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ABSTRACT

Objective: The aim of this study was to evaluate the Geno-
Type®MTBDRplus test for detection of rifampicin (RIF) resistance
in MDR Mycobacterium tuberculosis complex strains.

Materials and Methods: Twenty-five multidrug-resistant (MDR)
Mycobacterium tuberculosis clinical strains were used, gene
mutations causing RIF resistance were investigated by Geno-
Type®MTBDRplus and the results were compared with the results
of the BACTEC 460 TB system. The strain was sequenced if there
was no mutation and absence Wild Type (WT). Mycobacterium
tuberculosis ATCC 35838 was used as a quality control (QC) strain.

Results: There was 96% compliance between the Geno-
Type®MTBDRplus and BACTEC 440 TB system for the finding of
RIF resistance. The most frequent mutation zone in MDR strains
was rpoB S531L promotor zone (13 strains, 52%). The other rpoB
gene mutations were H526Y (three strains, 12%) and H526D
(three strains, 12%), while five strains (20%) had A2-A5 mutations
in the wild type probes. There was no mutation in only one strain
(4%) by GenoType®MTBDRplus but it was found to be as resis-
tant to rifampicin by the BACTEC 440 TB system. This strain was
sequenced and detected to have triple mutations. Mutations
were found on codons 489, 493, and 503.

Conclusion: GenoType®MTBDRplus showed good compatibility
with the BACTEC 460 TB system in detecting rifampicin resis-
tance, and it was thought that GenoType®MTBDRplus could be
an effective and reliable test for RIF susceptibility testing in MDR-
TB patients, providing a significant advantage in technical time.

Keywords: Tuberculosis, rifampicin, resistance, GenotypeMTB-
DRplus, Mycobacterium, rpoB

OZET

Amag: Bu calismada, codul ilaca direncli (CiD) Mycobacterium
tuberculosis kompleks suslarinda rifampisin (RIF) direncinin sap-
tanmasinda GenoType®MTBDRplus testinin dederlendiriimesi
amaclanmistir.

Gerec ve Yéntem: Yirmi bes CID Mycobacterium tuberculosis
klinik susu kullanilmis, RIF direncine neden olan gen mutasyonlari
GenoType®MTBDRplus ile arastirlmig ve sonuclar BACTEC 440 TB
sistemi sonuglar ile karsilastinlmistir. Eger mutasyon veya Vahsi Tip
(VT) bandi yoksa sus sekanslanmistir. Kalite kontrol (QC) susu olarak
Mycobacterium tuberculosis ATCC 35838 kullaniimistir.

Bulgular: Rifampisin direncinin saptanmasinda GenoType®MTBD-
Rplus ve BACTEC 460 TB sistemi arasinda %96 uyum bulunmustur.
CiD suslarda mutasyonun en sik rpoB S531L promotor bélgede
(13 sus, %52) oldugu goérilmustir. Diger rpoB gen mutasyonlar
H526Y (g sus, %12) ve H526D (U sus, %12) bdlgesinde iken, bes
susta (%20) vahsi tip problarinda A2-A5 mutasyonlar saptanmistir.
Bir susta (%4) GenoType®MTBDRplus ile mutasyon bulunamamis,
ancak BACTEC 460 TB sistemi ile rifampisine direncli oldugu belir-
lenmigtir. Bu sus sekanslanmis, 489, 493 ve 503 kodonlarinda gl
mutasyona sahip oldugu tespit edilmistir.

Sonug: Rifampisin direncinin saptanmasinda GenoType®MTBD-
Rplus, BACTEC 460 TB sistemi ile iyi uyum géstermistir ve CID-
TB hastalarinda RIF duyarlilik testi icin GenoType®MTBDRplus'in
etkili ve glivenilir bir test olabilecedi ve bunun teknik zaman aci-
sindan da 6nemli bir avantaj saglayacagi disinilmastur.

