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Abstract
Background: Resistance to rifampin in multidrug-resistant M. tuberculosis (MDR-TB) is one of the major threats to the global public
health system.
Objectives: The aim of the present study was to explore the molecular characterization of resistance against rifampin amongst
multidrug-resistant (MDR) and extensively drug-resistant (XDR) isolates obtained from patients.
Methods: In this study, we used XDR (n = 6), MDR (n = 9) and rifampin sensitive (n = 39) isolates whose drug susceptibility patterns
were identified by proportion method. A simple single-step multiplex-allele specific-polymerase chain reaction (MAS-PCR) assay was
optimized to detect the three most frequent mutations in rifampin resistance-determining region (RRDR) fragment of rpoB gene.
Additionally, single-strand conformational polymorphism (SSCP)-PCR and Sequencing were utilized.
Results: Out of nine MDR isolates, five were detected by MAS-PCR as rifampin resistant (sensitivity; 55.5%). In comparison with the
proportion method, the sensitivity of SSCP for XDR, MDR and rifampin sensitive isolates were 83.3%, 77.7% and 97.4%, respectively.
The DNA sequencing revealed that three of the 6 XDR isolates had several silent mutations, one isolate had one silent mutation, one
strain had no mutations and only one isolate had mutations at codon 531.
Conclusions: In sum, although the molecular methods are rapid, they are not able to identify resistance against rifampin efficiently.
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1. Background
Tuberculosis (TB) remains a deadly infectious disease
affecting millions of people worldwide especially in developing countries (1). In Iran, tuberculosis represents a serious public health problem. According to the Iranian ministry of health, the estimated incidence rate of TB was 13
cases per 100,000 persons in 2014 (2). The TB problem has
become more severe because of the increase in multidrugresistant (MDR) M. tuberculosis strains (3).
In recent years, a dramatic increase has been observed
in the isolation of extensively drug-resistant (XDR) in M.
tuberculosis isolates (4-6). According to the World Health
organization (WHO), in 2014 there were an estimated
480,000 new cases of MDR-TB worldwide and approximately 190,000 deaths from MDR-TB (7). With attention to
the WHO annual report, the prevalence of MDR-TB in Iran
in 2005, 2010 and 2014 has been 0.3%, 0.57% and 0.8%, re-

spectively (7, 8). The report of Masjedi et al. (9) showed
that out of 113 MDR isolates from Iranian patients, 12 were
XDR. Since emergence of XDR has been reported as a major
health threat, which mostly occur among MDR M. tuberculosis, the rapid detection and treatment of drug-resistant
TB is a crucial way to prevent XDR-TB (10).
Rifampin is an effective bactericidal agent against M.
tuberculosis. Rifampin mediates its bactericidal activity
against M. tuberculosis by interacting with DNA dependent
RNA polymerase to inhibit transcription and elongation
of RNA (11). Since rifampin mono-resistance is extremely
rare and the development of isoniazid resistance usually
precedes that of rifampin, resistance against rifampin is
usually considered to be the MDR marker (12). Therefore,
we can prospect the spread of MDR and XDR tuberculosis
through detecting the rifampin resistance.
Various methods have been introduced to determine
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the drug resistance in M. tuberculosis isolates and each
method has its own advantages and limitations. An appropriate method should be acceptable regarding its cost,
time consumption, accessibility, feasibility, specificity and
sensitivity. The proportion method, as a gold standard
method, which is based on classical culture, requires 6 to
8 weeks and high level of safety (12, 13).
Another phenotypic method is the Colourimetric technique, this uses reagents such as alamar blue, malachite
green and 2,3,5-triphenyltetrazolium chloride (TTC) for detecting drug resistance in M. tuberculosis, which are generally based on the reduction of an oxidation–reduction indicator added to a liquid culture medium after M. tuberculosis has been exposed in vitro to different antibiotics. Resistance is detected by a change in color of the oxidationreduction indicator (14, 15).
The molecular investigations of rifampin resistance
amongst M. tuberculosis have shown that 96% of rifampinresistant M. tuberculosis strains possess genetic alterations
within an 81-bp rifampin resistance-determining region
(RRDR) in the rpoB gene, corresponding to codons 507 to
533 (Escherichia coli numbering system) (16). Molecular detection of these changes in the rpoB gene constitutes a reliable method for the rapid detection of rifampin resistance
and MDR-TB. Several molecular techniques have been successfully used for the rapid detection of mutations within
the rpoB gene, including rpoB sequencing, Multiplex-Allele
Specific PCR (MAS-PCR) (12, 13, 17), single strand conformation polymorphism (SSCP)-PCR (18-20), Real-Time PCR (21),
commercialized Line Probe Assay (22) and Gene Xpert (23).
MAS-PCR permits simultaneous detection of the most
common INH and RIF resistance-associated genetic mutations (13). SSCP-PCR analysis involves amplification by PCR
of a segment of the gene encoding for the specific drug target, in which mutations result in an altered pattern (24).
The Gene Xpert MTB/RIF assay was an automated molecular test for detection of M. tuberculosis (MTB) and resistance
to rifampin. This uses heminested real-time PCR assay to
amplify an MTB specific sequence of the rpoB gene (25). Although the molecular methods are rapid, they sometimes
show different results compared to phenotypic methods.
This difference causes lower specificity and sensitivity for
these methods when used for M. tuberculosis susceptibility
testing (12, 13).

