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Abstract 

Introduction: Multidrug-resistant tuberculosis (MDR-TB) represents an important public health prob-
lem. Rapid molecular methods detect the mutations responsible for drug- resistance and can shorten the time re-
quired for diagnosis and initiation of appropriate therapy. The objectives of our study were to optimize a multi-
plex allele-specific PCR technique (MAS-PCR) to detect rpoB mutations and to specify the type and frequency of
these mutations. Material and methods: We have tested 47 non-duplicate MDR-TB, including extensively drug-
resistant tuberculosis (XDR-TB) strains, identified during 2007-2012, using MAS-PCR for detection of mutations
in rpoB codons 531, 526 and 516. Results: The most common mutation was located in codon 531 (63.82%),
while only 12.76% and 10.63% of the strains showed mutations in codon 516 and 526, respectively; for six
strains we have not identified mutation in the targeted codons. Conclusion: MAS-PCR revealed the mutations
prevalent in our region, with good sensitivity (87.2%), suggesting the usefulness of this test in the rapid diagnosis
of MDR-TB.
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Rezumat 

Introducere: Tuberculoza multidrog-rezistentă (MDR-TB) reprezintă o importantă problemă de sănătate
publică.  Metodele  moleculare  rapide  evidenţiază  mutaţiile  responsabile  de  rezistenţa  la  antituberculoase,
scurtând  timpul  necesar  diagnosticului  şi  iniţierii  tratamentului  adecvat.  Obiectivele  studiului  au  fost
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optimizarea tehnicii MAS-PCR (Multiplex Allele-Specific Polymerase Chain Reaction) pentru detecţia mutaţiilor
genei rpoB şi precizarea tipului şi frecvenţei acestor mutaţii. Material şi metodă: Am testat 47 de tulpini non-
duplicat, MDR-TB, incluzând şi tulpini XDR-TB (tuberculoza cu rezistenţă extinsă), izolate în perioada 2007-
2012,  folosind  tehnica  MAS-PCR pentru  depistarea  mutaţiilor  în  codonii  531,  526  şi  516  ai  genei  rpoB.
Rezultate: Cea mai frecventă mutaţie a fost localizată la nivelul codonului 531 (63,82%), în timp ce doar 12,76%
dintre tulpini au prezentat mutaţie în codonul 516, iar 10,63% dintre tulpini au avut mutaţie în codonul 526; la
şase tulpini  nu am identificat mutaţii  în codonii ţintiţi.  Concluzie: Tehnica MAS-PCR a permis evidenţierea
mutaţiilor predominante în zona noastră, cu o bună sensibilitate (87,2%), ceea ce sugerează utilitatea acestui
test în diagnosticul rapid al MDR-TB.

Cuvinte cheie: MDR-TB, MAS-PCR, rezistenţa la RIF, gena rpoB 
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Introduction

Tuberculosis  (TB)  represents  a  major
global public health issue (1), with an estimated
8.7 million new cases in 2011 (2). The emer-
gence of drug-resistant strains, due to genomic
mutations in specific genes, poses a great con-
cern for the management of this disease and the
success of control programs (3, 4). Resistance
to at least rifampicin (RIF) and isoniazid (INH)
defines multidrug-resistant tuberculosis (MDR-
TB) (5).  MDR-TB with additional resistance to
fluoroquinolones and to at least one of three in-
jectable  drugs:  capreomycin,  kanamycin,  or
amikacin characterizes extensively drug-resistant
tuberculosis (XDR-TB) (6). MDR-TB strains are
spreading worldwide, reaching epidemic propor-
tions in many countries, such as India, China and
Russian Federation (2, 5). A 2012 World Health
Organization (WHO) report estimates that 3.7%
of  new  cases  and  20%  of  previously  treated
cases are MDR-TB (2). Romania has one of the
highest incidences of TB in Europe and is the
first in the European Union in terms of tubercu-
losis incidence rate (101 cases/100.000 popula-
tion in 2011) and mortality rate (6 cases/100.000
population  in  2011)  (2).  The  number  of  esti-
mated cases of MDR-TB situated us among the
first places in European countries in 2011(2).

Since the risk of developing resistance
to both INH and RIF under optimal treatment
conditions is very small, with an estimated mu-

tation rate of approximately 10-14, it is consid-
ered  that  multidrug  resistance appears  mostly
when treatment is not optimal (3).

