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ABSTRACT

Introduction: Resistance to rifampicin is considered to be a surrogate marker for multidrug-resistant Mycobacterium tubercu-
losis (MDRTB).

Objective: The present study was undertaken to evaluate the drug resistance profile and the resistance-conferring mutations of
MDR-TB species in a tertiary care hospital, Central Kerala.

Copyright@IJCRR

Methods: Clinical specimens (n=404) were subjected to Ziehl-Neelsen (Z-N) staining and culture and drug susceptibility testing
(DST) using liquid (BD BACTEC™ Micro MGIT™ {Mycobacteria Growth Indicator tube). RIF resistant isolates (n=5) detected
phenotypically along with randomly selected RIF sensitive isolates (n=5) were randomly selected and rpoB gene of all the ampli-
fied strains was sequenced and mutations analysed.

Results: Out of 404 samples from clinically suspected cases of M. tuberculosis, Mycobacteria was grown in 48 (11.9%) sam-
ples. Amongst the forty-eight M. tuberculosis isolates, 41.6 % were sensitive to all five drugs and 6.2 % were resistant to all five
drugs. Of the total of 48 culture-positive TB cases, one (2.08%) was found to be MDR-TB and additional resistance was ob-
served in one (2.08%) isolate. Of the ten isolates (five RIF resistant isolates detected phenotypically along with five RIF sensitive
isolates) which was amplified by PCR, M. tuberculosis DNA was not detected by PCR in one of the isolates. Mutations detected
occurred in codon 531 with Ser — Leu substitution.

Conclusion: Molecular methods along with conventional detection methods help in understanding the transmission dynamics
of tuberculosis and could be used as a tool in controlling the transmission of tuberculosis and thereby achieving the elimination
of tuberculosis by 2030.
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INTRODUCTION under-reporting of detected cases or under-diagnosis. Also

) ) o ) ) in resource-poor settings like India, the detection and treat-
Tuberculosis (TB) is one of the major infectious diseases and  ent of multidrug-resistant tuberculosis (MDR-TB) is all
is the leading cause of death from a single infectious agent.! 1o more difficult especially due to the high expenses and

According to the world TB report (2019) by World Health  1re toxic treatment regimens which lead to higher rates of
Organization (WHO), an estimated 10 million new active TB  Jinical failure and disease relapse.?

diseases cases and 1.2 million deaths occurred in 2018.% In- . . o

dia ranks first among the eight high burden countries which The evolution of drug resistance in clinical M. tuberculo-
contribute to the 2/3 of the global TB burden.” In 2018 sis strains is mainly due to chromosomal mutations in tar-
there were about half a million new cases of rifampicin-re-  &¢t genes. Other mechanisms include disruption of prodrug

sistant TB out of which 78% had multidrug-resistant TB.2 activation and the activation of efflux pump. World health
organisation (WHO) has issued a recommendation that

drug susceptibility testing (DST) of M. tuberculosis isolates
should be carried out for all patients with TB to aid treatment

Even though there is an increase in the notification rates,
there is still a gap between the number of new cases and
the estimated cases reported. This gap is mainly due to the
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plans and to increase the outcome.>* The main mechanisms
of resistance leading to drug resistance include drug target
alteration, overexpression of drug target, disruption of prod-
rug activation and the activation of efflux pump.* Gene muta-
tions are usually associated with resistance to specific drugs
used in treating M. tuberculosis.’ Rifampicin is one of the
most potent first-line drugs available for TB treatment. Early
detection of rifampicin resistance is of particular importance
since >90% of rifampicin-resistant isolates are also resistant
to isoniazid. Therefore, the detection of rifampicin resistance
represents a valuable surrogate marker for MDRTB.¢ Resist-
ance to rifampicin has been demonstrated as a result of single
or multiple mutations in the rpoB gene, the RNA polymerase
B-subunit-encoding gene.” The § subunit of RNA polymerase
is coded by the rpoB gene. Sequencing studies have shown
that 90-95% of rifampicin-resistant M. tuberculosis isolates
have a mutation within an 81-bp hot-spot region (codons
507-533; Escherichia coli numbering) of the rpoB gene
which is the core region (Rifampicin Resistance Determin-
ing Region, RRDR).® Molecular techniques are used to dif-
ferentiate M. tuberculosis strains and are important tools in
public health issues related to TB outbreaks and to unravel
the transmission patterns.’ M.tuberculosis complex (MTBC)
lineages have differences in virulence, transmissibility, and
capacity of acquiring drug-resistance conferring mutations.’
One of the most used genotyping methods is spacer oligo-
nucleotide typing (spoligotyping), which is based on the
polymorphism of direct repeat (DR) locus present within M.
tuberculosis. The DR contains 36-bp well-conserved repeat
sequences interspersed with 34-41-bp nonrepetitive spac-
ers and therefore used to differentiate strains.!® The spoli-
gotyping method was also the basis for making the largest
genotype database for M. tuberculosis, containing a global
distribution and phylogenetic analysis for worldwide spoli-

gotype.!!

