (CCG AGA GGG GAC
GGA AAC) and DRb (GGT TTT GGG TCT GAC GAC) where DRb is
labeled at the 5′ end using biotin and optimized concentrations of
components. The reaction was carried out according to the kit in-
structions. The temperature program of the thermocycler device is
96 ◦C, 3 min; (96 ◦C, 60 s; 55 ◦C, 60 s; 72 ◦C, 30 s) × 30; 72 ◦C, 5 min;
4 ◦C forever. The reaction was carried out [16].

2.5. Spoligotyping

Spoligotyping was performed using the available spoligotyping kit
according to the manufacturer’s protocol. Then the amplified products
were hybridized on a membrane precoated with spacer oligos. After
incubation with streptavidin–peroxidase and enhanced chem-
iluminescence detection, the presence of spacers was imaged on X-ray
films as black squares [17]. M. tuberculosis H37Rv and BCG strain were
used as the positive control (spoligotyping kit for detecting TB; Map-
mygenome, Hyderabad, Andhra Pradesh, India).

2.6. Statistical analysis

Demographic and clinical characteristics were collected and
included gender, age, and place of residence. The Fisher’s exact test was
used to examine the relationship between the frequency of isolates and
gender. Using Fisher’s test, there was no significant relationship be-
tween the frequency of isolates and gender (P value 0.751). The rela-
tionship between resistance to isoniazid, rifampin, and ethambutol
antibiotics and gender was also checked by the Fisher’s t test. Using
Fisher’s test, there was no significant relationship between resistance to
antibiotics and gender (P value > 0.546). Statistical analysis using the
Chi-Square test showed a significant relationship between the frequency
of isolates and MDR samples (P-value = 0.006). All statistical analyses
were performed using SPSS version 20.0 (SPSS Inc., Chicago, USA).

3. Results

In a study that was conducted, out of 90 sputum samples that were
investigated, 41 isolates of MTB were identified and isolated after per-
forming confirmatory tests such as colony morphology on LJ medium,
Zil-Nelson staining, niacin production test, catalase test, and nitrate
reduction test. Among the 41 isolates in the examined patients, 29 were

Table 1
The frequency of each cluster.

Cluster Frequency (%)

H4 16 (39 %)
CAS1-Delhi 9 (22 %)
T1 7 (17.1 %)
H1 1 (2.4 %)
Unknown 8 (19.5 %)
Total 41
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male (70.7 %) and 12 were female (29.3 %).
Since the pulmonary TB laboratory of Kermanshah province is

considered a reference center in the west of Iran, many samples from
other centers in neighboring provinces are sent to this center for iden-
tification. The sample sent using the province is as follows:

Twenty-one samples (51.21 %) were collected from Kermanshah
province, 3 samples (7.3 %) from Hamadan province, 11 samples (26.8
%) from Lorestan province, and 6 samples (14.63 %) from Kurdistan
province.

Analysis of pattern spacer sequences obtained from spoligotyping of
species in the SITVIT database (https://www.pasteur-guadeloupe.
fr:8081/SITVIT2/) showed that the strains are in 4 clusters that
include CAS1-Delhi and H4, and H1 and T1 were classified. Also, sam-
ples whose OCTAL code was not defined for any strain were defined as
Unknown. The frequency of each cluster was as follows:

3.1. Drug susceptibility testing (DST)

DST was performed for all culture positive specimens (n = 41) using
the proportional method, for all first-line anti-TB drugs like rifampicin
(RIF), isoniazid (INH), and ethambutol (EMB) [18]. use LJ medium
supplemented with INH at 0.2 μg/mL, RIF at 40 μg/mL, EMB at 2 μg/mL.
After performing the proportional method on INH, RIF, and EMB, the
resistance to these drugs among the investigated isolates was deter-
mined to be 5 isolates (12.2 %), 6 isolates (14.6 %), and 3 isolates (7.3
%), respectively. Also, the number of MDR isolates is 3 (7.3 %). Out of 5
samples resistant to INH, 2 samples are related to type T1, 2 samples are
related to type H4, and 1 sample is related to type H1 (Table 2).

4. Discussion

Despite all the plans made at the global level, the eradication of TB is
still considered one of the main challenges of global treatment. One of
the main reasons for this is the high genotypic diversity of TB strains,
which can affect virulence, transmissibility, host response and the
emergence of drug resistance. [19].

