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PHTHISIOLOGY

RESUME

Introduction. Despite the improvement of the general epidemiological situation
for tuberculosis (TB) in Krasnoyarsk region, the spread of multiple and pre-extensive
drug resistance (MDR and pre-XDR) of the pathogen remains a serious problem that
requires a comprehensive analysis of factors, including an assessment of the circulating
population of Mycobacterium tuberculosis.

Objective. To assess the molecular genetic structure of M. tuberculosis strains in Kras-
noyarsk region.

Materials and methods. A total of 400 strains were studied for 2024 using SNP-
and MIRU-VNTR-24 typing.

Results. High levels of MDR (64.5 %), including pre-XDR (45.0 %) and XDR (1.5 %), were
detected in the sample of M. tuberculosis strains. The dominance of L2 (Beijing genotype)
was found in newly diagnosed cases (72.1 %) and previously treated patients (85.6 %).
Non-Beijing strains belonged to the L4 genotypes (LAM, Ural, Haarlem and S). The most
common Beijing subtypes were BO/W148 (49.5 %; 198/400) and Central Asian Russian
(25.0 %; 99/400), they differed significantly in MDR levels (96.5 % and 36.4 %, respec-
tively, by subtype; p < 0.001). Beijing BO/W148 strains had the highest levels of pre-
XDR (71.7 %) and XDR (3.0 %). MDR among L4 strains (30.1 %) was significantly lower
compared to Beijing (76.4 %) (p < 0.001). Strains from HIV-TB patients were more com-
mon with an MDR profile (74.4 %) than from patients without HIV infection (60.4 %)
(p = 0.008) against the background of a higher presence of Beijing BO/W148 in the HIV-
TB group (59.8 % versus 45.2 %; p = 0.008).

Conclusion. Beijing B0/W148 strains account for about half of the study sample
and make a significant contribution to the pre-XDR (78.9 %) and XDR (100 %), which
requires further monitoring and enhanced control of treatment effectiveness.

Key words: Mycobacterium tuberculosis, Beijing BO/W148, Beijing Central Asian Out-
break, multidrug resistance, tuberculosis, Krasnoyarsk region
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PE3IOME

O6ocHosaHue. Hecmompsa Ha ynydweHue obweli snudemuosioaudeckol cumyayuu
no my6epkyne3sy (Tb) 8 KpacHoapckom Kpae, pacnpocmpaHeHue MHOXecmaeHHoU
U npe-wiupokol nekapcmeeHHol ycmouyusocmu (MJTY u npe-LUJ1Y) so36youmens
ocmaemcs cepve3Hol npobemot, mpebyiouweli KOMNIEKCHO20 AHAIU3a haKkmopos,
8 MOM YUCJ1e U OUeHKU yupkynupytowel nonynayuu Mycobacterium tuberculosis.
Llens uccnedoeanus. [lposecmu ouyeHKy MONEKyIApHO-2eHemuyeckol cmpyKmypbi
wmammos M. tuberculosis uz KpacHosipckozo kpas.

Mamepuansi u memoodel. V3yyeHo 400 wmammos 3a 2024 200 memodom SNP-mu-
nupoeaHus, 0na udeHMugpuKayuu 2eHomunos 2pynnel non-Beijing npogedeHo MIRU-
VNTR-24 munuposgaHrue.

Pesynemamel. B gvibopke wmammos M. tuberculosis 8bisigieHbl 8bICOKUE ypOBHU
MJ1Y (64,5 %), 8 mom yucne npe-LUIJTY (45,0 %) u LLJTY (1,5 %). Bbiio o6HapyxeHo domu-
HUpo8aHue u30/1amos JuHuU L2 (2eHomun Beijing) kak cpedu 8nepavle 8bis81eHHbIX
cnyyaes (72,1 %) u paHee neyeHoix nayueHmos (85,6 %). Limammeol non-Beijing omHo-
cunuce K 2eHomunam auHuu L4 (LAM, Ural, Haarlem u S). Hau6onee pacnpocmpaHér-
HbIMU cybmunamu 2eHomuna Beijing 6biu BO/W148 (49,5 %, 198/400) u Central Asian
Russian (25,0 %; 99/400), oHU 3Ha4umesnbHO omMaU4anucs no yposHam MJTY (96,5 %
u 36,4 % coomgemcmaeHHO no cyébmunam; p < 0,001). Limammsi Beijing BO/W148
umesu camsle 8blcokue yposHu npe-LLJTY (71,7 %) u LLUJTY (3,0 %). MJ1Y cpedu wmam-
mos L4 (30,1 %) 6b1na 3HauumesibHO HUXe No cpasHeHuto ¢ Beijing (76,4 %) (p < 0,001).
Limammobl 60n1bHbIX ¢ BUY-TB 8cmpeuanuce Yawie ¢ npogunem MJTY (74,4 %), yem
y nayueHmos 6e3 BUY-uHgexkyuu (60,4 %) (p = 0,008) Ha ¢hoHe 6osiee 8bICOKO20 Npu-
cymcmeus Beijing BO/W148 & 2pynne BUY-Tb (59,8 % npomus 45,2 %; p = 0,008).
3akno4deHue. llimammer Beijing BO/W148 cocmasnsaiom OKO0 NOJI0BUHbI UC-
cnedyemoll 8b160pKU U BHOCAM 3HAYUMebHbIU 8KA0 8 npe-LLUJTY (78,9 %) u LLJTY
(100 %), ymo mpebyem OanvHeliwez20 Hab00eHUA U ycuneHUa KOHMpona S gekx-
mugHOCMU JleYeHUs.

