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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

	 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
	 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
	 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
	 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
	 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
	 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
	 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
	 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
	 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
	 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
	 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
	 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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Tuberculosis (TB) still remains one of the important health 
issues in Kazakhstan. According to World Health Organization 
(WHO), in 2018 the estimates of TB incidence and TB mortal-
ity in Kazakhstan were 68 cases per 100,000 population and 2,6 
deaths per 100,000 population, respectively. Kazakhstan is in 
the list of 30 countries with high multidrug-resistant tuberculo-
sis (MDR-TB) cases in the World. The rate of MDR-TB associ-
ated with resistance to the main two first-line antituberculosis 
(anti-TB) drugs rifampicin and isoniazid in Kazakhstan was 26 
cases per 100,000 population [1]. With widespread of drug-re-
sistant M. tuberculosis strains globally, especially MDR-TB and 
extensively drug-resistant TB (XDR-TB), the more severe form 
of MDR-TB monitoring and control of the disease distribution 
is increasingly important [2]. 

Genotyping methods of M. tuberculosis isolates are important 
tools that can be used to investigate outbreaks in order to find 
the source of the infection; to control recurrent cases of tuber-
culosis; to determine laboratory mistakes. Insertion sequence 
(IS) 6110 restriction fragment length polymorphism (RFLP) 
method is the first standardized technique for M. tuberculosis 
isolates that was developed by van Embden and his collegues 
in 1993 [3]. IS6110-RFLP genotyping is based on determination 
of the number of IS6110 insertion sequence copies. The number 
of IS6110 fragments may vary from 0 to 26 copies per isolate. 
IS6110-RFLP provides the highest discriminatory power for dif-
ferentiating isolates in comparison to other M. tuberculosis ge-
notyping approaches. For this reason today the method is a ‘gold 
standard’ of M. tuberculosis genotyping. In cases where isolates 
have less than six IS6110 fragments, a secondary genotyping 
technique is needed to provide sufficient discrimination [3,4]. 
Other limitations of IS6110-RFLP method include complexity 
of the methodology, the need to use a large amount of biomass 
for the analysis. The method is time-consuming as it can take 
about 14-21 days from receipt of a sample before IS6110-RFLP 
results are at hand for comparison. Yet, interlaboratory compari-
son of IS6110-RFLP patterns can be difficult because of differ-
ent experimental conditions and data interpretation [5-8]. Spacer 
oligonucleotide typing (Spoligotyping) is the second widely 
used method in genotyping of M. tuberculosis isolates [9]. This 
PCR-based technique is based on detection the presence or ab-
sence of 43 unique spacers in the direct repeat (DR) locus in the 
M. tuberculosis genome [10]. Small quantities of DNA are suf-
ficient for the analysis, biological samples (sputum, biopsy ma-
terial) can also be used. Spoligotyping is a quick and convenient 
genotyping approach that is well suited for the determination of 
M. tuberculosis Beijing family strains [11] the hybridization pat-
tern of which is characterized by the absence of signals between 
1 and 34 spacer sequences. Obtained spoligotyping results can 
be easily analyzed in publicly available databases such as SIT-
VIT2 [12] and MIRU-VNTRplus [13]. However, discriminatory 
power of the technique is low. Mycobacterial Interspersed Re-
petitive Unit-Variable Number Tandem Repeat (MIRU-VNTR) 
is another widely used method for genotyping of M. tuberculo-
sis. MIRU-VNTR is based on PCR amplification of overlapping 

regions of MIRU-VNTR loci scattered throughout the genome 
and determination of obtained amplicon sizes. As the sizes of 
repetitive units are known, obtained sizes affect to the number of 
amplified MIRU-VNTR copies. The method is fast and easy to 
perform. It takes around 2-3 days from the delivery of a sample 
to obtain MIRU-VNTR profiles [14]. Digital format of the data 
enables to compare obtained genotyping data with the derived 
MIRU-VNTR results in different laboratories of the globe using 
MIRU-VNTRplus database. The initial scheme of VNTR typing 
consisted of six exact tandem repeat (ETR) loci in 1998 [15], 
in 2001 Supply et.al [14] suggested to conduct the genotyping 
by 12 MIRU loci, that is known as classical MIRU set today. In 
2006, an extended set of 24 MIRU-VNTR loci that included 15 
highly discriminative loci was proposed by Supply et.al [16]. 
Investigations reveal that 12 MIRU typing can be used for large-
scale prospective studies, but still needed higher discriminatory 
power comparable with IS6110 RFLP [14, 17]. However, the 
use of additional MIRU-VNTR loci in combination with the 
previously proposed 12 MIRU scheme in both 15 and 24 loci 
techniques increased discriminatory power of MIRU-VNTR up 
to that of IS6110 RFLP [16,18,19].