The best strategy to control TB is to identify the disease in its early
stages and treat it in time using selected drugs (including the first and
second lines of tuberculosis treatment) [20].

In recent years, a large number of DNA fingerprinting methods have
been proposed to determine the species of MTB. Methods that produce
fingerprint profiles, such as Restriction Fragment Length Polymorphism
(RFLP), and methods based on PCR, such as spoligotyping [10–21]. The
study results indicate that the H4 clusters had the highest frequency
among our isolates, accounting for 39 %. This finding is consistent with
previous studies [22].

However, it should be noted that the frequency of H4 clusters in our
study differs from that of other studies. This difference may be due to the
limited number of MTB isolates screened in our study [23–26].

In the second resistance, the most frequent isolates are related to the
CAS family, including CAS, CAS2, CAS1-Delhi, and CAS1-Kili, with a
frequency of 22 %. This indicates a high prevalence of the CAS family in
Iran (25 %) [27,28], Sudan (53.9 %) [29], Iraq (41.8 %) [30], Syria
(10.4 %) [23], and Pakistan (CAS 39 %) [31].

Considering that in many Asian countries, TB has a higher rate than
the prevalence of this disease in Iran, therefore, the migration pattern
can be considered in increasing the incidence rate and genetic diversity
of this bacterial strains in Iran [32,33]. The frequency of MDR-TB iso-
lates in East Africa, Latin America and India as endemic Center of
tuberculosis were 4 %, 7 %, and 5.4 %, respectively [34–36].

Taken in Asian countries, this indicates the high frequency of CAS
strain. It seems that this strain is native to West Asian regions, and
therefore, it makes possible the transfer of this genotype through
migration [37–40]. The rate of frequency of MDR strains in our study
was 7.3 %. The reported prevalence of MDR strains in the west of Iran in
a previous study, it was higher than in our study [41].

TB control was successful in the west of Iran. Notably, the Beijing
genotype was not detected in our study. The prevalence of resistance in
Iran is lower than in other parts of the world.

5. Conclusion

In this study, population structure analysis using spoligotyping
verified that H4 and CAS-Delhi lineages were the most frequent lineages
of MTB clinical isolates in Kermanshah (western border province). This
provides baseline information on the genetic diversity of MTB in this
region. To our knowledge, the rate of MDR was low. A good control
program needs to understand the dynamic transmission of local isolates;
Therefore, we conducted this study to identify the circulating isolates in
the western region of Iran.
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Table 2
Result of proportional method.

Lineage Rif INH EMB MDR

R S R S R S Yes No

H4 2 0 2 0 1 0 1 0
CAS-Delhi 0 0 0 0 0 0 0 0
T1 2 0 2 0 1 0 1 0
H1 2 0 1 0 1 0 1 0
Unknown 0 0 0 0 0 0 0 0
Total 14.6 %) 6) 12.2 %) 5) 7.3 %)3) 7.3 %)3)

S. Borji et al.

https://www.pasteur-guadeloupe.fr%3a8081/SITVIT2/
https://www.pasteur-guadeloupe.fr%3a8081/SITVIT2/


Journal of Clinical Tuberculosis and Other Mycobacterial Diseases 36 (2024) 100467

4

Acknowledgments

The authors would like to express their sincere appreciation to Ker-
manshah TB reference laboratory.

References

[1] Organization WH. A situational analysis of programmatic management of TB
preventive treatment in the WHO South-East Asia Region. 2020.

[2] Chakaya J, Khan M, Ntoumi F, Aklillu E, Fatima R, Mwaba P, et al. Global
Tuberculosis Report 2020 - Reflections on the Global TB burden, treatment and
prevention efforts. Int J Infect Dis 2021;113(Suppl 1):S7–s12. https://doi.org/
10.1016/j.ijid.2021.02.107.

[3] Mansury D, Ghavidel M, Ghazvini K. Latent tuberculosis infection in health care
workers. 2018.

[4] Mabhula A, Singh V. Drug-resistance in Mycobacterium tuberculosis: where we
stand. Medchemcomm 2019;10(8):1342–60. https://doi.org/10.1039/
c9md00057g.

[5] Nasiri MJ, Dabiri H, Darban-Sarokhalil D, Rezadehbashi M, Zamani S. Prevalence
of drug-resistant tuberculosis in Iran: systematic review and meta-analysis. Am J
Infect Control 2014;42(11):1212–8. https://doi.org/10.1016/j.ajic.2014.07.017.

