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Abstract 
 
The aim of this study was to investigate the frequency, location and type of rpoB mutations in Mycobacterium tuberculosis isolated from 
patients in Tehran City. 145 sputums were collected from suspected tuberculosis patients, 20 Rif-r isolates were identified as 
Mycobacterium tuberculosis. PCR Amplification and DNA sequencing methods were performed. 411 bp fragments of rpoB gene were 
sequenced and mutations in 81 bp regions were analyzed. 20 mutations were identified in 14 RIF-r MBT (70%). Missense mutations 
produced 20 types of amino acid substitutions. In 6 RIF-r MBT isolates (30%) no mutations were found in the core region of the rpoB 
gene. Most frequent mutations detected from Tehranian strains were in codons 531 and 515. Two alleles in codon 531 and one allele in all 
codons 526, 515, 510, 566, 490 and 476 were found. In the 6 isolates were identified 2 mutation in different codons and 8 strains 
harboured single mutations in codons.  In this study, has been investigated the significance of mutations in the rpoB gene, its correlation 
with genotype and phenotype agents and high level of resistance to rifampicin in 14 isolates of M. tuberculosis collected from patients 
with active pulmonary tuberculosis from different geographic regions of Tehran. 
 

 
 Introduction 
 
Mycobacterium tuberculosis is the most  successful  human 
pathogen worldwide, responsible for 3 million deaths each year 
and extensive morbidity and mortality (World Health 
Organization 1998). By the end of 2004, 199 (94%) of 211 
countries notified 4.2 million new and relapsed cases, of which 
1.9 million (44%) were new sputum smear-positive. A correla-
tion between high mutation rate, antibiotic resistance and 
virulence in bacteria has been reported in several studies 
(Bostanabad et al., 2007). Correlations between mutation rates, 
geographical distribution of mutations, antibiotic resistance and 
virulence in bacteria have been reported in several studies (Ma-
krousov et al., 2002; Bostanabad et al., 2007). Tehran is one of 
the oblast and capital of Iran (metropolis) that many people 
travel towards Tehran city from other countries and other cities  
of Iran (endemic region; Zabol [Afghanistan border]-  Gorgan 
[Turkmenistan border] - Tabriz [Azerbaijan border] and Iraq 

border) with active pulmonary tuberculosis. Border of Iran is 
endemic region in Asia with 10-13 % multiple drug resistant 
(MDR) among 141 tuberculosis cases per 100,000 populations 
(Zakerbostanabad et al., 2008). Rifampicin is typically and first 
line drug used to treat Mycobacterium infections including 
tuberculosis with multi drug therapy used as the standard 
treatment. Rifampicin has proven to be an effective anti 
tuberculosis agent and its use has greatly shortened the duration 
of chemotherapy for the treatment of TB. Rifampicin resistance 
heralds higher rates of treatment failure and death for the patient 
and a poor outcome if the isolate is also resistant to isoniazid. 
The increasing incidence of multi drug-resistant tuberculosis 
(MDR-TB), defined as resistance to at least rifampicin and 
isoniazid, is a notable global health problem (Bakonyte et al., 
2005; Dvorska et al., 2001; Garsia et al., 2002; Leung et al., 
2003 Makorousev et al., 2002; Bostanabad et al.,; 2007). The 
detection of resistant M. tuberculosis strains is generally perfo- 
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rmed by conventional susceptibility method which requires 
culturing the bacilli in presence of the different drugs. The 
rapid detection of rifampicin resistance is of particular 
importance, since it also represents a valuable surrogate 
marker for multi drug resistant (MDR) resistance, which is a 
tremendous obstacle to TB therapy .( Mc Cammon et al., 2005; 
Lin et al ., 2004; Titov, 2006; Zheltokjva  et al., 2004).             
Collectively, DNA sequencing studies have demonstrated that 
>95% of Rif-resistant (Rif-r) M. tuberculosis strains have a 
mutation within the 81bp hot-spot region (codon 507 to 533) 
of the RNA polymerase beta-subunit (rpoB) gene (Titov et al., 
2006). The prevalence of the mutations determined so far 
varies for M. tuberculosis strains obtained from different 
countries. Multi drug-resistant M. tuberculosis is an emerging 
problem of great importance to public health of Tehran.In M. 
tuberculosis, resistance to antibiotics occurs because of 
genomic mutations in certain genes, such as the katG gene for 
isoniazid (INH) resistance and the rpoB gene for rifampicin 
resistance (Bakonyte et al., 2005; Dvorska et al., 2001; Garsia 
et al., 2002; Leung et al., 2003 Makorousev et al., 2002). In 
contrast to several other pathogens with MDR phenotypes, 
plasmid or transposon-mediated mechanisms of resistance 
have not been reported in M. tuberculosis (Leung et al., 2003; 
Marcia et al., 2003; Miriam et al., 2001). Since resistance to 
bacteriostatic in M. tuberculosis is exclusively due to genomic 
mutations, the bacterium would benefit from an increased 
mutation rate. The polymorphism of the rpoB gene, which 
encodes the beta subunit of RNA polymerase, was used to 
differentiate mycobacteria through DNA hybridization and 
DNA sequence comparison (Abate et al., 2001; Douglas et al., 
2003; Kima et al., 2003; Titov et al., 2006).  The variable 
region of rpoB in mycobacteria is suitable to be used in a PCR-
REA assay. This variable region of the rpoB gene is flanked by 
conserved sequences. They enable the amplification of the 
variable region using the same pair of primers for all 
mycobacterial species. The rpoB region was amplified in 44 
species of mycobacteria (Titov et al., 2006; Zakerbostanabad 
et al., 2006). The aim of this study was to determine 
resistance-associated mutations in the 81 bp region of the rpoB 
gene in 20 rifampicin-resistances MBT among Tehranian 
isolates.                                                                                         

