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K CBEAEHUIO ABTOPOB!
[Ipu HampaBIeHUY CTAaTbH B PEAAKITHIO HEOOXOINMO COOITIOATh CISAYIONINE TIPABHIIA;

1. CraTps 1oyKHA OBITH MPECTABICHA B IBYX DK3EMILISIPAX, HA PYCCKOM MJIM aHTIIUHCKOM SI3bI-
Kax, HarleyaTaHHas yepe3 MoJITopa HHTepBaJjia Ha OHOIl CTOPOHE CTAHIAPTHOIO JIUCTA ¢ INMPHHOI
JIEBOTO NOJIsI B TPHM caHTHMeTpa. Mcnonb3yemblil KOMIIBIOTEPHBIH WPUQT U1 TEKCTa Ha PYCCKOM U
anruiickoM sizpikax - Times New Roman (Kupuaauima), Ui TekcTa Ha TPY3UHCKOM SI3BIKE CIIETyeT
ucnoip3oBath AcadNusx. Pasmep mpudra - 12. K pykornrcu, HaneyaraHHOW Ha KOMITBIOTEPE, JTOJDKEH
o51Th IprTO’keH CD co crarbeit.

2. Pa3mep craTbu 10TKEH OBITH HE MEHEE IECSTH 1 He OoJiee 1BaALaTH CTPaHUI] MAIIHOIINCH,
BKJIIOUAsl yKa3arellb JINTepaTypsl U Pe3loMe Ha aHIJIMIICKOM, PYCCKOM U IPY3HHCKOM SI3bIKaX.

3. B crarbe 10KHBI OBITH OCBEIIEHBI AKTYyaIbHOCTh JJAHHOTO MaTepHalla, METO/IbI U Pe3YIIbTaThI
UCCIIeIOBaHUS U MX 00CYKACHHE.

[Ipu npencTaBIeHNN B IIeYaTh HAYYHBIX SKCIIEPUMEHTAIBHBIX PA0OT aBTOPHI JOJIKHBI YKa3bIBATH
BHUJl U KOJIMYECTBO IKCIEPUMEHTANBHBIX KUBOTHBIX, IPUMEHSBIIHECS METOABl 00e3001MBaHUs U
YCBIMICHHUS (B XOJ€ OCTPBIX OIBITOB).

4. K crarbe JOIKHBI OBITH IPUIIOKEHBI KpaTKoe (Ha MOJICTPAaHUIIbI) Pe3OMe Ha aHIIIMICKOM,
PYCCKOM M I'PY3HHCKOM $I3bIKax (BK/IIOYAIOLIEE CIEIYIOLINE pa3aesbl: Lieb UCCIeI0BaHNs, MaTepHua U
METO/IBI, PE3YJILTAThI M 3aKIFOUSHHE) U CIIUCOK KITtoueBbIX ciioB (key words).

5. Tabnuupl HEOOXOIUMO NPECTABIATE B Ie4aTHOM hopme. DoTokonuu He TpuHUMaroTcs. Bee
nu¢poBbie, HTOTOBbIE H NPOLEHTHbIE JaHHbIE B Ta0JIMIaX J0JIKHbI COOTBETCTBOBATH TAKOBBIM B
TeKcTe cTaThbU. Tabiuibl U rpaduKu TOTKHBI OBITH 03aryIaBICHBI.

6. dotorpadun AOIKHBI OBITH KOHTPACTHBIMHU, (DOTOKOIHMHU C PEHTTEHOTPAMM - B HO3UTUBHOM
n300paxeHnH. PUCYyHKH, YepTeKU U IuarpaMmbl CIeLyeT 03arIaBUTh, IPOHYMEPOBATh U BCTABUTH B
COOTBeTCTBYIOIIEe MecTo TekcTa B tiff hopmare.

B noanucsix k MukpogotorpagusaM cieayeT yKa3bBaTh CTEIICHb YBEIMUCHHUS YePEe3 OKYISP HITH
00BEKTUB U METOJ] OKPACKU WJIM UMIPETHALIUH CPE30B.

7. ®aMUIIUU OTEYECTBEHHBIX aBTOPOB MIPUBOJATCS B OPUTHHAIBHON TPAHCKPUIILINH.

