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Drug resistance (especially multiple drug resistdnin Mycobacterium tuberculosis makes global concerns in
treatment and control of tuberculosis. Rapid diagmof drug resistant strains of the bacteria hial v
importance in the prognosis of the disease. Theddithis study was to identify the mutations resgble for
drug resistance iMycobacterium tuberculosis strains derived from patients with tuberculosiggdine probe
assay (LPA) method which rapidly detect drug resisstrains and respective mutations. Sputum sanifgen
tuberculosis patients were collected and culturadLowenstein— Jensen medium, and then the colarfies
Mycobacterium tuberculosis from cultures of 54 bacterial positive cases wemadomly chosen for DNA
extraction. Bacterial DNA was extracted using staddCetyl Trimethyl Ammonium Bromide (CTAB) method.
In order to identify drug resistant strains andied mutations, LPA method was applied. Three stdbjsut of
54 investigated cases were resistant to quinolbriE4), and resistance to kanamycin/ amikacin, girepcin,
rifampin, and isoniazid were observed in 3 (5.5%),7.4%), 3 (5.5%), and 2 (3.7%) of tiMycobacterium
tuberculosis strains, respectively. In the present study, £€4%.4%) were detected to be resistant to more tha
one drug. Since LPA is a rapid method that simeitaisly detects mutations involved in drug resisanc
applying this method in the prediction of drug stence and selecting appropriate treatment in tulbmsis
patients is recommended.
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I nfecting around one-third of the world symptoms of tuberculosis (TB) (1). Although TB
population,Mycobacterium tuberculosis (M-TB) has been a well known disease since ancient times
is a serious health threatening pathogen worldwide. and despite the advances in medical sciences, large
5-10% of the infected patients express the clinical numbers of patients still die due to TB infection
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(2).For instance, in 2012, 1.1 million people died
because of that infection (3). Because of natural
selection phenomenon, some strains of these
bacteria- resistant to different drugs- have entkrge
globally. They cause difficulties in the treatmeifit

the disease.

Strains of M-TB that are simultaneously
resistant to at least two different first line dsug
isoniazid, rifampinm pirazinamid and etambotol-
used in the treatment of the infection are consider
as multi-drug resistant (MDR). The MDR-TB
strains are more prevalent in the developing
countries (4).

For the first time, in 1990 MDR species of M-
TB were reported and since then it has been one of
the most important health concerns in many
countries. In 2010, 650,000 cases with MDR-TB
were identified in the different parts of the world
Afterwards, some species of extensively drug
resistant (XDR) and in rare cases, total drug
resistant (TDR) TB has been observed (5).

Drug resistant and especially MDR-TB strains
raise serious concern in the treatment of TB.
Mistreatment of patients with anti-TB drugs is the
main cause leading to the incidence of mutations
and as a result creation of drug resistance species

Since M-TB has a low growth rate in culture
medium and evaluation of drug sensitivity is
expensive and time consuming, after early
diagnosis of the disease, the same first line Bti-
drugs is immediately administered for all patients,
regardless of their drug sensitivity status (5).
Considering this fact, the identification of varsou
drug resistant strains in each region can be helpfu
in choosing the appropriate strategy for contrgllin
TB and specially MDR strains. This approach was
applied for the identification of Pseudomonas
aeruginosa drug resistant status in Tehran and
Mazandaran province of Iran (6, 7).

LPA (Line Probe Assay) is a DNA test based
on DNA amplification by PCR reaction with

labeled primers and subsequent hybridization with
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complementary oligonucleotide probes which are
fixed on strip papers. This method has high
sensitivity and can evaluate several mutations
simultaneously in a single reaction (8).

The identification of various mutations for the
prediction of patient’s drug sensitivity statusngsi
conventional PCR methods is complicated and
time-consuming, while LPA method is a rapid and
robust test for achieving that purpose. The aim of
this study was to identify the mutations making M-
TB resistant to different drugs by applying LPA
method among TB patients in Mazandaran
province.

Material and M ethods

In the present study, the colonies of M-TB
from 54 samples were randomly selected. Before
culturing sputum on Lowenstein—Jensen medium,
all samples were treated with 4% NaOH.

Bacterial genomic DNA was extracted from two
colonies using standard cetyl trimethyl ammonium
bromide (CTAB) method.