Anahtar Kelimeler: Tuberkiloz, rifampisin, direng, Genoty-
peMTBDRplus, Mycobacterium, rpoB
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INTRODUCTION

Tuberculosis (TB), caused by Mycobacterium tuberculosis
complex (MTBC), is one of the leading causes of disease
in the world. M. tuberculosis is responsible for 97.9% of
the disease. The incidence of the disease has increased
and decreased over the past thousands of years, but
this disease has remained a permanent threat to public
health (1-3).

According to the 2020 data of the World Health Organiza-
tion (WHQO), 10 million new cases of tuberculosis were de-
termined and approximately 1.4 million people died from
tuberculosis in 2019. Global cases were reported 44% from
Southeast Asia, 25% from Africa, 18% from the West Pa-
cific, 8.2% from the Eastern Mediterranean, 2.5% from Eu-
rope and 2% from the Americas. India, Indonesia, China,
Nigeria, Pakistan, Bangladesh and South Africa have been
reported as countries with the highest number of cases (4).

According to the TB dispensary in Turkiye 2020 report,
11,786 TB patients were identified in 2018. Of the pa-
tients, 6,778 (57.5%) were male and 5,008 (42.5%) were
female. The case rate was 16.5/100 000 in men and
12.3/100 000 in women. The total case rate was deter-
mined as 14.4/100 000 in 2018. The most common drug
resistance in new tuberculosis cases whose drug suscep-
tibility tests were studied was isoniazid with 11.6%. The
total resistance rate was 19.2% in the cases in which DST
was studied, while the MDR-TB rate was 2.6% in new cas-
es and 9.9% in previously treated cases (5).

In many developed countries, a rapid rise has been de-
tected in tuberculosis with the increase in Human Im-
munodeficiency Virus (HIV)/Acquired Immunodeficiency
Syndrome (AIDS) cases. In addition to HIV/AIDS infec-
tions, cases of multidrug-resistant tuberculosis (MDR-TB;
least resistant to isoniazid (INH) and rifampicin (RIF) from
first-line anti-TB drugs) also played an important role
in the re-increase of tuberculosis. In addition to MDR
strains, the emergence of extensively drug-resistant TB
(XDR-TB; resistant to isoniazid, rifampicin, any quinolone
and one of kanamycin, capreomycin or amikacin) strains,
non-compliance with treatment, patient management
mistakes, unsupervised treatment, limited or intermittent
drug supply, use of substandard drugs and bad tubercu-
losis control programs have also been among the factors
causing the increase in tuberculosis (4, 6, 7).

Table 1: PCR conditions

In the last 20 years, new molecular methods have been de-
veloped for diagnosis of tuberculosis. These methods allow
resistance to various antituberculosis drugs, especially RIF,
to be detected in a very short time and to start treatment
in a short time. At the same time, epidemiological data are
obtained by investigating which gene mutations are domi-
nant in many countries through these methods (8, 9).

In this study, it was aimed to evaluate the Geno-
Type®MTBDRplus test for detection of rifampicin re-
sistance in MDR Mycobacterium tuberculosis complex
strains.

MATERIALS AND METHODS

Bacterial strains

Bacterial strains were isolated from clinical specimens,
which came to the Istanbul University, Istanbul Faculty
of Medicine, Department of Medical Microbiology, My-
cobacteriology Laboratory using the BACTEC 4460 TB
system. Sensitivity to antituberculosis drugs (INH, RIF,
ethambutol (EMB), streptomycin (SM)) was investigated
using this system, and was determined to be resistant to
rifampicin and isoniazid.

Ethical statement

The approval of the Istanbul University Faculty of Medi-
cine Ethics Committee was obtained for this study (Date:
30.11.2011, No: 2118).

Identification of rifampicin resistance by molecular assay
Gene mutations causing RIF resistance were investigated
by GenoType® MTBDRplus assay version 2.0 (HainLife
Sciences, Nehran, Germany) (10).

DNA isolation

One milliliter of culture was taken from the liquid me-
dium and transferred to a sterile screw-capped Eppen-
dorf tube and incubated for 20 minutes at 95°C in a heat
block. DNA was obtained by incubating in an ultrasonic
water bath for 15 minutes.