[6] Sahebi L, Ansarin K, Hoffner S, Farajnia S, Seyyedi M, Khalili M, et al. Molecular
epidemiology of mycobacterium tuberculosis strains in the North-West and West of
Iran. Ann Med Health Sci Res 2015;5(5):334–9. https://doi.org/10.4103/2141-
9248.165249.

[7] Bastos ML, Hussain H, Weyer K, Garcia-Garcia L, Leimane V, Leung CC, et al.
Treatment outcomes of patients with multidrug-resistant and extensively drug-
resistant tuberculosis according to drug susceptibility testing to first- and second-
line drugs: an individual patient data meta-analysis. Clin Infect Dis 2014;59(10):
1364–74. https://doi.org/10.1093/cid/ciu619.

[8] Iwamoto T, Yoshida S, Suzuki K, Tomita M, Fujiyama R, Tanaka N, et al.
Hypervariable loci that enhance the discriminatory ability of newly proposed 15-
loci and 24-loci variable-number tandem repeat typing method on Mycobacterium
tuberculosis strains predominated by the Beijing family. FEMS Microbiol Lett 2007;
270(1):67–74. https://doi.org/10.1111/j.1574-6968.2007.00658.x.

[9] Kotłowski R. A novel method of Mycobacterium tuberculosis complex strain
differentiation using polymorphic GC-rich gene sequences. Acta Biochim Pol 2015;
62(2):317–22. https://doi.org/10.18388/abp.2015_1037.

[10] Ei PW, Aung WW, Lee JS, Choi GE, Chang CL. Molecular strain typing of
mycobacterium tuberculosis: a review of frequently used methods. J Korean Med
Sci 2016;31(11):1673–83. https://doi.org/10.3346/jkms.2016.31.11.1673.

[11] Goudarzi H, Mirsamadi E, Farnia P, Jahani Sherafat S, Esfahani M, Faramarzi N.
Phospholipase C in Beijing strains of Mycobacterium tuberculosis. Iran J Microbiol
2010;2(4):194–7.

[12] Alland D, Lacher DW, Hazbón MH, Motiwala AS, Qi W, Fleischmann RD, et al. Role
of large sequence polymorphisms (LSPs) in generating genomic diversity among
clinical isolates of Mycobacterium tuberculosis and the utility of LSPs in
phylogenetic analysis. J Clin Microbiol 2007;45(1):39–46. https://doi.org/
10.1128/jcm.02483-05.

[13] Weng CY, Ho CM, Dou HY, Ho MW, Lin HS, Chang HL, et al. Molecular typing of
Mycobacterium tuberculosis isolated from adult patients with tubercular
spondylitis. J Microbiol Immunol Infect 2013;46(1):19–23. https://doi.org/
10.1016/j.jmii.2011.12.023.

[14] Millán-Lou MI, Alonso H, Gavín P, Hernández-Febles M, Campos-Herrero MI,
Copado R, et al. Rapid test for identification of a highly transmissible
Mycobacterium tuberculosis Beijing strain of sub-Saharan origin. J Clin Microbiol
2012;50(2):516–8. https://doi.org/10.1128/jcm.06314-11.

[15] Yang ZH, Ijaz K, Bates JH, Eisenach KD, Cave MD. Spoligotyping and polymorphic
GC-rich repetitive sequence fingerprinting of mycobacterium tuberculosis strains
having few copies of IS6110. J Clin Microbiol 2000;38(10):3572–6. https://doi.
org/10.1128/jcm.38.10.3572-3576.2000.

[16] Eisenach KD, Cave MD, Bates JH, Crawford JT. Polymerase chain reaction
amplification of a repetitive DNA sequence specific for Mycobacterium
tuberculosis. J Infect Dis 1990;161(5):977–81. https://doi.org/10.1093/infdis/
161.5.977.

[17] Ramazanzadeh R, Shakib P, Rouhi S, Mohammadi B, Mohajeri P, Borji S. Molecular
epidemiology of Mycobacterium tuberculosis isolates in Iran using spoligotyping.
New Microbes New Infect 2020;38:100767. https://doi.org/10.1016/j.
nmni.2020.100767.

[18] Bhawan N. Training Manual for Mycobacterium tuberculosis Culture and Drug
susceptibility testing. Bangalore: National Tuberculosis Institute; 2009.