In order to detect 11 different mutations
involved in resistance to 5 different drugs, line
probe assay (LPA) method was applied. The test
(GenliD,
Germany) which employed PCR/ hybridization

was done using a commercial kit

technique. In this method, at first, fragmentshaf t
bacterial genes were amplified by two separate
multiplex PCR reactions. Then, the PCR products
their
complementary probes coated on specific locations

were denatured and hybridized with

on strips. After staining procedure, the preserfce o
mutations was evaluated by analyzing the pattern of
bands created on the strips.

In the present study, 54 TB patients of
Mazandaran province (including 33 males and 21
females) were selected. Eleven subjects (9 females
and 2 males) were resistant to at least one drug.
Streptomycin resistant strains of M-TB had the
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highest incidence rate in the region (7.4% of all

cases). Resistance to quinolone, kanamycin/

amikacin and rifampin drugs had the same
frequencies (5.5%), and isoniazid resistant strains
were less common (1.4%) (Table 1).

20.4% of the cases were resistant to at least
one of the investigated drugs and in 7.4% of
subjects, more than one mutation (each responsible
for resistance to different drugs) was observed. Al
isoniazid resistant cases carried the same mutation
in kat G gene and no subject was identified with
mutation ininhA gene. In cases detected as resistant
to rifampin, the related mutation was observed at
codon 516 ofrpoB gene. Mutations at positions
1401 and 1483 ofrs gene that are responsible for

kanamycin/ amikacin resistance had the same
frequencies. Among the strains of M-TB considered
as streptomycin resistant, only mutation ripsL
gene was detected and no mutatiomrsigene was
identified. One of the studied patients was co-
infected with TB and HIV (Table 2).

Inappropriate treatment of infected patients is
the main cause of spreading the disease, in
particular in the developing countries. Prior to
treatment of the disease, it is necessary to degno
the disease and identify drug resistant strairfasts
as possible. The current study evaluated the
presence of 11 different mutations involved in the

Table 1. Frequency of gene mutations causing drug resi$ianMazandaran, 2012.

Drugs Isoniazid Rifampin Streptomycin Kanamycin/ Quino
Amikacin lone
Mutation inhA katG rpoB rpoB rpoB Rrs rosL rpsL  Rrs rrs gyrA
-16- 315 516 531 526 522- 43 88 1483 1400- 90-94
8-15 526 1401
Mutations
in male 2 3 3 1 2 0 0 0 3 2 0
subjects
Mutations
in female 1 0 0 1 2 0 0 0 0 0 0
subjects
Total 3 3 3 2 4 0 0 0 3 2 0
Observed
mutations
Number
of drug 3 3 4 3 2
resistant
patients

Table 2. frequency of patients with resistance to one orawrugs.

Type of drug Drug names Number of cases Total
resistance with mutations

rifampin(rpoB 516 mutation) 2
Single drug kanamycin 2 7(129%)
resistance streptomycin (psL) 1

isoniazid katG) 2
Double stereptomycin + ginolon 3

1 0,

drug resistance rifampin + kanamycin 1 4 (7.4%)
Multiple At least to isoniazid and rifampin 0 0

drug resistance
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emergence of resistant strains of M-TB in TB
patients using LPA method.

Various mutations in different genes have
been introduced responsible for resistance to a
variety of medications in M-TB. In this study, the
most frequent mutations involved in drug resistance
were examined. It was observed that mutations in
inh A and kat G genes are related to resistance to
isoniazid and resistance to rifampin is caused by
mutations inrpo B gene.Rrs, rpsL andgydB gene
the

resistance to

mutations make bacillus resistant to

streptomycin  and kanamycin/
amikacin is induced by mutations ims and eis
genes. Moreover, it was reported theg andtylA
gene mutations lead to resistance to kapromycin.
PncA andgyrA gene mutations are responsible for
resistance to pirazinamid and quinolone,
respectively (9).

Sensitivity and specificity of the mutations on
the abovementioned genes were studied in different
studies and these positions are well known as
common mutations responsible for M-TB drug
resistance. In two separate studies in South Korea
and Brazil katG-315, inhA-15, rps143, rrs-1401
and rpoB-531were introduced as common
mutations (10, 11). Isakova et al. in 2005 reported
that positions 531, 516 and 536 rpbB genes are
the common sites of mutation and mutation at
position 531 is more frequent than mutations in
other positions of this gene (12). Another study in
South Korea in 2013 showed thatrA-94, embB-
306 and pncA-159 positions are hot spots for
mutations (10).

