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Abstract.- Globally, Pakistan with population of around 180 million moved up two spots to 6 in the list of
countries with the highest number of tuberculosis (TB) patients in the world according to WHO report (2011). Global
TB control is further challenged by drug-resistant TB. For controlling the spread and better understanding of
Mycobacterium tuberculosis (M. th) isolates circulating in this region, it is important to explore the characteristics of
these strains. In this study 71 isolates were tested for drug sensitivity and 41 out of 71 were found to be resistant. Out
of these 41 isolates, 21 (51%) were resistant to isoniazid (INH) and rifampicin (RIF) and remaining have different
drug resistance patterns. Genes associated with drug resistance like ahpC, katG and inhA for INH, rpoB for RIF, rrs
and rpsL for streptomycin (STR) and embB for ethambutol (EMB) resistant isolates were checked for mutation using
PCR amplification and sequencing. Out of 27 RIF resistant strains, 22 have mutation affecting four amino acid codons
of rpoB; 531 (52%), 516 (15%), 526 (7.0%) and 512 (7.0%). In codon 512 two isolates showed insertion of GCC.
These insertions were novel and observed for the first time in Pakistani isolates. The overall sensitivity of mutation
detection in rpoB gene was 88.8% and specificity was 100%. Out of 24 INH resistant isolates, 19 (79 %) had S315T
mutation in katG while 5 isolates had no mutation in this region. Thus, the overall sensitivity of mutation detection in
katG gene was 79 % and specificity was 100%. These 5 isolates were further checked for mutation in promoter region
of inhA and ahpC. In 2 isolates there was G to A transition at -88 of the promoter region of ahpC while 3 isolates had
C to T transition at point -15 for inhA promoter region. Out of 14 STR resistant isolates, 7 isolates showed the
mutation K88M, K88R and K43R in the gene rpsL while no mutation was found in the gene rrs in STR resistant
strains. Six (67%) out of 9 EMB resistant isolates showed the mutation M3061 while no mutation was found in 3
isolates. The mutations observed in this study are similar to the mutations commonly present worldwide. However,
our results have shown one novel mutation in rpoB gene that can be considered for improving molecular methods used
for the detection of multidrug-resistant strains. Furthermore wide range of screening is needed to characterize drug
resistant strains prevalent in this region.
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INTRODUCTION

Tuberculosis (TB) the most hazardous

bacterial infection worldwide is caused by the
Mycobacterium tuberculosis (M. tb) complex and
affects millions of people. TB can be transmitted by
an individual with active pulmonary disease through
droplet aerosol. However, patients with positive
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smears for acid fast bacilli (AFB) have high risk to
transmit the disease (Tostmann et al., 2008).
Therefore public health is threatened throughout the
world by TB disproportionately, especially affecting
low-income nations. People living in area where TB
is endemic, or in contact with pulmonary TB
patients and those with weak immune system are at
highest risk of suffering from TB (Sia and Wieland,
2011). This is the reason that TB is the eighth
leading cause of death in the world. Major causes of
failure to effective solutions are human
immunodeficiency virus (HIV) infection, epidemics
of TB and delay in diagnosis and proper treatment



94 S.N. KHAN ET AL.

(Lonnroth et al., 2010) and also emergence of MDR
and XDR strains of M. tuberculosis. In 2010, the
estimated incidence of TB was about 8.0 million,
deaths from TB among HIV-negative patients were
1.0 million while deaths from HIV-positive TB were
about 0.40 million (WHO, 2011).

Pakistan, with population of around 180
million, moved up two spots to the 6" in the list of
countries with the highest number of TB patients in
the world. TB kills around 48,000 Pakistanis every
year and according to WHO estimates of 2008, the
number of MDR TB cases varies between 1.6-
22.3% in high TB burden countries including
Pakistan (WHO, 2011).

Primarily TB treatment relies on two
important antibiotics isoniazid (INH) and rifampicin
(RIF). These two antibiotics are the first line of
defense against TB and are given in combination
with ethambutol (EMB) and streptomycin (STR)
(WHO, 2010). M. tb strains resistant to isoniazid
(INH) and rifampin (RIF) are called multi drug
resistant (MDR). Drug-resistant TB may arise due to
the failure in implementing proper TB control
programs and properly managing TB cases. As a
result, more than 450,000 MDR-TB cases are
estimated to occur worldwide each year, of which
about 1%-2% takes place in South Africa (Calver et
al., 2010).

