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SUMMARY: Kazakhstan is one of the 14 countries with a high rate of morbidity due to multidrug-
resistant tuberculosis (MDR TB) in WHO European region. The aim of our study was to characterize
mutations associated with drug resistance to rifampicin and isoniazid in Mycobacterium tuberculosis
isolates from Kazakhstan. M. tuberculosis strains were isolated from TB patients in different regions of
Kazakhstan. A drug susceptibility test was performed on Lowenstein-Jensen medium using the absolute
concentration method. Sequencing analysis was performed of the rpoB rifampicin resistance-deter-
mining region and the katG gene, the oxyR-ahpC intergenic region, and the inhA promoter region in
259 MDR M. tuberculosis isolates, in 51 isoniazid-resistant isolates, and in 13 rifampicin-resistant iso-
lates. The mutational analysis revealed that the most frequent mutations associated with rifampicin and
isoniazid resistance in M. tuberculosis are the substitutions at codons 531 (82.7z) and 315 (98.4z) in
the rpoB and katG genes, respectively. In addition, we have found mutations with lower frequency at
codons 526 (8.4z), 533 (1.5z), and 516 (1.1z) in the rpoB gene. In 6.2z of the isolates, no mutations
were found in the rpoB gene. The findings of this study provide useful data for a better understanding
of the mutation spectrum of isoniazid and rifampicin resistance among strains isolated from patients in
Kazakhstan. Our results are also useful for the development of diagnostic tests of MDR M. tuberculo-
sis.

In Kazakhstan, the incidence of tuberculosis (TB) in
2008 was 125.5 cases per 100,000 people, and the mor-
tality rate was 16.9 per 100,000 people (1). The inci-
dence of multidrug-resistant (MDR) TB increased by a
factor of 1.7 between 2003 and 2008 (from 5.0 to 8.5
cases per 100,000 people). In Kazakhstan, primary mul-
tidrug-resistance was reported in 21.3z of new cases
and acquired multidrug-resistance was reported in
39.0z of recurrent cases in 2008 (1). The number of
MDR isolates among all cases in 2009 was 2,858 (2).
Thus, high rates of morbidity and mortality exist, and
the incidence of MDR TB is constantly increasing, com-
plicating efforts to battle this epidemic.

In a previous work (3) conducted in 2001, analysis of
the rpoB gene of MDR strains from Kazakhstan re-
vealed 10 different mutations in 5 codons, with the most
frequent mutations being found in the rpoB codons 531
(65.2z), 526 (23.9z), and 516 (7.6z). All MDR iso-
lates carried a mutation in codon 315 of the katG gene
(S315T). The purpose of our study was to estimate the
spectrum and prevalence of mutations in genes implicat-
ed in resistance to basic anti-TB drugs in Mycobacte-
rium tuberculosis strains isolated in Kazakhstan over an
8-year period. It should be noted that we used the same
protocol for the primary isolation of M. tuberculosis

spp. and drug susceptibility testing as previously de-
scribed (3).

We analyzed 323 drug-resistant strains of M. tubercu-
losis, including 259 MDR isolates, 51 isoniazid-resistant
(INHr) isolates, and 13 rifampicin-resistant (RIFr) iso-
lates. Clinical isolates of M. tuberculosis were collected
from nine regional TB dispensaries during 2009 and
deposited in the Reference Laboratory of the National
Center for Tuberculosis Problems for surveillance stu-
dies of anti-TB drug resistance in Kazakhstan. After pri-
mary isolation, mycobacteria were subcultured on solid
Lowenstein-Jensen (LJ) medium in regional laborato-
ries, as described previously (4). Species differentiation
as M. tuberculosis and drug susceptibility testing were
performed at the Reference Laboratory. Rifampicin
and isoniazid susceptibility tests were carried out on LJ
medium containing 40 mg/L rifampicin, 0.2 mg/L
isoniazid, or 1 mg/L isoniazid using the absolute con-
centration method according to the World Health Or-
ganization (WHO) recommendations. The results of
these microbiological tests were recorded 28 days after
inoculation. Isolates were considered to be resistant if
more than 20 colonies grew on the media containing an-
tibiotics (5).

DNA extraction procedure, polymerase chain reac-
tion (PCR), and sequence analysis of rpoB, katG, and
promoter regions of the fabG-inhA and oxyR-ahpC loci
was performed as described previously (6–10). Sequenc-
ing of the PCR products was carried out with an ABI
3730 Genetic Analyzer automated DNA sequencer
(Applied Biosystems, Foster City, Calif., USA) using
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Table 1. Mutations in genes involved in rifampicin and isoniazid resistance of M. tuberculosis strains isolated
in Kazakhstan

Gene Affected codon Nucleotide change(s) Amino acid change No. (z) of strains
with mutation

RIF-resistant strains
rpoB 531 TCGªTTG SerªLeu 220 (80.9)

TCGªTAC SerªTyr 3 (1.1)
TCGªCAG SerªGln 1 (0.4)
TCGªTGG SerªTrp 1 (0.4)

Total 225 (82.7)

526 CACªCGC HisªArg 5 (1.8)
CACªCTC HisªLeu 9 (3.3)
CACªGAC HisªAsp 2 (0.7)
CACªTAC HisªTyr 6 (2.2)
CACªTGC HisªCys 1 (0.4)

Total 23 (8.4)

