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ABSTRACT

Background and Objectives: Tuberculosis (TB) is still responsible for a wide range of deaths worldwide. Beijing genotype
is one of the most important and virulent strains in Mycobacterium tuberculosis. This study was designed for determination
Beijing genotypes of M. tuberculosis in Golestan province, north of Iran.

Materials and Methods: In the current descriptive study, 238 clinical MTB isolates, obtained from patients with pulmonary
and extra-pulmonary TB in north of Iran, were evaluated. Oligonucleotide primers for the Beijing and non-Beijing genotypes
and specific probes for their detection by a real-time PCR method were employed. In addition, an association between the
Beijing genotype and possible clinical and demographic factors was evaluated.

Results: The method revealed that 33 cases (13.9%) were the Beijing lineage and 205 (86.1%) the non-Beijing genotype.
The mean age of patients infected with the Beijing and non-Beijing strains was 37.27 + 18.3 and 51 + 21.2 years, respective-
ly; the difference was statistically significant (P = 0.001). In addition, the prevalence of the Beijing strain decreased with age.
Patients with a TB infection caused by the Beijing genotype were also more vulnerable to treatment failure. Based on the
origin of the samples, the Beijing genotype was more often observed in extra-pulmonary samples compared with Pulmonary
ones (P =0.001).

Conclusion: The Beijing genotype of MTB is prevalent in our region especially among young people which could indicate
the risk of further expansion in the future.
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- INTRODUCTION
“Corresponding author: Ezzat Allah Ghaemi, PhD, De-

partment of Microbiology, Golestan University of Medical Despite improvements in global health and medi-
Sciences, Gorgan, Iran; Laboratory Sciences Research Cen- cal science, tuberculosis (TB) is still responsible for
ter, Golestan University of Medical Sciences, Gorgan, Iran. a wide range of deaths worldwide. M. tuberculosis
Tel: +981732440225 (MTB) is the causative agent of two main types of TB:
Fax: 01732235452 pulmonary and extra-pulmonary infections (1).
Email: eghaemi@yahoo.com Several important genetic lineages including Haar-
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lem, W/Beijing, Latino-American and Mediterra-
nean (LAM), Central Asian (CAS) and East-Af-
rican-Indian (EAI) were identified in MTB in the
past decades (2). Among them, the Beijing strain is
responsible for many epidemics of TB. Van Soolin-
gen et al. (1995) were the first to identify the Beijing
genotype in China (3). It was reported that the prev-
alence of this lineage increased in the global popu-
lation throughout East Asia and the countries of the
former Soviet Union; more than half of TB cases can
be attributed to this genotype in Asia (2, 4, 5).

Several scientists have reported that the Beijing
genotype has some unique properties that make it
more virulent than other MTB genotypes (6-10).
Moreover, some studies suggested that this strain
has a high dissemination power and could spread be-
tween different countries (11, 12). In addition, risk
factors such as age less than 25 years and co-infec-
tion with human immunodeficiency virus (HIV) may
be associated with the Beijing strain infection (13,
14). Other studies reported that treatment failure is
more common with the Beijing strain (11). Thus, it is
important to understand the prevalence of the Beijing
strain in specific geographical regions and calculate
its spread and growth rate in that area. Furthermore,
the relationship between the Beijing strain and fac-
tors such as age, gender, treatment failure, and dis-
ease type should also be explored.

Rapid and accurate detection methods are the most
effective ways to successfully treat and control TB.
Differentiation between the strains of MTB is also
important to determine the relationship between
the strains and the disease (15). Hence, specific di-
agnostic tools that can rapidly identify MTB cases
and simultaneously differentiate between the strains
are needed. In recent studies, molecular tools such
as 1S6110 DNA fingerprinting, spoligotyping, and
real-time PCR have been used to identify different
strains of MTB (16-18). The first two methods re-
quire expensive equipment and are time-consuming.
In contrast, real-time PCR eliminates the limitations
of other detection methods and is a sensitive, fast, and
accurate method to identify MTB and detect the
Beijing strain (15). Hillemann et al. used two specific
pairs of primers to detect the Beijing and non-Bei-
jing genotypes using a multiplex real-time PCR as-
say (18). They successfully detected the Beijing and
non-Beijing strains in clinical samples. In the current
work, the similar method used to evaluate the preva-
lence of the Beijing and non-Beijing genotypes in pa-
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tients with TB admitted to Gorgan Central Hospital
in Gorgan, Iran.