[19] Devi KR, Pradhan J, Bhutia R, Dadul P, Sarkar A, Gohain N, et al. Molecular
diversity of Mycobacterium tuberculosis complex in Sikkim, India and prediction
of dominant spoligotypes using artificial intelligence. Sci Rep 2021;11(1):7365.
https://doi.org/10.1038/s41598-021-86626-z.

[20] Rostamian M, Kooti S, Abiri R, Khazayel S, Kadivarian S, Borji S, et al. Prevalence
of Mycobacterium tuberculosis mutations associated with isoniazid and rifampicin
resistance: a systematic review and meta-analysis. J Clin Tuberc Other Mycobact
Dis 2023;32:100379. https://doi.org/10.1016/j.jctube.2023.100379.

[21] Feyisa SG, Haeili M, Zahednamazi F, Mosavari N, Taheri MM, Hamzehloo G, et al.
Molecular characterization of Mycobacterium tuberculosis isolates from Tehran,
Iran by restriction fragment length polymorphism analysis and spoligotyping. Rev
Soc Bras Med Trop 2016;49:204–10.

[22] Ravansalar H, Tadayon K, Mosavari N, Derakhshan M, Ghazvini K. Genetic
diversity of Mycobacterium tuberculosis complex isolated from patients in the
Northeast of Iran by MIRU-VNTR and spoligotyping. Jundishapur J Microbiol
2017;10(4).

[23] Bedrossian N, Rahmo A, Karam W, Hamze M. Mycobacterium tuberculosis
spoligotypes circulating in the Syrian population: a retrospective study. Int J
Mycobacteriol 2013;2(3):141–7. https://doi.org/10.1016/j.ijmyco.2013.05.004.

[24] Ifticene M, Kaïdi S, Khechiba MM, Yala D, Boulahbal F. Genetic diversity of
Mycobacterium tuberculosis strains isolated in Algeria: results of spoligotyping. Int
J Mycobacteriol 2015;4(4):290–5. https://doi.org/10.1016/j.ijmyco.2015.06.004.

[25] Namouchi A, Karboul A, Mhenni B, Khabouchi N, Haltiti R, Ben Hassine R, et al.
Genetic profiling of Mycobacterium tuberculosis in Tunisia: predominance and
evidence for the establishment of a few genotypes. J Med Microbiol 2008;57(Pt 7):
864–72. https://doi.org/10.1099/jmm.0.47483-0.

[26] Lari N, Rindi L, Sola C, Bonanni D, Rastogi N, Tortoli E, et al. Genetic diversity,
determined on the basis of katG463 and gyrA95 polymorphisms, Spoligotyping,
and IS6110 typing, of Mycobacterium tuberculosis complex isolates from Italy.
J Clin Microbiol 2005;43(4):1617–24. https://doi.org/10.1128/jcm.43.4.1617-
1624.2005.

[27] Mansoori N, Vaziri F, Amini S, Khanipour S, Pourazar Dizaji S, Douraghi M.
Spoligotype and drug susceptibility profiles of mycobacterium tuberculosis
complex isolates in Golestan Province North Iran. Infect Drug Resist 2020;13:
2073–81. https://doi.org/10.2147/idr.s255889.

[28] Azimi T, Nasiri MJ, Zamani S, Hashemi A, Goudarzi H, Fooladi AAI, et al. High
genetic diversity among Mycobacterium tuberculosis strains in Tehran Iran. J Clin
Tuberc Other Mycobact Dis 2018;11:1–6. https://doi.org/10.1016/j.
jctube.2018.01.001.

[29] Sharaf Eldin GS, Fadl-Elmula I, Ali MS, Ali AB, Salih AL, Mallard K, et al.
Tuberculosis in Sudan: a study of Mycobacterium tuberculosis strain genotype and
susceptibility to anti-tuberculosis drugs. BMC Infect Dis 2011;11:219. https://doi.
org/10.1186/1471-2334-11-219.

[30] Ahmed MM, Mohammed SH, Nasurallah HA, Ali MM, Couvin D, Rastogi N.
Snapshot of the genetic diversity of Mycobacterium tuberculosis isolates in Iraq. Int
J Mycobacteriol 2014;3(3):184–96. https://doi.org/10.1016/j.
ijmyco.2014.07.006.