In Venezuela, mutations ikatG had 88.2%
sensitivity and 100% specificity (13). In Iran, and
Ahvaz, different mutations imhA, rpoB andkatG
genes were detected in M-TB strains from the
patients. In Zanjan (a central province of Iran)
mutations in katG-315, rpoB-531 and inhA-15
positions were shown to have high incidence rate in
isoniazid resistant strains of bacteria derivednfro

TB patients (14). Mutations ogyrA andrrs genes
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in Tehran were detected in another study (15).
Doustdar et al. in 2007 investigated the preseffice o
mutations at positions 531, 516 and 526rpdéB
gene and indicated that the identification of these
mutations could help physicians to diagnose
resistance to rifampicin (16). These mutations are
almost common in Iran while other mutations in
this gene are rarely reported. They stated that
comparing to the other parts of the world,
mutations at positiongoB-516 andrpoB-526 have
different frequencies.

In Golestan province (located at North of
Iran), Javid et al. reported that in 87 studiegesa
5.7% and 3.4% halatG andinhA gene mutations
respectively and 4.6% of subjects had a mutation in
rpoB gene (17). In that study, two cases had
mutations inkatG andinhA genes, simultaneously.

In 2001, Poorhaji et al. in Mazandaran reported tha
among the patients with isoniazid resistant TB,
mutation inkatG gene has the highest frequency
(18). As some of the evaluated mutations in our
study, were not previously investigated in the Nort
of Iran, the present study gives a genuine and more
comprehensive knowledge about the frequency of
these DNA changes in Mazandaran province.

to the
Azerbaijan provinces, in our study, no subject with

Similar reports in Golestan and
MDR-TB was detected. Making these reports and
our study into consideration, MDR-TB is not a
serious problem in Iran (17). The present study is
quite comparable with other studies in which
mutation inkatG gene is responsible for resistance
to isoniazid in most of the TB patients in Iran and
similar to the Khalilzadeh et al.’s report, in the
present investigation rifampicin resistant strains
were more frequent than isoniazid resistant strains
(22). Zaker

mutation at position 526 afoB gene is related to

Bostanabadi et al. reported that
rifampin resistance in Iran while in our study only
mutation at position 516 #poB gene was detected

(19). It is important to mention that mutation at

positionrpoB-526 was rarely reported (20, 21).
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We observed resistance to second line drugs
used in the TB treatment in some cases. This issue
is a risk factor for the treatment of MDR-TB
patients and this will cause difficulties if it hmoes
widespread. Second line drugs are used for
confronting tuberculosis when a patient is reststan
to first line drugs thus, resistance to second line
drugs lead to no responsiveness to treatment in
MDR-TB patients and the spread of the MDR-TB.

32.7% of evaluated patients were sputum
smear-negative for TB while the M-TB was grown
on Lowenstein—Jensen medium. Since LPA can
quickly and easily predict the presence of M-TB
and its drug resistance status and because hand
getting results through sputum culture is time
consuming, we recommend LPA method for the
early diagnosis of TB and the identification of giru
resistant strains.

Conflict of interest
The authors declared no conflict of interests.

1. Conaty SJ, Hayward AC, Story A, et al. Explagnirisk
factors for drug-resistant tuberculosis in Englaartti Wales:
contribution of primary and secondary drug resistan
Epidemiol Infect 2004;132:1099-108

2. Donoghue HD, Lee OY, Minnikin DE, et dluberculosis in
Dr Granville's mummy: a molecular re-examination tbie
earliest known Egyptian mummy to be scientificalyamined
and given a medical diagnosis. Proc Biol Sci 2020;21-6

3. Jayachandran R, Scherr N, Pieters J. Eliminatadn
intracellularly residing Mycobacterium tuberculosis through
targeting of host and bacterial signaling mechasidaxpert Rev
Anti Infect Ther 2012;10:1007-22

4. Ahmad S, Mokaddas E. Recent advances in theosigand
treatment of multidrug-resistant tuberculosis. Respled
2009;103:1777-90