8. I[Ipu opopmnennn u HarpaBneHun crtared B kypHanm MHI nmpocum aBTOpOB cobmronars
NpaBuIIa, U3JI0KEHHBIE B « EMUHBIX TpeOOBaHUSAX K PYKOMHUCSM, IPEACTABISIEMBIM B ONOMEIUIIMHCKHUE
JKYpHAJIbD», TPUHATHIX MeXKIyHapOAHBIM KOMHUTETOM PEIaKTOPOB MEAMLMHCKUX JKYpPHAJIOB -
http://www.spinesurgery.ru/files/publish.pdf u http://www.nlm.nih.gov/bsd/uniform_requirements.html
B koHIe Kax /101 OPUTHHATIBHOM CTaThU MPUBOIUTCS OMOIHOrpadguyeckuii cucok. B cnmncok nurepa-
TYPBI BKJIFOYAIOTCSl BCE MaTepHalibl, HA KOTOPbIE UMEIOTCS CChUIKU B TeKcTe. CIHCOK COCTaBIsIeTCs B
andaBUTHOM MOpsAKEe U HymMepyeTcs. JIutepaTypHblii HCTOYHMK IPUBOAUTCS Ha sI3bIKE OpUrMHana. B
CIMCKE JINTEPATyPhl CHavYajIa MPUBOIATCS PaOOThI, HAIMCAHHBIE 3HAKAMU TPY3MHCKOTO anaBuTa, 3aTeM
KApuuien u naruauned. CChUIKM Ha IUTHUPYEMble pabOThl B TEKCTE CTATbH JAIOTCS B KBaIPaTHBIX
CKOOKax B BU/I€ HOMEPA, COOTBETCTBYIOLIETO HOMEPY JaHHOH pabOoThI B CIIMCKE TUTEPaTypbl. bonbmmh-
CTBO IIUTHPOBAHHBIX UCTOYHUKOB JOJKHBI OBITH 32 IMOCTETHNUE 5-7 JIET.

9. ns momydeHus MpaBa Ha MyONHMKALMIO CTaThs TOJDKHA MMETh OT PYKOBOIUTENSI pabOTHI
WIN YUPEXKJICHUS BU3Y U CONPOBOIUTEIBHOE OTHOILICHHUE, HAIMCAHHBIC WJIM HAlledaTaHHbIC Ha OJIaHKe
Y 3aBE€PEHHBIE MOJIHCHIO U NIEYaThIO.

10. B koHIe cTaThU NOJKHBI OBITH MOAMHCH BCEX aBTOPOB, MOJHOCTBIO MPUBEACHBI UX
(amuIMM, UIMEHAa U OTYECTBA, YKa3aHbl CIIy>KeOHBIH M JOMAIIHUI HOMEpa TeJIe(OHOB U agpeca MM
uHble KoopAuHaThl. KonmuuecTBo aBTOPOB (COABTOPOB) HE TOJHKHO MPEBBIIIATE IISITH YEJIOBEK.

11. Penakuus ocraBisieT 3a cOO0 MpaBo COKpallaTh U UCHPaBIATh cTarbi. Koppekrypa aBropam
HE BbICBUIAETCS, BCS paboTa U CBEpKa MIPOBOAUTCS 110 aBTOPCKOMY OPHTHHAILY.

12. HenomycTuMO HarpaBiieHHE B pefaklMIo padoT, MPeICTaBICHHBIX K MeYaTH B MHBIX
M3/1aTeIbCTBAX WIIM OMYOJIMKOBAHHBIX B APYTHX M3IAHUSX.

Hpﬂ HApyHI€HUU YKa3aHHbIX IPaBUJI CTATbU HE paCCMaTPUBAIOTCH.




REQUIREMENTS

Please note, materials submitted to the Editorial Office Staff are supposed to meet the following requirements:

1. Articles must be provided with a double copy, in English or Russian languages and typed or
compu-ter-printed on a single side of standard typing paper, with the left margin of 3 centimeters width,
and 1.5 spacing between the lines, typeface - Times New Roman (Cyrillic), print size - 12 (referring to
Georgian and Russian materials). With computer-printed texts please enclose a CD carrying the same file titled
with Latin symbols.

2. Size of the article, including index and resume in English, Russian and Georgian languages must
be at least 10 pages and not exceed the limit of 20 pages of typed or computer-printed text.

3. Submitted material must include a coverage of a topical subject, research methods, results,
and review.

Authors of the scientific-research works must indicate the number of experimental biological spe-
cies drawn in, list the employed methods of anesthetization and soporific means used during acute tests.

4. Articles must have a short (half page) abstract in English, Russian and Georgian (including the
following sections: aim of study, material and methods, results and conclusions) and a list of key words.

