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MIRU-VNTR GENOTYPING OF MYCOBACTERIUM TUBERCULOSIS
CLINICAL ISOLATES FROM MOSCOW REGION
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Antibiotic selection pressure, genetic polymorphism as well as diversity of the immune status of the host and other selection
factors continuously prompt Mycobacterium tuberculosis, the tuberculosis causative agent, to evolve. Significant or insignificant
mutations shape new (sub)lineages of the pathogen whose evolution can be understood only through analyzing and monitoring
its genotypic diversity and properties of its lineages. In our study we used a set of 46 M. tuberculosis clinical isolates from
Moscow region. The samples were typed using the standard 24-loci MIRU-VNTR technique. Beijing family isolates were shown
to prevail in the collection (60.9 %), as well as Beijing-B0/W148 subtype (60.7 % of total Beijing type samples); most of them
(88,2 %) were multidrug-resistant resistant. The applied technique allowed us to detect one case of a mixed-strain infection.
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FEEHOTUMNPOBAHWUNE KITMHUYECKNX U30JTATOB MYCOBACTERIUM
TUBERCULOSIS, BblOEJIEHHBIX B MOCKOBCKOM PEIMOHE,
METOAOM MIRU-VNTR

K. B. LLyp, . A. Macnos, O. b. Bekkep, B. H. Janunerko =

JlabopaTtopust reHeTVIKM MUKpoopraHnamMos, OTAEN reHeTUHECKX OCHOB BUOTEXHONOT M,
VIHCTUTYT 06Lein reHeTnkn nmenn H. 1. Basrunosa PAH, Mocksa

Mop BO3OENCTBYEM Pa3NYHbIX CENEKTUBHBIX (DaKTOPOB (MPUMEHEHNE aHTUONOTUKOB, MTEHETUHECKUIA MONMMOPGU3M 1 pas-
HoO6pa3ne MMMYHHbIX CTaTyCOB X03saMHa 1 Ap.) BO3OyauTens Tybepkynesa Mycobacterium tuberculosis MOCTOSIHHO SBOSTHO-
LMOHNPYET. BO3HMKaIOT HOBbIE NIMHW 1 CYBNMHIM, XapakTepU3yoLLMecst HAOOPOM 3HAYUMBIX U HE3HAYUMBIX MyTaLwmin. AHanma
N MOHWUTOPVHI NPEeACTaBAEHHOCTM Pa3IiHbIX SIMHUA U X OCODEHHOCTEN SBMSETCS BaXKHLIM 451 MOHMMAaHNS 3BOSIIOLMM
natoreHa. B gaHHon pabote 6bia ncnonb3oBaHa KOmnekumst n3 46 KIMHUHECKUX M3onaToB M. tuberculosis, BblOENEeHHbIX
B MOCKOBCKOM pervioHe. bbina onpefeneHa nx reHoTMnnyeckast MPYHaANEXXHOCTb K PasYHbIM JIMHUSAM U CYONIMHUAM TU-
nuposaHuem no 24 nokycam MIRU-VNTR. Bbino nokasaHo npeobnapaHue n3onatos nuHum Beijing B konnekuun (60,9 %)
1 n30onaToB cybnmHnm Beijing-BO/W148 (60,7 % BHyTpu nmHnm Beijing), XxapakTepuayoLLmMXCS MHOXXECTBEHHOW NEKapCTBEH-
HOW YCTOM4YMBOCTHIO (88,2 % M30MSATOB B A@HHOW BbIOOPKE). TakKe MCMOb30BaHHbI METOL, MO3BOMMNA OMPEQENUTL OAMH
npegnonaraemMblii Cyyam CMeLIaHHON MHDEKUMN.
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Drug resistance of Mycobacterium tuberculosis, the causative
agent of tuberculosis, is a major issue in the treatment of this
infection. In Russia its annual incidence is estimated as 80
cases per 100,000 population (or a total of 115,000 cases per
year). In 20 % of new cases and 50 % of relapses reported
in Russia, patients are infected with multidrug-resistant (MDR)
strains [1]. Therefore, improvement of treatment strategies

largely relies on the identification and study of the most prevalent
M. tuberculosis strains circulating in the country.

M. tuberculosis population can be divided into a number
of major lineages; each lineage is geographically associated
[2] and carries certain phylogenetic markers that shape the
phenotype of the strain [3]. Members of the Beijing family are the
most prevalent lineage in Russia; they are highly transmissible
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and virulent, have a higher mutation rate and other properties
contributing to their dissemination [4].