2. Objectives
The purpose of this study was to evaluate the sensitivity of multiplex allele-specific-PCR, single-stranded conformational polymorphism-PCR and DNA sequencing for detection of rifampin-resistant amongst multidrug resistant
2

and extensively drug-resistant M. tuberculosis isolated from
patients in Iran.
3. Methods
3.1. M. tuberculosis Isolates and Drug Susceptibility Testing
In this cross-sectional study, the M. tuberculosis isolates were recovered from patients with active clinical infections (2014 - 2015), all isolates were cultured on the
Lowenstein-Jensen medium (Merck Co., Germany) and
were identified based on conventional methods including staining by Ziehl Neelsen method, colony morphology, niacin production, nitrate reductase, resistance to
thiophen-2-carboxylic acid hydrazide and catalase tests
(26). MDR isolates were defined as resistant to at least rifampicin and isoniazid and XDR-TB isolates were defined as
MDR-TB plus resistant to at least one fluoroquinolone and
a second-line injectable (7). In this study, 9 isolates of M.
tuberculosis were MDR, 6 isolates were XDR isolates and 39
isolates were susceptible to rifampin. The reference strain
of M. tuberculosis H37RV (ATCC 27294), which is sensitive to
rifampin (wild-type strain), was used as control.
Drug susceptibility testing of these isolates against isoniazid, rifampin, streptomycin and ethambutol (Sigma
Co., USA) was performed at concentrations of 0.2, 40, 4.0
and 2.0 µg/mL, respectively using the proportion method
(as a gold standard method) on Lowenstein–Jensen media (9, 27). Resistance to any of the tested drugs was
defined as ≥ 1% growth on drug-containing mediums
compared with the control medium. Drug-susceptibility
testing against second-line drugs (kanamycin, amikacin,
capreomycin, ciprofloxacin, cycloserine, ethionamide and
para-aminosalicylic acid [Sigma Co., USA]) was performed
using 2 critical proportions of 1% and 10%. All XDR isolates
were resistant to all 8 second-line drugs tested.
Genomic DNA from all cultivated isolates and reference strain were extracted by the CTAB-NaCl (Merck Co.,
Germany) (28).
3.2. Multiplex Allele Specific (MAS)-PCR
The first pair of primers (forward Rs 5’GTCGCCGCGATCAAGGA-3’
and
reverse
Ra
5’TGACCCGCGCGTACAC-3’) was used to amplify a 249 bp
fragment (12). This fragment corresponding to a portion
of rpoB gene (include RRDR fragment) was used for SSCP,
sequencing and for PCR control in MAS-PCR. In addition,
three allele specific primers targeting codons 516 (5’-GCT
GAG CCA ATT CAT GGA-3’), 526 (5’-GTC GGG GTT GAC CCA3’) and 531 (5’-ACA AGC GCC GAC TGT C-3’) were used as
forward primers (12). Rp516, Rp526 and Rp531 in the rpoB
gene were designed for 3’ end of mentioned codons as
Arch Pediatr Infect Dis. 2017; 5(3):e40580.
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wild type forms of codons (Figure 1). In each MAS-PCR,
one allele specific primer (Rp516, Rp526 and Rp531) and
the reverse primer (Ra) were used for mutation detection,
which generated a short PCR product (214 bp, 181 bp and
167 bp, respectively) from the wild-type gene but failed to
amplify from a mutant allele. The control forward primer
(Rs) amplified a 249 bp of rpoB gene, which was used in
conjugation with the Ra primer as an internal control.
For each MAS-PCR, 3 µL of purified genomic DNA were
added to the PCR mixture containing 4 pmol Rs control forward primer, 100 pmol Rp516 or 150 pmol Rp526 or 50 pmol
Rp531, 20 pmol reverse primer Ra, 1.5 mM MgCl2 , 200 µM
deoxynucleoside triphosphates and 2 U of Taq DNA polymeras (final volume of 20 µL) (Fermentase Co., USA). The
reaction was performed in a thermo cycler (Eppendorf Co.,
Germany) under the following program: initial denaturation at 95°C for 10 min, 32 cycles of 95°C for 50 s, 60°C for
40 seconds, 72°C for 40 seconds and final polymerization
at 72°C for 10 minutes.
Each isolate was employed in three single tubes with
three different primer sets; then the amplified fragments
were analyzed in 1.5% agarose gels (Merck Co., Germany)
and visualized under UV light.