Due to the higher global prevalence of pulmonary
TB, few studies focused on extra-pulmonary TB
(19). As aresult, little information exists regarding the
impact of various factors on extra-pulmonary TB.
Therefore, in the current study, both pulmonary and
extra-pulmonary TB infection samples were
evaluated.

Currently, the incidence of MTB, particularly the
Beijing, is very low in Iran. However, the countries
on the Eastern and Northern borders of Iran (e.g.,
Afghanistan, Pakistan, Azerbaijan, Armenia and
the other countries of the former Soviet Union) are the
main sources of the Beijing genotype. Due to the high
dissemination likelihood of this strain, these
countries can transmit the Beijing genotype from
Central Asian to Eastern European countries via
Iran (20). Therefore, TB prevalence should be updat-
ed annually to provide new data about the incidence
rate of TB infection caused by the Beijing strain in
this region. This study aimed at determining the fre-
quency of the Beijing strain in positive cultures of
patients with TB and identifying possible factors af-
fecting its incidence.

MATERIALS AND METHODS

Clinical samples, M. tuberculosis strains, and
patients characteristics. This descriptive study
evaluated 238 clinical MTB isolates obtained from
clinical specimens acquired from patients with TB
referred to the Mycobacteriology Laboratory at Cen-
tral Hospital in Gorgan, Iran, from 2010 to 2011. The
clinical and demographic information of the patients,
including the history of TB, response to treatment,
gender, age, and drug susceptibility testing results
(if any) were recorded in the Statistical Package for
the Social Sciences (SPSS), version 16 (SPSS Inc.,
Chicago, IL, USA). The Scientific Board of the Na-
tional Research Institute of Tuberculosis and Lung
Disease of Iran reviewed and approved the current
study.

Each isolate was sub-cultured on Lowenstein-Jen-
sen (LJ) medium (Oxoid, UK) and incubated at
37°C. Plates were monitored weekly for the growth of
bacteria over an 8-week period. Some convention- al
methods, including colony and growth character-
istics, Ziehl-Neelsen staining, pigmentation, nitrate
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reduction, and production of niacin, were used to
verify each colony.

DNA extraction. The boiling method was em-
ployed to extract DNA according to Reischl et al.
(1994) protocol with slight modifications (21). In
brief, a loopful of each colony was picked up from
LJ culture and homogenized in 100 uL of lysis buf-
fer by vortexing; the lysis buffer contained 1% Triton
X-100, 0.5% Tween 20, 10 mM Tris-HCI (pH 8.0), and
1 mM ethylenediaminetetraacetic acid (EDTA). The
suspension was incubated at 80°C for 20 min, and
then, centrifuged for 1 min at 12000 rpm to sed-
iment the debris. The clear supernatant was trans-
ferred to a new microtube and stored at -20°C. The
concentration and purity of the extracted DNA were
determined using spectrophotometry at 260 and 280
nm wavelengths (Nanodrop ND-1000; Thermo Sci-
entific, MA, USA).

Real-time PCR. The real-time PCR assay was
conducted by ABI 7300 Real-time PCR system (Fos-
ter City, CA, USA) according to Hillman et al. (2006)
protocol (18). The technique performed in two sepa-
rate tubes to identify Beijing and non-Beijing DNA.
Oligonucleotide primers and specific probes for the
Beijing and non-Beijing genotypes are shown in
Table 1. The final volume of each reaction was 25
pL containing 12.5 pL ABI TagMan Universal PCR
Master Mix (Applied Biosystems, USA), 1 uL of each
primer, 0.5 pL of the specific probe, 8.5 puL of
distilled water, and 1.5 uL of the DNA template. Af-
ter the initial denaturation at 95°C for 15 minutes,
a 40-cycle amplification program was conducted at
92°C for 15 seconds and then, at 60°C for 1 minute.

