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ABSTRACT 
Background: The aim of this study was to investigate the significance of mutation in codon 315 of katG gene and its 

correlation with high-level of resistance to isoniazid, nuclotide and amino acid changes in mycobacterium tuberculosis (MTB) 

isolates randomly collected from sputums of 42 patients with active pulmonary tuberculosis in different regions of Belarus. 

Materials and Methods: Drug susceptibility testing was determined using the CDC standard conventional proportional 

method. DNA Extraction, katG gene amplification, and DNA sequencing analysis were performed. 

Results: Six isolates (14%) bearing multi-mutations in three codons (309,315 and 316), 26 Isolates (61.9%) demonstrated 

multi-mutations in all or two of the above codons, and 8 (19%) were found to have a single mutation in 315. Four types of 

mutations were identified in codons 315: AGC→ACC (n=36)85%, AGC→AGG (n=1) 2.3%, AGC→AAC (n=2) 4.7%, 

AGC→GGC (n=1) 2.3%, one type of mutation in 316: GGC→AGC (n=18)41.4%, and four types of mutations in 309: 

GGT→GGT (n=7)16.1%, GGT→GCT (n=4)9.2%, GGT→GTC (n=3)6.9%, GGT→GGG (n=1)2.7%. In 2 (4.7%) isolates 

mutations were identified in codons 463, 357, and in codons 454, 357 respectively. 

Conclusion: MTB in patients from Belarus were found to have high-level resistance to isoniazid in the isolates with 

mutations in codon 315 (> 10 µg/mL). (Tanaffos 2007; 6(3): 11-19) 
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INTRODUCTION 
Isoniazid is the first line chemotherapeutic drug used 
in tuberculosis (TB) therapy (1-4).  

Resistance to isoniazid is associated with a variety 
of mutations affecting one or more genes such as  
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those encoding catalase-peroxidase (katG) (5-9). 
KatG gene is the most commonly targeted gene with 
the majority of mutations occurring in codon 315 in 
30–90% of isoniazid-resistant strains depending on 
geographical distribution (10-13). The observation 
that most isoniazid-resistant M. tuberculosis strains 
did not have high numbers of katG deletions, 
suggested the need to more precisely analyze the 
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structure of katG in resistant organisms. Further 
studies revealed that katG gene deletions are very 
rare (1, 12, 14, 15) and this requires more detailed 
analysis of its structure (1, 6, 9, 16). Several groups 
have recently reported that many isoniazid-resistant 
strains contain missense and other types of mutations 
(1, 4, 17, 18). Mutations at the Ser315 codon of katG 
have been reported to be associated with a high-level 
of isoniazid resistance (van Soolingen et al., 2003). 
Resistance to isoniazid has the second degree of 
magnitude in Belarus (19), and combinations of 
mutations conferring M. tuberculosis resistance to 
isoniazid have been reported to be more common in 
the multiple drug resistant (MDR) than in mono-
resistant isolates, suggesting that isolates develop 
resistance to isoniazid by a stepwise accumulation of 
mutations (11, 16, 20, 21, 22).  

Another frequent target is the regulatory region of 
the inhA gene, where mutations have been reported 
in up to 32% of INH-resistant isolates (15, 17, 23, 
24). Mutations in other genomic regions, such as the 
promoter of ahpC gene and in the kasA gene, have 
been reported in 12–24% and 10–14% of INH-
resistant strains, respectively (23, 25, 26). Genotypic 
assays that detect mutations within such regions are 
predictive of drug resistance and have the potential to 
provide rapid detection of resistance in mycobacterial 
isolates. During the past few years several genotypic 
assays have been developed for detection of the 
mutations responsible for INH resistance, particularly 
those at codon 315 of the katG gene (1, 6, 12, 17, 
27). This work was to determine mutations in codons 
causing high level resistant to isoniazid in the gene of 
catalase–peroxidase MTB strains in Belarusians. 

 
MATERIALS AND METHODS 

Mycobacterial strains. One hundred sixty three 
MTB strains randomly isolated from sputum of 
patients with active pulmonary tuberculosis from 

different geographic regions of Belarus (Minsk 11, 
Mogilev 9, Gomel 3, Grodho 3, Brest 8, Vitebsk 8) 
from December 2004 to May 2005. All 163 
tuberculosis patients had proven registration of 
clinical diagnostic exanimations, such as chest X-ray, 
PPD, cough, weight loss, etc. Patient sputum samples 
were cultured on Lowenstein– Jensen solid medium 
and colonies were identified to the species level 
using TCH (2-thiophene carboxylic acid) and PN99B 
(paranitrobenzoic acid) selective media or by 
standard biochemical procedures. Four sensitive 
isolates were used as negative control. 