Recent research conducted in Russia [5] identified a
Beijing-B0/W148 variant of the Beijing lineage. These strains
exhibit increased virulence in comparison with the progenitor
Beijing family and are multidrug-resistant (there are almost
no drug-sensitive strains within this sublineage). Mokrousov
et al. called Beijing-BO/W148 “a successful clone” of
M. tuberculosis [5].

The lineage of the M. tuberculosis strain/isolate can be
determined using a variety of genotyping methods, such as
the 1S6110-based restriction fragment length polymorphism
(RFLP) analysis, spoligotyping [6], differentiation based
on the use of single nucleotide polymorphisms (SNPs) of
housekeeping genes [7] and type Il toxin—antitoxin systems [8].
These methods are different in terms of labor intensity, cost
and their discriminatory power. One of the fastest and cheapest
methods that nevertheless has a good discriminatory ability is
molecular genotyping based on the variable number tandem
repeat analysis targeting mycobacterial interspersed repetitive
units (MIRU-VNTR) [9].

Previously we analyzed a collection of 64 M. tuberculosis
isolates from patients of the Central Research Institute for
Tuberculosis, Moscow. Spoligotyping revealed that 70.3 % of
the isolates belonged to the Beijing lineage [10]. To estimate the
proportion of “successful clones” (Beijing-B0O/W148) among
Beijing strains and to identify the phylogenetic structure across

NJ-Tree, MIRU-VNTR [24): Categorical (1), Spoligo: Categorical (1)
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the collection, we genotyped 46 DNA samples using 24-loci
MIRU-VNTR. Results are presented below.

METHODS
Collection of DNA samples of M. tuberculosis clinical isolates

We used a collection of DNA samples of M. tuberculosis
clinical isolates previously described by Maslov et al. [10].
We have previously spoligotyped the isolates and prepared
their drug-resistance profiles using 8 first- and second-line
antituberculosis drugs. Then the isolates were distributed into
two groups: 1) isolates resistant to any of the antituberculosis
drug used in the study (n = 41); 2) controls — drug-sensitive
isolates (n = 23). In total, 46 isolates were analyzed (23 from
each group).

Genoptyping of M. tuberculosis clinical isolates

Genotyping was performed based on 24 MIRU-VNTR loci
according to the standard protocol [11]. PCR primers were
synthesized by Syntol, Russia. Amplification was performed in
0.2 ml 96-well plates (Bio-Rad, USA) using the Amplification Kit
(Dialat, Russia) according to the protocol described in [9] in the
T100 Thermal Cycler (Bio-Rad). The obtained fragments were
separated by 2 % agarose gel electrophoresis in the 1x Tris-