The importance of molecular typing of M. tuberculosis has
been useful in the outbreak investigations in health care set-
tings, as it helps to understand the transmission dynamics of
M. tuberculosis strains and their distribution at a particular
region/area.'? This study was carried out to investigate the
predominant M. tuberculosis strains responsible for causing
tuberculosis in a tertiary care hospital in Kerala using spo-
ligotyping and identify drug resistance gene and its muta-
tions associated, prevalent in M. tuberculosis strains. With
the increased number of cases and many of them becoming
multidrug-resistant (MDR) or extensively drug-resistant TB
(XDR-TB), a better knowledge of the molecular mechanisms
of antitubercular drug-resistance will have a significant im-
pact on the improvement of rapid detection of drug resist-
ance, especially when using molecular formats for detection
of drug resistance. As such, little information is available on
the aetiology of MDR-TB in the area where the present study
is conducted. Therefore, the present study was undertaken

to determine the characteristics, and evaluate the drug resist-
ance profile of MDR-TB species and to investigate the drug
resistant conferring mutations and to ascertain their epide-
miological linkages using molecular genotyping.

MATERIALS AND METHODS

A total of 404 specimens were obtained from suspected cases
of tuberculosis (TB) and from patients who were previously
treated for TB from different wards and outpatient depart-
ments of a 1200 bedded tertiary care centre located in Cen-
tral Kerala for a period of two years from November 2015
to October 2017. The institutional ethical committee clear-
ance was obtained for the study (PIMSRC/E1/388A/44/2015
dated 29-10-2015). Consecutive pulmonary and extrapulmo-
nary specimens (except blood) were collected from patients,
suspected of TB, irrespective of their age and gender from
various clinical departments like pulmonary medicine, gen-
eral medicine, surgery, and paediatrics in sterile; leak-proof
containers. The samples were processed in the mycobacte-
riology laboratory within 48 h of receipt of specimen. All
specimens were subjected to direct smear microscopy using
Ziehl-Neelsen (ZN) staining method followed by N-acetyl-
L-cysteine and sodium hydroxide (NALC-NaOH) digestion,
decontamination technique. Decontamination is not required
for sterile body fluid. After decontamination, one drop of the
specimen was taken and smear is prepared. The liquid cul-
ture medium used was the BBL Mycobacteria Growth Indicator
Tube (MGIT BD BACTEC™) containing modified Middle Brook
7HO broth (7 mL), to which an enrichment supplement, as well as a
mixture of antimicrobials consisting of polymyxin B, amphotericin
B, nalidixic acid, trimethoprim, and azlocillin, was added. The
MGIT tubes along with the solid media were incubated at
37°C. The tubes were examined daily up to 8 weeks of incu-
bation in a 365 nm wavelength UV light source fluorescence
detector (BACTEC ™ Micro MGIT device). To validate the
test a positive and a negative control tube were included with
every batch of test tubes examined. The tubes were checked
for the presence of granular appearance and fluorescence
which indicates growth. On solid media, growth was ob-
served as rough, cream coloured colonies. All positive tubes
were confirmed for the presence of AFB by Z-N staining and were
subcultured on a blood agar plate to rule out contamination. The
smears were observed for the presence of AFB, as well as for
the presence of cording a characteristic feature of M. tuber-
culosis complex (MTBC). MTBC isolates were further con-
firmed using BD MGIT MTBC identification test (TBC ID).

The MTBC isolates were further subjected to drug suscepti-
bility testing using the drugs streptomycin (1 pg/mL) (STR),
isoniazid (0.1 pg/mL) (INH), rifampicin (1 pg/mL) (RIF),
ethambutol (5 pg/mL ) (ETH) and also pyrazinamide (100
pg/mL) (PZA). BD BACTEC MGIT 960 SIRE kits were
used for drug susceptibility testing. Five RIF resistant iso-
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lates detected phenotypically along with five RIF sensitive
isolates were randomly selected and were analysed. The
point mutations within the 81 bp RRDR were detected using
PCR and DNA sequencing methods and the sequences were
compared with wild type M. tuberculosis (H37Rv) strain to
check for any mutations within the hotspot region. Finally,
the amplicons were subjected to spoligotyping.

