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ORIGINAL RESEARCH

Investigation of Drug Resistant Mycobacterium
tuberculosis Strains with Molecular Methods
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ABSTRACT

The aim of this study was to investigate mutations in the rpoB and embB genes using molecular methods in Mycobacterium tuberculosis
isolates phenotypically resistant to rifampicin and/or ethambutol. Drug susceptibility testing of 110 isolates collected in Turkey between
2005 and 2014 was performed using the modified agar proportion method. Molecular analysis was conducted on 28 selected isolates,
including 7 rifampicin-resistant strains. Mutations were detected within the Rifampicin Resistance-Determining Region (RRDR) between
codons 507-533 of the rpoB gene. The most common mutation was Ser531Leu (TCG—TTG), found in 10 strains; one strain had a
His526Asn (CAC—AAC) mutation. These mutations were considered important molecular markers of rifampicin resistance. Rapid
molecular detection of these mutations is important for early and effective tuberculosis treatment planning
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Molekiiler Yontemlerle ila¢ Direncli Mycobacterium tuberculosis Suslarmin Arastirilmasi

OZET

Bu c¢alismanin amaci, fenotipik olarak rifampisin ve/veya etambutol direngli Mycobacterium tuberculosis izolatlarinda, rpoB ve embB
genlerindeki mutasyonlar1 molekiiler yontemlerle arasgtirmaktir. 2005-2014 yillar1 arasinda Tiirkiye’den toplanan 110 izolatin ilag
duyarlhiliklar1 modifiye agar proporsiyon yontemiyle test edilmistir. Secilen 28 susta molekiiler analiz yapilmis, 7°si rifampisin direngli
bulunmustur. 7poB geninde, Rifampisin Direng Belirleyici Bolge (RRDR) olan 507-533. kodonlar arasinda mutasyonlar tespit edilmistir. En
yaygin mutasyon, 10 susta goriilen Ser531Leu (TCG—TTG) mutasyonu, bir susta ise His526Asn (CAC—AAC) mutasyonudur. Bu
mutasyonlar, rifampisin direncinin molekiiler gostergeleri olarak 6nemli bulunmustur. Molekiiler yontemlerle bu mutasyonlarin hizli tespiti,
tiiberkiiloz tedavisinin erken planlanmasi igin 6nemlidir.

Anahtar Kelimeler: Mycobacterium tuberculosis. lla¢ direnci. Molekiiler analiz.

Tuberculosis is an important public health problem all ~ Rifampicin (RIF) and ethambutol (ETB), both of

over the world despite modern diagnostic, treatment,
and control methods.! The gold standard for diagnosis
is still Mycobacterium tuberculosis culture, which is
essential for identification and drug susceptibility
testing.?
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which have antimycobacterial effects, are major anti-
tuberculosis drugs used in the treatment of the disease.
RIF affects bacterial protein synthesis, while ETB
inhibits arabinogalactan synthesis through inhibition
of the arabinosyl transferase enzyme.?

Multidrug resistance in Mycobacterium tuberculosis
represents a global health burden.* Resistance to RIF
in the M. tuberculosis complex is caused by mutations
in the 81-base pair (bp) region of the rpoB gene,
which encodes the B-subunit of RNA polymerase.*-’
The frequency of codon mutations in the rpoB gene
among RIF-resistant M. tuberculosis isolates varies by
geographic region. Sequence analysis of the rpoB
gene in 37 isolates from Italy revealed mutations in
codons 531 (59.4%), 526 (35.1%), and 516 (8.1%).
Data from 86 isolates in China showed mutations at
codons 531 (41.0%), 526 (40.0%), 516 (4.0%), 513
(2.0%), and 533 (2.0%).® Two reports from Taiwan in
the past decade also analyzed the prevalence of rpoB
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mutations.®-'° Further surveillance is clearly needed to
monitor the evolution of mutations and their
associated resistance.

This study aimed to investigate the presence of
mutations in the embB and rpoB gene regions, as well
as mutation patterns, through DNA sequence analysis
of isolates that exhibited phenotypic resistance to RIF
and/or ETB in drug susceptibility tests.