Knwoyeeswie cnoea: Mycobacterium tuberculosis, Beijing B0/W148, Beijing Central
Asian Outbreak, MHoxecmseHHas nekapcmeeHHAs ycmol4ugocms, mybepkyries,
KpacHoapckud kpau
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INTRODUCTION

Despite progress in tuberculosis (TB) control and im-
provement in the epidemiological situation in Russia,
the prevalence of multidrug-resistant (MDR) Mycobacte-
rium tuberculosis continues to be a significant challenge
that threatens the goals of the global strategy to reduce
TB incidence and mortality [1]. Differences in TB trends
across Russian regions [2] highlight the need for a thor-
ough understanding of regional factors that influence
infection transmission. Studies of the molecular genetic
structure of M. tuberculosis allow for the identification
of epidemiologically dangerous pathogen variants,
which is crucial for the development of effective con-
trol and treatment strategies. Data on the genotypic
structure of M. tuberculosis strains and their association
with MDR also contributes to a better understanding
of drug resistance development, improvement of diag-
nostic methods, and optimization of treatment [3]. This
is particularly relevant to regions with a high burden
of MDR-TB, such as the Krasnoyarsk region, where TB in-
cidence is decreasing, but a large reservoir of infection
persists, along with continued high risk of transmission
and new cases [4]. Therefore, investigating the molec-
ular genetic structure of M. tuberculosis will not only
characterize the local pathogen population, but also
identify patterns of MDR emergence and spread, which
could inform more effective TB management strategies
in regions still suffering from a significant TB burden.
To date, however, no such studies have been conducted
in the Siberian region in question, underscoring the ur-
gency of this study.

AIM

To assess the molecular genetic structure of M. tu-
berculosis strains isolated from the Krasnoyarsk region.

MATERIALS AND METHODS

The study involved 400 clinical M. tuberculosis cul-
ture samples collected in 2024 from the Krasnoyarsk
Regional Tuberculosis Dispensary. The samples rep-
resented a consecutive sample (one per patient)
from the Lowenstein - Jensen medium. The study was
approved by the Ethics Committee of the Scientific Cen-
tre for Family Health and Human Reproduction Problems
as part of state assignment No. 121022500179-0 (Proto-
col No. 2 dated February 18, 2020). Demographic data,
including age, sex, district of residence, and information
on clinical manifestations of the disease and prior treat-
ment courses, was collected from TB patients. Culturing
and drug susceptibility testing of M. tuberculosis to an-
ti-TB drugs were conducted using standard methods
in accordance with the clinical guidelines for “Tubercu-
losis in Adults” (2024) [5]. Drug resistance profiles were
determined based on these guidelines. Monoresistance
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is defined as resistance to a single anti-TB drug. Poly-
resistance refers to resistance to two or more anti-TB
drugs, excluding simultaneous resistance to isoniazid
and rifampicin. Multidrug resistance (MDR) is charac-
terized by simultaneous resistance to both isoniazid
and rifampicin, regardless of any resistance to other an-
ti-TB drugs. Pre-extensively drug-resistant TB (pre-XDR)
encompasses resistance to rifampicin with or without
resistance to isoniazid, accompanied by resistance
to at least one fluoroquinolone. Extensively drug-re-
sistant TB (XDR) is defined as resistance to rifampicin
with or without isoniazid resistance, combined with re-
sistance to any fluoroquinolone and at least to linezolid
or bedaquiline.

M. tuberculosis DNA was isolated using previously
described protocols [6]. Genotyping of strains based
on specific SNPs using real-time PCR was performed
according to the following protocol: () differentiation
of major genetic families, L2 (Beijing) and L4; (ll) iden-
tification of Beijing sublineages, including ancient (Pro-
to-Beijing) and modern (Modern); (lll) and Beijing sub-
types that are common in the Russian Federation [7],
such as BO/W148, Central Asian Russian, Early Ancient
1, and Central Asian Outbreak (CAO)) (Table 1). Beijing
strains that were not identified by these markers were
classified as “other Beijing". After identifying L4 strains,
MIRU-VNTR typing was performed at 24 loci as previ-
ously described [6]. Statistical analysis and assessment
of the reliability of the results were performed using
normal distribution tests (Shapiro — Wilk and Kolmog-
orov — Smirnov tests). Quantitative data were presented
as median (Me) and interquartile range [IQR]. Categori-
cal data were described in terms of absolute numbers
and percentages. Differences were assessed using
the Fisher’s exact test and the x? test, with appropriate
degrees of freedom (df). Statistical significance was de-
termined at a level of at least 95%.

RESULTS

A total of 400 clinical M. tuberculosis isolates were
obtained from 233 newly diagnosed patients (199 sam-
ples prior to chemotherapy initiation and 34 during
treatment), as well as 167 patients who had previous-
ly been treated, with no significant differences in age
or sex between the groups (Table 2). One hundred sev-
enteen samples (29.3 %) were obtained from HIV-in-
fected patients. The clinical structure was represented
by infiltrative (44.0 %), disseminated (48.5 %), fibro-cav-
ernous (3.0 %) tuberculosis, and 12 cases (4.5 %) of oth-
er forms.

Regarding drug resistance distribution, susceptible
strains accounted for 21.5 % (86 out of 400), while mon-
oresistant and polyresistant strains accounted for 5.3 %
(21 out of 400) and 8.7 % (35 out of 400), respective-
ly. MDR was present in 64.5 % (258 out of 400), includ-
ing pre-XDR in 45 % (180 out of 400) and XDR in 1.5 %
(6 out of 400) of strains. As expected, considering



TABLE 1

PRIMER AND PROBE STRUCTURES DESIGNED FOR IDENTIFICATION

Genetic lineage

L2 [8] 811753/C—T/Rv0715
L2.1 (Proto-Beijing) [8] 4165481/G—C/Rv3721
L2.1 Early ancient 1 [9] 2423040/A—G/Rv2161c
L2.2 (ancient and 195682/C—G/Rv0166
modern) [10]

L2.2 (modern) [10] 542514/C—G/Rv0452
L2.2.1 (Central Asia) [10] 1887060/C—G/Rv1663
L2.2.1 (CAO) [10] 1884305/T—G/Rv1662

L2.2.1 BO/W148[11]

L4 [8] 2825466/G—A/Rv2509

the TB treatment history, there was a significant de-
crease in the proportion of drug-susceptible strains (3 %
vs. 34.8 %; p < 0.001) and an increase in MDR (92.8 % vs.
44.6 %; p < 0.001), due to pre-XDR (75.4 % vs. 23.2 %;
p < 0.001), in the previously treated group compared
to the newly diagnosed cases (Fig. 1a). M. tuberculo-
sis strains from the newly diagnosed patients, before
and during TB treatment, differed in terms of the fre-
quency of susceptibility (38.7 %; 77 out of 199 vs. 11.8 %;
4 out of 34, p = 0.006) and pre-XDR samples (20.6 %; 41
out of 199 vs. 41.2 %; 14 out of 34, p = 0.006). Among
HIV-infected individuals, MDR was detected more fre-
quently (74.4 %; 87 out of 117), compared to TB pa-
tients without HIV infection (60.4 %; 171 out of 283)