In our previous work (unpublished data), MIRU-VNTR ge-
notyping was carried out for 81 M. tuberculosis clinical isolates 
from Almaty city using 24 loci. Evaluation of different MIRU-
VNTR schemes was done for this sample collection. According 
to the obtained results 15 MIRU-VNTR (12 MIRU+3 ETR) loci 
were chosen for prescreening of M. tuberculosis isolates to re-
duce labor intensity of the method. 

Aim of this study: to conduct genotyping to obtain prelimi-
nary information about the genetic diversity and а dominant 
genotype of M. tuberculosis in different regions of Kazakhstan 
by 15 MIRU-VNTR (12 MIRU+3 ETR) analysis.

Material and methods. Mycobacterial isolates and clini-
cal data. A total of 271 M. tuberculosis clinical isolates were ob-
tained from newly diagnosed pulmonary tuberculosis patients from 
South and North Kazakhstan and Almaty city, the largest city in 
Kazakhstan from 2016 to 2018. TB patients with a positive result 
of sputum culture on M. tuberculosis were included in the study. 
Epidemiological and clinical data, including age, gender, ethnicity, 
susceptibility profiles of mycobacterium samples etc. were collect-
ed for each patient. Study protocol, informed consent and all types 
of recruitment were approved by the Ethics committee of Center 
for Life Sciences, National Laboratory Astana, Nazarbayev Uni-
versity (Protocol №20 from 22.09.2017 and Protocol №05-2020 
from 24.09.2020, Nur-Sultan city). Microbiological identification 
and isolation of pure cultures of M. tuberculosis were carried out 
in National Reference Laboratory of National Scientific Center of 
Phthisiopulmonology of the Republic of Kazakhstan (Almaty city). 

Microbiological methods. Solid Lowenstein–Jensen nutrient 
medium was used for cultivation and isolation of M. tuberculo-
sis, all the tubes with cultures were incubated at 36-37°C until 
colonies grew. Smears were prepared for microscopic examina-
tion from all the tubes with grown colonies. These smears were 
stained according to Ziehl - Neelsen. In vitro determination of 
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susceptibility to anti-tuberculosis drugs was carried out on the 
Löwenstein–Jensen medium by absolute concentrations meth-
od [20, 21] and by using BACTEC-MGIT 960 Mycobacteria 
Growth Indicator Tube (BD Diagnostic Systems, USA). Drug 
susceptibility to first line anti-tuberculosis drugs was carried 
out by absolute concentration method in accordance with WHO 
recommendations [21]. The results of microbiological investi-
gations were recorded 28 days after sowing the cultures. Iso-
lates were considered resistant when more than 20 colonies had 
grown on media containing anti-tuberculosis drugs. A loop with 
the microorganisms was placed in 1 ml of TE buffer (10 mM 
Tris-HCl, 1 mM EDTA, pH 7.0) and the bacteria were lysed 
by boiling at 80°C for 45-60 minutes. Cells were centrifuged at 
12,000 rpm for 5 min and then cooled overnight at -20°C. The 
supernatant containing DNA was used for MIRU-VNTR geno-
typing of M. tuberculosis clinical isolates.

MIRU-VNTR genotyping. All 271 M. tuberculosis clinical 
isolates were genotyped by PCR amplification of 12 MIRU + 
3 ETR (ETRA, ETRB, ETRC) in a Thermal cycler (BioRad, 
USA). Primer sequences for all loci are shown in Table 1. The 
PCR conditions for all MIRU-VNTR loci were 30 cycles of 30 
seconds at 95°C, 1 minute at 63°C, and 1 minute at 72°C. De-
naturation and extension steps for all loci were done for 15 min-
utes. PCR products were visualized on 2% agarose gel stained 
with ethidium bromide. 50 and 100-bp DNA Ladders (Invitro-
gen Life Technologies, USA) were used as molecular markers. 