5. Tables must be presented in an original typed or computer-printed form, instead of a photocopied
version. Numbers, totals, percentile data on the tables must coincide with those in the texts of the
articles. Tables and graphs must be headed.

6. Photographs are required to be contrasted and must be submitted with doubles. Please number
each photograph with a pencil on its back, indicate author’s name, title of the article (short version), and
mark out its top and bottom parts. Drawings must be accurate, drafts and diagrams drawn in Indian ink
(or black ink). Photocopies of the X-ray photographs must be presented in a positive image in tiff format.

Accurately numbered subtitles for each illustration must be listed on a separate sheet of paper. In
the subtitles for the microphotographs please indicate the ocular and objective lens magnification power,
method of coloring or impregnation of the microscopic sections (preparations).

7. Please indicate last names, first and middle initials of the native authors, present names and initials
of the foreign authors in the transcription of the original language, enclose in parenthesis corresponding
number under which the author is listed in the reference materials.

8. Please follow guidance offered to authors by The International Committee of Medical Journal
Editors guidance in its Uniform Requirements for Manuscripts Submitted to Biomedical Journals publica-
tion available online at: http://www.nlm.nih.gov/bsd/uniform_requirements.html
http://www.icmje.org/urm_full.pdf
In GMN style for each work cited in the text, a bibliographic reference is given, and this is located at the end
of the article under the title “References”. All references cited in the text must be listed. The list of refer-
ences should be arranged alphabetically and then numbered. References are numbered in the text [numbers
in square brackets] and in the reference list and numbers are repeated throughout the text as needed. The
bibliographic description is given in the language of publication (citations in Georgian script are followed
by Cyrillic and Latin).

9. To obtain the rights of publication articles must be accompanied by a visa from the project in-
structor or the establishment, where the work has been performed, and a reference letter, both written or
typed on a special signed form, certified by a stamp or a seal.

10. Articles must be signed by all of the authors at the end, and they must be provided with a list of full
names, office and home phone numbers and addresses or other non-office locations where the authors could be
reached. The number of the authors (co-authors) must not exceed the limit of 5 people.

11. Editorial Staff reserves the rights to cut down in size and correct the articles. Proof-sheets are
not sent out to the authors. The entire editorial and collation work is performed according to the author’s
original text.

12. Sending in the works that have already been assigned to the press by other Editorial Staffs or
have been printed by other publishers is not permissible.

Articles that Fail to Meet the Aforementioned
Requirements are not Assigned to be Reviewed.
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USE OF 15 MIRU-VNTR GENOTYPING FOR DISCRIMINATING
M. TUBERCULOSIS CLINICAL ISOLATES FROM KAZAKHSTAN

1ZAkhmetova A., *AKkilzhanova A., *Bismilda V., *Chingissova L., '"Kozhamkulov U.

Laboratory of Genomic and Personalized Medicine, Center for Life Sciences, National Laboratory Astana, Nazarbayev University,
Nur-Sultan; *Department of General Biology and Genomics, L.N.Gumilyov Eurasian National University, Nur-Sultan; *National
Reference Laboratory, National Scientific Center of Phthisiopulmonology of the Republic of Kazakhstan, Almaty, Kazakhstan

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 IS6/10 insertion sequence copies. The number
of IS6110 fragments may vary from 0 to 26 copies per isolate.
1S6110-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 IS67//0 fragments, a secondary genotyping
technique is needed to provide sufficient discrimination [3,4].
Other limitations of [S6//0-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 IS67/0-RFLP
results are at hand for comparison. Yet, interlaboratory compari-
son of IS6710-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
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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 IS67//0 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 IS6//0 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 a 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 Ne20 from 22.09.2017 and Protocol Ne05-2020
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. /n vitro determination of
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susceptibility to anti-tuberculosis drugs was carried out on the
Lowenstein—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.