Material and Method

M. tuberclosis isolates

In our study, a hundred ten M. tuberculosis samples,
which detected at least one phenotypic anti-
tuberculosis drug resistance, were collected the
Tuberculosis Laboratory of the Medical Microbiology
Department of the Uludag University Health Practice
and Research Center between 2005 and 2014. Seven
of these strains were only resistance to RIF, 15 were
ETB, 6 were both. Sterile clinical specimens were
centrifuged and then centrifuged at the bottom of the
centrifuge tube. Non-sterile specimens were
inoculated to Lowenstein-Jensen and MGIT media
after homogenization-decontamination and incubated
at 37 ° C in an incubator for 6 weeks. Strains were
separated from MOTT using the PNB test and the
MGIT TBc test.

DNA isolation and Polymerase chain reactions (PCR)

DNA was extracted from the M. tuberculosis using a
Tris-EDTA. DNA from the samples was amplified
with selected primers designed with Ensembl (Table

).

Table I. Primers for the amplification of rpoB and

embB.
Gene Primers Base-pair
rpoB-F CTTGCACGAGGGTCAGACCA 543
rpoB-R ATCTCGTCGCTAACCACGCC
embB-F CTGACCGACGCCGTGGTGATAT
embB-R  |TGAATGCGGCGGTAACGACG 490

Amplifications with Taq polymerase were performed
in 25-pl reaction mixtures containing 0.15 mM of
deoxyribonucleoside triphosphate (dNTP, Promega-
U1515, USA), 10 pmol of each primer, 5 U/ml of Taq
DNA polymerase (Promega-M8305, USA), and 150
ng of genomic DNA. Polymerase chain reactions
(PCR) were performed with a 2-min initial
denaturation at 94°C, followed by 30 cycles of 1 min
at 94°C, 30 s at 55°C, 1 min at 72°C, and a 10-min
final extension at 72°C. The PCR products were
separated on a 2% agarose gel and stained with
ethidium bromide.
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Sequencing analysis

The PCR products were purified according to the
manufacturer’s instructions by OMEGA. The RIF-
resistance-determining hot-spot region of rpoB and
embB samples was sequenced by Dye Terminator
Cycle Sequencing (DTCS) and analyzed using a CEQ-
8000 Automated DNA Sequencing System (Beckman
Coulter, Inc., Fullerton, CA, USA). The results of the
sequencing analysis were compared with wild-type
samples and the wild-type sequences of these genes.
The relationships between the defined alterations and
the risk of resistance were verified using the Ensembl
Genome Browser (http://www.ensembl.org).

This study was conducted with the approval of the
Clinical Research Ethics Committee of Uludag
University Faculty of Medicine (decision dated
09.06.2015, no. 2015-12/17) and was supported by the
Uludag University Scientific Research Projects Unit
(project no. KUAP(T)-2015/43).

Results

In our study, M. tuberculosis complex strains that
detected at least one phenotypic anti-tuberculosis drug
resistance were investigated in the Tuberculosis
Laboratory of the Medical Microbiology Department
of Medical Utilization Research Center of Uludag
University between 2005 and 2014. These
tuberculosis complex strains examined belong to 105
patients. The samples were mostly sent from the
Department of Chest Diseases (60%) followed by the
Department of Infectious Diseases and Pediatric
Infectious Diseases. A total of 110 strains were tested;
75 strains (68.2%) had single-strand resistance, 23
(21%) had two strains, and 12 strains (11%) had very
little resistance. Molecular analysis included a total of
28 strains, 7 with RIF resistance, 15 with ETB
resistance, and 6 with both RIF and ETB resistance,
and investigated the presence of mutations in the 7poB
and embB gene regions. In our study, a mutation in the
rpoB gene was detected in 11 (84.6%) of 13 strains
phenotypically resistant to RIF. Two of them (16.4%)
were phenotypically resistant to RIF, but no mutations
were observed in the examined gene locus. Mutations
detected were found between codons 507 and 533,
which are defined as the RRDR region. Mutation is
detected in 11 strains of 10 strains, with the
Ser531Leu (TCG-TTG) mutation found in 531.
(Figure-1). In one strain, the His526Asn (CAC-AAC)
mutation was detected (Figure-2).