Quantity 1 (BioRad) program was used to detect the PCR frag-
ment size and calculate the number of tandem repeats in each MI-
RU-VNTR locus. 15 MIRU-VNTR (12 MIRU +3ETR) profiles 
were obtained for all 271 clinical isolates where every number 
сorresponded to the number of tandem repeats in a locus. Refer-
ence strain M. tuberculosis H37Rv was used as a control. 15-digit 
allelic profiles of all clinical isolates then were analyzed in MIRU-
VNTRplus web resource to identify M. tuberculosis lineages. MI-
RU-VNTR clustering was evaluated using Unweighted pair group 
method with arithmetic mean (UPGMA) algorithm. Index of allelic 
polymorphism (h) was used to assess the numerical diversity of 
MIRU-VNTR loci and was calculated as follows [22]: 

h=1 − ∑xi2 [n/(ni − 1)], 
where xi is the i allele frequency at the locus, and n is the 

number of isolates. 
Results and discussion. Among 271 patients, 179 (66.1%) 

were males and 92 (33.9%) were females. The mean age of TB 
patients was 36.8 years. Two patients were 1 and 2 years old 
children, the age of the rest patients varied from 18 to 77. Re-
garding ethnicity 182 (67.2%) TB patients were Kazakhs, 53 
(19.6%) - Russians, 12 (4.4%) – Ukrainians, 6 (2.2%) – Uy-
ghurs, 4 (1.5%) – Koreans. Azerbaijanis, Tatars, Germans and 
Uzbeks were represented by 2 patients (0.7%) in each group. 
The rest six TB patients (2.2%) belonged to other ethnic groups 
such as Chechen, Lithuanian, Kyrgyz, Bulgarian, Armenian and 
Belarusian, respectively. 

Table 1. Sequence of primers used in MIRU-VNTR genotyping
Locus Sequence of primers

MIRU02F
MIRU02R

5’-CAGGACACGGGTTCTACTG-3’
5’-GGACTAGGTCGAGGTTGTGTC-3’

MIRU04F
MIRU04R

5’-CAGGTCACAACGAGAGGAAGAGC-3’ 
5’-GCGGATCGGCCAGCGACTCCTC-3’

MIRU10F
MIRU10R

5’-GACTTCCAACAGCACCGTCTTATC-3’
5’-TCGCACCGATCACGCTACG-3’

MIRU16F
MIRU16R

5’-GTTGGAAACGGCGGTTATTGAC-3’
5’-CGGAGTCGTCCAGCAAGACC-3’

MIRU20F
MIRU20R

5’-TCGGAGAGATGCCCTTCGAGTTAG -3’
5’-TCACGGTCTCCGCACTAACG-3’

MIRU23F
MIRU23R

5’-CTCACCAGGATCGCCAAACC-3’
5’-TCTGACTCATGGTGTCCAACC-3’

MIRU24F
MIRU24R

5’-GCTTGTGCGGGAAGGCTA-3’
5’-CGATCGCGGATCTTTGCT-3’

MIRU26F
MIRU26R

5’-CCAGCAGTTGAGCACAGTTCG-3’
5’-GGATAGGTCCGAGTTCGATTTCC-3’

MIRU27F
MIRU27R

5’-CGGTGACCAACGTCAGATTC-3’
5’-GCGATGTGAGCGTGCCACTCAA-3’

MIRU31F
MIRU31R

5’-CTTCGGCGTCGAAGAGAGCCTC-3’
5’-CGGAACGCTGGTCACCACCTAAG-3’

MIRU39F
MIRU39R

5’-CATCGACAAACTGGAGCCAAAC-3’
5’-GAAACGTCTACGCCCCACAC-3’

MIRU40F
MIRU40R

5’-GCAAGAGCAAGAGCACCAAGC-3’
5’-TGTCTAATCAGGTCTTTCTCTCACGC-3’

ETRAF
ETRAR

5’-GATTGAGGGGATCGTGATTGG-3’
5’-AAATCGGTCCCATCACCTTCTTAT-3’

ETRBF
ETRBR

5’-GCGAACACCAGGACAGCATCATG-3’ 
5’-GGCATGCCGGTGATCGAGTGG-3’

ETRCF
ETRCR

5’-GTGAGTCGCTGCAGAACCTGCAG-3’
5’-GGCGTCTTGACCTCCACGAGTG-3’
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Table 2. M. tuberculosis families distributed among clinical isolates in Kazakhstan based on the 15 MIRU-VNTR analysis
M. tuberculosis families Number of isolates %