MEJIMIJUHCKHUE HOBOCTHU I'PY3UU
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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
corresponded 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 - Yxi2 [0/(n, - 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

MIRUO2F

5’-CAGGACACGGGTTCTACTG-3’
MIRUO2R 5’-GGACTAGGTCGAGGTTGTGTC-3’

MIRUO4F 5’-CAGGTCACAACGAGAGGAAGAGC-3’
MIRUO4R 5’-GCGGATCGGCCAGCGACTCCTC-3’
MIRU10F 5’-GACTTCCAACAGCACCGTCTTATC-3’
MIRU10R 5’-TCGCACCGATCACGCTACG-3’
MIRU16F 5’-GTTGGAAACGGCGGTTATTGAC-3’
MIRU16R 5’-CGGAGTCGTCCAGCAAGACC-3’
MIRU20F 5’-TCGGAGAGATGCCCTTCGAGTTAG -3’
MIRU20R 5’-TCACGGTCTCCGCACTAACG-3’
MIRU23F 5’-CTCACCAGGATCGCCAAACC-3’
MIRU23R 5’-TCTGACTCATGGTGTCCAACC-3’
MIRU24F 5’-GCTTGTGCGGGAAGGCTA-3’
MIRU24R 5’-CGATCGCGGATCTTTGCT-3"
MIRU26F 5’-CCAGCAGTTGAGCACAGTTCG-3’
MIRU26R 5’-GGATAGGTCCGAGTTCGATTTCC-3’
MIRU27F 5’-CGGTGACCAACGTCAGATTC-3’
MIRU27R 5’-GCGATGTGAGCGTGCCACTCAA-3’
MIRU31F 5’-CTTCGGCGTCGAAGAGAGCCTC-3’
MIRU31R 5’-CGGAACGCTGGTCACCACCTAAG-3’
MIRU39F 5’-CATCGACAAACTGGAGCCAAAC-3’

MIRU39R 5’-GAAACGTCTACGCCCCACAC-3’

MIRU40F 5’-GCAAGAGCAAGAGCACCAAGC-3’

MIRU40R 5’-TGTCTAATCAGGTCTTTCTCTCACGC-3’
ETRAF 5’-GATTGAGGGGATCGTGATTGG-3’
ETRAR 5’-AAATCGGTCCCATCACCTTCTTAT-3’
ETRBF 5’-GCGAACACCAGGACAGCATCATG-3’
ETRBR 5’-GGCATGCCGGTGATCGAGTGG-3’
ETRCF 5’-GTGAGTCGCTGCAGAACCTGCAG-3’
ETRCR 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 b
0 1 2 3 4 5 6 7 8 9 10

MIRU 2 - 30 239 2 - - - - - - - 0.21
MIRU 4 2 265 - - - - - - - - 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 - - - - - - 0.06
MIRU 31 - 1 49 43 166 6 - - - - 0.56
MIRU 39 - 2 99 169 1 - - - - - - 0.48
MIRU 40 - - 18 206 37 8 - 1 1 - - 0.4
ETRA - 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
© GMN

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
MBDR. 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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Table 4. Drug resistance of 271 isolates across M. tuberculosis familiese

M. tub Iosi Resistant
. tuberculosis . .
families Susceptible . Polyresistant (resistant at least Number of isolates
Monoresistant MDR
to two drugs except MDR)
Beijing 56 18 32 71 177
LAM 17 7 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
33 (12.2%) 39 (14.4%) 86 (31.7%)
Total: 113 (41.7%) 271 (100%)
158 (58.3%)

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 a 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 ez.a/
[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].
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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.a/ 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
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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

12Akhmetova A., *Akilzhanova A., *Bismilda V.,
3Chingissova L., 'Kozhamkulov U.

'Laboratory of Genomic and Personalized Medicine, Center for
Life Sciences, National Laboratory Astana, Nazarbayev Univer-
sity, Nur-Sultan; *Department of General Biology and Genomics,
L.N.Gumilyov Eurasian National University, Nur-Sultan, National
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
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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.

PE3IOME

INPUMEHEHHUE 15 MIRU-VNTR TI'EHOTHUIIUPOBA-
HUs1 JJIsI XAPAKTEPUCTUKHWN M. TUBERCULOSIS
KIIMHUYECKHUX U30JI5SITOB B KASAXCTAHE

12AxmeroBa A.K., " Aknibxkanosa A.P., *bucvuiana B.JL.,
SYuurucosa JI.T., 'KoxxamkyiioB V.A.