[31] Masoud K, Araj GF, Reslan L, Fadlallah S, Wehbe M, Itani L, et al. Spoligotyping of
Mycobacterium tuberculosis isolates using Luminex®-based method in Lebanon.
J Infect Dev Ctries 2020;14(8):878–85. https://doi.org/10.3855/jidc.12072.

[32] Merza MA, Farnia P, Salih AM, Masjedi MR, Velayati AA. The most predominant
spoligopatterns of Mycobacterium tuberculosis isolates among Iranian, Afghan-
immigrant, Pakistani and Turkish tuberculosis patients: a comparative analysis.
Chemotherapy 2010;56(3):248–57. https://doi.org/10.1159/000316846.

[33] Mansoori N, Yaseri M, Vaziri F, Douraghi M. Genetic diversity of Mycobacterium
tuberculosis complex isolates circulating in an area with high tuberculosis
incidence: Using 24-locus MIRU-VNTR method. Tuberculosis (Edinb) 2018;112:
89–97. https://doi.org/10.1016/j.tube.2018.08.003.

[34] Molla KA, Reta MA, Ayene YY. Prevalence of multidrug-resistant tuberculosis in
East Africa: a systematic review and meta-analysis. PLoS One 2022;17(6):
e0270272.

[35] Tengan FM, Figueiredo GM, Leite OH, Nunes AK, Manchiero C, Dantas BP, et al.
Prevalence of multidrug-resistant tuberculosis in Latin America and the Caribbean:
a systematic review and meta-analysis. Trop Med Int Health 2020;25(9):1065–78.

[36] Shivekar SS, Kaliaperumal V, Brammacharry U, Sakkaravarthy A, Raj CV,
Alagappan C, et al. Prevalence and factors associated with multidrug-resistant
tuberculosis in South India. Sci Rep 2020;10(1):17552.

[37] Couvin D, Reynaud Y, Rastogi N. Two tales: Worldwide distribution of Central
Asian (CAS) versus ancestral East-African Indian (EAI) lineages of Mycobacterium
tuberculosis underlines a remarkable cleavage for phylogeographical,
epidemiological and demographical characteristics. PLoS One 2019;14(7):
e0219706.

[38] Haeili M, Darban-Sarokhalil D, Fooladi AA, Javadpour S, Hashemi A, Siavoshi F,
et al. Spoligotyping and drug resistance patterns of Mycobacterium tuberculosis
isolates from five provinces of Iran. Microbiologyopen 2013;2(6):988–96. https://
doi.org/10.1002/mbo3.139.

[39] Yimer SA, Norheim G, Namouchi A, Zegeye ED, Kinander W, Tønjum T, et al.
Mycobacterium tuberculosis lineage 7 strains are associated with prolonged patient
delay in seeking treatment for pulmonary tuberculosis in Amhara Region Ethiopia.
J Clin Microbiol 2015;53(4):1301–9. https://doi.org/10.1128/jcm.03566-14.

[40] Mokrousov I. Emerging resistant clone of Mycobacterium tuberculosis in west Asia.
Lancet Infect Dis 2016;16(12):1326–7. https://doi.org/10.1016/s1473-3099(16)
30460-1.

[41] Mohammadi B, Mohajeri P, Rouhi S, Ramazanzadeh R. The relationship between
embb306 and embb406 mutations and ethambutol resistant in Mycobacterium
tuberculosis isolated from patiens in west of Iran. Med J Islam Repub Iran 2018;32:
117. https://doi.org/10.14196/mjiri.32.117.