Susceptibility, methods and MICs. Drug 
susceptibility tests were performed using 
proportional method (isoniazid 1 µg/mL, rifampin 40 
µg/mL, streptomycin 10 µg/mL, or ethambutol 2 
µg/mL)with absolute concentration of 
antituberculosis agent on slants using H37RV strain 
as positive control and additionally using the 
BACTEC system . In the absolute concentration 
method, resistance was defined as growth on solid 
media containing graded concentrations of drugs 
with more than 20 CFU at a specific drug 
concentration. The breakpoints for isoniazid were 1, 
2 and 10 µg/ml on Lowenstein-Jensen medium and 
0.1 µg/ml on the BACTEC system and for rifampicin 
were 40.0 µg/ml on Lowenstein-Jensen medium and 
2.0 µg/ml on the BACTEC system. 

Standard PCR identification and katG gene 
amplification. DNA extraction was performed using 
the manufacturer’s procedure Fermentas kits (K512). 
DNA extracted from a standard strain of 
Mycobacterium H37RV was used as a control. A 210 
bp and 750bp segments of the katG gene was 
amplified by PCR using the following synthetic 
oligonucleotide primers katG F 5-
GAAACAGCGGCGCTGGATCGT-3, katG R 5- 
GTTGTCCCATTTCGTCGGGG-3 for 210bp and 
katG F 5-CGGGATCCGCTGGAGCAGATGGGC-3 
and katG R 5-
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CGGAATTCCAGGGTGCGAATGACCT-3 for 
750bp [14, 19]. The following thermocycler 
parameters were applied with initial denaturation at 
95�C for 5 min; 36 cycles of denaturation at 94ºC 
for 1 min; primer annealing at 56ºC for 1 min; 
extension at 72ºC for 1 min; and a final extension at 
72ºC for 10 min. The PCR product was amplified 
and purified again and controlled on gel 
electrophoresis. The final purified DNA obtained 
was used for sequencing. 

DNA sequencing. The 209-bp and 750bp 
fragments of katG gene was amplified by PCR using 
forward and reverse primers; 33 cycles of 
denaturation at 94°C for 30sec; primer annealing at 
48°C for 45 sec; extension at 60°C for 4 min. katG 
gene fragments were sequenced using the Amersham 
auto sequencer and Amersham Pharmacia 
DYEnamic ET Terminator Cycle Sequencing Premix 
Kits. The purified katG gene fragments (4 sensitive 
and standard strains of Mycobacterium H37RV) were 
sequenced and used as control.  

Analyzing DNA sequencing. Alignment of the 
DNA fragments (katG) was carried out with the help 
of MEGA and DNAMAN software (Gen bank_ 
PUBMED/BLAST) and was compared with standard 
strains of CDC1551, H37RV and M. tuberculosis 
210. The Blast 2 sequencing computer program was 
used for DNA sequence comparisons 
(http://www.ncbi.nlm.nih.gov/BLAST/). Alignment 
of the DNA fragments (katG) was carried out with 
the help of MEGA 3.1 software 
(www.megasoftware.net/mega3.1/) and obtained data 
were analyzed and edited with DNAMAN software. 

 
RESULTS 

Mycobacterial strains and susceptibility. From 
163 isolates, 42 were identified as resistant to 
isoniazid (100%), rifampicin (90%), streptomycin 
(90%), and 8 (28%) to etambutol. Mono-resistance to 

isoniazid was observed in 4 isolates (9.5%). 42 
isoniazid resistant, and 121 sensitive isolates were 
identified and four sensitive isolates were used as 
controls in the sequencing method. 