5. Chiang CY, Centis R, Migliori GB. Drug-resistant
tuberculosis: past, present, future. Respirologh0206:413-32

6. Cobelens F, van Kampen S, Ochodo E, et al. Résam
implementation of interventions in tuberculosizntrol in low-

and middle-income countries: a systematic reviewoS Med

194 Int J Mol Cell Med Summer 2014; Vol 3 No 3

2012;9:e1001358

7. Gray JM, Cohn DL. Tuberculosis and HIV coinfeati Semin
Respir Crit Care Med 2013;34:32-43

8. Migliori GB, Dheda K, Centis R, et al. Review miltidrug-
resistant and extensively drug-resistant TB: glgiespectives
with a focus on sub-Saharan Africa. Trop Med Intalte
2010;15:1052-66

9. Aimeida Da Silva PE, Palomino JC. Molecular baand
mechanisms of drug resistanceNtycobacterium tuberculosis:
classical and new drugs. J Antimicrob Chemother 1H8:
1417-30

10. Jnawali HN, Hwang SC, Park YK, et al. Charazégion of
mutations in multi- and extensive drug resistanoergg strains
of Mycobacterium tuberculosis clinical isolates in Republic of
Korea. Diagn Microbiol Infect Dis 2013;76:187-96

11. Spies FS, von Groll A, Ribeiro AW, et al. Bigical cost in
Mycobacterium tuberculosis with mutations in the rpsL, rrs,
rpoB, and katG genes. Tuberculosis (Edinb) 2013334

12. Isakova zZh T, Pak OAusupova E, et al. [Use of biological
microchips in the determination of drug-resistancé
Mycobacterium tuberculosis to rifampicin]. Probl Tuberk Bolezn
Legk 2005:50-3

13. Romay Z, Arraiz N, Fuenmayor A, et al. [Detentiof
S315T mutation in the katgene as a strategy for identification
of isoniazid-resistan¥lycobacterium tuberculosis in a reference
laboratory]. Rev Chilena Infectol 2012;29:607-13

14. Khosravi AD, Goodarzi H, Alavi SM. Detection génomic
mutations in katG, inhA and rpoB genes Mifycobacterium
tuberculosis isolates using polymerase chain reaction and
multiplex allele-specific polymerase chain reactiBraz J Infect
Dis 2012;16:57-62

15. Tahmasebi P, Farnia P, Sheikholslami F, etRalpid
identification of extensively and extremely drugsistant
tuberculosis from multidrug resistant strains; gsPCR-RFLP
and PCR-SSCP. Iran J Microbiol 2012;4:165-70

16. Doostdar F, Khosravi A, Farnia P, et al. Débecof rpoB
gene mutations irMiycobacterium tuberculosis isolates from
Iranian patients. Iranian journal of medical midodbgy
2007;1:17-22

17. Javid S, Ghaemi A, Amirmozaffari N, et al. Dxtten of
Isoniazid and Rifampin Resistant Strain bfycobacterium

tuberculosis Isolated from patients in Golestan province ¢Nor



of Iran). Medical Laboratory Journal 2009;3

18. Pourhajibagher M, Nasrollahi M, Musavi SR, letfa Drug

Resistance irMycobacterium tuberculosis Isolates to Isoniazid
and Rifampin. J Babol Univ Med Sci 2012;14

19. Bostanabad SZ, Shekarabei M, Nojoumi SAaleStudy of
Genetic Evolution irMycobacterium tuberculosis Isolates from
Patients with Active Pulmonary Tuberculosis in tiven and
Belarus. Open Microbiol J 2011;5:32:42

20. Pozzi G, Meloni M, lona E, et al. rpoB mutatoim

multidrug-resistant  strains  oMycobacterium tuberculosis

Babamahmoodi F et al.
isolated in Italy. J Clin Microbiol 1999;37:1197-9
21. Qian L, Abe C, Lin TP, et al. rpoB genotypes of
Mycobacterium tuberculosis Beijing family isolates from East
Asian countries. J Clin Microbiol 2002;40:1091-4
22. Khalilzadeh S, Boloorsaz MR, Safavi A, et ainfary and
acquired drug resistance in childhood tuberculdsist Mediterr
Health J 2006;12:909-14
23. Namaei MH, Sadeghian A, Naderinasab M, etravalence
of primary drug resistantMycobacterium tuberculosis in

Mashhad, Iran. Indian J Med Res 2006;124:77-80

Int J Mol Cell Med Summer 2014; Vol 3 No 3 195