Beijing 177 65.3
LAM 37 13.7
Ural 20 7.4

Cameroon 16 5.9
Haarlem 12 4.4
NEW-1 8 2.9

Delhi/CAS 1 0.4
Total: 271 100

Table 3. Allelic diversity of 15 MIRU-VNTR loci of 271 M. tuberculosis clinical isolates from Kazakhstan 

MIRU-VNTR loci
Number of repeats

h
0 1 2 3 4 5 6 7 8 9 10

MIRU 2 - 30 239 2 - - - - - - - 0.21
MIRU 4 2 4 265 - - - - - - - - 0.04

MIRU 10 - 4 22 182 33 10 6 4 2 4 4 0.52
MIRU 16 - 18 21 230 2 - - - - - - 0.27
MIRU 20 - 11 260 - - - - - - - - 0.07
MIRU 23 - - - 4 1 256 10 - - - - 0.1
MIRU 24 - 270 1 - - - - - - - - 0
MIRU 26 - 19 - 8 14 207 5 18 - - - 0.4
MIRU 27 - - 3 262 6 - - - - - - 0.06
MIRU 31 - 1 49 43 6 166 6 - - - - 0.56
MIRU 39 - 2 99 169 1 - - - - - - 0.48
MIRU 40 - - 18 206 37 8 - 1 1 - - 0.4

ETR A - 1 33 54 180 3 - - - - - 0.51
VNTR 48 (ETR B) - 9 261 1 - - - - - - - 0.07
VNTR 43 (ETR C) - - 40 13 206 12 - - - - - 0.4

MIRU-VNTR genotyping was performed for 271 M. tubercu-
losis clinical isolates using 15 MIRU-VNTR (12 MIRU + 3 ETR) 
loci. MIRU-VNTR analysis of 271 M. tuberculosis isolates from 
new cases of tuberculosis identified 97 genotypes, 70 (25.8%) of 
them were unique and were found only in one isolate among col-
lected M. tuberculosis samples. The remaining 201 (74.2%) isolates 
were grouped into 27 clusters, each containing from 2 to 102 iso-
lates. The biggest cluster consisted of 102 M. tuberculosis clinical 
isolates. Two clusters had 10 and 11 clinical isolates, respectively. 
One cluster contained 7 isolates, two clusters had 6 isolates and 
other two clusters 5 isolates each. Three and five clusters consisted 
of 4 and 3 clinical isolates, respectively. The remaining 11 clusters 
consisted of 2 M. tuberculosis clinical isolates in the cluster. 

The results of the 15 MIRU-VNTR genotyping showed that 
65.3% of all the isolates belonged to Beijing family strains (Ta-
ble 2). The second biggest M. tuberculosis family that is distrib-
uted among new cases of tuberculosis in Kazakhstan is LAM, 
13.7% of isolates were identified as strains of this family. In 
7.4% cases strains of Ural family were determined. Cameroon 
and Haarlem families of M. tuberculosis were found in 5.9% and 
4.4% cases, respectively. Other M. tuberculosis families such 
as NEW-1 and Delhi/CAS were detected in less than 3% cases. 

The results of the 15 MIRU-VNTR approach revealed the most 
polymorphic and informative loci (Table 3). Allelic polymorphism 
analysis of the 15 MIRU-VNTR loci showed that MIRU 31 locus 
is the most discriminatory locus (h=0.56). The second polymorphic 

locus is MIRU 10 (h=0.52) followed by ETRA locus (h=0.51). 
Allelic diversity of MIRU 26, MIRU 39, MIRU 40 and ETR C 
loci varied from 0.4 to 0.48. MIRU 24 locus is less informative. 
Almost all isolates (n=270) had the same allelic variant, index of 
allelic polymorphism was equal to 0. MIRU 2, MIRU 4, MIRU 
16, MIRU 20, MIRU 23, MIRU 27 and ETR B loci were also poor 
discriminant. Index of allelic polymorphism of the mentioned loci 
was between 0.04 and 0.27. 