 
Materials and methods 
 
M. tuberculosis isolates 
 
From February to August 2009, 145 patients suspected of 
tuberculosis were referred to Mycobacteriology Department of 
Masoud Laboratory – Zarifi Laboratory and Pasteur Institute of 
Iran. All 145 tuberculosis patient cases had proven registration 
of clinical diagnostic examination, such as chest X-ray, PPD, 
cough, weight loss, gender, etc. All isolates were cultured on 
Lowenstein – Jensen solid medium and grown colonies were 
identified to the species level using 2- thiophene carboxylic 
acid (TCH) and paranitrobenzoic acid (PN99B) selective media 
or by standard biochemical procedures. Four sensitive isolates 
were used as negative control.  
 
Drug susceptibility testing 
 
 The anti-microbial drug susceptibility tests (AMST) was 
performed using CDC standard conventional proportional 
method: rifampicin (RIF), 40 mg/L; isoniazid (INH), 0,2 mg/L; 

ethambutol (EMB), 2 mg/L; ethionamide (ETH), 20 mg/L; 
streptomycin (SM), mg/L, and kanamycin (K), 20 mg/L and 
also using BACTEC system (Becton Dickinson company in 
tuberculosis laboratory of  Institute of pulmonology and 
tuberculosis in Minsk, Belarus (CDC, Kent et al.,1985). 
 
PCR Amplification 
 
 DNA extraction was purified using DNA technology kit. A 
411-bp fragment of the rpoB gene was amplified by PCR with 
primers rpoB-F (5-TACGGTCGGCGAGCTGATCC-3) and 
rpoB-R (5-TACGGCGTTTCGATGAACC-3). PCR was carried 
out in 50 μL of a reaction mixture containing 50 mM KCl, 10 
mM Tris (pH 8.0), 1.5 mM MgCl2, 5 μM of deoxynucleoside 
three phosphates (dNTPs), 1U Taq polymerase, 25 pmoles of 
each set of primers, and 6 μM of chromosomal DNA. Samples 
were then subjected to one cycle at 94°C for 5 min, followed by 
36 cycles at 94°C for 1 min, 57°C for 1 min, 72°C for 1 min, 
and a final cycle at 72°C for 10 min to complete the elongation 
of the PCR intermediate products. PCR products were then run 
on 2% agarose gels and examined for the presence of the 411-
bp band after ethidium bromide staining (Fig.1). 20 cultures of 
Rif-r Mycobacterium spp. were isolated from 145 sputum 
specimens collected in Tehran city, 20 Rif-r isolates were 
identified as M. tuberculosis. The agarose DNA Extraction 
were performed by using DNATechnology Kit (124K6083). 
Sequencing reactions were performed with the DNA 
polymerase terminator cycle sequencing kit (Amersham) with 
8, μl of PCR-amplified DNA as the template and 2.5 pmol of 
either the forward or the reverse primer.  
 