Ulabopamopust 2enoMHOU U NEPCOHANUIUPOBANHOU MEOUYUHDL,
Llenmp nayx o swcusznu, National Laboratory Astana, Hazap6a-
es ynusepcumem, Hyp-Cynman, *Eepazuiickuil HayuoHanibHblil
yuusepcumem um. JI.H. I'ymunesa, kagpeopa obweil buonoeuu u
eenomuru, Hyp-Cynman; *Hayuonanenas pegpepenc nabopamo-
pust, Hayuonanenwiti nayunviii yenmp @musuonynsMoHomo2uu
Pecnyonuxu Kazaxcman, Anmamol, Kazaxcman

TyGepkyre3 sBiIseTcs: OHOW U3 OCHOBHBIX MPOOJIEM METULIU-
uel B Kazaxcrane. Kazaxcran Bxoaur B unciio 30 cTpan mupa ¢
BBICOKMMH IIOKa3aTesIMH TyOepKylie3a ¢ MHOKECTBEHHOIT Jie-
KapCTBEHHOH yCTOHYMBOCTBIO.

Lenp uccnenoBanust - reHorunupoBanue merogom MIRU-
VNTR pu1s nonyueHus npeaBapuTeIbHbIX JaHHBIX 10 TeHETHYe-
CKOMY pa3HO00pa3Hio KIMHUYECKUX H30JATOB M. tuberculosis,
pacnpocTpaneHHbIX B Kazaxcrane.

B uccinenoBanuu cobpan 271 kiuHUYECKUH uU3074T M.
tuberculosis OT BliepBbIE BBISIBICHHBIX OOJIBbHBIX TYOSPKYIE30M
U3 pa3auyHbIX pernoHoB Kaszaxcrana. I'eHoTunupoBaHue mnpo-
BezieHo ¢ npuMeHenueMm 15 MIRU-VNTR (12 MIRU+3 ETR)
70KycoB. [lomydeHHBIC T BCEX KIMHUYCCKUX H30JISATOB IH(-
poBbie NPOQUIN NPOAHATU3UPOBAHBI C UCIIOIb30BaHUEM 0a3bl
JaHHbIX miru-vntrplus.org. OuaoreHeTH4YecKoe APEBO MOCTPO-
eHo merornoM UPGMA.

Unentudurmposano 97 renorumnos, 70 (25,8%) n3 KoTOpbIX
ObLTH YHUKaJIbHBIMU U 06Hapy>|<eH|>1 TOJIBKO Y OJHOI'O U30JIATa B
BeiOOpke. Ocrasmmuiics 201 (74,2%) uzonsat obpazosan 27 kia-
CTEepOB, KOTOPbIC BKIO4YaIH B ceOs ot 2 1o 102 uzonsros. [To
pesynabsraram reHotunupoBanus 177 (65,3%) n3014T0B UAEHTU-
¢unmpoBaHkl Kak mraMMbl cemeiictBa Beijing M. Tuberculosis,
u3 Hux 121 (68,4%) - nekapcTBeHHO-ycTOHuUBBIN. TyOepkye3
C MHOXECTBEHHOMW JIEKapCTBEHHON yCTOHMYMBOCTBIO, B OCHOB-
HOM, BCTpEYaJCsi CPeAn JIEKapCTBEHHO-YCTOWYMBBIX H30JISTOB
cemeiictBa Beijing (58,7% - 71/121) u LAM (50% - 10/20).
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METABOJHUYECKHUE OCOBEHHOCTH J)KUPOBOM TKAHU U KIMHUYECKOE 3HAYEHUE
AJIMTIOKUHOB Y BOJIbHBIX HEAJIKOTOJIbHOM J)KUPOBOM BOJIE3HBIO MTEYEHHU (OB30P)

Iusropak E.B., SIkosaesa O.A., [lusropak H.A., ®exxara U.B., lopomkesny U.A.

Bunnuykuii nayuonanvuvill meouyunckuil ynugepcumem um. H.M. Ilupoeosa, Ykpauna

JKupoBast TKaHb — 3TO HE TOJBKO SHEPreTHYECKOe JEINo, HO
U 9HJIO- U TNApaKpUHHBII OpraH, KOTOPBIH CIIOCOOEH BIHATH
Ha Jpyrue opraHsl U cucteMbl. [Ipu M30BITOYHON Macce Tena
nponudepanus ¥ TUIEPTPODUs aAUTIOLUTOB COMPOBOKIACTCS
nHpunpTpanmeil MakpodaraMu ¢ MOCIEIYIOMIUM Pa3BUTHEM
BOCHAIUTENIBHBIX PEaKLHi, B PE3yJIbTaTe 4ero U3MEHseTcs Me-
TaboInYecKass aKTUBHOCTb KUPOBOW TKaHU. VIMEHHO MO3TOMY
PSII y4EHBIX CUMTAIOT IIATOJIOTMYECKOE OXXHPEHHE XPOHUYE-
CKHM CHCTEMHBIM BOCIAJIMTENILHBIM ITporieccoM [4,30].