In 21 strains resistant to ETB phenotypically, mutation
in the embB gene was detected in 14 (66.6%). (Figure
3). Seventy-three percent (33.3%) were phenotypically
resistant to ETB, but no mutation was observed in the
examined gene locus. Mutations were detected in 14
strains, 3 in binary mutation and 11 in single mutation.


http://www.ensembl.org/

Drug-Resistant M. tuberculosis

The most frequently identified mutation was the
Ser297Ala (TCG-GCG) mutation in the 297th codon
and was detected in 8 strains. In four strains, the
Met306Val (ATG-GTG) mutation was detected at the
306th codon.
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Figure 1.
Codon 531 mutation (Mutation is shown in black).
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Figure 2:
Codon 526 mutation (Mutation is shown in black)

thure 3:
Codon 306 mutation. The location of the mutation is
shown in black.

Discussion and Conclusion

Although tuberculosis has a very long history, it
remains an infectious disease that continues to evolve.
Despite precise knowledge of its cause and the
availability of effective medications, high morbidity
rates still contribute to significant mortality.!'.'? Early
diagnosis, effective and regular treatment of
tuberculosis patients, and appropriate follow-up of
treatment are the foundations of the tuberculosis
control program.'* One of the most important roles of
the microbiology laboratory in tuberculosis control is
the rapid and reliable detection of drug resistance.
Culture-based phenotypic susceptibility testing for
Mycobacterium tuberculosis is time-consuming and
labor-intensive, which has led to the widespread use
of molecular methods.

Rifampicin (RIF) is one of the most effective drugs in
tuberculosis treatment and forms the basis of

combination therapy alongside isoniazid. Numerous
studies have shown that RIF resistance-associated
mutations most frequently occur in codons 531, 526,
and 516."-"

Ethambutol (ETB) is a narrow-spectrum, first-line
antimycobacterial agent used in tuberculosis
treatment. It plays an important role in combination
therapy and enhances the efficacy of RIF,
aminoglycosides, and quinolones.?’ The most frequent
mutations in the embB gene of ETB-resistant strains
are missense mutations at codon 306.2' However,
Mokrousov et al. identified the embB 306 mutation in
both ETB-sensitive and ETB-resistant strains.??

In our study, a total of 21 strains phenotypically
resistant to ETB were examined, and mutations in the
embB gene were found in 14 of them (66.6%). No
mutations were detected in the examined gene region
in 7 strains (33.3%) despite phenotypic resistance.
Among the 14 mutated strains, 11 had single
mutations and 3 had double mutations. The most
frequently observed mutation was Ser297Ala (TCG —
GCQG) at codon 297, found in 8 strains. Four strains
had the Met306Val (ATG — GTG) mutation at codon
306. Additional mutations were detected at codons
405 (Glu405Asp: GAG — GAC), 406 (Glu408Asp:
GGC — GAC), and 378 (Glu378Ala: GAG — GCQG).
Our findings of mutations at codons 378, 405, and 406
are consistent with the results of Campbell et al.?*

Mutations at different rpoB codons are associated with
varying levels of RIF resistance. Mutations at codons
531 and 526 are typically linked to high-level
resistance (MIC > 64 pg/mL) and cross-resistance to
all rifamycins, whereas mutations at codon 516 are
associated with moderate-level resistance (MIC = 32
pg/mL) and susceptibility to rifabutin.>*—2” However,
in India, some isolates with mutations at codons 516
or 533 were shown to have high-level resistance (MIC
> 128 upg/mL).”* Although MIC testing was not
performed in our study, multidrug resistance was
observed in all strains with mutated alleles.!!,?