In the majority of drug-resistant M. tb
isolates, drug resistance is due to mutations in genes
or promoters region of genes activating the drug or
encoding the drug targets (Ong et al., 2010). M. tb
isolates become resistant to RIF, INH, EMB and
STR due to mutations in several genes and genomic
regions. Studies have pointed out that the M. tb
becomes resistant to RIF due to the mutations in
rpoB, INH due to katG and ahpC (Ramaswamy and
Musser., 1998), EMB due to embB (Telenti et al.,
1997b) and pncA (Scorpio and Zhang, 1996)-

Rapid detection of RIF resistance is of
particular importance because it is one of the
important surrogate markers for MDR resistance
(Heep et al., 2001). The main target of RIF is rpoB
gene encoding the beta subunit of RNA polymerase.
Studies have shown that about 98% of RIF resistant
isolates have mutations in rpoB gene. More than
90% of the mutations have been found in 81 bp
(codons 507 to 533) core region of RNA polymerase

beta subunit (rpoB) gene (Mokrousov et al., 2002).

Resistance to isoniazid can be conferred by
mutations in multiple genes (Zhang et al., 2005). In
M. tb isolates mutation in katG gene encoding
catalase-peroxidase enzyme is most frequently
associated with INH resistance as demonstrated by
several studies. INH, one of the important first line
drugs, is in inactive form and catalytic conversion is
required to convert it into its active form. This
function is accomplished by an enzyme catalase-
peroxidase in M. tb isolates (Dobner et al., 1997). In
addition promoter mutation of the gene inhA was
shown to confer low level resistance to INH.

The aim of the present study was to analyze
the mutations responsible for antibiotic resistance in
the target genes, in M.tb isolated from Pakistan. It
will help to find the extent of drug-resistant TB and
to track the routes of infection in combination with
the molecular epidemiology data of these drug
resistant strains. These types of studies are designed
to find out polymorphisms in the drug target genes,
and mutations found in this study might be
considered as molecular markers for drug resistance
identification in M. tb isolates in Pakistan and other
settings.

MATERIALS AND METHODS

Collection of M. th. cultures

A total of 71 M. th. cultures were collected
from three different centers of Punjab. Both
susceptible and drug resistant strains were collected
from Pakistan Medical Research Council (PMRC),
TB Research Center, Mayo Hospital Lahore,
National Institute of Health (NIH), Islamabad and
National Reference Laboratory, National TB
Control Program, Islamabad. Lowenstein—Jensen
media was used for isolation and culturing of M. tb
isolates from sputum and other specimens. The M.
tb isolates were then tested for drug susceptibility
against  rifampicin  (RIF), isoniazid (INH),
ethambutol (EMB) and streptomycin (STR) on
Lowenstein-Jensen media.

Sensitivities to the first-line drugs RIF, INH,
STR and EMB of the M. tb isolates obtained from
National Reference Laboratory (NRL) Islamabad,
National Institute of Health (NIH), Islamabad and
Pakistan Medical Research Council (PMRC),
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Lahore were checked on Lowenstein Jensen
medium by Proportion Method.

Extraction of DNA from mycobacterial culture
DNA was extracted from mycobacterial
colonies by method described by Somerville et al.
(2005). A loop full of colonies was collected and
transferred to 400 pl Tris-EDTA buffer and heated
for 20 min at 80°C to kill the mycobacterium. Then
lysozyme (1 mg/ml) was added to each tube, and
incubated for 2 hours at 37°C. Then proteinase K
(0.2 mg/ml) and 10% SDS (1.1%) was added and
tubes were vortexed and incubated at 65°C for 20
min. During this step a mixture of N-acetyl-N, N, N-

trimethyl ammonium bromide (CTAB:  final
concentration, 40 mM) and NaCl (final
concentration, 0.1 M) was added, followed

immediately by the addition of NaCl alone (final
concentration, 0.6 M). The tube were then vortexed
until the suspension turned milky, and were
incubated at 65°C for 10 min. A mixture (750 pul) of
chloroform-isoamylalcohol (24:1) was then added,
again vortexed and then centrifuged at 13,000 rpm
in a microcentrifuge for 5 min at room temperature.
The genomic DNA was then precipitated with 70%
ethanol and resuspended in 30 pl TE buffer. DNA
concentration was determined by spectrophotometer
at optical density of 260 nm and 280 nm. The ratio
of 260/280 nm was used to determine the quality of
DNA. Most of DNA samples gave ratio between 1.5
and 2.0. The samples with lower ratio were retreated
with chloform-isoamylalcohol to remove proteins.