Conventional drug susceptibility testing
is time-consuming, costly and raises technical
problems due to difficulties to control  the in-
oculum size and the stability of the compounds
in different culture media. Slow diagnosis and
insufficient  testing for MDR-TB contribute to
its  dissemination  (3).  New molecular  biology
techniques are being introduced for rapid diag-
nosis and for detection of multi-resistant strains.
This is possible due to a better understanding of
molecular mechanisms responsible for drug re-
sistance in those strains (7).

Resistance  to  RIF  can  be  used  as  a
marker for MDR-TB, because it is usually pre-
ceded by that to INH, isolated resistance to RIF
being extremely rare (5, 8). In approximately 98%
of cases, RIF resistance is caused by mutations in
the  rpoB  gene  encoding  the  RNA  poly-
merase-subunit (3 - 5, 9). Most mutations occur in
the short 81-bp region in rpoB gene (codons 507
to 533) (4, 9, 10), and according to Mokrousov et
al., up to 95% of RIF-resistant strains have muta-
tions in codons 531, 526 and 516 (5).

The objectives of our study were to op-
timize  a  multiplex  allele-specific  PCR  tech-
nique (MAS-PCR) to detect rpoB mutations in
the three codons responsible for the majority of
RIF-resistant strains (codons 531, 526 and 516)
and to specify the frequency of these mutations.
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Material and methods

Selected strains
We have tested 47 non-duplicate MDR-

TB and XDR-TB strains, from sputum of pa-
tients admitted to the Clinical Hospital  of Pul-
monology  Iaşi,  Romania,  during  2007-2012.
This is a 347-bed hospital serving the north-east
region of Romania, with a population of around
4.5 million inhabitants. 

Drug susceptibility testing (DST)
The  strains  were  tested  for  antibiotic

susceptibility using a reference standard abso-
lute  concentration  method  and  proportion
method (11 - 13).  M. tuberculosis H37Rv was
used as control.  DST was performed for  first
and second-line antibiotics.

DNA extraction procedure
DNA  extracts  were  obtained  using  a

method previously described by Cavasoglu et al.
(14), modified as follows: a suspension of M. tu-
berculosis was prepared in 300 µL of sterile dis-
tilled water and adjusted to the density of a 2 Mc-
Farland standard. The suspension was placed in a
boiling water bath for 20 min to destroy any viable
mycobacteria, followed by sonication for 15 min. It
was then centrifuged for 5 min at 14000 rpm and
the resulting supernatant  was subjected to spec-
trophotometric quantification of extracted DNA.

MAS-PCR
To optimize the technique, we carried

out  three  independent  allele-specific  PCR as-
says for detection of mutations in rpoB codons
531, 526 and 516, using the Corbett Palm-Cy-
cler (Qiagen, SUA) and primers synthesized by
Eurogentec (Eurogentec S.A., Liège, Belgium).
Each PCR mixture had a final volume of 20 µl
and contained 10 µl of 1× ImmoMixTM Red Mas-
ter Mix (Bioline GmbH, Germany) and 0.5 µl
of  template  DNA.  We  used  the  primer  se-
quences and concentrations, as well as amplifi-
cation conditions according to Mokrousov et al.
(5). The following adjustments  were  made to
the reactions used for detection of 531 and 526
mutations:  the annealing temperature was de-

creased from 70ºC (as reported by Mokrousov
et al.) to 63 ºC, in order to obtain amplification
of the 249 bp internal control (corresponding to
rpoB region). Reference strain  M. tuberculosis
H37Rv (a wild-type strain sensitive to RIF) was
included as control for amplification. Each re-
action was performed in triplicate, to ensure re-
producibility of results. 

Detection of amplification products was
done  by  electrophoresis  in  1.5%  standard
agarose gels, at 130 V for 60 min and visualized
under  UV light  using  G:  BOX®  gel  imaging
system (SYNGENE, Synoptics Ltd, UK).

Results 

According to results of DTS, 16 strains
were MDR, 8 were XDR and 23 strains were
MDR with  additional  resistance to second-line
anti-TB antibiotics (Table 1).

The  presence  of  mutations  in
rpoB531/526/516 was  recognized  by  the  ab-
sence of amplification of wild-type allele-spe-
cific fragments (167 or 181 or 214 bp, respec-
tively) due to primer-template mismatch which
prevents polymerase to extend the primer. 