Baseline and threshold values were set to deter-

mine the threshold cycle (CT) for the amplification
curves. A positive result was defined when a typi-
cal sigmoid fluorescence curve was observed for
each sample and the final fluorescence intensity was
above a CT, which was determined by comparing
the fluorescence intensity between the Beijing and/or
non-Beijing reference genotypes and the background
noise. M. tuberculosis H37Rv (the non-Beijing con-
trol), a wild type of the Beijing strain (verified by
spoligotyping), and a Milli-Q water (Merck Milli-
pore, Germany) were included as controls.

Data analysis. The SPSS software was used to
analyze the relationship between genotypes of MTB
and the studied parameters of participants. Nominal
variables were analyzed by the Chi-square test and
the Fisher exact test whenever necessary. P <0.05 was
considered statistically significant.

RESULTS

TB isolates were obtained from 133 (55.9%) male
and 105 (44.1%) female samples. Among these 238
participants, 11 (4.6%) were 0-12 years old, 20 (8.4%)
were aged 13-20 years, 87 (36.5%) were 21-45 years
old, 77 (32.4%) were 46-65 years old, and 43 (18.1%)
were 65 years of age or older. The details and analy-
sis results of the samples are shown in Table 2.

Out of the 238 MTB samples examined in this
study, 33 were the Beijing strain (13.9%), while
205 cases (86.1%) were the non-Beijing. Among the
Beijing samples, 15 (45.5%) isolates obtained from
females and 18 (54.5%) from males. There was no
significant relationship between the Beijing geno-
type and the gender of patients. The mean age of the

Table 1. Nucleotide sequences used as primers and TagMan probes for identification of Beijing and non-Beijing strains (18)

Primers/probe names
for target strains

Target

Sequence

nBjF
nBjR
nBjTM
BjF Beijing strains
BjR
BjTM

Non-Beijing strains

5-AAGCATTCCCTTGACAGTCGAA-3'
5" -GGCGCATGACTCGAAAGAAG-3’
5" -6FAM-TCCAAGGTCTTTG-MGB-NFQ-3'a
5" -CTCGGCAGCTTCCTCGAT-3'
5'-CGAACTCGAGGCTGCCTACTAC-3’
5" -YAK-AACGCCAGAGACCAGCCGCCGGCT-DB-3'b

AMGB-NFQ, minor groove binding, nonfluorescent quencher.
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®YAK-DB, Yakima yellow-DABCYL (nonfluorescent dark quencher).
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Table 2. Prevalence of Beijing and non-Beijing genotypes based on Characteristics of samples.

Variable Genotype
Beijing, N =33 Non-Beijing, N = 205
Gender
Male, N = 133 (%)? 18 (13.5) 115 (86.5)
Female, N =105 (%) 15 (14.3) 90 (85.7)
The origin of the samples
Pulmonary, N = 219 (%) 26 (11.9) 193 (88.1)
Extra-pulmonary, N = 19 (%) 7(36.9) 12 (63.1)
Age (year)
1-12,N=11 (%) 4 (36.3) 7(63.7)
13-20, N =20 (%) 5 (25) 15 (75)
21-45,N =87 (%) 13 (14.9) 74 (85.1)
46 — 65, N =77(%) 11 (14.3) 66 (85.7)
> 65, N =43 (%) 0(0) 43 (100)

aThe percentage is calculated based on the number of samples located in horizontal columns.

patients infected with the Beijing and non-Beijing
strains were 37.27 £ 18.3 and 51 * 21.2 years, respec-
tively; the difference was statistically significant (P
= 0.001). The highest prevalence of the Beijing strain
was observed in children under 12 years old (36.4%),
and the prevalence of this genotype decreased with
age. Furthermore, the Beijing strain was not ob-
served in any patients older than 65 years.

In this study, treatment failure was also analyzed
and the results showed that of four cases of treat- ment
failure, three samples were related to the Bei- jing
strain. Based on the origin of the samples, the Beijing
genotype was more common in extra-pul- monary
samples (36.1%) compared with pulmonary ones
(11.9%; P = 0.001).

DISCUSSION

MTRB is an obligate human pathogen that causes TB
across the world (1). Due to the high prevalence and
dissemination of the disease globally, it is essential to
have a rapid and accurate method to detect TB and
identify its strains to avoid financial loss (15, 18).
Hence, in the present study, the real-time PCR assay
was used to evaluate the prevalence of the Beijing and
non-Beijing strains in the North of Iran.

