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Introduction
Tuberculosis remains a challenge in Iran, and the annual incidence 
was reported as 22 per 100,000 people in 2014 [1]. The main 
genotype families of Mycobacterium tuberculosis include the 
Beijing, Haarlem, Africa, East-African-Indian, Latin American 
Mediterranean (LAM), and Mediterranean genotypes. From this 
family, the Beijing genotype has some selective advantages [2].

Pathogenic features of these genotypes are important, such 
as the ability to rapidly proliferate in human macrophages, high 
transmissibility, escape from BCG vaccination, and association with 
multi-drug resistance [3]. The Beijing genotype appears to have 
spread globally and is also associated with several outbreaks [4]. It 
appears to be endemic in Russia, South Africa, and East Asia. It can 
also be found less frequently in Africa as a whole, the United States, 
and Europe [5]. Furthermore, some valuable studies showed that 
the Beijing genotype is associated with increased frequency of drug 
resistance compared with non-Beijing strains [6]. There are various 
molecular methods for typing of M. tuberculosis and detection of 
the Beijing genotype. Spoligotyping is the recommended method 
for genotyping. This method is expensive, time-consuming to use, 
and requires special equipment [7]. Furthermore, another method is 
IS6110 DNA fingerprinting, which requires technical expertise and is 
time-consuming [8]. Compared with other methods, multiplex PCR 
is rapid, easy, and inexpensive, and gives reliable results [7]. This 
method can detect several genes in one reaction. Thus, Beijing and 
non-Beijing infection and mixed infections could also be diagnosed 
through the detection of their corresponding genes. 

Considering the importance of the Beijing genotype and its 
outcome, this study was conducted to identify Beijing and non-



Beijing genotypes simultaneously by multiplex PCR. In addition, 
the association between drug resistance and Beijing genotype 
was analysed.

Materials and Methods
This study was a cross-sectional study conducted from 
January 2014 to February 2015 at the TB reference laboratory 
of Kermanshah, western Iran. From 5 provinces (Kermanshah, 
Lorestan, Hamedan, Ilam, and Kurdistan), isolates of M. tuberculosis 
were collected. The mean age of the patients was 54 ± 20 years. 
Patients were divided in 2 groups based on their ages, 17–50 and 
≥51. Eighty (55%) of them were male and 66 (45%) were female. 

A total of 523 sputum samples suspected of having tuberculosis 
were collected and stained by the Auramine and Ziehl-Neelsen 
methods after decontamination [9]. Then from these, 210 smear 
positive samples were cultured on Lowenstein-Jensen (LJ) 
medium and biochemical tests such as nitrate reduction, niacin 
accumulation, catalase activity at 68°C, and pigment production 
[10] for further identification. A total of 156 culture positive samples 
were confirmed by Cepheid Xpert MTB/RIF assay G4 version 5. Gen 
Xpert confirmed 146 samples of M. tuberculosis and these samples 
were further processed for antibiotic susceptibility and PCR.

Antibiotic Susceptibility Test
Positive samples from geneXpert were taken for drug susceptibility 
testing including the following first-line drugs: rifampicin 
(40.0μg/mL), isoniazid (0.2μg/mL), and ethambutol (2.0μg/mL), 
performed using the proportional method following the current 
recommendations from the World Health Organization (WHO) [9]. 
The standard criteria for diagnosing resistant bacteria based on the 
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ABSTRACT
Introduction: Mycobacterium tuberculosis Beijing genotype is 
gaining importance all over the world because this genotype 
is highly prevalent in several areas and is also frequently 
associated with drug resistance. 

Aim: To identify and determine the frequency of Beijing genotype 
and mix infection with Beijing and non-Beijing in west of Iran 
and analyse the association between Beijing genotype and drug 
resistance.

Materials and Methods: This cross-sectional study was 
conducted on 146 Tuberculosis (TB) samples collected at the TB 
reference laboratory in Kermanshah west of Iran from January 
2014 to February 2015, Mycobacterium tuberculosis isolates 
from sputum samples, detected by microcopy, biochemical 
tests and solid culture were included and then the confirmed 
samples with Cepheid Xpert MTB/RIF assay were subjected to 
drug susceptibility tests for rifampicin, isoniazid, ethambutol 
using proportional method. The prevalence rate of Beijing and 
non-Beijing genotype was determined by Multiplex- Polymerase 
Chain Reaction (PCR). 