Mutations were not detected for four sensitive 
isolates to isoniazid in 209 bp and 750 bp regions of 
the katG gene. Mutations were observed in affected 
codons 305, 306, 307, 309, 314, 315, 316, 321, 328 
in 209 bp and in 357, 454, 463 of 750 bp fragments 
of katG gene. Six isolates (14%) were found to have 
multi-mutations in three codons (309,315 and 316), 
26 (61.9%) demonstrated multi-mutations in all and 
or two of the three codons (309, 315, 316); and 8 
(19%) were found to have single mutations in 315; 
95% resistant isolates (n=40) demonstrated to have 
mutations in codon 315, whereas 40% of all 
mutations conferring different types were observed in 
codon 315: AGC→ACC (Ser→Thr) 36%, 
AGC→AGG (Ser→Arg) 0.9%, AGC→AAC 
(Ser→Asn) 1.8%, and AGC→GGC (Ser→Gly) 
0.9%. Four types of mutations were detected in 
codon 309: GGT→GTT (Cys→Phe) 6.3%, 
GGT→GCT (Cys→Ser) 3.6%, GGT→GTC 
(Cys→Phe) 2.7%, GGT→GGG (Cys→Thr) 0.9% 
and one in 316 GGC→AGC (Gly→Ser) 14.4%.  

In this study, 75% of all isolates demonstrated 
mutations in codons 309 (n=15, 34%) and 316 (n=18, 
41.4%) which might represent the importance of 
mutations in isolates from Belarus. In 40 isolates four 
types of mutations were identified in codon 315: 
AGC→ACC (n=36)85%, AGC→AGG (n=1) 2.3%, 
AGC→AAC (n=2) 4.7%, AGC→GGC (n=1) 2.3%. 
One type of mutation was found in codon 316: 
GGC→AGC (n=18)41.4%, and in 15 isolates four 
types of mutations were demonstrated in codon 309: 
GGT→GGT (n=7)16.1%, GGT→GCT (n=4)9.2%, 
GGT→GTC (n=3)6.9%, GGT→GGG (n=1)2.7% 
(Tables 1 and 2).  
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Table 1. Frequency of amino acid and nucleotide changes of different codons in katG gene of 42 isoniazid-resistant strains of M. Tuberculosis isolated in 
Belarus 
 

Codon Frequency Amino acid change Nucleotide change Isolates 
1 Mutation 

Ser→Thr AGC→ACC 489, 446, 94, 85, 894, 932 
Ser→Asn AGC→AAC 471 
Ser→Gly AGC→GGC 446 (MDR) 315 9 
Ser→Arg AGC→AGG 457 

  2 Mutations   
305 
315 1 Gly→Ala 

Ser→Thr 
GGC→GCC 
AGC→ACC 411 

309 
315 

3 
 

Gly→Cys, Phe, Ala 
Ser→Thr 

GGT→GTT, GTC, GCT 
AGC→ACC 455, 2331, 469 

314 
315 1 Thr→Asn 

Ser→Thr 
ACC→AAC 
AGC→ACC 118 (MDR) 

311 
315 

2 
 

Asn→Phe, Tyr 
Ser→Thr 

GAC→TTC, TAC 
AGC→ACC 414, 384 (MDR) 

315 
316 8 Ser→Thr, Arg 

Gly→Ser 
AGC→ACC, AGG 

GGC→AGC TUB2, 3255, 24276, 443, 571, 3246, 2262 (MDR), 23623 (MDR) 
357 
463 1 Asp→His 

Arg→Leu 
GAC→CAC 
CGG→CTG 402 

357 
454 1 Asp→Asn 

Glu→Arg 
GAC→AAC 
GAG→CGA 74 

3 Mutations 
309 
311 
315 

1 
Gly→Ala 
Asn→Phe 
Ser→Thr 

GGT→GCT 
GAC→TTC 
AGC→ACC 

139 

307 
309 
315 

1 
Gly→Arg 
Gly→Gly 
Ser→Thr 

GGA→CGA 
GGT→GGG 
AGC→ACC 

2331-2 (MDR) 

305 
315 
321 

1 
Gly→Ala 
Ser→Thr 
Trp→Leu 

GGC→GCC 
AGC→ACC 
TGG→TTG 

7285 

305 
309 
315 

1 
Gly→Ala 
Gly→Ser 
Ser→Thr 

GGC→GCC 
GGT→GCT 
AGC→ACC 

1416 (MDR) 

315 
316 
328 

1 
Ser→Thr 
Gly→Ser 
Trp→Cys 

AGC→ACC 
GGC→AGC 
TGG→TGT 

2738 

315 
316 
321 

2 
Ser→Thr 
Gly→Ser 

Trp→Ser, STOP 

AGC→AAC 
GGC→AGC 

TGG→TCC, TAG 
407, 412 

309 
315 
316 

2 
Gly→Cys 
Ser→Thr 
Gly→Ser 

GGT→GTT 
AGC→ACC 
GGC→AGC 

139-2, 447 (MDR) 