In general, the worldwide spread of the MTB Bei-
jing genotype varies from 0 to 80 percent depending
on the geographic location. The highest prevalence
is observed in the Southeastern countries of Asia (1,
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2). In a previous study, among 3634 MTB strains iso-
lated in China, 63% were of the Beijing strain (13).
In another investigation, Kam et al. (2005) detected
a 68.5% prevalence rate for the Beijing genotype in
Hong Kong (22). In total, the average prevalence of the
Beijing strain in Iran is estimated to be below 6% (20,
23). As expected, the results of the current in-
vestigation revealed a higher prevalence rate for the
Beijing strain (13.9%) than its average prevalence in
Iran. As previously mentioned, the Beijing genotype
is relatively high in the North of Iran. Among 65 MTB
isolates in Pakistan, Arif et al. (2014) found 8.9% of
them as Beijing strain (24). In another similar study,
Niemann et al. (2010) reported a moderate prevalence
of the Beijing strain (26%) in Georgia (25). These re-
sults emphasized the important role of immigration
in the spread of TB. No correlation was observed be-
tween the prevalence of the Beijing strain and gender
in this study, which was in agreement with the results
of previous studies (26).

Results of the present study indicated that the prev-
alence of the Beijing strain in patients under 12 years
old was higher than that of any other age groups. In
addition, detection of the Beijing genotype in 1- to
5-year-old children suggests the importance of this
genotype. Because children and youth can easily
transmit the infection, the increasing incidence of TB
caused by the Beijing strain in this region is of great
concern. The result is also consistent with the findings
of other studies. In two similar studies, Rohani et al.,
(2009) and Pang et al., (2012) suggested that the mean
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age of the patients affected by the Beijing genotype
was lower than that of the patients infected with other
genotypes (13, 27). Pang et al. (2012) proposed that
the emergence of the Beijing strain in China goes back
less than a century; hence, the elderly are likely col-
onized with non-Beijing strains, and therefore, they
cannot carry the Beijing strain. Consequently, young-
er people are primarily colonized by the Beijing strain
(13). The results of current study represent a clear ex-
ample of the active transmission of the Beijing strain
(among young people) in this region, which could be
due to the spread of the strain through the Northern
border of Iran. Based on these results, latent infection
of young people can be involved in this event.

Of four cases that demonstrated a treatment failure
of TB at the end of the second month, three patients
were the Beijing-positive. It is noteworthy that a re-
current TB case was found during the study that was
also affected by the Beijing strain. Although the num-
ber of treatment failure cases was low in this study, the
results indicated that the treatment of TB infec- tion
caused by the Beijing strain is still difficult. Ac-
cordingly, it is vital to identify cases affected by the
strain. The increased virulence of Beijing strain might
also result in a lower response to treatment. Several
cross-sectional studies reported a higher rate of recur-
rent TB in patients infected with the Beijing strain (13,
28). Lan et al. (2003) found that one of the significant
risk factors for treatment failure in TB infection can
simply be the infection with the Beijing genotype (28).
Similar to the results of this research, Kong et al.
(2007) reported that the prevalence of the Beijing
strain in patients with extra-pulmonary TB was nearly
three times higher than that of the patients with pul-
monary TB (19). This difference might be explained
by the fact that the Beijing strain can be more virulent
and has more capability to invade the extra-pulmo-
nary tissues than any other strains (11). However, fur-
ther pathogenicity studies are needed to support this
theory.

In conclusion, the present study revealed the in-
creased incidence of TB infection caused by the Bei-
jing strain in the North of Iran, compared with pre-
vious findings. Furthermore, the Beijing strain may
have a higher capacity to resist TB treatment. Hence,
to ensure a successful TB control program, certain
criteria should be fulfilled, including rapid detection
of the disease and its strains, rapid drug susceptibili- ty
testing, continuous community-based surveillance,
and government monitoring of the border, and in-
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creasing the community awareness. Future research
should focus on the molecular epidemiology of TB
in high-burden areas and their surrounding regions
simultaneously, and follow and design programs for
controlling the active transmission of TB infection in
such areas. Extra-pulmonary TB should also receive
more attention in such programs.