DNA EXTRACTION, PCR AND SEQUENCING

DNA extraction was performed as per the manufacturer’s in-
structions using the QlAamp DNA Mini Kit (Qiagen). Sam-
ples from the broth culture were subjected to centrifugation
and the pellet dissolved in minimum volume in buffer/Milli-
Q for further Qiagen DNA Extraction method. The isolated
mycobacterial DNA was subjected to PCR amplification us-
ing species-specific primers. The DNA was measured using
the Nanodrop ND-1000 Spectrophotometer (Thermofisher)
and visualized on 0.8% agarose gel stained with ethidium
bromide. The 81 bp hot spot, flanking regions of rpoB gene
of M. tuberculosis was amplified using polymerase chain
PCR primers rpoB F forward — 5’- GGATCAGCTCGC-
CGACCGTA 3’ and PCR primers rpoB R Reverse — 5°-
TACGGCGTTTCGATGAACC-3’ were used.

Applied Biosystem thermal cycle was used for the PCR re-
action. The conditions set for PCR reaction were, initial de-
naturation at 95°C for 2 min; 34 cycles of 95°C for 40 sec,
55°C for 50 sec and 72°C for 30 sec; and final elongation
at 72°C for 7 min, followed by holding at 4°C. The posi-
tive control used was M. tuberculosis H37Rv and negative
control used was nuclease-free water. Post amplification,
the samples were run on a 1.5% agarose gel and visualiza-
tion was done under a UV Transilluminator. After obtaining
the desired amplification, the PCR products are subjected
to Exo SAP purification. Post ExoSAP purification of the
PCR products, cycle sequencing was carried out using the
ABI Big Dye Terminator v.3.0 (Applied biosystems) Kkit.
Products were resolved by electrophoresis on an ABI 3730xl1
capillary sequencer. The 411 bp amplicons were purified and
sequenced using the primer rpoB F or rpoB R and the se-
quences were aligned with gi|448814763:759807-763325 M.
tuberculosis H37Rv, reference sequence for the screening of
rpoB gene mutations.

RESULTS

A total of 404 specimens were obtained from suspected cases
of tuberculosis (TB) and from patients who were previously
treated for TB from different wards and outpatient depart-
ments during the study period.

Of the 404 samples collected, 188 (46.5%) samples were
from pulmonary TB suspected patients and 216 (53.5%) from

extrapulmonary TB (EPTB) suspects. These 404 specimens
were processed by smear and further by culture on to Micro
MGIT and Lowenstein- Jensens (L-J) medium. Among the
188 pulmonary samples, 27 (14.4%) specimens were found
to be positive for M. tuberculosis complex (MTBC), and out
of the 216 extrapulmonary samples processed, 21 (9.7%)
were found to be positive for MTBC by the Micro MGIT
culture. Thus, of the 404 samples processed, a total of 11.9%
(48/404) were found to be positive for TB.

Amongst the forty-eight M. tuberculosis isolates, 41.6 %
(n=20) were sensitive to all five drugs and 6.2 % (n=3) were
resistant to all five drugs. The highest rate of mono resistance
was towards streptomycin (STR) (n=7, 14.9 %), followed by
isoniazid (INH) (n=6, 12.5%) and pyrazinamide (PZA) (n=4,
8.3 %). Among the total of 48 culture-positive TB cases, one
(2.1%) was found to be MDR-TB and additional resistance
(resistance to STR, INH, RIF and PZA) was observed in one
(2.1%) isolate. The MDR isolates obtained was from a pul-
monary TB patient. Around 12.5 % (n=6) of the total culture-
positive TB cases were poly-resistant.

Five RIF resistant isolates detected phenotypically along
with five randomly selected RIF sensitive isolates was sub-
jected to M. tuberculosis DNA isolation. The isolated my-
cobacterial DNA was subjected to PCR amplification using
species-specific primers. A clear band in the agarose gel at
411 bp confirmed the presence of M. tuberculosis. Of the
ten isolates subjected to PCR amplification, M. tuberculosis
DNA was not detected by PCR in one of the resistant iso-
lates (Figure 1). The reason may be or that the isolate could
be non-tuberculous mycobacteria which cannot be detected
by M. tuberculosis species-specific primers. This isolate was
considered as M. tuberculosis complex phenotypically.