 Data on drug resistance of 271 clinical isolates to the first-line anti-
TB drugs revealed that 58.3% (158 isolates) of isolates were drug-re-
sistant. Among 158 drug-resistant isolates 86 (54.4%) samples were 
MDR. 39 out of 158 isolates (24.7%) showed polyresistance, where M. 
tuberculosis samples were at least resistant to two drugs except MDR. 
And 33 out of 158 isolates (20.9%) were monoresistant. When analy-
sis of drug resistance across M. tuberculosis families was conducted, it 
was noted that Beijing family isolates were more drug-resistant (121 
out of 177 isolates, 68.4%), than susceptible (56 isolates, 31.6%). 
Among LAM family strains the number of drug-resistant isolates was 
higher too, more than 50% of isolates (20 isolates, 54.1%) were drug-
resistant compared to the susceptible ones (17 isolates, 45.9%). MDR 
strains prevailed among both drug-resistant Beijing and LAM family 
strains. Among Ural, Cameroon, Haarlem and NEW-1 families, on the 
contrary, clinical isolates were more susceptible – 11 out of 20 (55%), 
11 out of 16 (68.7%), 10 out of 12 (83.3%), 7 out of 8 (87.5%), respec-
tively. One isolate that belonged to Delhi/CAS family was susceptible 
(Table 4). 
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Today, more than ten methods of M. tuberculosis genotyp-
ing tools exist, MIRU-VNTR is one of the widely used method. 
This approach has proven to be quick and easy to conduct, and 
allows the comparison of obtained results between laboratories. 
12 MIRU loci method has been widely used in many studies, but 
it is not productive for examination of clustered isolates [23, 24]. 
The optimized set of 24 MIRU-VNTR loci has slightly high dis-
criminatory power compared to the 15 MIRU-VNTR loci meth-
od. However, 15 MIRU-VNTR loci approach is considered as 
a highly discriminatory technique for first-line M. tuberculosis 
genotyping that can replace 12 MIRU loci methodology [25,26]. 

Genotyping methods have been used for epidemiological 
studies of tuberculosis in various countries. In Kazakhstan, sev-
eral studies were performed on identification of mutations in 
genes responsible for drug resistance [27, 28], whole genome 
sequencing of M. tuberculosis clinical isolates [29,30] and some 
studies on molecular genotyping of M. tuberculosis [28, 31, 32, 
33]. In our work we performed 15 MIRU-VNTR (12 MIRU+3 
ETR) analysis to obtain preliminary data about the genetic bio-
diversity and а prevalent genotype of M. tuberculosis in various 
regions of Kazakhstan.

Genotyping results of 271 M. tuberculosis clinical isolates 
analyzed by the 15 MIRU-VNTR in our study displayed that 
7 M. tuberculosis families are distributed in studied regions of 
Kazakhstan. M. tuberculosis Beijing family is the largest fam-
ily identified in our study. 65.3% of all isolates in the study be-
longed to this family. Beijing family strains were also prevalent 
genotype in other studies conducted in Kazakhstan. In our pre-
vious study Beijing family isolates were found in 78.4% cases 
among pyrazinamide-susceptible and pyrazinamide-resistant M. 
tuberculosis clinical isolates [28] and in the investigations of 
Ibrayeva et.al [32] 68.3% clinical isolates from the patients in 
the penitentiary system belonged to Beijing family. The geno-
typing results were obtained using 12 and 24 MIRU-VNTR loci, 
respectively in the mentioned studies. In the study of Skiba et.al 
[33] 24 MIRU-VNTR and spoligotyping techniques were used 
for genotyping, Beijing family strains were identified in 72.2% 
cases (109/151 isolates). Strains of Beijing family were found in 
1990s in Beijing (China) and were responsible for several out-
breaks [34, 35]. According to publications, strains of this fam-
ily affect young individuals [9] and were associated with drug 
resistance in different countries [36, 37]. Association of Beijing 
genotype with drug resistance (in general) in Kazakhstan was 
shown by Kubica et.al [31]. Skiba et.al revealed association of 
MDR-TB with M. tuberculosis Beijing family isolates in the 
country [33]. 

The second largest M. tuberculosis family that is determined 
in Kazakhstan is LAM, the frequency of distribution of LAM 
family is 13.7%. Strains of LAM family particularly prevalent 
in South America. Majority of LAM isolates (>90%) distributed 
in former Soviet Union countries belong to LAM-RUS sublin-
eage and were found in 13.3-41.8% cases [38]. Ural is another 
M. tuberculosis family that is spread in Kazakhstan, strains of 
this family were detected for the first time in Ural area (Russian 
Federation) [39]. 7.4% of all isolates were detected as Ural fam-
ily strains in our study. Strains of LAM and Ural families pre-
vailed among Kazakhstani M. tuberculosis isolates after Beijing 
family strains in investigations of Skiba et.al as well [33]. The 
frequency of these families were 11.3% (17/151 isolates) and 
5.3% (8/151 isolates), respectively. The rest four M. tuberculo-
sis families (Cameroon, Haarlem, NEW-1 and Delhi/CAS) were 
identified in less than 6% cases. 