minutes and finally loaded onto 10% acrylamidebisacrylamide (37.5: 1) gels (Merck Co., Germany). Electrophoresis was performed at 120 V for 15 - 18hours in 1 × TBE buffer
(Merck Co., Germany) at room temperature. After the electrophoresis, the gel was then stained by a silver staining
method (29). H37Rv was used to provide reference wild
type patterns on each gel.
3.4. DNA Sequencing
For sequencing, the 249 bp PCR products were directly
sequenced by the chain termination method on ABI 377 sequencing machine (GATC Co., Denmark) and the data was
analyzed using the MEGA 4 software against M. tuberculosisrpoB reference sequence (GenBank Accession No. NC_000962.2).
3.5. Data Analysis
The sensitivity tests were done using the OpenEpi program. Data was analyzed by the SPSS statistical software
version 20.

4. Results

Figure 1. Primers and PCR Products Length

4.1. Multiplex Allele Specific-PCR

Rs
GAC

CAC

Rp 516

TCG
Rp 531

Ra

167 bp
181bp
214 bp
249bp
The 3’ end of allele specific primers (Rp516, 526, 531) stopped at underline nucleotide
in each codon.

MAS-PCR assay performed on resistant and susceptible
clinical isolates indicated that only one of the 39 susceptible isolates showed mutations at codon 531. Amongst nine
MDR isolates by proportion method, five were detected by
MAS-PCR as rifampin resistant (sensitivity; 55.5%). Amongst
these 5 isolates, four isolates had mutations at codon 526
and one isolate had mutations at codon 531. Only 1 out of
6 XDR isolates was found to have mutations at codon 531
in the rpoB gene with a sensitivity of 16.7% (Table 1). MASPCR products of some strains with mutations in the 516,
526 and 531 codons of the rpoB gene or without mutations
are shown in Figure 2a.

3.3. Single-Strand Conformational Polymorphism Analysis
(SSCP)

4.2. Single Strand Conformation Polymorphism-PCR

Purified genomic DNA templates were amplified for
SSCP analysis with Rs and Ra primers in a 20 µL reaction
volume containing 1 × PCR mixture (with 1.5 mM MgCl2 ),
200 mM don’ts, 20 pmol of each primer and 1 U of Taq polymerase (Fermentase Co., USA). Thermocycling condition
was performed the same as the MAS-PCR described above.
A 5 µL of amplified DNA was mixed with 10 µL of denaturing buffer (95% formamide, 0.05% xylene cyanole FF
and 0.05% bromophenol blue [Merck Co., Germany]), denatured at 95°C for 10 minutes, then chilled on ice for 5

The 249 bp fragment of rpoB gene from these isolates
and H37Rv strain were amplified successfully in PCR reactions and this fragment containing RRDR was analyzed for
mutation by SSCP in comparison with H37Rv strain (Figure
2b). Twelve (5 XDR isolates along with 7 MDR ones) out of
15 rifampin resistant isolates, and one out of 39 rifampin
sensitive isolates had different patterns compared to the
H37Rv strain. In comparison with the standard proportion
method, the sensitivity of SSCP for XDR, MDR and rifampin
sensitive isolates were 83.3%, 77.7% and 97.4%, respectively.
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Table 1. Sensitivity of MAS-PCR, SSCP-PCR and Sequencing

Susceptibility
Pattern (n)

No. of isolates
With Detected
Mutation by
MAS-PCR

Sensitivity of
MAS-PCR (%)

No. of Isolates
With Detected
Mutation by SSCP

Sensitivity of SSCP
(%)

No. of Isolates
With Detected
Mutation by
Sequencing

Sensitivity of
Sequencing (%)

XDR (6)

1

16.7

5

83.3

5

83.3

MDR (9)

5

55.5

7

77.7

8

88.9

Rifs (39)a

1

97.4

1

97.4

-

-

a

Rifs, Rifampin sensitive.