Drug resistant genes analysis

For analysis of mutations in drug resistant
genes PCR amplification of target genes and
sequencing was done. The primers sequences along
with other details used for different genes are listed
in Table I.

PCR amplification of target genes

The target genes were amplified by preparing
25 uL PCR reaction mixture containing 2.5 pl of
10X PCR buffer, 0.5 ul of 10 mM d-NTPs, 0.75 pl
of 25 mM magnesium chloride solution, 1.25 pl
each of the 10 uM primers, 0.125 pl of 2 U
AmpliTag Gold polymerase (Perkin Elmer, USA),

1.25 pl of DMSO, 2 pul of genomic DNA, and 15.3
ul of double distilled water. Amplification was done
by using protocol of 3 min at 95°C for initial
denaturation; 40 cycles each of denaturation at 95°C
for 1 min, 1 min 55°C, 30 sec 72°C; and then final
extension at 72°C for 5 min. The PCR amplified
products were confirmed on 1.5 % agarose gel.

EXOSAP clean up of PCR products for sequencing

Five ul PCR products were mixed with 1ul
exonuclease and 1pl alkaline phosphatase. The
products were then placed in thermal cycler with hot
lid off. The cycling parameters were for 30 min at
37°C and 15 min at 80°C.

DNA sequencing analysis

The purified products were sequenced with
forward and reverse primers by using Bigdye-
terminator kit and ABI Prism 3130xl genetic
analyzers (Perkin-Elmer, USA). The SegScape
version 2.6 (Applied Biosystems) was used for
DNA sequence comparisons and mutations were
detected in respective gene by comparing with the
reference Mycobacterium tuberculosis strain H37Rv
sequence.

RESULTS

Resistance patterns of first-line drugs

Out of 41 drug resistant isolates 26 isolates
(63%) were at least resistant to RIF and INH, 6
(14%) were only resistant to RIF, 3 isolates (7%) to
INH and the remaining had different resistance
patterns (Table II).

Analysis of rpoB gene for mutations in rifampicin
resistant isolates

The 157 bp region including the 81bp hyper-
variable RIF resistance detection region (RRDR) of
rpoB gene was amplified using TR8 and TR9
primers as described by Telenti et al. (1997a). Out
of 27 RIF resistant strains, 22 have mutation
affecting four amino acid codons of rpoB; 531
(52%), 516 (15%), 526 (7.0%) and 512 (7.0%). In
codon 512 two isolates showed insertion of GCC.
These insertions were novel and observed for the
first time in Pakistani isolates. Five isolates having
no mutation in RRDR were checked for mutation
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Table I.- Primers used for various drug resistant genes amplification.

Genes Primers Sequences 5’ —3’ Product size (bp)  Reference

rpoB TR8 TGCACGTCGCGGACCTCCA 157 Talenti et al. (1997a)
TR9 TCGCCGCGATCAAGGAGT

rpoB TB-176 CTTCTCCGGGTCGATGTCGTTG 365 Heep et al. (2001)
TB-176 CGCGCTTGTCGACGTCAAACTC

rpoB TBB-1 ATCACACCGCAGACGTTG 749 Heep et al. (2001)
TBB-2 TGCATCACAGTGATGTAGTCG

katG TB8S, AAACAGCGGCGCTGGATCGT 209 Talenti et al. (1997a)
TB87 GTTGTCCCATTTCGTCGGGG

inhA TB92 CCTCGCTGCCCAGAAAGGGA 248 Talenti et al. (1997a)
TB93 ATCCCCCGGTTTCCTCCGGT

ahpC TB90 CGATGAGAGCGGTGAGCTG 236 Talenti et al. (1997a)
TB91 ACCACTGCTTTGCCGCCACC

s (+1202) CTTATGTCCAGGGCTTCA 363 Self designed
(+1565) CAGTTGGGGCGTTTTC

rpsL (-203) CGGCGGGTATTGTGGTTGCTCGTG 800 Self designed
(597) CCTCCAGGGCGGGTTTGACATTG

embB (725) TGGACGGGCGGGGCTCAAT 333 Self designed
(1058) GGCAGGCGCATCCACAGACT

Table I1l.-  Drug resistance profiles of drug resistant M. tb Mutations detection in INH resistant isolates

isolates.