S. Borji et al.

https://doi.org/10.1016/j.ijid.2021.02.107
https://doi.org/10.1016/j.ijid.2021.02.107
https://doi.org/10.1039/c9md00057g
https://doi.org/10.1039/c9md00057g
https://doi.org/10.1016/j.ajic.2014.07.017
https://doi.org/10.4103/2141-9248.165249
https://doi.org/10.4103/2141-9248.165249
https://doi.org/10.1093/cid/ciu619
https://doi.org/10.1111/j.1574-6968.2007.00658.x
https://doi.org/10.18388/abp.2015_1037
https://doi.org/10.3346/jkms.2016.31.11.1673
http://refhub.elsevier.com/S2405-5794(24)00054-8/h0055
http://refhub.elsevier.com/S2405-5794(24)00054-8/h0055
http://refhub.elsevier.com/S2405-5794(24)00054-8/h0055
https://doi.org/10.1128/jcm.02483-05
https://doi.org/10.1128/jcm.02483-05
https://doi.org/10.1016/j.jmii.2011.12.023
https://doi.org/10.1016/j.jmii.2011.12.023
https://doi.org/10.1128/jcm.06314-11
https://doi.org/10.1128/jcm.38.10.3572-3576.2000
https://doi.org/10.1128/jcm.38.10.3572-3576.2000
https://doi.org/10.1093/infdis/161.5.977
https://doi.org/10.1093/infdis/161.5.977
https://doi.org/10.1016/j.nmni.2020.100767
https://doi.org/10.1016/j.nmni.2020.100767
http://refhub.elsevier.com/S2405-5794(24)00054-8/h0090
http://refhub.elsevier.com/S2405-5794(24)00054-8/h0090
https://doi.org/10.1038/s41598-021-86626-z
https://doi.org/10.1016/j.jctube.2023.100379
http://refhub.elsevier.com/S2405-5794(24)00054-8/h0105
http://refhub.elsevier.com/S2405-5794(24)00054-8/h0105
http://refhub.elsevier.com/S2405-5794(24)00054-8/h0105
http://refhub.elsevier.com/S2405-5794(24)00054-8/h0105
http://refhub.elsevier.com/S2405-5794(24)00054-8/h0110
http://refhub.elsevier.com/S2405-5794(24)00054-8/h0110
http://refhub.elsevier.com/S2405-5794(24)00054-8/h0110
http://refhub.elsevier.com/S2405-5794(24)00054-8/h0110
https://doi.org/10.1016/j.ijmyco.2013.05.004
https://doi.org/10.1016/j.ijmyco.2015.06.004
https://doi.org/10.1099/jmm.0.47483-0
https://doi.org/10.1128/jcm.43.4.1617-1624.2005
https://doi.org/10.1128/jcm.43.4.1617-1624.2005
https://doi.org/10.2147/idr.s255889
https://doi.org/10.1016/j.jctube.2018.01.001
https://doi.org/10.1016/j.jctube.2018.01.001
https://doi.org/10.1186/1471-2334-11-219
https://doi.org/10.1186/1471-2334-11-219
https://doi.org/10.1016/j.ijmyco.2014.07.006
https://doi.org/10.1016/j.ijmyco.2014.07.006
https://doi.org/10.3855/jidc.12072
https://doi.org/10.1159/000316846
https://doi.org/10.1016/j.tube.2018.08.003
http://refhub.elsevier.com/S2405-5794(24)00054-8/h0170
http://refhub.elsevier.com/S2405-5794(24)00054-8/h0170
http://refhub.elsevier.com/S2405-5794(24)00054-8/h0170
http://refhub.elsevier.com/S2405-5794(24)00054-8/h0175
http://refhub.elsevier.com/S2405-5794(24)00054-8/h0175
http://refhub.elsevier.com/S2405-5794(24)00054-8/h0175
http://refhub.elsevier.com/S2405-5794(24)00054-8/h0180
http://refhub.elsevier.com/S2405-5794(24)00054-8/h0180
http://refhub.elsevier.com/S2405-5794(24)00054-8/h0180
http://refhub.elsevier.com/S2405-5794(24)00054-8/h0185
http://refhub.elsevier.com/S2405-5794(24)00054-8/h0185
http://refhub.elsevier.com/S2405-5794(24)00054-8/h0185
http://refhub.elsevier.com/S2405-5794(24)00054-8/h0185
http://refhub.elsevier.com/S2405-5794(24)00054-8/h0185
https://doi.org/10.1002/mbo3.139
https://doi.org/10.1002/mbo3.139
https://doi.org/10.1128/jcm.03566-14
https://doi.org/10.1016/s1473-3099(16)30460-1
https://doi.org/10.1016/s1473-3099(16)30460-1
https://doi.org/10.14196/mjiri.32.117

	Antimicrobial resistance profile and prevalence of Mycobacterium tuberculosis complex in Western Iran using spoligotyping m ...
	1 Introduction
	2 Materials and methods
	2.1 Sample collection
	2.2 Antibiotic sensitivity test
	2.3 DNA extraction
	2.4 Polymerase chain reaction (PCR)
	2.5 Spoligotyping
	2.6 Statistical analysis

	3 Results
	3.1 Drug susceptibility testing (DST)

	4 Discussion
	5 Conclusion
	Ethical statement
	Funding
	CRediT authorship contribution statement
	Declaration of competing interest
	Acknowledgments
	References