When the 15 MIRU-VNTR was introduced to investigate 
M. tuberculosis isolates the most allelic diversity was noted for 
MIRU 31, MIRU 10 and ETRA loci (h=0.56, 0.52 and 0.51). 
MIRU 24 locus showed the lowest discrimination, index of al-
lelic polymorphism was equal to 0. 

In this study, more than 50% (58.3%) of collected 271 clini-
cal isolates were drug-resistant. Among M. tuberculosis lineages 
Beijing and LAM family strains mostly consisted of drug-resis-
tant isolates – 68.4% and 54.1%, respectively with prevalence 
of multi-drug resistant isolates. Skiba et.al [33] showed that 
88.9% of MDR isolates belonged to Beijing family (p<0.0001) 
and LAM family strains were more MDR than other non-Bei-
jing genotypes (p=0.01). In order to assess whether Beijing and 
LAM family strains are associated with drug resistance overall 
and specifically with MDR-TB statistically in our study, we will 
further conduct DNA sequencing of genes responsible for resis-
tance to first line anti-TB drugs. In spite of some limitations of 
the study such as samples only from several regions of Kazakh-
stan, the quantity of samples were higher compared to previous 
published studies on genotyping of Kazakhstani M. tuberculosis 
strains [28,31,32,33]. 

Conclusion. The results of 15 MIRU-VNTR (12 MIRU+3 
ETR) genotyping showed that Beijing genotype is a dominant 
genotype of M. tuberculosis in the studied regions of Kazakh-
stan. 65.3% of the clinical isolates were determined as Beijing 
family strains in our study. Most of Beijing family isolates 
(68.4% - 121/177) were drug-resistant compared to other M. 
tuberculosis families. MDR-TB prevailed among drug-resistant 
Beijing (58.7% - 71/121) and LAM family (50% - 10/20) strains. 
Whether Beijing and LAM family strains have association with 

Table 4. Drug resistance of 271 isolates across M. tuberculosis familiesе

M. tuberculosis 
families Susceptible

Resistant
Number of isolates 

Monoresistant Polyresistant (resistant at least 
to two drugs except MDR) MDR 

Beijing 56 18 32 71 177 
LAM 17 7 3 10 37
Ural 11 4 3 2 20 

Cameroon 11 4 - 1 16 
Haarlem 10 - 1 1 12 
NEW-1 7 - - 1 8 

Delhi/CAS 1 - - - 1 

Total: 113 (41.7%)
33 (12.2%) 39 (14.4%) 86 (31.7%)

271 (100%)
158 (58.3%)
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drug resistance in general and especially with MDR-TB statisti-
cally will be evaluated further after sequencing of genes respon-
sible for the drug resistance.
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SUMMARY

USE OF 15 MIRU-VNTR GENOTYPING FOR DISCRIM-
INATING M. TUBERCULOSIS CLINICAL ISOLATES 
FROM KAZAKHSTAN 

1,2Akhmetova A., 1,2Akilzhanova A., 3Bismilda V., 
3Chingissova L., 1Kozhamkulov U.

1Laboratory of Genomic and Personalized Medicine, Center for 
Life Sciences, National Laboratory Astana, Nazarbayev Univer-
sity, Nur-Sultan; 2Department of General Biology and Genomics, 
L.N.Gumilyov Eurasian National University, Nur-Sultan; 3National 
Reference Laboratory, National Scientific Center of Phthisiopulm-
onology of the Republic of Kazakhstan, Almaty, Kazakhstan

Tuberculosis is one of the main problems of medicine in Ka-
zakhstan. Kazakhstan is on the list of 30 countries with high 
rates of multidrug resistant tuberculosis in the world. Aim of 

this study is to conduct genotyping by MIRU-VNTR method to 
get preliminary data on M. tuberculosis genotypes distributed 
among the clinical isolates in Kazakhstan. 

271 M. tuberculosis clinical isolates were gathered from new 
cases of tuberculosis from different regions of Kazakhstan in 
this study. Genotyping was done using 15 MIRU-VNTR (12 
MIRU+3 ETR) loci. Obtained digital profiles of the clinical 
isolates were analyzed using the database on miru-vntrplus.org. 
Phylogenetic tree was built by UPGMA method. 