Figure 2. (a) MAS PCR Results From Mutant Isolates (1, 2) and Susceptible Isolates for 531 Codon (Line 3), 526 Codon (line 4) and 516 Codon (Line 5) (b) Some PCR-SSCP Electrophoresis Gel Fragment Patterns

Lines 1 - 3 and 5 represents four pattern in MDR and XDR isolates; Line 4 from sensitive isolates; H37Rv strain pattern represents in line H.

4.3. DNA Sequencing
Table 2 represents the mutations, which were detected
by sequencing in rifampin resistant isolates. Sequencing
of the 249 bp region of the rpoB gene revealed the origin of
difference between the results of MAS-PCR and the proportion standard method. There were several silent mutations
in three XDR isolates. Moreover, one XDR isolate showed
one silent mutation, one isolate without any mutation and
one isolate with mutation at codon 531. Eight isolates of
MDR showed mutation by sequencing mostly at codon 526.
5. Discussion
Resistance to first line antibiotics in multidrugresistant M. tuberculosis is one of the major threats to
global public health systems (30). In recent years, extensively drug-resistant tuberculosis has emerged worldwide
4

as having even more sever threats (6, 31). The WHO has
reported that XDR-TB has been found in 105 countries (7).
In Asia, some countries have reported the incidence of
XDR-TB. In Iran and Hong Kong, 10.6% and 9.2% of MDR
isolates were, respectively, XDR ones (9, 32). In china,
thirteen isolates amongst 1,926 clinical isolates were XDR
(33).
According to the recommendations of the WHO Global
Task Force on XDR-TB, one of the important ways to stop
the incidence of drug resistant TB is to strengthen laboratory diagnostic services to ensure rapid and accurate drugsusceptibility testing (34). Therefore, rapid strengthen detection of mycobacteria with prompt anti-mycobacterial
susceptibility testing is essential to control tuberculosis
and prevent the spread of resistant pathogens.
In current works, amongst 6 XDR isolates, only 1 isolate was found to have mutations at codon 531 in the rpoB
Arch Pediatr Infect Dis. 2017; 5(3):e40580.
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Table 2. Mutations Detected in Sequencing in MDR and XDR Isolated from Iranian Patients

Strain No.

Susceptibility Pattern

No. of Mutation

SSCP

MAS-PCR

R1

XDR

7

GGG(Gly) 523 GGT(Gly); CGA(Arg) 529 CGC(Arg); CCC(Pro) 535 CCG(Pro);
CGT(Arg) 542 CGG(Arg); GGG(Gly) 544 GGC(Gly); TGC(Cys) 559 TGT(Cys);
GAA(Glu) 562 GAG(Glu)

Mutations Detected in Sequencing

+

WT

R13

XDR

15

CAA(Gln) 513 CAG(Gln) TCG(Ser) 522 TCC(Ser) GGG(Gly) 523 GGT(Gly); TTG(Leu)
524 CTG(Leu); CGA(Arg) 529 CGC(Arg); CTG(Leu) 530 CTC(Leu); GGG(Gly) 534
GGC(Gly); TCA(Ser) 539 TCC(Ser); CGT(Arg) 542 CGC(Arg); GGG(Gly) 544
GGC(Gly); CGC(Arg) 548 CGT(Arg); CTG(Val) 550 GTC(Val); CCG(Pro) 552
CCC(Pro); CCT(Pro) 564 CCG(Pro); GGG(Gly) 566 GGT(Gly)

+

WT

R21

MDR

1

GAA(Glu) 562 GAG(Glu)

+

WT

R23

MDR

1

CAC(His) 526 AAC(Asn)

+

526 His

R29

MDR

1

CAC(His) 526 AAC(Asn)

-

526 His

R45

XDR

12

TCG(Ser) 522 TCC(Ser); GGG(Gly) 523 GGT(Gly); TTG(Leu) 524 CTG(Leu);
CGA(Arg) 529 CGC(Arg) CTG(Leu) 530 CTC(Leu); GGG(Gly) 534 GGC(Gly);
TCA(Ser) 539 TCC(Ser); CGT(Arg) 542 CGC(Arg); GGG(Gly) 544 GGC(Gly);
CGC(Arg) 548 CGT(Arg); CTG(Val) 550 GTC(Val); GAA(Glu) 562 GAG(Glu)