Five phenotypically RIF-resistant isolates and four RIF sen-
sitive isolates were tested for mutations in the rpoB gene.
DNA sequence analysis revealed that 60% (3/5) strains of
RIF-resistant showed poB gene mutation versus 40% (2/5)
strains to have no mutation. The only 7poB gene mutation
described by sanger sequencing occurred in codon 531 in
three isolates with Ser — Leu substitution (TCG — TTG)
(Figure 2). Two isolates, although resistant to RIF, did not
show any mutation.

DISCUSSION

Worldwide, resistance to standard anti-tuberculosis drugs is
a major constrain in the control and treatment of tuberculo-
sis.!’*!* Accurate determination of the species and strains is
critical in inpatient management. A total of 404 specimens
were obtained for culture from suspected pulmonary and ex-
trapulmonary TB patients of which 188 (46.5%) was from
pulmonary TB suspects and 216 (53.5%) from extrapulmo-
nary TB suspects. In this study samples (n=404) were received
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in the laboratory and were processed for Zeihl-Neelsen stain-
ing and liquid and solid culture simultaneously. The positiv-
ity rates using smear microscopy was 5.0% (pulmonary and
EPTB specimens) when compared to liquid culture method
which was 11.9% and solid culture method which detected
8.7% of TB cases.

Drug-resistant TB is still a major public health problem.
In the present study, DST was carried out for all first-line
anti-tubercular drugs — streptomycin (STR) (1.0 pg/mL),
isoniazid (INH) (0.1 pg/mL), rifampicin (RIF) (1 pg/mL),
ethambutol (ETB) (5 pg/mL) and pyrazinamide (PZA) (100
pg/mL). It was found that 41.7% (n=20/48) isolates were
sensitive to all five drugs. Similar observations from North
India by Sethi et al., (2012), who reported 47.5% pan-sensi-
tive isolates.'> Resistance to one drug was observed in 17/48
(35.4%) of the isolates in the present study. This is similar to
a study conducted in China by Ning-ning Tao et al., (2017),
where resistance to a single drug was found to be 24.1%.
In the present study, only one isolate (2.8%) was identified
as MDR phenotypically as per the definition. Globally, 3.5%
of new cases and 18% of previously treated cases had MDR/
RR-TB (1). In 2017, there were an estimated 558,000 (range:
483,000— 639,000) incident cases of MDR/RR-TB. The
countries with the largest numbers of MDR/RR-TB cases
(47% of the global total) were China, India and the Russian
Federation.!

The use of molecular methods to identify mutations associ-
ated with drug resistance has drastically decreased the turna-
round time and is highly specific to phenotypic DST. High
burden of drug-resistant TB makes a serious problem the TB
control in India. Treatment of TB infection relies primar-
ily on the use of first-line drugs including Isoniazid (INH)
and rifampicin (RIF) with ethambutol (ETB), streptomycin
(STR) and pyrazinamide (PZA).!” RIF due to its excellent
bactericidal activity is considered to be the efficient drug in
the treatment regimen for tuberculosis's. Whereas mono re-
sistance to INH is quite common, mono resistance to RIF is
rare. Instead, RIF resistance occurs most often in strains that
are also resistant to INH; thus, RIF resistance can be used as
a surrogate marker for MDR.!?%

DNA sequencing of rpoB gene in MDR TB has an added ad-
vantage of increased knowledge of mutation profile of 7poB
gene, which may help in the development of a screening pro-
tocol, relevant to the geographical area, for early detection
of MDR TB.*!

The mechanism of action of RIF is to inhibit mycobacterial
transcription by targeting DNA-dependent RNA polymerase.
RIF resistance in M. tuberculosis complex strains emerge as
a result of point mutations, or small deletions, or insertions,
in a limited region of the gene encoding for the rpoB gene
(codons 507-533) encoding 27 amino acids.”> Mutations of
the RIF-resistant M. tuberculosis isolates are located in an

81-bp core region, the RIF resistance determining region
[RRDRY]), of the rpoB gene in about 95-98% of RIF resistant
strains.”*?* Two of the rifampicin-resistant isolates obtained
phenotypically did not show any mutation in the RRDR re-
gion. This may be due to the presence of other rare 7poB mu-
tations or another mechanism of resistance to rifampicin %.