DNA amplification

The total reaction volume for each strain was set to be 50
ul; 35 pl of the primer nucleotide mixture in the kit, 5 pl
of 10x PCR buffer, 2 pl of MgCl,, 3 pl of ultra pure water,
0.2 pl of TagGold polymerase and 5 pl of the sample were
added in sterile PCR tube. The PCR mix was subjected to
the PCR steps listed in Table 1 (10, 11).

Pre-PCR PCR PCR Extension
95°C>25 sec
(e]
Temperature/time 95°C>15 min 1550%3320;?; 50°C->40 sec 70°C->8 min
70°C->40 sec
Cycle number 1 10 20 1
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Hybridization

Hybridization and detection were performed according
to the manufacturer’s instructions. Twenty microliters of
denaturation solution were added to 20 pl of amplified
sample and mixed. The solution was incubated at 21°C
for 5 min. One milliliter of hybridization buffer was added
and shaken. After, the membrane strips were placed in
the hybridization solution and incubated for 30 min at 45
°C. Each strip was washed twice. One milliliter of diluted
substrate was added and colorimetric detection of the
hybridized amplicons was obtained (12).

The Genotype MTBDRplus strip includes 27 probes.
It contains hybridization (CC) and amplification (AC)
controls to confirm the test protocols. M. tuberculo-
sis is identified by the use of the M.tuberculosis com-
plex-specific (TUB) probe. The rpoB, katG, and inhA
control probes detect rpoB, katG, and inhA regions,
respectively. The eight rpoB wild-type probes (WT1 to
WT8), two inhA wild-type probes (WT1 and WT2), and
one katG wild-type probe are used to determine the
mutations that lead to RIF and INH resistance. The ten
mutant probes were specifically designed to hybridize
sequences of the frequently detected four rpoB, four
inhA and two katG mutations: rpoB MUT1 D516V, rpoB
MUT2A H526Y, rpoB MUT2B H526D and rpoB MUT3
S531L, inhAMUT1 C15T, inhAMUT2 A16G, inhA MUT3A
T8C and inhA MUT3B T8A, katG MUT S315T1 and katG
MUT S315T2 (13).

If a band occurs at the rpoB mutation site, the strain is
resistant to RIF. In addition, the strain is accepted as resis-
tant to RIF if there is no band in the mutation region but
there was a faint band in the WT region (10).

DNA sequencing

The strain was sequenced in the absence of mutation or
absence of the WT band. A 411bp fragment of the rpoB
gene was amplified using rpoB primers (Forward primer:
5'- TACGGTCGGCGAGCTGATCC-3', Reverse primer: 5'-
TACGGCGTTTCGATGA ACC-3) (14). Product size (411
bp) was verified by agarose (2%) gel electrophoresis. PCR
product was cleaned up using ExoSAP-IT™ PCR Prod-
uct Cleanup kit (Thermo Fisher Scientific, USA). Cycle se-
quencing was performed with BigDye™ Terminator v3.1
Cycle Sequencing Kit (Thermo Fisher Scientific, USA). Af-
ter that, sephadex purification was done and the product
was loaded in the ABI 3130 XI 16 Capillary Genetic Anal-
yser (Hitachi, Japan). Clustal Omega online tool (https://
www.ebi.ac.uk/Tools/msa/clustalo/) was used for DNA
sequence comparisons (15).

Quality control

Mycobacterium tuberculosis ATCC 35838 was used as a
quality control (QC) strain for all methods. This strain is
resistant to rifampicin.

RESULTS

Both male 15 (60%) and female 10 (40%) TB patients’
samples were included in the study. Twenty-five strains
were isolated from 24 sputum and one abscess samples.

Drug susceptibility testing of 25 strains was determined
using the BACTEC 460 TB method. Resistance was deter-
mined to be INH+RIF in six strains (24%), INH+RIF+EMB in
eight strains (32%), INH+RIF+SM in four strains (16%) and
INH+RIF+SM+EMB in seven strains (28%) (Figure 1).