ACKNOWLEDGEMENTS

The authors would specifically like to thank Dr. H.
R. Kamal-Nia, F. Shakeri, and M. Bazoori for their
Laboratory and technical assistance. This work was
supported by Golestan University of Medical Scienc-
es, Gorgan, Iran (grant number 203483).

REFERENCES

1. World Health Organization (2013). Global tuberculo- sis
report 2013. Ed, World Health Organization. WHO
Press. Geneva, Switzerland. Awvailable from:
http://apps.who.int/iris/bitstream/10665/
91355/1/9789241564656_eng.pdf

2. Toungoussova OS, Bjune G, Caugant DA. Epidemic of
tuberculosis in the former Soviet Union: social and bi-
ological reasons. Tuberculosis (Edinb) 2006; 86: 1-10.

3. Van Soolingen D, Qian L, de Haas PE, Douglas JT,
Traore H, Portaels F, et al. Predominance of a single
genotype of Mycobacterium tuberculosis in countries
of east Asia. J Clin Microbiol 1995; 33: 3234-3238.

4. Comas I, Coscolla M, Luo T, Borrell S, Holt KE,
Kato-Maeda M, et al. Out-of-Africa migration and
Neolithic coexpansion of Mycobacterium tuberculo-
sis with modern humans. Nat Genet 2013; 45: 1176-
1182.

5. Zanini F, Carugati M, Schiroli C, Lapadula G, Lombar-
di A, Codecasa L, et al. Mycobacterium tuberculosis
Beijing family: Analysis of the epidemiological and
clinical factors associated with an emerging lineage in
the urban area of Milan. Infect Genet Evol 2014; 25: 14-
19.

6. Reed MB, Domenech P, Manca C, Su H, Barczak AK,
Kreiswirth BN, et al. A glycolipid of hypervirulent tu-
berculosis strains that inhibits the innate immune re-
sponse. Nature 2004; 431(7004): 84-87.

7. GlynnJ, Kremer K, Borgdorff M, Rodriguez M, Glynn,
Judith R, et al. Beijing/W genotype Mycobacterium tu-
berculosis and drug resistance. Emerg Infect Dis 2006;
12: 736-743.

http://ijm.tums.ac.ir


http://ijm.tums.ac.ir/
http://apps.who.int/iris/bitstream/10665/91355/1/9789241564656_eng.pdf
http://apps.who.int/iris/bitstream/10665/91355/1/9789241564656_eng.pdf

HANIFEH ERIE ET AL.

10.

11.

12.

13.

14.

15.

16.

17.

18.

318

Lasunskaia E, Ribeiro SCM, Manicheva O, Gomes LL,
Suffys PN, Mokrousov |, et al. Emerging multidrug re-
sistant Mycobacterium tuberculosis strains of the Bei-
jing genotype circulating in Russia express a pattern
of biological properties associated with enhanced viru-
lence. Microbes Infect 2010; 12: 467-475.
Ebrahimi-Rad M, Bifani P, Martin C, Kremer K,
Samper S, Rauzier J, et al. Mutations in putative muta-
tor genes of Mycobacterium tuberculosis strains of the
W-Beijing family. Emerg Infect Dis 2003; 9: 838-845.
Wu S, Barnes PF, Samten B, Pang X, Rodrigue S,
Ghanny S, et al. Activation of the eis gene in a W-Bei-
jing strain of Mycobacterium tuberculosis correlates
with increased SigA levels and enhanced intracellular
growth. Microbiology 2009; 155(Pt 4): 1272-1281.
Parwati I, van Crevel R, van Soolingen D. Possible un-
derlying mechanisms for successful emergence of the
Mycobacterium tuberculosis Beijing genotype strains.
Lancet Infect Dis 2010; 10: 103-111.

Lopez B, Aguilar D, Orozco H, Burger M, Espitia C,
Ritacco V, et al. A marked difference in pathogenesis
and immune response induced by different Mycobacte-
rium tuberculosis genotypes. Clin Exp Immunol 2003;
133: 30-37.

Pang Y, Song Y, Xia H, Zhou Y, Zhao B, Zhao Y. Risk
factors and clinical phenotypes of Beijing genotype
strains in tuberculosis patients in China. BMC Infect
Dis 2012; 12: 354.