DNA Sequencing 
 
 A 411-bp fragment of the rpoB gene, containing 81-bp rpoB 
fragment, was amplified by PCR using two primers: rpoB-F (5-
TACGGTCGGCGAGCTGATCC-3) or rpoB-R (5-TACGGC-
GTTTCGATGAACC-3). PCR was carried out in 8 µl contain- 
ing(0.25 µl polymerase, 0.9 µl Buffer for DNA polymerase, 2 
µl Mixture dNTP and dNNTP(dATP, dTTP, dCTP, dGTP), 0.5 
µl primer (2.5 Pmol), 1 µl DNA and 3.35 µl H2O ( molecular 
biology grade). Sequencing of the same primers with PCR 
parameters were used; 33 cycles of denaturation at 94°C for 
30min; primer annealing at 54°C for 30 sec; extension at 72°C 
for 90 sec. The rpoB gene fragments of tuberculosis strains 
were sequenced using the Amersham auto sequencer and 
Amersham Pharmacia DYEnamic ET Terminator Cycle 
Sequencing Premix Kits. Alignment of the DNA fragments 
(rpoB) was carried out with the help of MEGA software (Gen 
bank_ PUBMED/BLAST). The data were assembled and edited 
with MEGA and DNAMAN programs. 
 
Analyze of  sequence data 
 
DNA sequences from rpoB gene were analyzed by "Blast" 
program. In this manner, sequences of standard strains of 
H37RV, CDC1551 and M.T.210 (W Beijing) were used as 
control and compared with test strains. Comparison of all 
sequences, mutations was performed, by applying "Mega" and 
"DNA MAN" program. Alignment of the DNA fragments 
(rpoB) was carried out with the help of MEGA software (Gen 
bank_ PUBMED/BLAST). The obtained data were assembled 
and edited with DNAMAN programs. 
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Table 1.  Frequency of amino acid and nucleotide changes in different codons of rpoB gene of M. tuberculosis strains isolated from 
Teranian isolates 

 
Codon Frequency Chang of amino acid Chang of nucleotide Isolates 

1 Mutations 
531 6 Ser→Leu TCG→TTG 8, 21, 23,29, 44, 49 
531 1  Ser→Trp TCG→TGG 6 
515 1 Met→Ile ATG→ATA 36 
490 1 Gln→His CAG→CAT 12 
476 1 Arg→Gly CGG→GGG 41 

2 Mutations 
531, 566 1 Ser→Leu, Gly→Arg TCG→TTG, GGG→GGC 15 
510, 526 2 Gln→ Glu, His→Asp CAG→GAG, CAC→GAC 16, 32 
510, 515 1 Gln→ Glu, Met→Ile CAG→GAG, ATG→ATA 26 
515, 531 2 Met→Ile, Ser→Leu  ATG→ATA, TCG→TTG 29, 49 

Non Mutation 
- 6 - - 1, 5, 34, 39, 42, 50 

 
 
Results 
 
Bacterial strains 
 
All specimens were cultured and identified as M. tuberculosis 
by PCR method. 20 Rif-r M tuberculosis clinical isolates 
(including MDR strains) were subjected to DNA sequencing 
analysis of the hyper variable (hot-spot) rpoB region. 
 
Drug susceptibility 
 
 All 20 isolates examined were resistant to rifampicin (100%), 
isoniazid (45%), streptomycin (80%) and 4 isolates (20%) were 
resistant to ethambutol. In this study we found five strains 
Mono-resistance to rifampicin. 
 