97 genotypes were identified, 70 (25.8%) of them were unique 
and were determined in one isolate in the sample collection. The 
rest 201 (74.2%) isolates were grouped into 27 clusters, that con-
tained from 2 to 102 isolates. According to genotyping results M. 
tuberculosis Beijing family strains were found in 65.3% cases. 121 
out of 177 Beijing isolates (68.4%) were drug-resistant. Prevalence 
of MDR-TB was detected among drug-resistant Beijing (58.7% - 
71/121) and LAM family (50% - 10/20) isolates.

Keywords: tuberculosis, MIRU-VNTR genotyping, Kazakh-
stan. 

РЕЗЮМЕ

ПРИМЕНЕНИЕ 15 MIRU-VNTR ГЕНОТИПИРОВА-
НИЯ ДЛЯ ХАРАКТЕРИСТИКИ M. TUBERCULOSIS 
КЛИНИЧЕСКИХ ИЗОЛЯТОВ  В КАЗАХСТАНЕ

1,2Ахметова А.Ж., 1,2Акильжанова А.Р., 3Бисмилда В.Л., 
3Чингисова Л.Т., 1Кожамкулов У.А.

1Лаборатория геномной и персонализированной медицины, 
Центр наук о жизни, National Laboratory Astana, Назарба-
ев университет, Нур-Султан; 2Евразийский национальный 
университет им. Л.Н. Гумилева, кафедра общей биологии и 
геномики, Нур-Султан; 3Национальная референс лаборато-
рия, Национальный научный центр фтизиопульмонологии 
Республики Казахстан, Алматы, Казахстан

Туберкулез является одной из основных проблем медици-
ны в Казахстане. Казахстан входит в число 30 стран мира с 
высокими показателями туберкулеза с множественной ле-
карственной устойчивостью. 

Цель исследования - генотипирование методом MIRU-
VNTR для получения предварительных данных по генетиче-
скому разнообразию клинических изолятов M. tuberculosis, 
распространенных в Казахстане. 

В исследовании собран 271 клинический изолят M. 
tuberculosis от впервые выявленных больных туберкулезом 
из различных регионов Казахстана. Генотипирование про-
ведено с применением 15 MIRU-VNTR (12 MIRU+3 ETR) 
локусов. Полученные для всех клинических изолятов циф-
ровые профили проанализированы с использованием базы 
данных miru-vntrplus.org. Филогенетическое древо постро-
ено методом UPGMA. 

Идентифицировано 97 генотипов, 70 (25,8%) из которых 
были уникальными и обнаружены только у одного изолята в 
выборке. Оставшийся 201 (74,2%) изолят образовал 27 кла-
стеров, которые включали в себя от 2 до 102 изолятов. По 
результатам генотипирования 177 (65,3%) изолятов иденти-
фицированы как штаммы семейства Beijing M. Tuberculosis, 
из них 121 (68,4%) - лекарственно-устойчивый. Туберкулез 
с множественной лекарственной устойчивостью, в основ-
ном, встречался среди лекарственно-устойчивых изолятов 
семейства Beijing (58,7% - 71/121) и LAM (50% - 10/20).
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reziume

15 MIRU-VNTR genotipirebis gamoyeneba M. TUBER-
CULOSIS-is klinikuri izolatebis daxasiaTebi-
saTvis yazaxeTSi

1,2a.axmetova, 1,2a. akilJanova, 3v.bismilda, 3l.Cingisova, 
1u.koJamkulovi

1genomuri da personalizebuli medicinis la-
boratoria, sicocxlis Semswvalel mecierebaTa 
centri, National Laboratory Astana, nazarbaevis univer-
siteti, nur-sultani; 2l.gumiliovis sax. evrazi-
uli eroavnuli universiteti, zogadi biologiis 
da genomikis kaTedra, nur-sultani; 3erovnuli 
referens-laboratoria, fTiziopulmonologiis 
erovnuli samecniero centri, almati, yazaxeTi

tuberkulozi rCeba erT-erT ZiriTad samedicino 
problemad yazaxeTSi. yazaxeTi msoflios 30 qveya-
nas Sorisaa mravlobiTi samkurnalwamlo rezis-
tentobis tuberkulozis maRali maCveneblebiT.
kvlevis mizans warmoadgenda genotipireba 