Phenotype of resistance to drugs

Total no. of isolates

INH RIF STR EMB
4 R R R R
4 R R R
13 R R
3 R
6 R
6 R R
5 R R R

INH, Isoniazid; RIF, Rafampicin; STR, Streptomycin; EMB,
Ethambutol.

outside of this region as described by Heep et al.
(2001). The 365 bp region for V176F mutation and
749 bp region containing upstream region of RRDR
were amplified and sequenced for mutation. No
mutation of V176F type was found in any isolate
but mutations in 2 isolates outside of RRDR region
were found. The detail is given in Table 3. Thirty
susceptible isolates were also checked for mutation
in these regions to validate our results. No mutations
were detected in 30 susceptible strains. Therefore
the overall sensitivity of mutation analysis in rpoB
gene was 88.8% and specificity was 100%.

In order to find the relative frequency of
mutations in INH resistant isolates, three most
commonly effected genes like katG, promoter
region of ahpC and inhA were amplified and
sequenced by using primers as described by Telenti
et al. (1997a). Out of 24 INH resistant isolates, 19
(79 %) isolates had S315T mutation in katG while 5
isolates had no mutation in this region. These 5
isolates were checked for mutation in promoter
region of inhA and ahpC. In 2 isolates there was G
to A transition at -88 of the promoter region of ahpC
while 3 isolates had C to T transition at point -15 for
inhA promoter region. The results are shown in
Table 1Il. Thirty susceptible strains were also
sequenced for katG gene mutation to validate our
results and no mutation was found in these isolates.
Thus, the overall sensitivity of mutation detection in
katG gene was 79 % and specificity was 100%.

Detection of mutations in EMB resistant isolates

In this study a total of 9 EMB resistant
isolates were checked for mutation in embB gene at
codon 306. Six (67%) out of 9 EMB resistant
showed M3061 mutation while no mutation was
found in 3 isolates (Table I11).
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Table I1l.- Resistance conferring mutations to different

drug resistant M. tb isolates.

Gene  Codon/nucleotide Amino acid No. of
change change isolates
rpoB TCG—-TTG S531L 12
TCG—-TGG S531W 2
GAC—-TAC D516Y 2
GAC—GTC D516V 1
GAC—>TTC D516F 1
CAC—TAC H526Y 2
ins512 +GCC 512 2
ATC—-TTC I1572F 1
AAC—AAT N582N 1
katG AGC—ACC S315T 19
No mutation 5*
ahpC G—-A -88 2
inhA C—T -15 3
embB ATG—ATA M3061 6
rpsL AAG—ATG K88M 1
AAG—-AGG K88R 2
AAG—-AGG K43R 4

* These 5 Isolates were further checked for ahpC and inhA
mutations. Out of 5 isolates 2 have mutation in ahpC gene and 3
have mutation in inhA gene.

Detection of mutations in STR resistant isolates

The genes rrs and rpsL have been identified
to be associated with mutations in STR resistant
isolates. Therefore, 14 STR resistant isolates were
analyzed for mutation in rpsL and rrs gene. Out of
14 STR resistant isolates, 7 (50 %) isolates showed
mutation at codon K88M, K88R and K43R in rpsL
gene as shown in Table I1l. No mutation was found
in rrs gene in STR resistant isolates.

DISCUSSION

The genetic basis of antibiotic resistance in
drug resistant M. tb isolates has been widely studied
and is generally believed to be caused by point
mutations in some important resistance genes like
katG, rpoB, embB and rpsL etc (Ramaswamy and
Musser, 1998). Since MDR is big threat to human
healthcare therefore we designed this study to
check various drug resistant isolates for mutations in
these loci in Pakistani isolates.

All three regions including the VV176F codon,
RRDR and upstream region of RRDR of rpoB gene
in RIF resistant isolates were checked. Out of 27
RIF resistant strains, 22 (81%) have mutation in

RRDR affecting four amino acid codons of rpoB;
531 (52%), 516 (15%), 526 (7.0%) and 512 (7.0%)
while in codon 512 two isolates showed insertion of
GCC. This insertion is novel and observed for the
first time only in Pakistani isolates which may be
considered as an addition to series of known
mutations. The findings of this study are quite
similar with respect to the_mutations in the RRDR
of rpoB gene and those reported from other parts of
the world (Taniguchi et al., 1996; Sun et al., 2008).
Mutations at codons 531, 516 and 526 of the rpoB
gene in RIF resistant isolates are also consistent
with the data from Pakistan and India (Ali et al.,
2009; Ajbani et al., 2011). Nineteen percent of
isolates in this study did not show any mutation in
RRDR and this result differs from the data showing
that only 4% of the RIF resistant isolates lack
RRDR changes (Yue et al., 2003). This difference
may be due to the difference in genotypes prevailing
in different parts of the world. However in a study
carried out by Heep et al. (2000) revealed that a
mutation associated with RIF resistance can also be
located outside the RRDR, although this does not
occur frequently. Therefore those isolates having no
mutation in RRDR region were also checked for
mutation in V176 codon and upstream region of
RRDR of rpoB gene. Mutations in codons 572 and
582 upstream region of RRDR were found in 2
isolates which is similar to those mutations found by
Heep et al. (2001). Therefore, overall three (11%)
out of twenty seven RIF resistant isolates did not
show any mutation in any of the three regions
studied. Absence of known mutations in these
resistant strains might be an indication to the
presence of other rare rpoB  mutations
heteroresistance (a mixed infection of susceptible
and resistant subpopulations), or less likely another
mechanism of resistance to rifampicin (Bartfai et
al., 2001; Heep et al., 2001). In this study mutations
were found in 24 isolates out of 27 RIF resistant
isolates and this study supports the hypothesis of
Hasnain et al. (1998) which considered MDR TB
rifampin resistance as an excellent surrogate marker.