PCR Amplification and DNA sequencing analysis 
 
 All 20 samples were cultured and identified as M. tuberculosis 
by PCR method which revealed 20 mutations in all stains 
(Table1, Fig. 1). No mutations were found in the core region of 
the rpoB gene in 6 RIF-r M. tuberculosis (30%) (Table.1). In 
the all isolates not found silent mutations and 20 mutations 
were missense. All mutations were localized in codons 
531,526,515,510,566, 476 and 490 missense mutations revealed 
20 types of amino acid substitutions. Most frequent mutated 
codons in Tehranian strains were 531 TCG/TTG, TCG/TGG 
and 515 ATG/ATA. (Three types of mutations, Table1, Fig 2). 
Mutations in codons 531, 515, 510 were observed in 40% 
(n=8), 20% (n=4), 15% (n=3) of isolates correspondingly and 
Mutations in codon 531 resulted in Ser→ Leu and Ser→ Trp 
replacement and in 515 Met→ Ile. We have identified 
nucleotide change in codons 566 GGG→ GGC, 476 
CGG→GGG and 490 CAG→CAT in the 3 isolates (Table 1). 
In the 6 isolates two mutations in the beta-subunit and in 8 
isolates single mutation has been detected (Table 2). 
 
Discussion  
 
Mutations in the rpoB gene indicate resistance to rifampicin and 
are associated with resistance to other classes of drugs, most 
notably isoniazid (Bostanabad et al., 2008; kapur et al., 1994). 
Codons 531 (TCG→TTG) , 526 (CAC→ TAC), 510 (CAG→ 
_AG), 516 and 511 have been reported as the rpoB sites with 

the most frequent mutations worldwide (Bakonyte et al., 2005; 
Bostanabad et al., 2007; Makrousev et al., 2003; Sajduda et al., 
2004; Titov et al., 2006), although variations in the relative 
frequencies of the mutations in these codons have been 
described for M. tuberculosis isolates from  different geogra- 
phic locations (Bostanabad et al., 2008; Williams et al., 1994). 
These differences reflect the complex and crucial interaction 
between rifampicin and targets at the molecular level, where the 
position of the affected nucleotide changes seems variable. 
Other investigators have reported different levels of high and 
low resistance associated with specific nucleotide replacements 
(Bostanabad et al., 2007; Huang et al., 2002; Pozzi et al., 1999; 
Titov et al., 2006).  Sequencing analysis of highly rifampicin-
resistant (>100 μg/mL) isolates were found to have point 
mutations in 531 and 515, which were most frequent in our 
study population. Other studies also indicated that these 
mutations are the most prevalent worldwide (Abate et al.,2001; 
Garcia et al.,2002; Herrera-Leon et al.,2005; Kima et al.,2003; 
Zheltokjva et al .,2004). Additionally, we observed one alleles 
in the codon 515 that previously had not been reported. 
Mutations associated with nucleotide replacements in codons 
510, 526, and 523 were associated with high-level of rifampicin 
resistance (>100 mg/L), whereas mutations in codon 516 were 
observed in low-level rifampicin resistance (p<0.005) . This 
finding is not in agreement with other authors who have 
reported different levels of high (Deepa et al., 2005; 
Mokrousov et al., 2002; Shin  et al., 2005; Sreevatsan et 
al.,1997) and low (Garcia et al., 2002)  resistance association 
with specific nucleotide replacements. As rpoB is an essential 
gene for the survival of the cell, then in principle the single 
nucleotide change or deletion should result in a frame shift and 
the formation of a truncated and non-functional protein. 
Although we have re-subcultured and re-sequenced all isolates, 
we have no explanation of how and what type of truncated 
protein might have been produced which could not kill the cell 
(Bostanabad et al., 2008; McCammon et al., 2005; Ruiz et al., 
2004). This is the first report describing the genetic 
characteristics of multi-drug resistant M. tuberculosis strains 
isolated from TB-patients in the different region of Tehran city. 
Our finding of mutations is partially comparable and resemble 
to those reported strains from other countries (Abate et 
al.,2001; Dvorská et al., 2001; Garcia et al., 2002; Kiepiela et 
al., 2000; Zheltokjva et al., 2004). Higher frequencies of 
mutation  bearing  sites  found  in  our  data,  in codon 531, 515, 
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Fig1. PCR amplification genome rpoB fragment 411bp from DNA extracted from Tehran’s patients 
 