15 MIRU-VNTR-meTodiT winaswari monacemebis 

miRebis mizniT M. tuberculosis yazaxeTSi gavrcele-
buli klinikuri izolatebis genetikuri mraval-
ferovnebis Sesaxeb.
kvlevisaTvis yazaxeTis sxvadasxva regionidan 

tuberkulozis pirvelad daavadebulTagan Se-
grovilia M. tuberculosis 271 klinikuri izolati. 
genotipireba Catarda 15 MIRU-VNTR (12 MIRU+3 
ETR) lokusebis gamoyenebiT. yvela klinikuri 
izolatisaTvis miRebuli cifrobrivi profile-
bi gaanalizebulia monacemTa bazis miru-vntrplus.org 
gamoyenebiT. filogenezuri xe agebulia UPGMA 
meTodiT.
identificirebulia 97  fenotipi, romelTagan 

70 (25,8%) unikaluria da dafiqsirda mxolod 
erT izolatSi. danarCenma 201 (74,2%) izolatma 
Seqmna 27  klasteri, romelic moicavda 2-dan 
102-mde izolats. genotipirebis Sedegebis mixed-
viT, izolatebis 65,3% identificirda, rogorc M. 
tuberculosis-is Beijing ojaxis Stamebi. Beijing-is 177 
izolatidan 121 (68,4%) iyo wamalrezistentuli.
tuberkulozi mravlobiTi samkurnalwamlo 

rezistentobiT, ZiriTadad, aRiniSna Beijing ojaxis 
wamalrezistentul izolatebs (58,7% - 71/121) da 
LAM-s (50% - 10/20) Soris. 

метаболические особенности жировой ткани и Клиническое значение 
адипокинов у больных неалкогольной жировой болезнью печени (ОБЗОР)

Пивторак Е.В., Яковлева О.А., Пивторак Н.А., Феджага И.В., Дорошкевич И.А.

Винницкий национальный медицинский университет им. Н.И. Пирогова, Украина

Жировая ткань — это не только энергетическое депо, но 
и эндо- и паракринный орган, который способен влиять 
на другие органы и системы. При избыточной массе тела 
пролиферация и гипертрофия адипоцитов сопровождается 
инфильтрацией макрофагами с последующим развитием 
воспалительных реакций, в результате чего изменяется ме-
таболическая активность жировой ткани. Именно поэтому 
ряд ученых считают патологическое ожирение хрониче-
ским системным воспалительным процессом [4,30].

Жировая ткань является физиологическим резервуаром 
жирных кислот [17]. В случаях, когда способность к нако-
плению перегружена, эндокринные функции жировой тка-
ни меняются, и дальнейшее накопление эктопического жира 
приводит к липотоксичности, которая способствует разви-
тию воспаления и инсулинорезистентности (ИР) в печени 
[11]. В настоящее время липотоксичнисть рассматривается 
как движущая сила в механизме, который лежит в основе про-
грессирования заболевания от простого стеатоза до неалко-
гольного стеатогепатита (НАСГ). Стеатоз печени может гене-
рироваться такими механизмами, как: увеличение свободных 
жирных кислот увеличение потребления жира; повышенный 
липогенез de novo; уменьшение свободного окисления жиров 
и; снижение секреции печеночных триглицеридов.

Ожирение считается главной проблемой здравоохранения 
в двадцать первом веке. Это хроническое провоспалитель-
ное заболевание, которое системно влияет на нормальную 
физиологию и обмен веществ, вызывая множественные 
связанные заболевания, такие как сердечно-сосудистые за-
болевания, диабет, неалкогольная жировая болезнь печени 
(НАЖБП) и некоторые виды рака [30]. Наличие ожирения 
и, особенно, абдоминальный тип распределения жировой 
ткани способствуют формированию НАЖБП. Абдоминаль-
ное ожирение играет ведущую роль в развитии и прогрес-
сировании ИР. Для диагностики висцерального ожирения 
используют индекс ОТ/ОБ (окружность талии/окружность 
бедра), что позволяет оценить приоритетное скопления 
жира в абдоминальном жировом депо.

По данным литературы [20], индекс массы тела (ИМТ) 
является независимым предиктором развития жировой ин-
фильтрации печени. Как показали исследования распростра-
ненность НАЖБП линейно возрастает с увеличением ИМТ, 
достигая в 14 раз более высокого риска при ИМТ 37,5–40 
кг/м² в сравнении с населением с нормальным весом. Как и 
ожидалось, абсолютный риск выше у пациентов с диабетом 
при любом ИМТ. В частности, что касается риска НАЖБП, 
наличие диабета в популяции с нормальной массой тела эк-