Tanveer M, Hasan Z, Siddiqui AR, Ali A, Kanji A,
Ghebremicheal S, et al. Genotyping and drug resis-
tance patterns of M. tuberculosis strains in Pakistan.
BMC Infect Dis 2008; 8: 171.

Wang H, Kim H, Kim S, Kim D, Cho S-N, Lee H. Per-
formance of a real-time PCR assay for the rapid iden-
tification of Mycobacterium species. J Microbiol 2015;
53: 38-46.

Van Soolingen D, Kremer K, Vynycky E (2003). New
perspectives in the molecular epidemiology of tuber-
culosis. In: Mycobacteria and TB. Ed, SHE Kaufmann
and H Hahn. KARGER publishing. Basel, Switzerland,
pp. 17-45.

Kamerbeek J, Schouls L, Kolk A, Van Agterveld M,
Van Soolingen D, Kuijper S, et al. Simultaneous de-
tection and strain differentiation of Mycobacterium
tuberculosis for diagnosis and epidemiology. J Clin
Microbiol 1997; 35: 907-914.

Hillemann D, Warren R, Kubica T, Rusch-Gerdes S,
Niemann S. Rapid Detection of Mycobacterium tuber-
culosis Beijing genotype strains by real-time PCR. J

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

IRAN. J. MICROBIOL. Volume 9 Number 6 (December 2017) 312-317

Clin Microbiol 2006; 44: 302-306.

Kong Y, Cave MD, Zhang L, Foxman B, Marrs CF,
Bates JH, et al. Association between Mycobacterium
tuberculosis Beijing/W Lineage strain infection and
extrathoracic tuberculosis: insights from epidemiolog-
ic and clinical characterization of the three principal
genetic groups of M. tuberculosis clinical isolates. J
Clin Microbiol 2007; 45: 409-414.

Masjedi MR, Farnia P, Sorooch S, Pooramiri MV,
Mansoori SD, Zarifi AZ, et al. Extensively drug-resis-
tant tuberculosis: 2 years of surveillance in Iran. Clin
Infect Dis 2006; 43: 841-847.

Reischl U, Pulz M, Ehret W, Wolf H. PCR-based detec-
tion of mycobacteria in sputum samples using a simple
and reliable DNA extraction protocol. Biotechniques
1994;17: 844-845.

Kam KM, Yip CW, Tse LW, Wong KL, Lam TK,
Kremer K, et al. Utility of mycobacterial interspersed
repetitive unit typing for differentiating multidrug-re-
sistant Mycobacterium tuberculosis isolates of the Bei-
jing family. J Clin Microbiol 2005; 43: 306-313.

Haeili M, Darban-Sarokhalil D, Fooladi AAl, Javad-
pour S, Hashemi A, Siavoshi F, et al. Spoligotyping and
drug resistance patterns of Mycobacterium tuber-
culosis isolates from five provinces of Iran. Microbiol-
ogyopen 2013;2:988-996.

Arif H, Hussain Z. Prevalence of Mycobacterium tu-
berculosis Beijing strains in Punjab Pakistan. Int J Curr
Res Aca Rev 2014; 2: 74-82.

Niemann S, Diel R, Khechinashvili G, Gegia M, Mdi-
vani N, Tang Y-W. Mycobacterium tuberculosis Bei-
jing lineage favors the spread of multidrug-resistant tu-
berculosis in the republic of Georgia. J Clin Microbiol
2010; 48: 3544-3550.

Khosravi AD, Goodarzi H, Alavi SM, Akhond MR.
Application of deletion- targeted multiplex PCR tech-
nique for detection of Mycobacterium tuberculosis
Beijing strains in samples from tuberculosis patients.
Iran J Microbiol 2014; 6: 330-334.

Rohani M, Farnia P, Nasab N, Moniri R, Torfeh M,
Amiri M. Beijing genotype and other predominant
Mycobacterium tuberculosis spoligotypes observed in
Mashhad city, Iran. Indian J Med Microbiol 2009; 27:
306-310.

Lan NTN, Lien HTK, Tung LB, Borgdorff MW,
Kremer K, Van Soolingen D. Mycobacterium tuber-
culosis Beijing genotype and risk for treatment failure
and relapse, Vietnam. Emerg Infect Dis 2003; 9: 1633-
1635.

http://ijm.tums.ac.ir


http://ijm.tums.ac.ir/