Result: A total of 15/146 (10%) isolates were diagnosed as 
Beijing genotypes and the remaining 131/146(90%) isolates were 
non-Beijing genotypes by Multiplex PCR method. Among the 15 
Beijing cases, 14 samples have shown mix infection indicating 
the presence of both Beijing and non-Beijing strains in samples. 
Three isolates from all cases were drug resistant. Interestingly 
all drug resistance isolates were from Beijing genotype which 
shows strong association between drug resistance and Beijing 
genotype. Also this genotype was more prevalent in younger 
age-group people (p=0.035). 

Conclusion: Frequency of Beijing genotype in west of Iran 
is more than other sites of Iran but less than Asia. According 
to our result, mix infections with Beijing and non-Beijing, 
had the most prevalence therefore we should be concerned 
more about mix infections. Multiplex-PCR method is feasible, 
trustworthy and can distinguish mix infections. It is suggested 
to perform spoligotyping in addition to multiplex PCR method 
to discriminate mix infections.
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proportional method is the percentage of colonies that can grow 
on drug-containing medium compared with colonies that typically 
grow on drug-free medium (growth of ≥1% of colonies) [9].

PCR 
The bacterial suspension from colonies grown on LJ agar was 
placed in a boiling water bath for 90 min to destroy any viable 
mycobacteria and bacterial cell walls. Firstly, the bacterial 
suspension was centrifuged at 5000 rpm for 10 min, then the 
supernatant was transferred to a new tube. Secondly, bacterial 
DNA was extracted by centrifugation at 14000 rpm for 30 min. 
The sediment was used as a DNA template.

All primers in this study were based on a previous study by Weng 
[11].

In brief, first set primers to distinguish M. tuberculosis, IS60 
(GATCAGCGATCGTGGTCCTGC) and IS59 (GCGCCAGGCG 
CAGGTCGATGC), were used to amplify a 523-bp 
PCR product, to serve as the PCR control. Two sets of 
primers were used to detect the Beijing and non-Beijing 
genotypes: BjF (CTCGGCAGCTTCCTCGAT) and BjR 
(CGAACTCGAGGCTGC CTACTAC) produced a 129-bp PCR 
product, and nBjF (AAGCATTCCCTTGACAGTCGAA) and nBjR 
(GGCGCATGACTCGAAA GAAG), produced a 104-bp PCR 
product.

PCR was performed in a total volume of 25μL, containing 2.5μM 
dNTP mix, 2.0mM MgCl2, 0.5U Taq DNA polymerase, 0.5μM of 
each primer, and 2.5μl each of template DNA and10× buffer.

Cycling conditions were as follows: 96°C for 5 min, followed by 35 
cycles of 94°C for 30s, 58°C for 30s, and 72°C for 1min. A final 
extension at 72°C for 7min was also performed and PCR products 
were separated on 15% acrylamide gels.

A positive control for the Beijing genotype was retrieved from 
Tehran University of Medical Science [12]. H37Rv DNA of the 
Center for Tuberculosis-related Disease was used as a positive 
control for the non-Beijing genotype.

DNA Sequencing
To confirm our results, one PCR product each of the Beijing 
and non-Beijing genotypes was sent for sequencing (Bioneer 
co). The Beijing genotype was based on GenBank accession 
no.cp0010873.1.

Statistical Analysis 
Statistical analysis was performed with SPSS software version 16. 
All of the data was analysed using a chi-square or Fisher-exact 
test (p<0.05).

Results 
Multiplex PCR showed 15 Beijing and 131 non-Beijing geno-
types.

The Beijing genotype gave expected PCR product sizes of 523 
bp and 129 bp. A non-Beijing genotype showed PCR products 
of 523 bp and 104 bp. Mixed infection samples were expected to 
yield all PCR product sizes: 523 bp, 104 bp, and 129 bp.

The majority of the sputum samples (14 of 15) of Beijing cases 
showed mixed infection, indicating the presence of both 
Beijing and non-Beijing strains in the samples [Table/Fig-1]. From 
Kermanshah province maximum positive samples of MTB were 
isolated [Table/Fig-2]. 

Only 3 patients were associated with drug resistant strains, 2 
of them were resistant to rifampicin and the other isolate was 
simultaneously resistant to rifampicin, isoniazid, and ethambutol.