4 Mutation 
309 
311 
315 
316 

2 
Gly→Cys 
Asp→Phe 
Ser→Thr 
Gly→Ser 

GGT→GTT 
GAC→TTC 
AGC→ACC 
GGC→AGC 

369, 370 (MDR) 

309 
315 
316 
328 

1 
Gly→Phe 
Ser→Thr 
Gly→Ser 
Trp→Cys 

GGT→GTC 
AGC→ACC 
GGC→AGC 
TGG→TGT 

1217 

309 
315 
321 
328 

1 
Gly→Cys 
Ser→Thr 
Trp→Leu 
Trp→Cys 

GGT→GTT 
AGC→ACC 
TGG→TTG 
TGG→TGT 

453 (MDR) 

5 Mutation 
309 
311 
315 
316 
321 

1 

Gly→Phe 
Asp→Tyr 
Ser→Thr 
Gly→Ser 

Trp→STOP 

GGT→GTC 
GAC→TAC 
AGC→ACC 
GGC→AGC 
TGG→TAG 

2715 (MDR) 

307 
309 
311 
314 
315 

2 

Gly→Ala 
Gly→Ser 
Asp→Tyr 
Thr→Thr 
Ser→Thr 

GGA→GCA 
GGT→GCT 
GAC→TAC 
ACC→ACG 
AGC→ACC 

388, 368 (MDR) 

306 
315 
316 
321 
328 

1 

Pro→Pro 
Ser→Thr 
Gly→Ser 
Trp→Cys 
Trp→Cys 

CCG→CCC 
AGC→ACC 
GGC→AGC 
TGG→TGT 
TGG→TGT 

2831 (MDR) 

 



Zaker Bostanabad S, et al.   15 

Tanaffos 2007; 6(3): 11-19 

Table 2. Correlation of mutations with high-level resistance, nucleotide and amino acid changes among 42 isoniazid resistant isolates of M. tuberculosis 
collected from tuberculosis patients in Belarus 
 

Isolates Mutation µg/ml Nucleotide change Amino acid change 
402 357, 463 GAC→CAC, CGG→CTG Asp→His, Arg→Leu 
74 357, 454 

< 2 
GAC→AAC, GAG→CGA Asp→Asn, Glu→Arg 

2331 309, 315 GGT→GTC, AGC→ACC Gly→Phe, Ser→Thr 
24276,23623, tub2, 

3255, 443, 571, 
3246,2262 

315, 316 AGC→ACC or AGG, GGC→AGC Ser→Thr or Arg, Gly→Ser 

118 314, 315 ACC→AAC, AGC→ACC Thr→Asn, Ser→Thr 
7285 305, 315, 321 GGC→GCC, AGC→ACC 

TGG→TTG 
Gly→Ala, Ser→Thr 

Trp→Leu 
139 309, 311, 315 GGT→GCT, GAC→TTC 

AGC→ACC 
Gly→Ala, Asn→Phe 

Ser→Thr 
369, 370 309, 311, 315, 316 

< 5 

GGT→GTT, GAC→TTC 
AGC→ACC, GGC→AGC 

Gly→Val, Asp→Phe 
Ser→Thr, Gly→Ser 

94, 932, 489, 85, 894 315 AGC→ACC Ser→Thr 
457 315 AGC→AGG Ser→Arg 
446 315 AGC→GGC Ser→Gly 
471 315 AGC→AAC Ser→ Asn 
384 311, 315 GAC→TAC or TTC, AGC→ACC Asp→Tyr or Phe, Ser→Thr 

455, 2331, 469 309, 315 GGT→GTT, AGC→AAC Gly→Val, Ser→Asn 
2331-2 307, 309, 315 GGA→CGA, GGT→GGG 

AGC→ACC 
Gly→Arg, Gly→Gly 

Ser→Thr 
1416 305, 309, 315 GGC→GCC, GGT→GCT 

AGC→ACC 
Gly→Ala, Gly→Ala 

Ser→Thr 
2738 315, 316, 328 AGC→ACC, GGC→AGC 

TGG→TGT 
Ser→Thr,  Gly→Ser, Trp→Cys 

139-2, 447 309, 315, 316 GGT→GTT, AGC→ACC, GGC→AGC Gly→Cys, Ser→Thr Gly→Ser 
411 305, 315 GGC→GCC, AGC→ACC Gly→Ala, Ser→Thr 