In previous studies, strains with the same rpoB
genotype from different geographic regions showed
similar drug resistance patterns.'#,>* In contrast, the 14
isolates with allele 2 in our study demonstrated three
different resistance profiles. These differences may
result from the selective pressure of therapeutic
regimens over time in various geographic regions.!?

As a result, the presence of genes and mutations
associated with RIF and ETB resistance in M.
tuberculosis  strains isolated from Bursa and
surrounding regions was investigated for the first time.
We believe that these findings will contribute to the
literature not only for the Marmara Region but also for
our country, even though the study was conducted
with regional strains.
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Molecular methods are important for the rapid
diagnosis of M. tuberculosis and the identification of
resistance. DNA sequence analysis of drug resistance-
related genes is recommended as a reference method
for establishing proper treatment protocols. However,
the absence of mutations in frequently studied gene
regions of phenotypically resistant strains complicates
diagnosis and suggests the need to study additional
gene regions. Conversely, detecting mutations in
strains that are phenotypically susceptible may be the
only way to reveal existing genetic alterations. Still,
such findings are only meaningful if the
corresponding proteins encoded by the mutated genes
are also present and functional. Therefore, resistance
to antituberculous drugs may open new research areas
in proteomics.

Researcher Contribution Statement:

Idea and design: M.P.; Data collection and processing: S.A.;
Analysis and interpretation of data: C.0.; Writing of significant
parts of the article: M.P., C.0., S.S.

Support and Acknowledgement Statement:

This study was supported by the Uludag University Scientific
Research Projects Unit (project no. KUAP(T)-2015/43).
Conflict of Interest Statement:

The authors of the article have no conflict of interest declarations.
Ethics Committee Approval Information:

Approving Committee: Clinical Research Ethics Committee of
Uludag University Faculty of Medicine

Approval Date: 09.06.2015

Decision No: 2015-12/17

References

1. Gagneux S. Ecology and evolution of Mycobacterium
tuberculosis. Nat Rev  Microbiol. 2018;16(4):202-213.
doi:10.1038/nrmicro.2018.8

2. Pai M, Behr MA, Dowdy D, Dheda K, Divangahi M, Boechme
CC, et al. Tuberculosis. Nat Rev Dis Primers. 2016;2:16076.
doi:10.1038/nrdp.2016.76

3. World Health Organization. Global Tuberculosis Report 2023.
2023. [Accessed: June 23, 2024]

4. Dong B, He Z, Li Y, Xu X, Wang C, Zeng J. Improved
conventional and new approaches in the diagnosis of
tuberculosis. Front Microbiol. 2022;13:924410.

5. Boehme CC, Nabeta P, Hillemann D, Nicol MP, Shenai S,
Krapp F, et al. Rapid molecular detection of tuberculosis and
rifampin resistance. N Engl J Med. 2010;363(11):1005-1015.
doi:10.1056/NEJM0a0907847

6. Ohno H, Koga H, Kohno S, Tashiro K, Hara K. Relationship
between rifampin MICs for and rpoB mutations of
Mycobacterium  tuberculosis strains isolated in Japan.
Antimicrob Agents Chemother. 1996;40(5):1053-1056.

7. Heep M, Rieger U, Beck D, Lehn N. Mutations in the
beginning of the rpoB gene can induce resistance to rifamycins

294

13.

14.

15.

16.

17.

20.

21.

M. Payashoglu et al.

in both Helicobacter pylori and Mycobacterium tuberculosis.
Antimicrob Agents Chemother. 2000;44(4):1075-1077.

Taniguchi H, Aramaki H, Nikaido Y, Mizuguchi Y, Nakamura
M, Koga T, et al. Rifampicin resistance and mutation of the
rpoB gene in Mycobacterium tuberculosis. FEMS Microbiol
Lett. 1996;144(1):103-108.

Lee PH, Chan PC, Peng YT, Chu PW, Wu MH, Jou R, et al.
Impact of universal drug susceptibility testing and effective

management of multidrug-resistant tuberculosis in Taiwan.
PLoS One. 2019;14(4):e0214792.