SpolDB4 MIRU

Ne type  type 24-loci MIRU-VNTR profile

13-8202 | BEJING 936632 2 4 2 2 3 3 3 6 2 6 4 4 426163363823
133537 1 BENING 9344322 2 4 6 2 3 3 3 62 6 4 4 4 26163363823
13-3538 1 BEJING 934432 2 4 6 2 3 3 3 6 2 6 4 4 426163363823
13-2432 1 BEJING 94-32 2 4 4 2 33 3 62 644 4261633638°23
13-330 | BEJING 94-32 2 4 4 2 3 3 3 62 6 4 4426163363823
13-4177 1 BEJING 94-32 2 4 4 2 33 3 62 6 4 4426163363823
13-3387 | BENING 934332 2 4 4 2 3 4 3 6 2 6 ¢ 4 4 2 6 163363823
133134 | BENING 96146 2 4 4 2 3 3 3 6 1 6 4 ¢ 4 261633632823
131780 1 BEJING 108632 2 4 4 2 3 3 3 6 2 6 4 4 426163363623
132243 1 BEJING 1086133 2 4 4 2 3 3 3 62 6 4 4 4 1 6163363623
133629 | BENING 99332 2 4 4 2 3 3 3 62 6 4 2 426163363723
13-2078 1 BENING 10977-32 2 4 4 2 3 3 3 6 2 64 4426173363123
13-2392 1 BEJING 108632 2 4 4 2 3 3 3 6 2 6 44 426173363623
13-2674 1 BEJING 108632 2 4 4 2 3 3 3 62 6 4442617336362 3
131871 1 BEJING 10032 2 4 4 2 3 3 3 62 6 44 426173363723
131965 1 BEJING 10032 2 4 4 2 3 3 3 62 644 426173363723
13-2041 1 BEJING 10032 2 4 4 2 33 3 62 64442617 3363723
132078 1 BENING 10032 2 4 4 2 3 3 3 62 64 4426173363723
13-2253 1 BEJING 10032 2 4 4 2 3336264442617 3363723
13-2385 | BEJING 10032 2 4 4 2 3 3 3 62 6 44 426173363723
13-2459 1 BEJING 10032 2 4 4 2 3336264442617 3363723
13-2836 | BEJING 10032 2 4 4 2 33 36264442617 3363723
133318 1 BEJING 10032 2 4 4 2 3 3 3 62 64 4426173363723
13-3435 1 BEJING 10032 2 4 4 2 33 36264442617 3363723
13-3742 1 BEIING  100-32 2 4423336264444 44261733®©6372S3
133917 1 BENING 10022 2 4 4 2 3 3 3 62 64 4426173363723
13-4064 1| BEIJING  100-32 2 442333626444 4426173363723
13-4152 1 BEJING 10022 2 4 4 2 3 3 362644 426173363723
13-4781 1 BEJING 10032 2 4 4 2 33 3626 44426173363723
13-2202 2-15 21322332263422616333332?2
13-2566 2-85 234232362234216163233822
13-3114 63 Tl 3-26 23424312131 4226163333SH622
133632 118 T2 2-15 23214312233422616333332?2
13-3539 118 T2 2-16 234243122224226163338322
13-3582 118 T2 2164 234243 122324¢22616333660.1
13-3617 118 T2 2-16 234233122224226163436622
13-4189 216 234243122334226143338622
13-3896 1282 TI 2-26 244243321634226163333G622
13-3594 2-16 233234342624 42614333383?2
13-3055 127 H4 2-16 23422 1123224442611 3323832
13-3147 262 H4 2-15 246268132244 426113326732
13-2978 42  LAM9 8282 1 422 643322241261633228622
13-3158 42 LAMO 1391661 1 4 2 2 4 4 2 3 222 4126163322622
133208 4@ LAM9 136728 ] 4 2 2 4 4 332224 126163322422
13-3935 766 TI -8 14224¢44d4332224126163322622
13-3086 -8 1422443322241 261683322¢622
13-4178 284 T N418-61 1 3 2 2 6 6 3 3222 41286163322¢622

NJ phylogenetic tree of M. tuberculosis isolates from the Moscow region. The tree was constructed using the 24-loci MIRU-VNTR profile of each phylogenetic group.

Beijing-BO/W148 is shown in red
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acetate-EDTA (TAE) buffer (40 mM Tris-acetate, 1 mM EDTA,
pH 7.6). Results were analyzed using the MIRU-VNTRplus web
tool [9, 12].

RESULTS

According to the MIRU-VNTR profiles prepared using the
MIRU-VNTRplus web tool, 60.9 % of isolates belonged
to the Beijing lineage, 13.0 % — to LAM, 13.0 % — to T1
and T2, 4.3 % — to URAL, 2.2 % — to Cameroon, S and
NEW-1 (one isolate per each lineage). One isolate’s lineage
could not be identified. Isolate 13-2078 was found to have
two allelic variants of the QUB26 locus (1 and 7), which may
indicate a mixed-strain infection [13].

Based on the MIRU-VNTR profiles, we constructed a
dendrogram (see Figure). It clearly shows a cluster of 17
B0O/W148 isolates (isolate 13-2078 is a combination of two
strains, but both of them belong to the BO/\W148 sublineage)
accounting for 60.7 % of all Beijing strains. It should be noted
that all of those strains were drug-resistant (group A); 15 of
them (88.2 %) were multidrug-resistant, of which 3 (20.0 %)
exhibited extensive drug resistance (XDR).

DISCUSSION

In our previous work [10] we genotyped isolates of
M. tuberculosis by spoligotyping. Based on the obtained
results, the isolates were distributed into 6 groups: 60.9 %
belonged to Beijing family, 21.7 % —to T1 and T2, 6.5 % —to
LAMY, 6.5 % — to H4 (proportions are specified for 46 isolates
studied in this work). Five isolates had a unique genotype [10].
[t might be due to accidental spacer deletions or insertions,
which are quite typical for the studied gene region due to its
high variability.
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