Genomic position / Mutation / Gene

1149144-1149145/GT—del/Rv1028¢
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Sequence 5'—3’

L2F; CCGGAGGTGTTGTAGATGA
L2R; CAATACCCGGTTGCGGTC
nL2; R6G/-ACGGTGTCGCCTTT[G-LNAITGG-/BHQ-1/
L2; /FAM/-ACGGTGTCGCCTTT[A-LNA]TGG-/BHQ-1/

L2.1F; TCGGCCACATGGACCGAA;

L2.1R; TGCCGAGCCGAAACACCA;
nL2.1; /R6G /-CTCGAGGCCGGTGTI[G-LNA]GG-/BHQ-1/
L2.1;/ FAM /-CTCGAGGCCGGTGT[C-LNA]GG-/BHQ-1/

L2.1ealF; ACGGCGTGCTCCTGCTGA

L2.1ealF; GTTCGTCACCGACCTGAC
nL2.1eal; /R6G/- TGCGTCTTCTCCGGC[A-LNA]CAT-/BHQ-1/
L2.1eal; /FAM/- TGCGTCTTCTCCGGC[G-LNA]CAT-/BHQ-1/

L2.2amF; CGATGACCGCGCTCTACA;

L2.2amR; GTCAGCATGTTGCCGATTC;
nL2.2am; /R6G/-GCGACGTCGGTTTCGT[C-LNA]GG-/BHQ-1/
L2.2am; /FAM/-GCGACGTCGGTTTCGT[G-LNA]GG-/BHQ-1/

L2.2mF; GATCTGCTTGCCAATCTGC;
L2.2mF; CGCGTCGACGAGCGCTA;
nL2.2m; /R6G/-CACCTCCTGCTCGAGAT[G-LNA]CAG-/BHQ-1/
L2.2m; /FAM/-CACCTCCTGCTCGAGAT[C-LNA]CAG -/BHQ-1/

L2.2.1caF; TTGCGGGCCAAGGTCGAT

L2.2.1caR; GCTGCAGCATAATTGGCCT
nL2.2.1ca; /R6G/-GAATTTGCATGAGCTCAC[C-LNA]CGG-/BHQ-1/
L2.2.1ca; / FAM/-GAATTTGCATGAGCTCAC[G-LNA]GCG-/BHQ-1/

L2.2.1caoF ; CGATGATGCGTAGAGAGCA
L2.2.1caoR ; TCGACCCGGACTGCCAAA
nL2.2.1cao /R6G/-GGGCACCCGCAGTGA[A-LNA]CAA-/BHQ-1/
L2.2.1cao /FAM/- GGGCACCCGCAGTGA[C-LNA]CAA-/BHQ-1/

kdpDF; CGGCACGATTTCGGCTAC
kdpDR; CGTCGTCAATCACCAAGAC
nW148 R6G-ATCACCACTG[T-LNA]G[A-LNA]GC-/BHQ-1/
W148 FAM-ATCACCACTG[A-LNA]G[C-LNA]CC-/BHQ-1/

L4F 5’-GCTCCGCGCGCCATCGT
L4R 5-GAAGTGATGCCTAGCTGCC
L4 5-FAM-CGTGGGTGCCTTTTACAA[G-LNAJAGG-BHQ1
nL4 5-R6G-TCGTGGGTGCCTTTTACAA[A-LNAJAGG-BHQ1

(p = 0.008) (Fig. 1b). Primary MDR was present in 41.7 %
(83 out of 199) of M. tuberculosis strains obtained
from patients prior to treatment initiation, with half
of these being pre-XDR samples (20.6 %; 41 out of 199).
XDR was detected in a single newly diagnosed patient
one year following treatment initiation.

The strain collection from the Krasnoyarsk re-
gion was represented by only two genetic families,
L2 and L4. All strains belonging to the L2 family were
of the modern Beijing lineage (L2.2 modern). The Bei-
jing genotype was found in 77.8 % (311 out of 400)
of M. tuberculosis strains, with a significantly higher
proportion in the previously treated group (85.6 %;
143 out of 167) compared to the newly diagnosed



TABLE 2

GENERAL CHARACTERISTICS OF CLINICAL DATA OF TB PATIENTS AND M. TUBERCULOSIS STRAINS

Newly diagnosed

Newly diagnosed

Parameter TB cases, n=233 TB? cases, n=167 P
Men, % 172;73.8 136;81.4 0.07
HIV-positive status, % 72;30.9 45;26.9 0.39
Median age at TB diagnosis (Me [IQR]), years
Men 44[37-52] 47[40-54] 0.89
Women 43[35-50] 43[35-50] 0.77
Clinical forms of pulmonary TB, %

Infiltrative 110;47.2 66; 39.5

Disseminated 109; 46.8 85;50.9

Fibro-cavernous 2;09 10;6.0 oot
Fibro-cavernous 12;5.2 6;3.6

Genotypic groups, %

L2 168;72.0 143;85.6 <0.01
of which: Beijing BO/W148 80;34.3 118;70.7 <0.01
iIieci{iundg:ncge:ntral Asian Russian 80:343 19:11.3 <0.01
Beijing CAO 10;4.3 3;1.8 0.27
other Beijing 8,34 6;3.6 0.93
L4 65;28.0 24;14.4 <0.01
of which: LAM 27;11.6 9:5.4 0.05
Ural 13;5.6 6;3.6 0.49
Haarlem 6;2.7 3,18 0.74
S 1,04 1;0.6 0.81
other L4 18;7.7 5;3.0 0.07

Note. @ Previously treated cases included: tuberculosis relapse, treatment after failure of a chemotherapy course, treatment after interruption of a chemotherapy

course, and transfer for treatment continuation.