526, and 510, can be partially compared with those isolates 
reported from other investigators in the countries (Abate et al., 
2001; Bakonyte et al.,2005; Douglas  et al., 2003; Dvorská  et 
al.,2001; Leung et al., 2003; Makorousev  et al., 2002). 
However, we identified higher point mutation (n=8, 40%) in 
one cysteine nucleic acid base (TCG → TTG, TGG). There are 
other changes found in codons 531 (in India – TCG→TGG, 
TTG, in Russia – TCG→TGG, CAG or TGT, in China – 
TCG→ TTG, in Japan- TCG→ TTG, in Korea- TCG→ TTG, 
in Taiwan- TCG→ TTG and Ser→ Gln ). CAG mutation of 
codon 510 (deletion or CTG or CAC or CAT) is very seldom 
detected in other countries (Bobadilla-del-Valle et al., 2001; 
Mohammad et al., 2006). However in our study we found much 
more mutation deletion (3 strains) in one base C (GAG). On the 
other hand, in other countries there are no changes in codon 510 
(Abate et al., 2001; Garcia et al., 2002; Titov et al., 2006). 
Mutation CAG→CAT was found in India (Bakonyte et al., 
2005), in Russia – CAG→CAT, in Belarus CAG→GAG, TAG 
was also found in this codon, in Lithuania CAG→GAG and in 
Poland CAG→GAG (Abate et al., 2001; Garcia et al., 2002; 
Kima et al., 2003; McCammon et al., 2005; Spindola de 
Miranda et al., 2001; Titov et al., 2002). Our result indicate 
Prominent findings which is in contrast with other reported 
investigations on codons 510 (12.51%), 523 (23.6%) and 526 
(16.6%) which are the most frequent mutations bearing sites. In 
this study, we observed one nucleotide polymorphism change 
among 4 isolates in the codon 515 that has been changed (515 
ATG→ATA), 566 (GGG→ GGC), 476 (CGG→ GGG) and 
490 (CAG→CAT). This change nucleotide has not been 
previously reported by other investigators. In addition, 
predominant mutations in codon 526: CAC→ GAC (n=2, 10%) 
was also found to be more prevalent in patient isolates bearing 
secondary cases. However, in other reports the frequency of 
mutations in codon 526 (CAC to GAC) among Italian isolates 
was 40.1% (Ohno et al., 1996), in Greece isolates (CAC to 
GAC) 17.6% (Matsiota-Bernard et al., 1998) and CAC to GAC 
were reported to be more prevalent among American isolates 
27.9% (Kapur et al., 1994). Our data reveals a similar mutation 
frequency (58%) as others have observed in Asia, while 
significantly lower than Italian and Greece isolates (40%). In 
this study, we found six rifampicin resistant strains revealing no 
mutation. This finding is in agreement with other reports 
indicating geographical variations in nature, including muta- 
tions outside the 81-bp segment of rpoB gene or additional 
molecular mechanism that may be involved in rifampicin 
resistance of M. tuberculosis. Mechanism such as a permea- 
bility barrier or membrane proteins acting as drug efflux pumps 
may also confer resistance to rifampicin (Bostanabad et al., 
2008; Hirano et al., 1999; Ohno et al., 1996). In this research, 
we  did  not  attempt  to  characterize  any  gene  other  than  β-  
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Fig. 2. location mutation in codon rpoB for isolates of Iran and
type of mutation M. tuberculosis

 
 
Fig 2. Location of mutation in codon rpoB for isolates of 
Tehran and type of mutation M. tuberculosis 
 
 
subunit region and a second formal possibility to account for the 
lack of detected rpoB mutations in these six rifampicin – 
resistant isolates which confer resistance without revealing any 
mutations that changes might have occurred in one or more 
genes whose products participate in antibiotic permeability or 
metabolism (Bostanabad et al., 2008). This study was perfor- 
med in a unique limited geographical endemic area with poor 
border control on population movement due to economical and 
tribal refuge camp communications, in which inadequate 
chemotherapy can be a major factor for mutation. Other 
explanation could be possibly that a subset of the mutations 
detected was actually naturally occurring polymorphisms or 
silent mutation that do not change the amino acid sequence 
present in isolates circulation in this endemic region. These 
polymorphisms may not be correlated with rifampicin resistant 
(in our data has not been identified). Although the presence of a 
mutagenic agent (chemical or physical) can be a major factor 
causing mutations, we have used Fermentas kits. In conclusion, 
this study demonstrates an association between the mutation of 