Similarly all INH resistant isolates were
checked for mutations not only in katG gene, but
also in regulatory region of inhA and ahpC.
Frequency of katG mutation among INH resistant
M. tb isolates was 79% which is comparable with
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the recent study carried out by Campbell et al.
(2011) having frequency rate of 80.5% whereas the
frequency of katG S315T mutation in this study was
higher than that previously reported rate for patients
diagnosed in Netherlands and Kuwait with 55% and
65% respectively. On the other hand the frequency
was lower when compared to Russia i.e., 95%
(Ahmad and Mokaddas, 2004; Van Doorn et al.,
2006; Lipin et al., 2007). The different frequencies
of S315T mutation in katG may be due to different
geographical distribution of these isolates. Five
isolates having no mutation in S315T in katG were
checked for mutation in promoter region of inhA
and ahpC. In 2 isolates there was G to A transition
at -88 of the promoter region of ahpC and frequency
of ahpC mutations was 8%, which fall in the range
of mutation frequencies i.e., 4.8-24.2% described in
various other studies (Kelley et al., 1997; Lee et al.,
2001; Cardoso et al., 2004). Similarly 3 isolates had
C to T transition at point -15 for inhA promoter
region reported to be associated with INH resistance
as described by Lavender et al. (2005) and mutation
frequency of 12% in inhA is also comparable with
other studies showing frequencies varying from
10% to 34.0% (Kiepiela et al., 2000; Kim et al.,
2003).

Six (67%) out of 9 EMB resistant isolates
checked for mutation in embB gene at codon 306
showed M3061 mutation while no mutation was
found in 3 isolates in this codon. Studies carried out
by Sreevatsan et al. (1997) and Telenti et al.
(1997b) showed that most of the mutations in EMB
resistant M. tb isolates are present in embB codons
306, 497 and 406 and iniA codon 501. However, the
most prevalent mutations are in embB codon 306,
accounting for more than 50% of EMB-resistant
strains in some studies. Although, our results are
quite consistent with these studies, but three isolates
showing no mutations in this study may have
mutation at either mbB406 or embB497 as
confirmed by recent study of Shi et al. (2011), who
have shown importance of mutations at embB497
and embB406 as hotspots in addition to embB306
for evaluating ethambutol resistance.

Out of 14 STR resistant isolates, 7 (50%)
isolates showed mutations at codon K88M, K88R
and K43R in rpsL gene. In STR resistant isolates
mutations in codons 43 and 88 of the rpsL gene are

considered as major cause of resistance
development. The results of this study are consistent
with one of the previous studies conducted by
Sreevatsan et al. (1996) in which it was pointed out
that substitution of amino acid 43 or 88 of ribosomal
protein S12 is common in STR resistant M. th
isolates. These mutations were identified in isolates
from widespread geographic localities. For example,
4 out of 8 resistant isolates from Japan had rpsL
changes, including codon 43 mutations (K43R) and
codon 88 substitutions (K88Q) and also one isolate
each from Yemen and the other from Peru had a
mutation at codon 43.

In conclusion, the frequencies and occurrence
of mutations at various target loci in drug-resistant
isolates of M. th from Pakistan were analyzed. The
profile of mutations in various loci is similar to that
of the majority of isolates worldwide. However one
novel mutation in rpoB has been found in this study.
Various target loci exhibiting diversity of the
polymorphisms by these drug-resistant strains
indicates the prevalence of a large numbers of drug
resistant strains in this region. More information
about these mutations would be helpful in the
development of novel molecular diagnostic methods
such as DNA microarray and the DNA line probe,
which may be implemented in Pakistan.
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