group (72 %; 168 out of 233) (p = 0.001). Strains belong-
ing to family L4 (89 out of 400) included LAM (9 %; 36
out of 400), Ural (4.8 %; 19 out of 400), Haarlem (2.3 %;
9 out of 400), and S (0.5 %; 2 out of 400), as well as 23
strains (5.8 %) that were not identified and designated
as “other L4" The most prevalent Beijing subtypes were
BO/W148 (49.5 %; 198 out of 400) and Central Asian
Russian (25 %; 99 out of 400). In the previously treated
group, the proportion of strains with the BO/W148 gen-
otype increased to 70.7 % (118 out of 167) compared
to the newly diagnosed cases (34.3 %; 80 out of 233)
(Table 2). In the group of strains collected prior to che-
motherapy initiation, the frequency of BO/W148 was
even lower (31.7 %; 63 out of 199) compared to those
collected from newly diagnosed patients during treat-
ment (50.0 %; 17 out of 34) (p = 0.01). Other Beijing sub-
types analyzed did not differ significantly in frequency
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between newly diagnosed cases prior to and after treat-
ment initiation. The Central Asian Russian subtype was
35.7 % (71 out of 199) vs. 26.5 % (9 out of 34) (p = 0.46),
and other Beijing was 3 % (6 out of 199) vs. 5.9 % (2
out of 34) (p = 0.70). The frequency of L4 did not signifi-
cantly differ between newly diagnosed patients prior
to and after treatment initiation — 29.6 % (59 out of 199)
vs. 17.6 % (6 out of 34) (p = 0.14). In the previously treat-
ed patients, there was a significant reduction in the total
number of L4 strains (16.8 %; 24 out of 143 vs. 27.9 %;
65 out of 233, p = 0.001) when compared to newly diag-
nosed patients. Analysis of individual L4 genotype dis-
tributions showed a significant decrease in LAM strains
among previously treated patients (9 out of 167 vs. 27
out of 233 newly diagnosed patients; p = 0.05), but this
was not the case for other variables due to their low fre-
quency in the sample.



The distribution of genotypic groups accord-
ing to drug resistance status showed its own charac-
teristics (Fig. 2a). In total, among 258 MDR isolates,
235 were of the Beijing genotype and 23 were of L4.
The MDR level differed significantly between the Bei-
jing (75.6 %; 235 out of 311) and L4 genotypes (25.8 %;
23 out of 89) (p < 0.001). The highest MDR frequency
was found in the Beijing BO/W148 subtype (96.5 %; 191
out of 198), including pre-XDR (71.7 %) and XDR (3 %).

Newly diagnosed (total), n=233

Newly diagnosed (before treatment initiation), n=199

Newly diagnosed (after treatment initiation), n=34 4

Previously treated, n=167

Total, n=400

Susceptible Monoresistant

— Newly diagnosed (total), n=161

~ n=72

— Newly diagnosed (before treatment initiation), n=142

N n=57

— Newly diagnosed (after treatment initiation), n=15

~ n=19

Ll Previously treated, n=122

~ n=45

— Total, n=283

~ n=117

Susceptible Monoresistant

FIG. 1.

Polyresistant

Polyresistant

In the Beijing Central Asian Russian strains, the MDR rate
was 36.4 % (36 out of 99), of which the Beijing Central
Asian Outbreak subtype (a subgroup of Beijing Cen-
tral Asian Russian) carried MDR significantly more fre-
quently (62 %) than other representatives of this sub-
type (13.3 %) (p = 0.003). L4 isolates were drug-sensitive
in 59.6 % of cases (31 out of 52). MDR was represented
by LAM (9, including 3 pre-XDR), Ural (6), S (2, including
1 pre-XDR), Haarlem (3 pre-XDR), and other L4 strains

= MDR  mpre-XDR = XDR

= MDR  mpre-XDR u XDR

Drug resistance of M. tuberculosis strains of patients at different phases of TB treatment (a); with HIV-negative (1) and HIV-positive (2)

status (b) in Krasnoyarsk region (abs.)
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(3, including 1 pre-XDR). These strains were predomi-
nantly isolated from patients who had been previously
treated (16 out of 23).

Primary MDR (based on drug susceptibility testing
prior to TB treatment initiation) was most prevalent
in Beijing BO/W148 (90.5 %; 57 out of 63) and Beijing
Central Asian Outbreak (75 %; 6 out of 8) strains. Among
other Beijing representatives, it did not exceed one-
third of cases (Beijing Central Asian Russian - 17.5 %; 11

Susceptible
Monoresistant
Polyresistant

MDR w/o pre-XDR & XDR
pre-XDR

XDR

Susceptible
Monoresistant

283

H

(total), n

Newly diagnosed

=199

Polyresistant

MDR w/o pre-XDR & XDR
pre-XDR

XDR

Newly diagnosed
(before treatment

initiation), n

Susceptible
Monoresistant

34

|

hel

2

2 f= n

% - Polyresistant

W=

525 MDR w/o pre-XDR & XDR

_; § pre-XDR

28 E XDR
Susceptible

out of 63;“other Beijing” - 33.3 %; 2 out of 6), and among
L4 - 11.7 % (7 out of 60). The two Beijing subtypes, B0/
W148 and Central Asian Outbreak, together accounted
for more than two-thirds (75.9 %; 63 out of 83) of the de-
tected primary MDR, indicating their significant role
in the development and spread of multidrug-resis-
tant strains. Conversely, half of the L4 strains (54.2 %;
32 out of 59) were drug-sensitive, and only 7 strains
(11.9 %) exhibited MDR (Ural — 2, LAM -4, and S - 1).

Monoresistant

Polyresistant

MDR w/o pre-XDR & XDR
pre-XDR

XDR

Susceptible
Monoresistant
Polyresistant

MDR w/o pre-XDR & XDR
pre-XDR

XDR

167

i

n=

Previously treated, | (after treatment

400

Total,
n=

M Beijing BO/W148

M Beijing Central Asian Russian (excl. CAO) [ BeijingCentral Asian Outbreak (CAO)

[OOther Beijing HLAM B Ural
M Haarlem as OOther L4
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— Total, n=283

~ n=117

FIG. 2.