H37RV      50           49          44          42           41          36            12      Neg 

500 bp 411 bp 
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rpoB gene and their correlation with the predominant nucleotide 
change in codons 531, 515, 510 and 526. Notably, mutations in 
codon 531 were more commonly identified from secondary 
infection cases with a high level resistance (MIC≥ 100 to 400 
mg/l) in the isolates from Tehran city. The high proportion of 
mutations in the 81-bp fragment hot-stop region of rpoB was 
observed to be located in a segment of the rpoB gene. This result 
has been identified distribution mutants in the different regions 
of Tehran city.   
 
Acknowledgment  
 
Authors are indebted to colleagues from Department of 
Mycobacteriology of Masoud Laboratory and Zia Zarifi 
laboratory.   
 
References 
 

[1] Abate G, Hoffner SE, Thomsen VO, Miörner H (2001) 
Characterization of isoniazid-resistant strains of Mycobacterium 
tuberculosis on the basis of phenotypic properties and 
mutations in katG. Eur J Clin Microbiol Infect Dis 20:329-333. 

[2] Bakonyte D, Baranauskaite A, Cicenaite J, Sosnovskaja A,  
Stakenas P (2005) Mutations in the rpoB gene of rifmpicine-
resistant Mycobacterium tuberculosis clinical isolates from 
Lithuania. Int Tuber lung Dis 9:936-938. 

 [3] Bobadilla-del-Valle M, Arenas-Huertero C, Vargas Alarcon G, 
Kato-Maeda M, Small PM, Couary P, Ruiz-Palacios GM and  
Sifuentes-Osornio J (2001) rpoB Gene Mutations in Rifampin 
Resistant Mycobacterium tuberculosis Identified by Polymerase 
Chain Reaction Single-Stranded Conformational Polymor- 
phism.  J. Emerging. Infect. Dis. 7: 1010-13 

[4] Bostanabad SZ, Bahrmand AR, Titov LP, Tagikhani M (2007) 
Identification of  mutations in the rpoB encoding the RNA 
polymerase beta subunit in rifampicine-resistant   Mycobacter- 
ium tuberculosis strains from Iran. Tüberküloz ve Toraks 
Dergisi  55(4): 370-377 

[5] Bostanabad SZ, Titov LP, Karimi A, Nur Nematollahi A,  
Masomi A, Yari S, Abdolrahim F, Pourazar S (2008) Molecular 
Characterization and Tree Evolution of Rifampicine and 
Isoniazid-Resistance in Multi Drug Resistance Strains Isolated 
From Primary and Secondary Tuberculosis Diseases in 
Southern Endemic Border of Iran. Turkish Respiratory Journal 
Nisan, Cilt 9, Sayı 1, Sayfa(lar) 024-033 

[6] Deepa P, Therese KL, Madhavan HN (2005) Detection and 
Characterization of mutations in rifampicin resistant 
mycobacterium tuberculosis clinical isolates by DNA 
sequencing. Indian J Tuberc 52: 132-6  

 [7] Dvorská L, Bartoš M, Martin G, Erler W, Pavlík I (2001) 
Strategies for differentiation, identification and typing of 
medically important species of mycobacteria by molecular 
methods. Vet. Med. – Czech 46: (11–12): 309–328. 

[8] Garcia M, Vargas JA, Castejon R, Navasw E, Durantez A (2002) 
Flowcytometric assessment of lymphocyte cytokine production 
in tuberculosis. Tuberculosis 82(1): 37—41 

[9] Herrera-Leon L, Molina L, Saiz T, Saez-Nieto P, Jimenez JA 
(2005) New Multiplex PCR for Rapid Detection of Isoniazid-
Resistant Mycobacterium tuberculosis Clinical Isolates. 
Antimicrob. Agents Chemother 49: 144-147. 