Of the 47 tested strains, thirty (63.82%)
had mutation in  codon 531,  while  six  strains
(12.76%) presented mutation in codon 516; five
strains  (10.63%)  had  mutation  in  codon 526.
Six  MDR strains  showed  no  mutation  in  the
three codons investigated, suggesting other mu-
tation sites within rpoB gene. None of the tested
strains had simultaneous mutation in more than
one of the targeted codons.

Combined  genotyping  testing  for  the
three  most  common  mutations  in  hotspot
codons was able to detect 87.23% of MDR-TB
strains classified by phenotypic methods.

Discussion

Tuberculosis is an important infectious
disease,  causing  morbidity  worldwide, and  is
included in the top three leading causes of death
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from a  single  infectious  agent  (together  with
malaria and HIV) (15). In Eastern Europe and
central  Asia,  levels of  MDR-TB remain high,
reaching 32% of  new cases and over 50% of
previously treated cases in 2011 (2). 

Despite progress of surveillance, accord-
ing to WHO Global Tuberculosis Report 2012, at
global level, the rate of notified MDR-TB cases
remains low (19%) (2). In Romania, out of the
850 estimated cases in 2011, only 485 cases were
confirmed as a result  of insufficient  testing for
MDR-TB (38% of newly diagnosed TB cases and
42% of those previously treated) (2).

Currently, diagnosis of MDR-TB is influ-
enced by prolonged time required to obtain results,
causing delay in initiating appropriate treatment,
extension of hospitalization and therapy, with in-
creased incidence of side effects and a high risk of
dissemination of resistant strains in population. Ac-

cording  to  the  Romanian  National  Tuberculosis
Control Program, the average cost of individual-
ized treatment for MDR-TB is up to 200 times
higher  than for  chemosensitive tuberculosis,  de-
pending on the regimen and duration (16).

Molecular  diagnostic  techniques  (MDT)
can detect  mutations responsible  for  drug resis-
tance before phenotypic results, having an immedi-
ate impact on patient management. Unlike suscep-
tibility  testing  that  evaluates  the  phenotype  ex-
pressed in  artificial  laboratory conditions,  MDT
permit analysis of the genotype found in clinical
samples and associated with patient’s disease. Also,
the  risk  of  contamination  when  using  MDT is
lower than for phenotypic tests. However, MDT
have a number of disadvantages: multiple tests are
needed to highlight the various mutations; some
techniques  (e.g.  PCR)  reveal  only  previously
known  mutations,  so  the  absence  of  detection
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Table 1. Antibiotic resistance patterns of M. tuberculosis strains included in this study

Type Resistance pattern No. of strains Total

MDR

HIN RIF
HIN RIF EMBa

HIN RIF SMb

HIN RIF EMB SM

5
2
3
6

16

XDR

HIN RIF EMB OFXc KANd DCSe

HIN RIF EMB SM OFX KAN
HIN RIF EMB SM OFX KAN CAPf

HIN RIF EMB SM OFX KAN DCS
HIN RIF EMB SM OFX KAN PASg

HIN RIF EMB SM OFX KAN ETHhCAP

1
1
1
1
1
3

 8

MDR with additional 
resistance to second-line
anti-TB antibiotics

HIN RIF EMB OFX
HIN RIF EMB DCS
HIN RIF EMB OFX ETH
HIN RIF EMB OFX ETH DCS
HIN RIF EMB SM KAN
HIN RIF EMB SM ETH
HIN RIF EMB SM KAN CAP
HIN RIF EMB SM KAN ETH
HIN RIF SM KAN CAP
HIN RIF SM KAN
HIN RIF SM ETH

4
1
1
1
3
2
5
3
1
1
1

23

a ethambutol; b streptomycin; c ofloxacin; d kanamycin; e D-cycloserine; f capreomycin; g para-aminosalicylic acid; h ethionamide. 
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doesn’t necessarily mean the absence of resistance;
not all mutations have a clinical expression; diffi-
culties in detection of resistant mutants in mixed
drug-resistant and –susceptible infections (3). De-
spite  these  disadvantages,  molecular  techniques
represent valuable adjuncts to conventional pheno-
typic tests in screening of drug-resistance (3).