More than 90% of the clinical isolates were new cases who 
had not received anti-Tuberculosis (TB) drugs. All drug resistant 

isolates were from new cases. The Beijing association with newly 
diagnosed drug resistance cases showed significant increases in 
rifampicin, isoniazid, and ethambutol (p≤0.001).

Of the total 146 cases, 60 cases were <50-year-old and 86 cases 
were >50-year-old, of which 11 (18.3%) and 4 (4.6%) of them 
were patients infected with Beijing and non-Beijing genotypes, 
respectively. 

Considering this data, a significant correlation between younger 
age group and the Beijing genotype was found (p=0.035). 

Discussion
The Beijing genotype has received attention because of its 
prevalence in different areas [2]. Our study showed with multiplex 
PCR assay, that in 5 provinces, among 146 PCR-confirmed MTB 
isolates, 15 (10.4%) isolates detected were of the Beijing genotype. 
Beijing genotypes appeared to have different distributions 
according to geographic region, with a high distribution in China 
and Russia [2]. The Beijing genotype was also detected in Iran 
[2]. Based on previous studies in the Eastern, Southwestern, and 
capital regions, the rates of Beijing genotypes were 7.1%, 5%, 
and 9.5%, respectively [4,13,14]. Although the frequency of the 
Beijing genotype in Western Iran is higher than in other areas of 
the country, in comparison with other Asian countries, it has less 
prevalence [15].

In this study, the frequency of the Beijing genotype based on age 
was 73% in <50-year-old. Studies show a high prevalence of 
the Beijing genotype in younger TB patients in Western Europe, 
Southern Africa, and the former Soviet Union [6], despite the fact 
that in São Paulo and Buenos Aires, patients <30-year-old were 
infected by all Beijing genotype [16]. There is a little evidence of a 
high prevalence of the Beijing genotype in younger patients in Asia, 
except for Vietnam and Bangladesh [6]. The correlation between 
the Beijing genotype and drug resistance is concerning [2]. This 
study conducted in Western Iran showed a strong association 
between drug resistance and the Beijing genotype. The results 
of studies carried out in Vietnam, Bangladesh, Taiwan, Hong 
Kong, other Asian countries, and many European countries are 
inline with these results [16]. The distribution of mixed infection in 
TB patients varies among studies [17,18]. The prevalence of the 
Beijing and non-Beijing genotypes (mix infections) among patients 

[Table/Fig-1]: Electrophoresis results of the multiplex PCR products on a 15% 
polyacrylamide gel. Lane M, 100-bp ladder DNA size marker; lane 1-4 M. tuberculosis 
clinical isolates (lane 1 and 2, non-Beijing; lane 3, mix infection; lane 4, Beijing); lane5, 
negative control; lane 6, M. tuberculosis H37Rv (non-Beijing genotype control); lane 
7, M. tuberculosis H-17 strain (Beijing genotype control); lane M contains molecular 
size markers (100-bp ladder vivantis).

No. Province Positive sample of MTB Beijing genotype

1 Kermanshah 40 6

2 Kurdistan 39 1

3 Lorestan 31 4

4 Ilam 16 2

5 Hamadan 20 2

Total 146 15

[Table/Fig-2]: Prevalence of Beijing genotype in this study.
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was 93%. A study from South Africa showed that 57% of patients 
infected with the Beijing genotype were also infected with the 
non-Beijing genotype [19]. Mixed infections including Beijing and 
non-Beijing genotypes may contribute to an increased risk of MDR 
[20]. Moreover, the presence of simultaneous infection can lead 
to a disturbance in the outcome of drug susceptibility testing if 
both, drug-susceptible and resistant M. tuberculosis strains were 
present [18].

Detecting mixed infection with M. tuberculosis strains may be very 
difficult [21]. Spoligotyping is the gold standard for the detection 
and classification of the Beijing genotype [7]. It can be used to 
diagnose the Beijing genotype but it cannot detect mix infections 
[22]. This technique also needs special equipment and is time 
consuming and somewhat expensive. A multiplex PCR method 
can rapidly detect Beijing and non-Beijing strains [7]. 

Limitation
In this study, one of the major limitation was inadequate 
demographic data about patients from different provinces. Data on 
multiplex PCR method and other molecular methods are needed 
for selection of best method in the diagnosis of Beijing and non-
Beijing genotypes, which could not be collected in this study.