407, 412 315, 316, 321 AGC→AAC, GGC→AGC 
TGG→TAG, TCC 

Ser→Asn, Gly→Ser 
Trp→STOP, Ser 

1217 309, 315, 316, 328 GGT→GTC, AGC→ACC 
GGC→AGC, TGG→TGT 

Gly→Phe, Ser→Thr 
Gly→Ser, Trp→Cys 

453 309, 315, 321, 328 GGT→GTT, AGC→ACC 
TGG→TTG, TGG→TGT 

Gly→Cys, Ser→Thr 
Trp→Leu, Trp→Cys 

2715 309, 311, 315, 
316, 
321 

GGT→GTC, GAC→TAC 
AGC→ACC, GGC→AGC 

TGG→TAG 

Gly→Val, Asp→Tyr 
Ser→Thr, Gly→Ser 

Trp→STOP 
388, 368 307, 309, 311, 

314, 
315 

GGA→GCA, GGT→GCT 
GAC→TAC, ACC→ACG 

AGC→ACC 

Gly→Alal, Gly→Ser 
Asp→Tyr, Thr→Thr 

Ser→Thr 
2831 306, 315, 316, 

321, 
328 

< 10 

ССG→ССС, AGС→AСС 
GGС→AGC, TGG→TGT 

TGG→TGT 

Pro→ Pro Ser→Thr, 
Gly→Ser, Trp→Cys 

Trp→Cys 
 
 
 
Table 3. Strains isolated from patients with primary and secondary tuberculosis from different regions of Belarus 
 

Patients with primary tuberculosis Patients with secondary tuberculosis 
Amount of isolates (%) 

10 (24%) 
Amount of isolates (%) 

32 (76%) 

Isolates numbers Isolates numbers 
118, 388,446,369,447, 

1217,2715,370,139,368 
74,932,384,2331-2, 23623,407,443,tub2,489,139-2,469, 

2262,414,85,411,2831,2458,7285,1416, 2331,453 
24276,442,455,412,402,94,894,3255,3246,571,471 
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In two isolates 2 types of mutations were found in 
codon 357 GAC→CAC and GAC→AAC, in 
addition to two mutations which were observed in 
codons 463 CGG→CTG and 454 GAG→CGA. Nine 
isolates bearing single mutations 19%, 17 – double 
mutations 40.46%, 9 – three mutations 21.42%, four 
– four mutations 9.5% and 4 – five mutations 9.5% 
were also observed in all 42 resistant isolates    
(Table 2). 

Mutations in codon 315, 309 and 316 were found 
to have high resistance to izoniazid (>10 µg/ml). 
Mutations in codons 357, 454, 463 and other codons 
have not demonstrated to have high resistance to 
isoniazid (1–2 µg/ml, Table 1). The 40 isolates 
revealed to have high level of resistant to isoniazid 
(>5-10 µg/ml) 95% (n=40) demonstrated to have 
mutations located in codons 315, 309 (34%), and 316 
(41.4%, Table 1). 

Silent mutations. Three silent mutations were 
identified in four isolates in codons 306 
(CCG→CCC), 309 (GGT→GGG) and 314 
(ACC→ACG). These silent mutations revealed to 
have no effect on the susceptibility testing pattern 
(Tables 1 and 2). 

 
DISCUSSION 

The majority of hot mutations in katG gene of 
Mycobacterium tuberculosis have been reported in 
codon 315 (Ser →Thr) and less in other codons (3, 8, 
10, 14). Unlike most resistance-conferring mutations, 
codon 315 (Ser →Thr) was found to result with near-
normal catalase-proxidase activities and somewhat 
higher levels of virulence conferring resistance to 
isoniazid. This mechanism of isoniazid resistance is 
not usually associated with a large reduction in 
virulence and is an exception to the rule that 
antibiotic-resistance conferring mutation carry a 
significant cost (11, 25).  