. Yu MC, Chiang CY, Lee JJ, Chien ST, Lin CJ, Lee SW, et al.

Treatment outcomes of multidrug-resistant tuberculosis in
Taiwan: tackling loss to follow-up. Clin Infect Dis.
2018;67(2):202-210. doi:10.1093/cid/ciy066

. Chan PC, Huang SH, Yu MC, Lee SW, Huang YW, Chien ST,

et al. Effectiveness of a government-organized and hospital-
initiated treatment for multidrug-resistant tuberculosis
patients—a  retrospective  cohort study. PLoS  One.
2013;8(2):¢57719. doi:10.1371/journal.pone.0057719

. Georghiou SB, Gomathi NS, Rajendran P, Nagalakshmi V,

Prabakaran L, Prem Kumar MM, et al. Accuracy of the Truenat
MTB-RIF Dx assay for detection of rifampicin resistance-
associated mutations. Tuberculosis (Edinb). 2021;127:102064.

Singh UB, Singh M, Sharma S, Mahajan N, Bala K, Srivastav
A, et al. Expedited diagnosis of pediatric tuberculosis using
Truenat MTB-Rif Dx and GeneXpert MTB/RIF. Sci Rep.
2023;13:6976.

Meaza A, Tesfaye E, Mohamed Z, Zerihun B, Seid G, Eshetu
K, et al. Diagnostic accuracy of Truenat Tuberculosis and
Rifampicin-Resistance assays in Addis Ababa, Ethiopia. PLoS
One. 2021;16(5):¢0261084.

Omer ZB, Mekonnen Y, Worku A, Zewde A, Medhin G,
Mohammed T, et al. Evaluation of the GenoType MTBDRplus
assay for detection of rifampicin-and isoniazid-resistant
Mycobacterium tuberculosis isolates in central Ethiopia. Int J
Mycobacteriol. 2016;5(4):475-481.

Siddiqui S, Brooks MB, Malik AA, Fuad J, Nazish A, Bano S,
et al. Evaluation of GenoType MTBDR plus for the detection
of drug-resistant Mycobacterium tuberculosis on isolates from
Karachi, Pakistan. PLoS One. 2019;14(8):¢0221485.

Meaza A, Kebede A, Yaregal Z, Dagne Z, Moga S, Yenew B,
et al. Evaluation of genotype MTBDRplus VER 2.0 line probe

assay for the detection of MDR-TB in smear positive and
negative sputum samples. BMC Infect Dis. 2017;17(1):280.

. Abanda NN, Djieugoué¢ JY, Lim E, Pefura-Yone EW,

Mbacham WEF, Vernet G, et al. Diagnostic accuracy and
usefulness of the Genotype MTBDRplus assay in diagnosing
multidrug-resistant tuberculosis in Cameroon: A cross-sectional
study. BMC Infect Dis. 2017;17(1):379 doi: 10.1186/s12879-
017-2489-3.

. Jian J, Yang X, Yang J, Chen L. Evaluation of the GenoType

MTBDRplus and MTBDRsl for the detection of drug-resistant
Mpycobacterium tuberculosis on isolates from Beijing, China.
Infect Drug Resist. 2018;11:1627-1634.

Singh BK, Sharma R, Kodan P, Soneja M, Jorwal P, Nischal N,
et al. Diagnostic evaluation of non-interpretable results
associated with rpoB gene in Genotype MTBDRplus Ver 2.0.
Tuberc Respir Dis (Seoul). 2020;83(4):289-294.

Maurya AK, Singh AK, Kant S, Umrao J, Kumar M, Kushwaha
RAS, et al. Use of GenoType® MTBDRplus assay to assess
drug resistance and mutation patterns of multidrug-resistant
tuberculosis isolates in northern India. Indian J Med Microbiol.
2013;31(3):230-236.



	Material and Method
	M. tuberclosis isolates
	DNA isolation and Polymerase chain reactions (PCR)
	Sequencing analysis

	Results
	Discussion and Conclusion
	References