Conclusion
This study showed that the Beijing genotype of M. tuberculosis is 
an epidemic in our province. We also found a significant correlation 
between younger age group and the Beijing genotype. Multiplex 
PCR is an inexpensive and easy to perform method; the important 
advantage of multiplex PCR in contrast to spoligotyping is its utility 
in the diagnosis of mix infections with Beijing and non-Beijing 
genotypes. Considering the results of our study, mixed infection 
is prevalent; therefore, we should prefer to perform multiplex 
PCR in addition to spoligotyping to recognize mixed infection. 
However, to save time, it seems that the multiplex PCR method 
is an inexpensive and simple technique for use in areas of high 
prevalence of Beijing strains in some parts of the world.

Acknowledgments
We gratefully acknowledge Vice-Chancellor of Research and 
Technology, Kermanshah University of Medical Sciences, for 
financial support of this study resulting from MSc Medical 
Microbiology thesis of Sakineh Moradi, Kermanshah University of 
Medical Sciences, Iran (Grant No. 93360).

Funding/Support: This study was funded by Kermanshah 
University of Medical Sciences.

References
	 World Health Organization, 2014. WHO/HTM/TB/2014.411. Geneva, [1]

Switzerland: WHO; 2014. Global Tuberculosis Control: Epidemiology, Strategy, 
Financing: WHO Report 2014.

	 Ramazanzadeh R, Roshani D, Shakib P, Rouhi S. Prevalence and occurrence [2]
rate of Mycobacterium tuberculosis Haarlem family multi-drug resistant in the 
worldwide population: A systematic review and meta-analysis. J Res Med Sci. 
2015;20(1):78-88.

	 Parwati I, Alisjahbana B, Apriani L, Soetikno RD, Ottenhoff TH, van der Zanden [3]
AG, et al. Mycobacterium tuberculosis Beijing genotype is an independent risk 
factor for tuberculosis treatment failure in Indonesia. J Infect Dis. 2010;201(4):553-
37.

	 Khosravi AD, Goodarzi H, Alavi SM, Akhond MR. Application of deletion- targeted [4]
multiplex PCR technique for detection of Mycobacterium tuberculosis Beijing 
strains in samples from tuberculosis patients. Iran J Microbiol. 2014;6(5):330-
34.

	 Mokrousov I, Ly HM, Otten T, Lan NN, Vyshnevskyi B, Hoffner S, et al. Origin [5]
and primary dispersal of the Mycobacterium tuberculosis Beijing genotype: clues 
from human phylogeography. Genome Res. 2005;15(10):1357-64.

	 Lillebaek T, Andersen AB, Dirksen A, Glynn JR, Kremer K. [6] Mycobacterium 
tuberculosis Beijing genotype. Emerg Infect Dis. 2003;9(12):1553-57.

	 Chen J, Tsolaki AG, Shen X, Jiang X, Mei J, Gao Q. Deletion-targeted multiplex [7]
PCR (DTM-PCR) for identification of Beijing/W genotypes of Mycobacterium 
tuberculosis. Tuberculosis (Edinb). 2007;87(5):446-49.

	 Barlow RE, Gascoyne-Binzi DM, Gillespie SH, Dickens A, Qamer S, Hawkey PM. [8]
Comparison of variable number tandem repeat and IS6110-restriction fragment 
length polymorphism analyses for discrimination of high- and low-copy-number 
IS6110 Mycobacterium tuberculosis isolates. J Clin Microbiol. 2001;39(7):2453-
57.

	 Mohajeri P, Norozi B, Atashi S, Farahani A. Anti tuberculosis drug resistance in [9]
west of iran. J Glob Infect Dis. 2014;6(3):114-17.

	 Masjedi MR, Farnia P, Sorooch S, Pooramiri MV, Mansoori SD, Zarifi AZ, et al. [10]
Extensively drug-resistant tuberculosis: 2 years of surveillance in Iran. Clin Infect 
Dis. 2006;43(7): 841-47.

	 Weng CY, Ho CM, Dou HY, Ho MW, Lin HS, Chang HL, et al. Molecular typing [11]
of Mycobacterium tuberculosis isolated from adult patients with tubercular 
spondylitis. J Microbiol Immunol Infect. 2013;46(1):19-23.

	 Kazemian H, Haeili M, Kardan Yamchi J, Rezaei F, Gizaw Feyisa S, Zahednamazi [12]
F, et al. Antimycobacterial activity of linezolid against multidrug-resistant and 
extensively drug-resistant strains of Mycobacterium tuberculosis in Iran. Int J 
Antimicrob Agents. 2015;45(6):668-70.