Five phenotypically RIF resistant isolates detected along with
the five RIF sensitive isolates were randomly selected and
subjected to M.tuberculosis deoxyribonucleic acid (DNA)
isolation and amplification using species-specific primers.
Of the ten isolates subjected to PCR, amplification of M. fu-
berculosis was not observed in one isolate, which was also
incidentally resistant to all five 1 line drugs including RIF.
The isolate was from a diabetic patient who had chronic pain
in the left leg and eventually led to the loss of sensation. The
left leg had a wound and it was infected and the pus was sent
for a culture which grew Mycobacterium spp. by about 40
days of incubation in liquid culture. This isolate was iden-
tified as M. tuberculosis complex (MTBC) by phenotypic
species identification method, the MGIT TBC Identifica-
tion Test (Becton Dickinson Diagnostic Instrument Systems,
Sparks, MD. The reason for the absence of amplification
may be because, though the assay demonstrates 100% sen-
sitivity as reported, the specificity is between 95.2-100% .
The isolate was a non-tuberculous mycobacterium and was
falsely reported positive for MTBC by this test. Fortunately,
we did not report this isolate as M.tuberuclosis complex due
to the suspicion that it could be non-tuberculous mycobac-
teria, especially after the drug resistance pattern. Thus, it is
important not to solely rely on the rapid tuberculosis identi-
fication methods for identification of M. tuberculosis com-
plex especially if the isolate appears to be resistant to all five
drugs. Further speciation of the isolate would then become
necessary.

In the present study, the only mutation detected was ob-
served at codon 531 (3/5) (TCG-TTG) and was observed
in three out of four RIF resistant isolates. This is similar to
the reports from various parts of India by Makadia et al.,
(2012), where the most common sites of mutation were at
codon 531 (TCG-TTG), 526 (CAC- TAC) and 516 (GAC-
GTC, AAC), with the frequency of mutation at 66.7, 20 and
13.3%, respectively 2!. Codons 531, 526, 516 and 511 are
reported as the most frequent mutations in the rpoB frag-
ment worldwide.””?” While TTG at codon 531 and CCG at
codon 511 are the dominant mutated alleles, codon 526 and
codon 516 show large numbers of allelic variations %!, Vari-
ous studies show that mutations at different codons of rpoB
could be associated with different levels of RIF resistance.
The mutation at codon 531 or 526 was associated with high-
level resistance to RIF (minimum inhibitory concentration
[MIC] >64 mg/mL) and high-level cross-resistance to all
rifamycins, whereas mutation at codon 516 was associated
with medium-level resistance to RIF (MIC= 32 mg/mL), but

M o lee————
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susceptible to rifabutin *°. Thus, our three isolates showed
high-level resistance to rifampicin.

A study conducted in Tamil Nadu, India, by Deepa et al.,
(2005), reported that the most commonly reported missense
mutation was at codon 531(Ser—Leu) in two isolates and
one at 526. Rest two samples did not show any mutation
in RRDR region.?! Similar observations were made in the
present study, where one of the phenotypically detected RIF
resistant isolate did not show any mutations on sequencing.
A study in Brazil by Andreia et al., (2000), reported that
the codons most frequently affected were 531 (TCG-TTQ),
526 (CAC-TAC) and 516 (GAC-GTC) with frequencies of
54, 21 and 7%, respectively. About 18% of samples did not
show any mutation in RRDR region.** Finding of no muta-
tions in the RRDR of rpoB gene of the single isolate which
was phenotypically resistant indicates mutations outside the
81-bp segment (RRDR) of rpoB or additional molecular
mechanisms that may be involved in RIF resistance of M.
tuberculosis like permeability barrier or membrane proteins
acting as drug efflux pumps.* This may be the reason for no
mutations in one out of the four isolates which were showing
RIF resistance using phenotypic methods.

Studies show that multiple mutations can occur at different
nucleotide in the same codons.?! It is also observed that some
samples had multiple mutations in RRDR region of rpoB
gene.”! No such findings were seen in the present study.

CONCLUSIONS

Molecular methods help in understanding the transmission
dynamics of tuberculosis and could be used as a tool in the
current control programme locally as well as internationally.
It also helps in designing the primers and probes for diag-
nostic detection of resistance. Genotyping of M. tuberculosis
strains together with epidemiological studies may throw a
light regarding the transmission of the strain
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Figure 2: Distribution of mutations in the rpoB gene among
MDR isolates. The figure shows the results of DNA sequenc-
ing compared with reference DNA sequence of RRDR of rpoB
gene of M. tuberculosis. The observed mutation is in codon
531 and is shown in three isolates which is rifampicin resist-
ant. No mutation in RRDR region of rpoB gene was found in 2
isolates though it was rifampicin resistant.
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