533 CTGªCCG LeuªPro Total 4 (1.5)

516 GACªTTC AspªPhe 1 (0.4)
GACªTAC AspªTyr 1 (0.4)
GACªGTC AspªVal 1 (0.4)

Total 3 (1.1)

None None (WT) None (WT) 17 (6.2)

INH-resistant strains
katG 315 AGCªACC SerªThr 280 (90.3)
fabG-inhA －15 CªT — 1 (0.3)

－8 TªC — 1 (0.3)
oxyR-ahpC －6 GªA — 1 (0.3)
None None None None (WT) 1 (0.3)

Double mutations INH-resistant strains
katG
fabG-inhA

315
－15

AGCªACC
CªT

SerªThr 20 (6.5)

315
－8

AGCªACC
TªC

SerªThr 1 (0.3)

315
－8

AGCªACC
TªA

SerªThr 4 (1.3)

fabG-inhA
oxyR-ahpC

－15
－6

CªT
GªA

—
—

1 (0.3)
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the BigDye terminator kit (Applied Biosystems) accord-
ing to the manufacturer's instructions. The sequences
were compared with their respective wild-type sequences
using the SeqScape software (Applied Biosystems).

Among the 259 MDR isolates, 191 (73.7z) were also
resistant to ethambutol and streptomycin (HRES), 66
(25.5z) were resistant to streptomycin (HRS), and 2
(0.7z) were resistant to ethambutol (HRE). The INHr

clinical isolates (n ＝ 51) were divided into 2 major cate-
gories: 31 isolates (60.8z) were resistant to isoniazid
and streptomycin (HS), and 14 isolates (27.4z) were
resistant to isoniazid, ethambutol, and streptomycin
(HES). Only 5 isolates (9.8z) were resistant to isonia-
zid, and 1 isolate (1.9z) was resistant to both isoniazid
and ethambutol (HE). Among the 13 RIFr clinical iso-
lates, 7 (53.8z) were resistant to rifampicin and strep-
tomycin (RS), 3 (23.0z) were resistant to rifampicin
and ethambutol (RE), 2 (15.4z) were resistant to rifam-
picin, ethambutol, and streptomycin (RES), and 1
(7.7z) was resistant to rifampicin.

We attempted to identify specific rifampicin resistan-

ce-causing mutations in the rpoB gene of 272 M. tuber-
culosis clinical isolates, including 259 MDR strains.
Nucleotide polymorphisms leading to RIFr are mainly
found between rpoB codons 507 and 533 in the rifampi-
cin resistance-determining region (RRDR). Among the
272 RIFr clinical isolates, mutations were detected in
255 isolates (93.7z), and 13 different variants were
found in 4 codons (Ser531, Asp516, His526, and
Leu533) (Table 1). The majority of nucleotide substitu-
tions (n ＝ 225, 82.7z) occurred at codon 531 of the
rpoB gene, where 4 different types of single nucleotide
substitutions were identified, predominantly replacing
serine with leucine (80.9z). In the remaining isolates,
mutations were observed in less than 10z of cases.

The INHr M. tuberculosis isolates (n ＝ 310) were
studied to identify resistance-causing mutations in katG
and the promoter regions of the fabG-inhA and oxyR-
ahpC loci (Table 1). Mutations conferring INHr were
detected in 309 (99.7z) out of 310 INHr clinical iso-
lates. Analysis of the katG gene revealed 305 isolates
(98.4z) with mutations at codon 315 leading to the
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replacement of serine with threonine. Multiple muta-
tions were identified in 25 strains (8.0z), in which mu-
tations were present in katG and at the －8 and －15 po-
sitions of the promoter of the mabA (fabG)-inhA ope-
ron.

Our study revealed the prevalence of specific muta-
tions in drug-resistant M. tuberculosis strains circulat-
ing in Kazakhstan in 2009. The main mutations in the
rpoB gene were localized in codon 531 (82.7z) and to a
lesser extent in codons 526 (8.4z), 533 (1.5z), and 516
(1.1z). Previously, the prevalence of mutations at 3
codons of rpoB (531, 526, and 516) was reported for 92
RIFr M. tuberculosis isolates in 2001 from nine regions
of Kazakhstan (3). The mutation frequencies for each
codon were 65.2, 23.9, and 7.6z, respectively. Muta-
tions in rpoB codon 514 were also identified in 1.1z of
cases. Therefore, during the last 8 years, a significant
change in the spectrum of mutations in the rpoB gene of
M. tuberculosis clinical isolates has occurred in Kazakh-
stan.

When comparing the spectrum of mutations in genes
that are specific to isoniazid resistance, a predominance
of mutations at codon 315 of katG was identified. Ac-
cording to previously published data (3), the frequency
of mutations in katG codon 315 was 97.2z among 142
INHr isolates circulating in Kazakhstan. Our study re-
vealed similar trends in the mutation frequencies (great-
er than 90.0z in both studies). In addition, the muta-
tion spectra for katG codon 315 were comparable in
both studies, with the exception of double mutations in
katG codon 315 and the promoter region of the mabA
(fabG)-inhA operon. In contrast to previously pub-
lished data (3), our studies indicate that 8.4z of isolates
contained double mutations, including combinations of
mutations in katG and the promoter region of the mabA
(fabG)-inhA operon in 8.0z of cases.

Changes in the type of mutations identified may be a
consequence of the prevalent expansion of resistant M.
tuberculosis strains with mutations at codon 531 of
rpoB. To confirm this assumption, further genotype
studies of resistant M. tuberculosis strains are required.
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