The present study focused on the use of
MAS-PCR as a potential  screening method for
MDR-TB in our country. By this technique, de-
tection of mutations in the three codons of 81-bp
region of the rpoB gene correlated 87.23% with
phenotypic  RIF  resistance.  Previous  studies  on
samples from different Russian settings showed a
correlation of 86.1 to 100% between genotypic
detection of  mutations in rpoB531/526/516 and
phenotypic  testing  (5,  17-20).  Furthermore,
Mokrousov et al. suggested that analysis of other
rpoB  hot spot  codons in  Russian region is  in-
significant  for  prediction of  RIF  resistance (5).
Studies using other molecular techniques, such as
Genotype MTBDRplus assay, identified 95.4% to
99% of RIF-resistant strains in China and South
Africa, respectively (21, 22). These regional dif-
ferences could be explained by variations in rela-
tive frequencies of investigated mutations (5). A
previous study, performed in Romania by Hirstea
et al., described a Real Time PCR technique for
MDR-TB identification and revealed a good sen-
sitivity (92%) but a poor specificity (74%) of this
test for detection of RIF resistance and offered no
data regarding the types and frequencies of muta-
tions among tested strains (23).

The  most  frequent  mutation  found
among our  clinical  specimens  was  located  at
codon 531 (63.82%). This is in accordance with
reports from other regions, such as China and
South Africa (63.2% and 70.5%, respectively)
(21, 22) and some European countries: Turkey -
56.1%, Italy - 60.4%, Bulgaria - 65%, Ukraine -
73%, Germany - 75.7% (10, 24 - 27). However,
our  study  showed  great  differences  from our
neighboring  countries,  Hungary  with  a  lower
frequency (31%) and Republic of Moldova with
a higher frequency (86.8%) (28, 29). 

Mutation  in  codon  516 occurred  at  a
rate  of  12.76%,  higher  than  in  neighboring
countries:  Republic  of  Moldova  (4.4%)  and
Ukraine (8%), but much smaller than in Hun-
gary (37.9%) (29, 26, 28). Other studies show
that this mutation occurs with frequencies vary-
ing greatly from 2% in China and 2.9% in Ger-
many (representing the rarest mutation among
the three) to 9.6% in South Africa (21, 22, 27). 

The less common mutation was found
in codon 526 (10.63%). However, this percent-
age is greater than those reported in Republic of
Moldova (0.9%) and Hungary (6.9%) (29, 28).
Other studies also mention low frequencies for
this  type  of  mutation  in  countries  like:  Italy
(6.5%),  South  Africa  (8.6%),  China  (10%),
Ukraine (12.5%), Germany (13.6%) and Turkey
(17.1%) (10, 21, 22, 24, 26, 27). 

The mutation profile among strains circu-
lating in north-east of Romania resembles that found
in Ukraine, other European countries and even more
distant regions with high MDR-TB incidence, like
China and South Africa; interestingly,  there were
fewer similarities with two of the neighboring coun-
tries: Hungary and Republic of Moldova.

Another  research  conducted  at  the
Swedish  Institute  for  Communicable  Disease
Control by Rosales-Klintz et al., on a strain col-
lection  which  included  also  20  isolates  from
central  Romania  (Hospital  of  Pulmonology,
Braşov), showed a frequency of rpoB mutations
of 85%, with the most common mutation being
in codon 526 (12 strains from 17 RIF-resistant
isolates).  Contradictory with our findings, mu-
tations in codon 531 were very rare (only 2 of
17 strains) (30). These discordant results can be
caused by differences among Romanian regions
and  emphasize  the  need  to  include  and  test
other strains from various parts of the country.

Conclusions

High prevalence of tuberculosis in our
country and the emerging risk of MDR-TB im-
pose continuous surveillance of antibiotic resis-
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tance and development of methods for rapid de-
tection of multi-resistant strains. 

The technique used by us allowed the
detection of most MDR strains (87.2%) circu-
lating in our region, by identifying the prevalent
mutations which appear in codons 531 (63.8%),
516 (12.7%) and 526 (10.6%). Thus, MAS-PCR
could represent a useful diagnostic tool, offer-
ing the advantage of rapidity and the possibility
for optimization of antibiotic therapy. Since not
all  strains  showed  mutations  in  the  three
codons, further studies are required in order to
explain all phenotypic resistance profiles.

This is the first study conducted in Ro-
mania on MAS-PCR for detection of the  rpoB
mutation type predominant in our region, show-
ing a high frequency of RIF resistance caused
by mutations in codon 531.
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