INH+RIF
24%

INH+RIF+EMB

32%
Figure 1: Sensitivity test results by the BACTEC 440 TB
method

Gene mutations causing RIF resistance were investigated
by GenoType® MTBDRplus. The most frequent mutation
zone in MDR strains was the rpoB S531L promotor zone
(13 strains, 52%). The other rpoB gene mutations were
H526Y (four strains, 16%), H526D (one strain, 4%) and
D516V (one strain, 4%) while five strains had A2-A5 muta-
tions (20%) in the WT probes. There was no mutation in
only one strain (4%) by GenoType®MTBDRplus but it was
found to be as resistant to rifampicin by the BACTEC 460
TB system (Table 2).

In seventeen of the twenty-five isolates, WT1/WT4/WT7
(one; 4%), WT2/WT3/WT4 (one; 4%), WT3/WT4 (two; 8%),
WT6/WT7/WT8 (one; 4%), WT8 (12; 48%) faint bands
were present. On the other hand, WT6/WT7/WT8 (one;
4%), WT3/WT4 (one; 4%), WT3/WT7 (one; 4%), WT6/WT8
(one; 4%), and WT7 (four; 16%) absence bands were avail-
able in eight isolates (Table 2).

The strain that was found susceptible by GenoType®
MTBDRplus was sequenced and triple mutations were
detected. Mutations were found on codons 489, 493 and
503 (Table 3).

DISCUSSION

Molecular methods provide faster diagnosis than tradi-
tional methods. However, it is recommended that these
tests be applied in conjunction with gold standard cul-
ture methods. The sensitivity and specificity of studies in
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Table 2: Gene mutation pattern detected by GenoType MTBDRplus

Gene N.umber of wild type Wild type band Mutation band Mutation
isolates band faint absence
1 WT2/3/4 WT6/7/8 - -
2 WT3/4 - -
1 - WT3/4 rpoB MUT1 D516V
1 - WT3/7 - -
1 WT6/7/8 rpoB MUT2A H526Y
rpoB 1 WT1/4/7 WT6/8 - -
3 - WT7 rpoB MUT2A H526Y
1 - WT7 rpoB MUT2B H526D
12 WT8 rpoB MUT3 S531L
1 - rpoB MUT3 S531L

Table 3: Sequence result of the susceptible strain

Codon Amino acid change  Nucleotide change

489 Gln = Hist CAG » CAC
493 Asn = Isoleucin AAC - ATC
503 Lys = Isoleucin AAG > ATC

which RIF resistance is detected by molecular methods
vary between 92-100% and 85-100%, respectively (16-22).

In our study, the performance of the GenoTypeMTB-
DRplus assay for the detection of RIF-resistant strains of
M. tuberculosis was evaluated on 25 MDR M. tuberculosis
isolates. Twenty-four (96%) of the 25 isolates, which were
determined to be rifampicin-resistant with the BACTEC
460 TB method, were found to be rifampicin-resistant with
GenoType MTBDRplus. Our result was similar to other re-
ports from India, France, Germany and Ethiopia (16, 23-
25). One isolate (4%) was susceptible to rifampicin. It was
observed that the GenoType MTBDRplus showed good
accordance with the BACTEC 460 TB system. The resis-
tance in the mutation undetectable strain is thought to
be related to the gene region not detected by the Geno-
Type MTBDRplus kit. Our sequence study confirmed this
idea. We found triple mutation on codons 489, 493 and
503. These codons are outside the gene region range in-
cluded in the GenoType MTBDRplus kit. Cavusoglu et al.
detected rifampin resistance in 22 (53.7%) of 41 isolates
with Genotype MTBDR assay. But two RIF-resistant iso-
lates (4.8%) were identified as RIF sensitive. One strain
had an GIn-490-His mutation and the other isolate had
a CGG insertion between codons 514 and 515. These
mutation regions were outside the 81-bp hotspot region
and not detected by Genotype MTBDR assay (26). In our
study, the result is identical with these study results.