Genotypic structure of M. tuberculosis strains of patients at different phases of TB treatment (a); with HIV-negative (1) and HIV-positive (2)

status (b) in the Krasnoyarsk region (abs.)
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The genotypic structure of M. tuberculosis
from HIV-infected patients was characterized by a pre-
dominance of the Beijing BO/W148 genotype (59.8 %; 70
outof 117 compared to 45.2 %; 128 out of 283 in HIV-neg-
ative patients, p = 0.008). In the group of strains col-
lected from HIV-positive patients prior to TB treatment
initiation, the proportion of Beijing BO/W148 was sig-
nificantly higher (49.1 %; 28 out of 57) compared to that
from HIV-negative patients (24.6 %; 35 out of 142)
(p = 0.003). Other cases from different stages and epi-
sodes of TB treatment demonstrated an increasing pro-
portion of Beijing BO/W148, but there were no statis-
tically significant differences between HIV-negative
and HIV-positive cases. At the same time, comparing
the distribution of L4 genotypes in subgroups of newly
diagnosed and previously treated patients based on HIV
status revealed no significant differences (p > 0.05 in all
cases) (Fig. 2b).

Analyzing the resistance profile to anti-TB drugs
among different genotypes/subtypes, it can be con-
cluded that Beijing BO/W148 strains exhibit a higher fre-
quency of MDR compared to other strains. This, in turn,
contributes to the lower treatment effectiveness for pa-
tients infected with the BO/W148 strain compared to oth-
er genotypes. It is evident that the BO/W148 genotype
is a significant contributor to unsatisfactory treatment
outcomes for tuberculosis in the region. Among previ-
ously treated patients with pre-XDR strains, BO/W148
isolates accounted for 80.2 % of cases (101 out of 126).

DISCUSSION

Genotypic identification of M. tuberculosis strains,
as an integral part of genomic epidemiological sur-
veillance, is likely to become a key tool for TB mon-
itoring and control in the near future [12, 13]. Our
study is believed to be the first to analyze the diversi-
ty and distribution of M. tuberculosis genotypes within
the Krasnoyarsk region. Analysis of data from 400 strains
revealed that this sample represents a cross-section
of the current M. tuberculosis population. The distribu-
tion of strain resistance profiles and frequency of cases
among HIV-infected individuals is comparable to official
statistics from the Krasnoyarsk region for 2023, where
67.5 % of patients had MDR-TB, and one-third (32.5 %)
were infected with HIV [14]. The widespread increase
in the prevalence of MDR strains and progression to-
wards pre-XDR and XDR strains [15] is also evident
in the analyzed M. tuberculosis sample. Our results sug-
gest that MDR strains of M. tuberculosis are predominant
in the studied region (64.5 %).

Analysis of isolates from all regions of the area re-
vealed the predominance of genetic lineage L2 (Bei-
jing), which is represented by its modern sublineage.
This finding is consistent with previous studies conduct-
ed in the Siberian and Far Eastern Federal Districts [7,
16-18]. Isolates from the Krasnoyarsk region were pri-
marily (74.3 %) composed of two subtypes. There was

an atypical prevalence of Beijing BO/W148 (49.5 %) over
Beijing Central Asian Russian (25 %) among Siberian
samples. A more significant difference in the distribution
of these subtypes was observed in the group of patients
who had previously received treatment. In this group,
70.7 % of strains were of the Beijing BO/W148 subtype
and 11.3 % were of the Beijing Central Asian Russian
subtype. One possible explanation for this difference
may be related to the different frequencies and profiles
of drug resistance among these subtypes. The Beijing
B0O/W148 strain is characterized by an extremely high
level of MDR, which was also observed in this study.
The MDR, which can affect treatment efficacy [5], was
detected in 96.5 % of the Beijing BO/W148 strains, in-
cluding pre-XDR strains (71.7 %). Moreover, the majority
(68.7 %) of primary MDR cases were also attributed to Bei-
jing BO/W148, which can be explained by the fact that
this strain is the most prevalent with low-cost mutations
and a rapidly expanding drug resistance profile [19-21].
In contrast, strains from the Beijing Central Asian Rus-
sian (excluding Beijing CAO) group showed lower MDR
rates in our sample (overall 30.2 %, and 17.5 % for new
TB cases), falling within the range reported for this sub-
type from other regions [14-16, 22-24].

When comparing the major Russian Beijing sub-
types identified in our study to their frequencies in oth-
er Siberian and Far Eastern regions, a difference was
observed in the proportion of Beijing BO/W148. In our
study, this subtype accounted for 49.5 %, compared
to0 9.5 % in Buryatia [16], 32.6 % in the Kemerovo region
[7], 34 % in Sakha (Yakutia) [24], 38.8 % in the Irkutsk re-
gion [16], but closer to data from three Western Siberian
regions at 45.6 % [22, 23] (in collections from the cur-
rent decade). Although most of these studies were pop-
ulation-based, some were based on strain collections
from large TB hospitals primarily treating MDR-TB
and may therefore have had selection bias. There-
fore, caution should be exercised when interpreting
the higher prevalence of Beijing BO/W148 in the Kras-
noyarsk region.

The diversity of M. tuberculosis in the studied re-
gion includes not only the heterogeneous Beijing gen-
otype, but also LAM, Ural, Haarlem, and S genotypes
from the Euro-American lineage (L4). These genotypes
were detected in 22.3 % of samples. This lineage is found
in all Russian samples and has been described in studies
with significant regional variability [25]. In our study, 9 %
of isolates were from the LAM genotype. The proportion
of the Haarlem genotype in studied Russian cohorts var-
ies significantly [26], but does not exceed 5 % [7, 18, 24,
26]. According to our data, it was 2.3 % in the studied
isolates. Overall, the results of our study are consistent
with previous research, which has shown that L4 gen-
otypes have lower MDR levels compared to the Beijing
genotype [3, 19-21].

The methods used were not able to provide a de-
tailed identification of certain clinical isolates, requiring
their separate grouping. The “other Beijing” group likely
includes minor representatives of this genotype that are
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rarely found in Russian collections [8, 10]. Cross-border
transmission of epidemiologically dangerous strains
from other regions and countries, similar to that seen
with Beijing CAO [7, 18], cannot be ruled out. Therefore,
these atypical strains require further analysis using ad-
ditional molecular epidemiology techniques, including
whole-genome sequencing, in order to gain a better un-
derstanding of their epidemiology. These unique strains
could indicate both recently imported TB cases and per-
sistent sources of infection in the Krasnoyarsk region.