[10] Hirano K, Abe C, Takahashi M et al. (1999) Mutations in the 
rpoB gene of rifampicin- resistant Mycobacterium tuberculosis 
strains isolated mostly in Asian countries and theirrapid 
detection by line probe assay. J.Clin.Microbial 37: 2663-6 

[11] Huang H, Jin QW, Yu Ma et al. (2002) Characterization of 
rpoB mutations inrifampicine-resistant Mycobacterium 
tuberculosis isolated in China. Tuberculosis 82: 79-83.  

[12] Kapur V, Li LL, Iordanescu S (1994) Characterization by 
automated DNA sequencing of mutations in the gene (rpoB) 
encoding the RNA polymerase beta subunit in rifampin-
resistant Mycobacterium tuberculosis strains from New York 
City and Texas. J. Clin Microbiol  32: 1095–8 

[13] Kiepiela P, Bishop KS, Smith AN, Roux L and York DF  
(2000) Genomic mutations in the katG, inhA, and ahpC genes 
are useful for the prediction of isoniazid resistance in 
Mycobacterium tuberculosis isolates from Kwazulu Natal, 
South Africa. Int. Tuber. Lung Dis 80:47-56. 

[14] Kima JY, Mukherjeea JS, Richa ML, Matea K, Bayonaa J,  
Becerraa MC (2003) From multidrugresistant tuberculosis to 
DOTSexpansion and beyond: making the most of a paradigm 
shift. Tuberculosis 83: 59–65. 

[15] Kent PT and Kubica GP (1985) Public health 
Mycobacteriology, a Guide for the level III laboratory, CDC, U 
S. Department of Health and Human service publication 
no.(CDC) 86-216546, Atlanta; pp.21-30. 

[16] Leung ETY, Kam KM, Chiu AH,  Seto PL, Yuen WH, Yam 
KY (2003) Detection of katG Ser315Thr substitution in 
respiratory specimens from patients with isoniazid-resistant 
Mycobacterium tuberculosis using PCR-RFLP. J Med 
Microbiol 52: 999-1003. 

[17] Lin  SYG, Probert W, Lo M, Desmond E (2004) Rapid 
Detection of Isoniazid and Rifampicin Resistance Mutations in 
Mycobacterium tuberculosis Complex from Cultures or Smear-
Positive Sputa by Use of Molecular Beacons. J. Clin. Microbiol 
42: 4204-8 

[18] Makorousev I, Otten T, Filipenko M, Vyazovaya A, Chrapov E,  
Limeschenko E, Steklova L, Vyshnevskiy L, Narvskaya O 
(2002) Detection of Isoniazid-Resistant Mycobacterium 
tuberculosis Strains by a Multiplex Allele-Specific PCR Assay 
Targeting katG Codon 315 Variation. J Clin Microbiol 5:2509-
2512. 

[19] Silva MSN, Simone GS, Marta OR, Andreia Valim RM,  Maria 
AT, Afranio K, Glenn PMS, Arnaldo Z, and Maria LR  (2003) 
Mutations in katG, inhA, and ahpC Genes of Brazilian 
Isoniazid-Resistant Isolates Mycobacterium tuberculosis. J Clin 
Microbiol 9:4471-44. 

[20] Matsiota-Bernard P, Vrioni G, and Marinis E (1998) 
Characterization of rpoB mutations in rifampicine-resistant 
clinical Mycobacterium tuberculosis isolates from Greece. J 
Clin Microbiol 36: 20-3.  

[21] McCammon M, John T, Gillette S, Derek P, Srinvas T,  
Ramaswamy V, Graviss EA, Kreiswirth BN, Vijg J, Quitugua 
TN (2005) Detection of rpoB Mutation Associated with 
rifampicin Resistance in Mycobacterium tuberculosis Using 
Denaturing Gradient Gel Electrophoresis. Antimicrobiol Agents 
and Chemothrapy 49: 2200-9 

[22] Miriam BV, Alfredo PL, Catalina AH, Gilberto VA, Midori 
KM, Peter MS, Patricia C, Guillermo MP and Jose SO (2001) 
rpoB Gene Mutations in Rifampin-Resistant Mycobacterium 
tuberculosis Identified by Polymerase Chain Reaction Single- 
Stranded Conformational Polymorphism. Emerging Infection 
Disease 7:1010-1013 