The known genes related to INH-r are katG, inhA, 
ahpC, and kasA (14, 17, 23). Different articles 

reported resistance of M. tuberculosis to isoniazid 
corresponding to changes in codon 315 (5, 10, 11, 
12, 14, 21). The most common mutations reported by 
other authors are in codon 315 (AGC→ACC 
(Thr→Ser)) and 463 (CGG→CTG (Arg→Leu)) (5, 
10, 11, 12, 14, 21). We observed different types of 
mutations: four in codons 315: AGC→ACC 
(Ser→Thr) 36%, AGC→AGG (Ser→Arg) 0.9%, 
AGC→AAC (Ser→Asn) 1.8 %, AGC→GGC 
(Ser→Gly) 0.9% (Table 2), one in 463 CGG→CTG 
(Arg→Leu) 0.9%, four in 309: GGT→GTT 
(Cys→Phe) 6.3%, GGT→GCT (Cys→Ser) 3.6%, 
GGT→GTC (Cys→Phe) 2.7%, GGT→GGG 
(Cys→Thr) 0.9% and one in 316 GGC→AGC 
(Gly→Ser) 14.4%. Our data indicate that the highest 
number of mutations are observed in 1: 
315AGC→ACC (Ser→Thr) 36%, 2 and 316 
GGC→AGC (Gly→Ser) 14.4%. Similar results were 
reported in Latvia in which mutations in codon 315 
of katG 95% corresponding to AGC→ACC 
(Ser→Thr) (90%) that resemble our finding but 
AGC→ACA (Ser→Thr) (10%) were not observed in 
our study(2). In Poland 90% of mutations were in 
codon 315AGC which corresponds to 5 types of 
mutations (ACC, ACT, ACA, AAC, ATC) 
resembling similar patterns of changes with our data 
on nucleotide ACC and AAC. However in this 
research we did not observe nucleotide changes to 
ACT, ACA and ATC among Belarusian strains 
studied (28). In Russia 70% of reported nucleotide 
changes were in codons 315 AGC→ACC and in 463 
CGC→CTG which also shows similarity to our data 
(12, 13, 14). Other mutations found in Belarusian 
strains can be important and effective causes of 
resistance because 60% of strains showed mutation 
in codons 316 and 309. Mutations detected in one 
strain in codons 463 and 357, 454 and 357, may 
indicate that this type of mutation in Belarus has less 
degree of concern when compared with neighbouring 
countries (1, 12, 13, 16, 21). Other studies mentioned 
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that silent mutations were never detected in katG (9, 
17, 23, 28). However, in this research, two silent 
mutations were obtained which indicate no effect on 
drug resistant pattern. We sequenced katG and rpoB 
genes of a standard strain H37RV used as control. 
But nonsense mutations were not observed in the 
control strain. We also conclude that sequencing is 
more sensitive for determination of mutations among 
M.D.R. tuberculosis strains when compared with 
other methods such as spilotyping, SSCP and PCR–
RFLP(24, 25). 

The high percentage of double mutations found 
among the isolates in Belarus differed clearly from 
the lower prevalence of double mutations in other 
studies. A characteristic prominent finding of this 
study was the high frequency of double (40.47%) and 
triple (21.42%), quartile (9.5%) and five mutations 
(9.5%) occurring in separate codons (Table 2). Were 
detected 2 (1.9%) nonsense mutations in 2 different 
(codon 306 and codon 309) isolates which 
demonstrated no effect in drug resistant patterns to 
isoniazid (Table 1). All isoniazid resistance isolates 
studied had mutations of different types in katG 
region. However, we don’t have any knowledge of 
which combination of specific types of mutations are 
associated with isoniazid resistance. Thirty-two 
(76%) were isolated from secondary cases (we don’t 
have data on reactivation cases). Interestingly, all 
single and double mutations which were found in 
isolates of sputum samples taken from patients with 
secondary infection. From 42 isoniazid resistance 
isolates 10 (24%, Table 3) were from sputum of 
patients with primary infection which consisted of 
different types of mutations, in 4 isolates we found 
five mutations, in 4 isolates quartile and in 2 isolates 
triple. All sputum of patients with primary infection 
were detected mutation in codon 315. In 10 (24%) of 
patients with primary infection there were 
predominant mutations in codon 315, in 5(11.9%) in 
codon 316 and in 9 in codon 309. For patients with 

secondary infection 32 (76%) we found mutations in 
codon 315, 12(19%) in codon 316 and 7(11.1%) in 
codon 309 (Table 3). Isolates of M. tuberculosis 
isolated in Belarus had a wide spectrum of the 
important mutations and might belong to the 
epidemic of widespread clones.  

Belarus had the highest frequency of common 
mutation shearing in primary and secondary 
infections occurring in codon 315.  
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