XKupoBas TKaHb sBIseTCS (HPU3UOIOTHYECKHM PE3EPBYapOM
JKUPHBIX KUCHOT [17]. B ciyuasx, korga cmocoOHOCTb K HAKO-
IUICHHIO MEeperpy’keHa, SHIOKPUHHbIE (QYHKIMN KUPOBOI TKa-
HH MEHSIOTCS, U JAJIbHEHIIIee HAKOIIICHNUE SKTOIMYECKOT0 )KUpa
MPUBOAUT K JIMIOTOKCHYHOCTH, KOTOPasi CIIOCOOCTBYET pa3BuU-
THIO BOCHAJICHUs U MHCyauHopesucteHTHocTu (MP) B nedenn
[11]. B Hacrosmee BpeMsi JTUIMOTOKCUYHUCTh paccMaTpUBaeTCs
KaK JIBIDKYILAst CHJIa B MEXaHU3ME, KOTOPBIIi JIEXKHUT B OCHOBE IIPO-
IPECCHPOBaHKS 3a00JIEBAHUSA OT IPOCTOrO CTEATO3a JI0 HEAIKO-
ronbHOTO crearorenarura (HACT). Crearo3 neueHn MOXKET TeHe-
PMPOBAThCS TAKUMH MEXaHU3MAMH, KaK: YBEJIMUCHUE CBOOOIHBIX
JKUPHBIX KUCJIOT YBEJIMYEHHE MOTPEONICHUs JKUPA; HOBBILICHHBIH
nunoreHe3 de novo; yMeHbIIeHHe CBOOOIHOTO OKHUCIICHHUS KUPOB
1; CHIKEHHE CEeKPELIMH TIeYCHOYHbIX TPHITINLIEPUIOB.
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O’KUpEeHUE CUNTACTCS [TIABHOM MPOOIEMOit 3[paBOOXPaHEHUS
B JIBA/ILIaTh NE€PBOM BeKe. DTO XPOHMYECKOE MPOBOCHAIUTENb-
Hoe 3aboyieBaHNe, KOTOPOE CUCTEMHO BIIHAET HA HOPMAJbHYIO
(Gu3nonornio u OOMEH BEILECTB, BBI3bIBAS MHOKECTBEHHbIE
CBsI3aHHbIE 3200JI€BAHUS, TaKHE KaK CEpAEYHO-COCYIHUCThIC 3a-
GoneBaHus1, qUabeT, HEANIKOroIbHasl )KUPOBasi OOJIE3Hb MEUCHH
(HAXGBII) u nexotopsle Buabl paka [30]. Hannuue oxupenus
U, 0coOCHHO, abIOMHMHAJIBHBIA THIT paclpeleleHus KUPOBOU
TKaHu crocodcTBytoT popmupoBanno HAXKBII. A6nomunans-
HO€ OXKMPEHHE UTPaeT BEAYILIYI0 POJb B Pa3BUTHU U MPOTpeC-
cupoBanuu WP. [lnd auarHocTHKM BUCUEPATIBHOIO OKUPEHUS
ucnonb3ytoT uuaeke OT/Ob (0KpyXHOCTh TalUuH/OKPYKHOCTh
Oenpa), YTO TO3BOJSIET OLEHUTh NPUOPUTETHOE CKOILJICHUS
JKHpa B a0ZIOMHHAIEHOM XHPOBOM JIETIO.

[lo mannbM nuteparypsl [20], unnexc maccel Tena (UMT)
SIBJIAETCS HE3aBUCHMBIM MPEIUKTOPOM Pa3BUTHUS KUPOBOH MH-
(unprpanny nedenu. Kak nmokasanm uccieioBaHus pacnpocrpa-
HeHHocTh HAXKDBII nuneitno Bospacraer ¢ ysennuenuem VIMT,
nocruras B 14 pa3 6onee Bbicokoro pucka npu UMT 37,5-40
KI/M? B CPAaBHEHHUH C HaceJeHUEM C HOpMallbHBIM BecoM. Kak u
0XKHUJ1ATI0Ch, A0COTIOTHBIH PHCK BBIIIE Y NAIUEHTOB ¢ JUAa0eTOM
npu modom UMT. B wactHocTH, uTO Kacaercs pucka HAXKBII,
HaJM4Ke qruadeTa B MOMyJSIIUKE ¢ HOPMaJbHON MacCoi Tena dK-
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