[23] Mohammad HN, Sadeghian A, Naderinasab M, Ziaee M (2006) 
Prevalence of primary drug resistant Mycobacterium 
tuberculosis in Mashhad, Iran. Indian J. Med. Res 124: 77-80 

 



 165

[24] Ohno H, Koga H, Kohno S, Tashiro T, Hara K (1996) 
Relationship between rifampin MICs for and rpoB mutations of 
Mycobacterium tuberculosis strains isolated in Japan. 
Antimicrobiol. Agents Chemother 40: 1053-6 

[25] Pozzi G, Meloni M, Iona E et al. (1999) rpoB mutations in 
multidrug resistant strains of Mycobacterium tuberculosis 
isolated in Italy. J Clin Microbiol 37: 1197-9.  

[26] Ruiz M, Torres MJ, Lianos AC et al. (2004) Direct Detection of 
Rifampicine- and Isoniazid-Resistant Mycobacterium 
tuberculosis in Auramine-Rhodamine-Positive Sputum 
Specimens by Real-Time PCR. J Clin Microbiol 42: 1585-9.  

[27] Sajduda A, Anna A, Popławska M, Augustynowicz AK,  
Zwolska Z, Niemann S, Dziadek J, Hillemann D (2004) 
Molecular Characterization of Rifmpicine and Isoniazid-
Resistant Mycobacterium tuberculosis Strains Isolated in 
Poland. J. Clin. Microbiol 42:2425–2431. 

[28] Shin SS, Naroditskaya V, Sloutsky A, Werner B, Timperi R, 
Bayona J, Farmer PE, Becerra MC (2005) rpoB Gene 
Mutations in Clinical Isolates of Multidrug-Resistant 
Mycobacterium tuberculosis in Northern Lima, Peru. Microbial 
drug resistance 11 

[29] Miranda SS, Kritski AL, Filliol I, Mabilat C, Panteix DE (2001) 
Mutation in the rpoB gene of Rifampicin-resistant 
Mycobacterium tuberculosis Strains Isolated in Brezil and 
France. Mem Inst Oswaldo Cruz, Rio de Janerio 96: 247-50 

30] Sreevatsan S, Pan X, Stockbauer KE, Connell ND, Kreiswirth 
BN, Whittam TS & Musser JM (1997) Restricted structural 
gene polymorphism in the Mycobacterium tuberculosis 
complex indicates evolutionarily recent global dissemination. 
Proc Natl Acad Sci U S A 94, 9869–9874. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

[31] Titov LP, Zakerbostanabad S, Slizen V, Surkova LK,  
Taghikhani M, Bahrmand AR (2006) Molecular 
characterization of rpoB gene mutations in rifampicine-resistant 
Mycobacterium tuberculosis isolates from tuberculosis patients 
in Belarus. Biotechnol J  24:1447–1452.  

[32] Williams DL, Wanguespack C, Eisanach K et al. (1994) 
Characterization of rifampicine resistance in pathogenic 
Mycobacteria. Antimicrobial Agents Chemotherapy; 38: 2380-
6.  

[33] Young BD (2003) Ten years of research progress and what’s to 
come. Tuberculosis 83: 77–81. 

[34]Zakerbostanabad S, Titov LP, Bahrmand AR et al. (2006) 
Genetic mechanism of Mycobacterium tuberculosis resistance 
to antituberculsis drugs, isoniazid and rifampicine. Journal 
Daklady of National Akademia Science Belarus 50: 6; 92-8. 

[35] Zheltokjva EA, Chernousova LN, Smirnova TJ, Andreevskaya 
SN, Yates M, Drobnievsky F (2004) Molecular genetic typing 
Mycobacterium tuberculosis strains isolated from patents in the 
samapa region by the restriction DNA fragment length 
polymorphism. ZH. Microbial. 

[36] Zakerbostanabad S, Titov LP and Bahrmand A (2008) 
Frequency and molecular characterization of isoniazid 
resistance in katG region of MDR isolates from tuberculosis 
patients in southern endemic border of Iran. Infection, Genetics 
and Evolution 8 (1); 15-19. 

 