Molecular methods provide information about the muta-
tion regions that occur in the genes that cause resistance,
as well as providing faster results. Studies have shown
that mutations in different codons of the relevant rpoB
gene are effective at different rates in the emergence of
RIF resistance, and it has been reported that the percent-
age of mutations in the codon S531L of the rpoB gene is
higher than the other codons (27, 28).

In our studly, RIF-resistance-specific mutations were deter-
mined on rpoB MUT probes in 19 (76%) of the 25 MDR
isolates by the GenoType MTBDRplus assay. This frequen-
cy rate was found to be similar with other studies (29-31).

In 2018, in the study by Kamiri et al., among the 35
specimens identified as RIF-resistant using the Geno-
TypeMTBDRplus assay, 23 (65%) carried the S531L, eight
isolates (22%) showed mutation in codon H526Y and four
isolates (11%) in D516V codon (32). In 2013, in the study
by Maurya et al., the frequency of rpoB mutation was 28
in S531L (62.3%), eight in D516V (17.7%), six in H526Y
(11.1%), one in the H526D (2.2%) region and nine (20%)
unknown mutations (absence of one or more wild-type)
among a total of 45 MDR-TB strains (23). In 2017, in the
study by Abanda et al., among the 48 isolates deter-
mined as RIF-resistant using the GenoTypeMTBDRplus
assay, 41 (85%) had the S531L mutation and three isolates
(6%) showed mutation in codon H526Y. The frequency of
codon 531 mutation in this study was 85%, which is high-
er than generally reported (19). In 2013, in the study by
Yadav et al., among all 66 RIF-resistant strains, 51 (72%)
had a mutation in rpoB S531L. Four strains (6%) had a
mutation in rpoB H526D (4/66), two in (3%) rpoB D516V
(2/66) and two (3%) in rpoB H526Y (33).

The result of this study showed that of the 19 specific
mutations of the rpoB gene, 13 mutations (52%) were at
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codon S531L. The remaining 16% (4/25) had mutations at
codon H526Y, 4% (1/25) at codon H526D and 4% (1/25) at
codon D516V. Mutations at codon S531L and H526Y are
known to be the most prevalent RIF resistance. Our results
displayed a similar profile with the previous study (30, 34,
35). But our frequency rate is lower in codon S531L. This
may be due to the variability of strains between countries.
Mutation percents in the D516V and H526Y codon were
found to be lower in our study compared with percents
reported from Europe (36). We think that smaller sample
sizes cause the difference. This idea is supported by the
work by Farooqi et al. (37). On the other hand, five of our
MDR isolates have only WT band absence and faint band
but don't have a corresponding MUT band. This result is
associated with mutations that cause drug resistance. In
addition to that, silent mutation that doesn't result in any
amino acid difference may cause this pattern, or the pres-
ence of less common mutations in the rpoB gene that
cannot be detected by the GenoType MTBDRplus test
may lead to this result (11, 16).

The present study showed that TB is more common
among males (60%) and affects all age groups. This find-
ing was in alignment with several reports (38-40). Males
generally are known to be more susceptible to TB than
females because of their relatively large social network,
which increases their risk of infection, in addition to the
higher prevalence of smoking, which has a confirmed as-
sociation with TB (41, 42).

Consistent results were detected in this study, when com-
pared with the results obtained worldwide. However the
frequency rate of mutations was found to be low. We
think that the use of a small number of isolates led to this
result, because when previous studies are reviewed it ap-
pears that more isolates are used. The GenoType MTB-
DRplus assay has high sensitivity and specificity. However
it identifies limited mutation regions.

CONCLUSION

In conclusion, GenoType® MTBDRplus showed good
compliance with the BACTEC 460 TB system in the de-
tection of rifampicin resistance and it was thought that
GenoType® MTBDRplus might be an effective and re-
liable test for the susceptibility testing of rifampicin in
MDR-TB patients. Additionally, this technique also pro-
vided a significant advantage in terms of time.
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