Due to the frequent association of elevated MDR-TB
levels with HIV-infected individuals [27], we conducted
a comparative analysis of the M. tuberculosis structure
in this patient group, given that the Krasnoyarsk region
has a higher burden of the HIV epidemic [12]. The study
found that the predominance of Beijing BO/W148 strains
was associated with both patient HIV status and M. tu-
berculosis MDR. On the other hand, thereis no conclusive
evidence that specific strains have an advantage in peo-
ple living with HIV. However, in the group of newly di-
agnosed HIV-infected individuals, the Beijing BO/W148
genotype was seen almost twice as frequently (48.3 %
vs. 24.6 % in HIV-negative individuals). Several studies
have linked TB-HIV co-infection with specific, epidemi-
ologically prevalent strains, suggesting recent infec-
tion in this patient population [28]. At the same time,
the similarity in genotypic distributions during TB treat-
ment among HIV-infected and HIV-negative individu-
als supports the overall increase in patients requiring
repeated TB treatment courses, the selection for which
is driven by MDR strains. Nevertheless, the extremely
high detection rate of Beijing BO/W148 suggests its suc-
cessful endemic spread, given that the studied region
borders areas where fewer of these strains have been
reported.

CONCLUSION

Therefore, the identification of a set of M. tubercu-
losis genotypes and subtypes that are characteristic
of Siberia in the Krasnoyarsk region provides a basis
for the successful future application of molecular genet-
ic methods in a genomic epidemiological surveillance
system.

Funding
The work was supported by a grant from the Russian
Science Foundation (No. 23-15-00280).

Conflicts of interest

The authors declare no conflicts of interest.
REFERENCES

1. Global tuberculosis report 2024. Geneva: World

Health Organization; 2024. Licence: CC BY-NC-SA 3.0
IGO. URL: https://www.who.int/teams/global-pro-

gramme-on-tuberculosis-and-lung-health/tb-reports/
global-tuberculosis-report-2024 [date of access: July 18,
2025].

2. Vasilyeva IA. Issues of improving the quality
of anti-tuberculosis measures in the Russian Federation.
2023. (In Russ.). [BacunbeBa W.A. Bonpocbl nosbiwe-
HUA KauyecTBa MPOTUBOTYOEPKYNE3HbIX MEPONPUATUN
B Poccuiickoin ®epepaumn. 2023.]. URL: https://orenotd.
orb.ru/upload/uf/6bc/r5ddprn0bgm612smhnqzvkx-
erk99qp2e/Vasileva-28.09.2023-VKS-Minzdrav-_5_5_-.
pdf. [date of access: July 18, 2025].

3. Andreevskaya SN, Larionova EE, Kiseleva EA,
Chernousova LN, Ergeshov AE. Comparative Molecular
Genetic Characteristics of Mycobacterium tuberculosis
Cultures isolated in the European Part of the Russian
Federation in 1998-2003 and 2016-2021. Tuberculo-
sis and Lung Diseases. 2023; 101(3): 27-36. (In Russ.).
[AHppeeBckaa C.H., JlapnoHoBa E.E., Kucenea E.A.,
YepHoycoBa J1.H., dprewos A.3. CpaBHUTENbHaA MO-
NeKynspHO-TeHeTMYECKass XapaKTepucTuKka KynbTyp
Mycobacterium tuberculosis, BbigeneHHbix B EBponeii-
ckon yactn Poccninckon Qepepaumn B 1998-2003 rr.
n 2016-2021 rr. Tybepkyne3 u 6one3Hu nezkux. 2023;
101(3): 27-36.]. doi: 10.58838/2075-1230-2023-101-3-
27-36

4. Pavlenok IV, Tursunova NV, Latskikh IV, Narysh-
kina SL, Smolina EA. Main indicators of anti-tubercu-
losis activity in the Siberian and Far Eastern Federal
District (statistical materials). - Novosibirsk. 2023; 111.
(In Russ.). [MaBneHok W.B., TypcyHoBa H.B., JTauknx U.B.,
HapbiwknHa CJ1., CmonnHa E.A. OCHOBHble NoKa3aTenu
NpoTNBOTYOEPKYNe3HOW fesATenbHocTn B Cnbrpckom
n [lanbHeBOCTOUHOM defepanbHOM OKpyre (CTaTUCTU-
yeckue matepuansl). — HoBocnbupck: 2023; 111.].

5. Clinical guidelines “Tuberculosis in adults” (2024).
(In Russ.). [Ty6epkynes y B3pocsbix. 2024. KnuHuyeckne
pekomeHgauunn.]. URL: https://rof-tb.ru/upload/
iblock/140/r9ijz6oxq65de3ud5unrvzfaph7hg7wi.pdf.
[date of access: July 18, 2025].

6. Lebedeva IB, Zhdanova SN, Kondratov IG,
Sybil KV, Ogarkov OB, Brusina EB. Genetic structure
and drug resistance of Mycobacterium tuberculosis
strains in the Kemerovo Region — Kuzbass. Journal
of microbiology, epidemiology and immunobiology. 2023;
100(6): 428-441. (In Russ.). [JlebegeBa W.B., XpaHo-
Ba C.H., Kongpatos W.I., Cuéuns K.B., Orapkos O.b., bpy-
cnHa E.b. TeHeTnueckaa cTpyKkTypa M nekapcTBeHHas
ycTtonumBocTb nonynaumm Mycobacterium tuberculosis
B Kemeposckoin obnactn — Kysbacce. XypHan mukpo-
6uosiozuu, 3nudemuosio2uU U ummyHobuosozuu. 2023;
100(6): 428-441.]. doi: 10.36233/0372-9311-449

7. Zhdanova SN, Vyazovaya AA, Lebedeva 1B,
Sinkov VV, Kondratov IG, Schwartz YS, et al. Circulation
of Mycobacterium tuberculosis strains of the Beijing
Central Asian Outbreak genotype in the Kemerovo re-
gion — Kuzbass in 2018-2022. Journal of microbiology,
epidemiology and immunobiology. 2024; 101(5): 628-
640. (In Russ.). [XpaHoBa C.H., Basosasa A.A., Jlebege-
Ba N.b., CuHbkoB B.B., Kongpatos W.I.,, LUBapuy A.L., v ap.