+

WT

R48

MDR

1

CAC(His) 526 AAC(Asn)

+

526 His

R52

MDR

1

TCG(Ser) 531 TTG(Leu)

+

531 Ser

R53

MDR

1

CTG(Leu) 533 CCG(Pro)

+

WT

R66

XDR

-

No Mutation

-

WT

R67

XDR

1

TCG(Ser) 531CAG(Gln)

+

531 Ser

R69

MDR

1

CAC(His) 526TAC(Tyr)

+

526 His

R71

MDR

-

No Mutation

-

WT

R72

MDR

2

GAC(Asp) 516 TAC(Tyr); CAC(His) 526 AAC(Asn)

+

WT; 526 His

R74

XDR

1

GGG(Gly) 544 GGC(Gly)

+

WT

gene by MAS-PCR, which was confusing. The DNA sequencing revealed that three of the 6 XDR isolates had several
silent mutations, one isolate had one silent mutation, one
isolate did not possess any mutation and only 1 had mutations at codon 531. Such findings concerning XDR isolates with several silent mutations have not been reported
up to now. The study of Sun and Chao among 13 XDR isolates from China revealed that 9 isolates had mutation in
codon 531 (S531L) (33). In another study, Bahremand et al.
(35) reported multiple mutations, which correlated with
high level rifampin resistance in MDR isolates. While previous studies have reported more than 90% sensitivity for
rifampin susceptibility testing using MAS-PCR (12, 16). In
our study, the sensitivity of the MAS-PCR for rifampin resistant detection among MDR isolates were 55.5%, a finding which must be considered with caution as we performed our study on a small number of isolates. In contrast, mutations tracking in RRDR region of XDR isolates
revealed such a noticeable finding that they can propose
some relation between silent mutations and extensively
drug-resistant ones. A major limitation of the molecular
genetic detection of drug resistance is that these tests only
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detect known mutations. Since not all mutations conferring resistance to anti-TB drugs are known and the prevalence of mutations may vary by geographic area, identification of resistance-associated mutations can only be informative. However, lack of mutation in the target sequence
must be interpreted with caution. Our findings emphasize
the importance of this caution especially for XDR-isolates.
In the present study, the SSCP-PCR of RRDR revealed
that out of 15 rifampin resistant isolates, 12 had different patterns compared to strain H37Rv. Similar results
have also been reported by others (36, 37). Sheikholslami
and colleagues (24) reported that sensitivity of PCR-SSCP
method was 70.8%. This result is similar to our findings
(sensitivity, 77.7%), but in the other study performed by
Imani et al. (38) the sensitivity of PCR-SSCP for MDR isolate
was 33%.
In the study of Sahebi et al. (26) the sensitivity of realtime PCR in detecting rifampin resistance in comparison
to the standard proportion test, was 83.3%. Similar to this
result, in this work, the sensitivity of SSCP-PCR and DNA sequencing in detecting rifampin resistance in XDR isolates
was 83.3% and 83.3%, respectively.
5
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The diagnostic value of SSCP-PCR in our study, similar to the one reported in other reports, was greater than
that of MAS-PCR. This greater value can be explained as
SSCP-PCR examines the whole product, while MAS-PCR only
looks for predefined point mutations. Although SSCP-PCR
has higher sensitivity than MAS-PCR, it is not a complete
and acceptable method for detection of drug resistance.
The GeneXpert MTB/RIF assay is a novel integrated
diagnostic device that performs sample processing and
heminested real-time PCR analysis in a single hands-free
step for the diagnosis of tuberculosis and rapid detection (within 2 hours) of rifampin resistance in clinical
specimens (23). According to the Steingart and coworkers (39) report, the Gene Xpert method sensitivity estimates ranged from 58% to 100% and its specificity estimates ranged from 86% to 100%.
Currently, the proportion method is using as a gold
standard technique for detection of rifampin resistant M.
tuberculosis in the reference laboratory. In our study, sensitivity and specificity of proportion method was 100% and
100%, respectively.
In conclusion, even though the molecular methods are
rapid, they are not able to identify resistance against rifampin efficiently. In other words, the molecular tests cannot completely replace the culture based phenotypic susceptibility test because of the limitation mentioned above.
Therefore, it is necessary to choose a rapid method, which
has an acceptable sensitivity for all M. tuberculosis isolates.
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