	 Rohani M, Farnia P, Nasab MN, Moniri R, Torfeh M, Amiri MM. Beijing genotype [13]
and other predominant Mycobacterium tuberculosis spoligotypes observed in 
Mashhad city, Iran. Indian J Med Microbiol. 2009;27(4):306-10.

	 Goudarzi H, Mirsamadi E, Farnia P, Jahani Sherafat S, Esfahani M, Faramarzi [14]
N. Phospholipase C in Beijing strains of Mycobacterium tuberculosis. Iran J 
Microbiol. 2010;2(4):194-97.

	 Caws M, Thwaites G, Stepniewska K, Nguyen TN, Nguyen TH, Nguyen TP, et al. [15]
Beijing genotype of Mycobacterium tuberculosis is significantly associated with 
human immunodeficiency virus infection and multidrug resistance in cases of 
tuberculous meningitis. J Clin Microbiol. 2006;44(11):3934-39.

	 European Concerted Action on New Generation Genetic Markers and [16]
Techniques for the Epidemiology and Control of Tuberculosis. Beijing/W 
Genotype Mycobacterium tuberculosis and Drug Resistance. Emerg Infect Dis. 
2006;12(5):736-43.

	 Mallard K, McNerney R, Crampin AC, Houben R, Ndlovu R, Munthali L, et al. [17]
Molecular detection of mixed infections of Mycobacterium tuberculosis strains 
in sputum samples from patients in Karonga District, Malawi. J Clin Microbiol. 
2010;48(12):4512-18.

	 Wang JY, Hsu HL, Yu MC, Chiang CY, Yu FL, Yu CJ, et al. Mixed infection with [18]
Beijing and non-Beijing strains in pulmonary tuberculosis in Taiwan: prevalence, 
risk factors, and dominant strain. Clin Microbiol Infect. 2011;17(8):1239-45.

	 Warren RM, Victor TC, Streicher EM, Richardson M, Beyers N, Gey van Pittius [19]
NC, et al. Patients with active tuberculosis often have different strains in the same 
sputum specimen. American Journal of Respiratory and Critical Care Medicine. 
2004;169(5):610-14.

	 Lan NT, Lien HT, Tung le B, Borgdorff MW, Kremer K, van Soolingen D. [20]
Mycobacterium tuberculosis Beijing genotype and risk for treatment failure and 
relapse, Vietnam. Emerg Infect Dis. 2003;9(12):1633-35.

	 Braden CR, Morlock GP, Woodley CL, Johnson KR, Colombel AC, Cave MD, et [21]
al. Simultaneous infection with multiple strains of Mycobacterium tuberculosis. 
Clin Infect Dis. 2001;33(6):e42-7.

	 Jagielski T, van Ingen J, Rastogi N, Dziadek J, Mazur PK, Bielecki J. Current [22]
methods in the molecular typing of Mycobacterium tuberculosis and other 
mycobacteria. Biomed Res Int. 2014(2014);645802.

		 PARTICULARS OF CONTRIBUTORS:
1.	 Associate Professor of Medical Bacteriology, Department of Microbiology, School of Medicine, Kermanshah University of Medical Sciences, Kermanshah, Iran.
2.	 Research Assistant of Medical Bacteriology, Department of Microbiology, School of Medicine, Kermanshah University of Medical Sciences, Kermanshah, Iran.
3.	 Research Assistant of Medical Bacteriology, West Tuberculosis Center, Kermanshah University of Medical Sciences, Kermanshah, Iran.
4.	 Ph.D student of Medical Bacteriology, Department of Microbiology, School of Medicine, Ahvaz Jundishapur University of Medical Sciences, Ahvaz, IR Iran.
	 Student Research Committee, Ahvaz Jundishapur University of Medical Sciences, Ahvaz, IR Iran.

NAME, ADDRESS, E-MAIL ID OF THE CORRESPONDING AUTHOR:
Dr. Parviz Mohajeri,
Department of Microbiology, School of Medicine, Kermanshah University of Medical Sciences, Kermanshah, Iran.
E-mail: P_mohajeri@yahoo.com

Financial OR OTHER COMPETING INTERESTS: None.

Date of Submission: Apr 22, 2016
Date of Peer Review: Jun 01, 2016
 Date of Acceptance: Aug 24, 2016

Date of Publishing: Oct 01, 2016