LUunpkynayma wrammos Mycobacterium tuberculosis Bei-
jing Central Asian Outbreak B KemepoBsckon obnactun —
Kysbacce B 2018-2022 rogax. XKypHan mukpobuosoauu,
anudemuosioeuu u uMmmyHobuosiozuu. 2024; 101(5): 628-
640.]. doi: 10.36233/0372-9311-571

8. Shitikov E, Bespiatykh D. A revised SNP-based
barcoding scheme for typing Mycobacterium tubercu-
losis complex isolates. mSphere. 2023; 8(4): e0016923.
doi: 10.1128/msphere.00169-23

9. Mokrousov 1V, Vyazovaya AA, Badleeva MV, Ger-
asimova AA, Belopolskaya OB, Masharsky AE, et al. Mo-
lecular detection and phylogeography of the hypervir-
ulent subtype of Mycobacterium tuberculosis Beijing
14717-15. Russian Journal of Infection and Immunity.
2023; 13(1): 91-99. (In Russ.). [Mokpoycos W.B., Baso-
Basa A.A., bagneesa M.B., TepacumoBa A.A., benononb-
ckaa O.b., Mawapcknn A.3., n gp. MonekynapHaa pe-
Tekuus n punoreorpadua runepBUpyIeHTHOro cybTmna
Mycobacterium tuberculosis Beijing 14717-15. UHgpekyus
uummyHumem. 2023; 13(1): 91-99.]. doi: 10.15789/2220-
7619-MDA-2082

10. Shitikov E, Kolchenko S, Mokrousov |, Bespya-
tykh J, Ischenko D, llina E, et al. Evolutionary pathway
analysis and unified classification of East Asian lineage
of Mycobacterium tuberculosis. Sci Rep. 2017; 7(1): 9227.
doi: 10.1038/s41598-017-10018-5

11. Merker M, Blin C, Mona S, Duforet-Frebourg N,
Lecher S, Willery E, et al. Evolutionary history and glob-
al spread of the Mycobacterium tuberculosis Beijing lin-
eage. Nat. Genet. 2015; 47(3): 242-249. doi: 10.1038/
ng.3195

12. Global genomic surveillance strategy for patho-
gens with pandemic and epidemic potential, 2022-
2032. (In Russ.). [BO3. nobanbHas cTpaterns reHOMHOro
anugHaA3opa 3a Bo3byautenamu 6onesHen, obnagato-
WMX NAHAEMUYECKUM 1 SNNLEMUYECKNM NOTEHLMANIOM,
2022-2032 rr. ’KeHeBa: BcemnpHaa opraHusauua 3gpa-
BooxpaHeHus; 2022.]. URL: https://cdn.who.int/media/
docs/default-source/genomic-surveillance-strategy/
ru-who_genomics-infographic.pdf. [date of access: July
18, 2025].

13. Akimkin VG, Semenenko TA, Khafizov KF, et al.
Genomic surveillance strategy. Problems and perspec-
tives. Journal of microbiology, epidemiology and immuno-
biology. 2024; 101(2): 163-172. (In Russ.). [AkumKuH B.T.,
CemeHeHko T.A., Xadmszos K.O. n gp. Crpaterus re-
HOMHOTIO 3MMAEMUONIOTMYECKOro Haasopa. Mpobnemsl
n nepcnektusbl. XypHan Mukpobuonozuu 3nudemuo-
soeuu u UmmyHobuonozuu. 2024; 101(2): 163-172.]. doi:
10.36233/0372-9311-507

14. On the state of sanitary and epidemiological
well-being of the population in the Russian Federation
in 2023: State report. Moscow: Federal Service for Sur-
veillance on Consumer Rights Protection and Human
Well-being, 2024: 364 c. (In Russ.). [0 cocToAHUM ca-
HUTAPHO-3NNAEMMONOTMYECKOro  6Gnarononyumsa  Ha-
ceneHnsa B Poccuinckon QOepepauum B 2023 rogy: locy-
JapcTBeHHbI pgoknag. Mockea: MefepanbHaa cnyxba
no Hag3opy B chepe 3awuTbl Npas noTpebuTeneii n 6na-

rononyums yenoseka, 2024: 364 c.]. URL: https://www.
rospotrebnadzor.ru/documents/details.php? ELEMENT_
ID=27779 [date of access: July 18, 2025].

15. Vasilyeva IA, Sterlikov SA, Testov VV, Mikhai-
lova YuV, Golubev NA, Kucheryavaya DA, et al. Re-
sources and activities of anti-tuberculosis organizations
of the Russian Federation in 2022-2023. M, 2024: 94 p.
(In Russ.). [BacunbeBa U.A., Crepnukos C.A., Tectos B.B.,
Mwuxaiinosa 10.B., Tony6es H.A., Kyuepsasaa [J.A., n gp.
Pecypcbl u deamenbHocmb npomusomybepKyné3Hbix op-
2aHusayuti Poccutlickoti ®edepayuu 8 2022-2023 22. M.:
PO UHMNOW3, 2024: 94 c.]. URL: https://edu.nmrc.ru/
wp-content/uploads/2024/12/%D0%A0%D0%B5%D1%
81%D1%83%D1%80%D1%81%D1%8B-.pdf. [date of ac-
cess: Jul 18, 2025].

16. Mokrousov |, Badleeva M, Mudarisova R,
Kozhevnikov V, Markhaev A, Guntupova A, et al. In-
creasing circulation of multi-drug resistant tuberculosis
strains in Buryatia, high-burden and ethnically diverse
region in the Russian Far East. Tuberculosis (Edinb). 2024;
149: 102555. doi: 10.1016/j.tube.2024.102555

17. Vyazovaya A, Felker |, Schwartz Y, Mokrousov I.
Population structure of Mycobacterium tuberculosis
from referral clinics in Western Siberia, Russia: Before
and during the Covid-19 pandemic. Infect Genet Evol.
2022;103: 105343. doi: 10.1016/j.meegid.2022.105343

18. Zhdanova SN, Kondratov IG, Ogarkov OB. Beijing
Central Asian Outbreak strain cluster of Mycobacterium
tuberculosis detected in Irkutsk region. Acta Biomedica
Scientifica. 2024; 9(4): 237-247. (In Russ.). [XXgaHoBa C.H.,
Kongpatos U.I, Orapkos O.b. BeisiBneHune Mycobacterium
tuberculosis Beijing Central Asian Outbreak B MpkyTckon
obnactun. Acta Biomedica Scientifica. 2024; 9(4): 237-247.].
doi: 10.29413/ABS.2024-9.4.26

19. Casali N, Nikolayevskyy V, Balabanova Y, Har-
ris SR, Ignatyeva O, Kontsevaya |, et al. Evolution
and transmission of drug-resistant tuberculosis in a Rus-
sian population. Nature Genet. 2014; 46(3): 279-286. doi:
10.1038/ng.2878

20. Zhdanova S, Jiao WW, Sinkov V, Khromova P,
Solovieva N, et al. Insight into Population Structure
and Drug Resistance of Pediatric Tuberculosis Strains
from China and Russia Gained through Whole-Genome
Sequencing. International Journal of Molecular Sciences.
2023; 24(12): 10302. doi: 10.3390/ijms241210302

21. Guo S, Chongsuvivatwong V, Lei S. Compar-
ison on Major Gene Mutations Related to Rifampicin
and Isoniazid Resistance between Beijing and Non-Bei-
jing Strains of Mycobacterium tuberculosis: A Systematic
Review and Bayesian Meta-Analysis. Genes (Basel). 2022;
13(10): 1849. doi: 10.3390/genes13101849

22. Vlyazovaya A, Gerasimova A, Mudarisova R, Te-
rentieva D, Solovieva N, Zhuravlev V, et al. Genetic Di-
versity and Primary Drug Resistance of Mycobacterium
tuberculosis Beijing Genotype Strains in Northwestern
Russia. Microorganisms. 2023; 11(2): 255. doi: 10.3390/
microorganisms11020255

23. Schwartz Y, Vyazovaya A, Tursunova N, Mok-
rousov |. Impact of the COVID-19 pandemic on the ep-

197



idemiology and clinical course of tuberculosis: expect- 26. Mokrousov  I.  Origin and  dispersal
ed and paradoxical consequences. BMC Infect Dis. 2025;  of the Mycobacterium tuberculosis Haarlem genotype:
25(1):417. doi: 10.1186/512879-025-10793-x Clues from its phylogeographic landscape and human
24. Zhdanova SN, Vinokurova MK, Kondratov IG, migration. Mol Phylogenet Evol. 2024; 195: 108045. doi:
Evdokimova NE, Sinkov VV, Alekseeva GlI, et al. Chang- 10.1016/j.ympev.2024.108045
es in the molecular genetic structure of Mycobacterium 27. Tsybikova EB. Tuberculosis combined with HIV
tuberculosis in Republic Sakha (Yakutia) in 2009-2024: infection in Russia in the period before — and during
spread of Beijing BO/W148 subtype. Acta Biomedica Sci- the COVID-19 pandemic. HIV Infection and Immunosup-
entifica. 2025; 10(2): 239-248. (In Russ.). [MKpaHoBa C.H.,  pressive Disorders. 2022; 14(4): 29-35. (In Russ.). [Ubi6bu-
BuHokypoBa M.K., KoHgpatoB W.I., EBgoknmoBa H.E., koBa 3.b. Tybepkynes, coueTaHHbln ¢ BUY-uHbekymen,
CuHbkos B.B., Anekceesa 'W., n ap. UameHeHua moneky- B Poccuu B nepuopg fo v Bo Bpemsa naHgemun COVID-19.
NAPHO-TeHeTNYEeCKON CTpyKTypbl Mycobacterium tuber-  BUY-uHgekyua u ummyHocynpeccuu. 2022; 14(4): 29-
culosis B Pecnybnuke Caxa (AkyTun) 3a 2009-2024 rogbi:  35.]. doi: 10.22328/2077-9828-2022-14-4-29-35

pacnpocTpaHeHune cybtuna Beijing BO/W148. Acta Bio- 28. Saavedra Cervera B, L6pez MG, Chiner-Oms A,
medica Scientifica. 2025; 10(2): 239-248.]. doi: 10.29413/ Garcia AM, Cancino-Munoz |, Torres-Puente M, et al.
ABS.2025-10.2.24 Finegrain population structure and transmission pat-

25. Mokrousov |, Vinogradova T, Dogonadze M, ternsof Mycobacterium tuberculosis in southern Mozam-
Zabolotnykh N, Vyazovaya A, Vitovskaya M, et al. A mul-  bique, a high TB/HIV burden area. Microb Genom. 2022;
tifaceted interplay between virulence, drug resistance, 8(7): mgen000844. doi: 10.1099/mgen.0.000844
and the phylogeographic landscape of Mycobacterium
tuberculosis. Microbiol Spectr. 2023; 11(5): €0139223. doi:
10.1128/spectrum.01392-23

Information about the authors

Svetlana N. Zhdanova - Dr. Sc. (Med.), Leader Researcher of the Laboratory of Epidemic and Social Infections, Institute Epidemiology and Microbiology, Scientific
Centre for Family Health and Human Reproduction Problems; e-mail: svetnii@mail.ru, https://orcid.org/0000-0001-7160-9700

Anna V. Nesterenko - Cand. Sc. (Med.), Chief Physician of the Krasnoyarsk Regional Tuberculosis Dispensary No. 1; e-mail: med@kkptd1.ru https://orcid.org/0009-
0008-2453-3801

llya G. Kondratov - Cand. Sc. (Biol.), Researcher at the Laboratory of Epidemic and Social Infections, Institute Epidemiology and Microbiology, Scientific Centre
for Family Health and Human Reproduction Problems; e-mail: kondratovig@mail.ru, https://orcid.org/0000-0002-2631-4724

Svetlana Yu. Oteva - bacteriologist of the Krasnoyarsk Regional Tuberculosis Dispensary No. 2; e-mail: labytub2@mail.ru, https://orcid.org/0009-0005-6664-1833
Lyubov I. Kolesnikova - Dr. Sc. (Med.), Professor, member of the RAS, Scientific Advisor at the Scientific Centre for Family Health and Human Reproduction Problems;
Irkutsk State University; e-mail: iphr@sbamsr.irk.ru, https://orcid.org/0000-0003-3354-2992

Oleg B. Ogarkov - Dr. Sc. (Med.), Director of the Institute Epidemiology and Microbiology, Scientific Centre for Family Health and Human Reproduction Problems;
e-mail: obogarkov@mail.ru, https://orcid.org/0000-0002-3168-1983

198



