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Abstract

Introduction. The Kemerovo region — Kuzbass is characterized by a high prevalence of multidrug-resistant
(MDR) tuberculosis (TB), including coinfection with HIV (HIV/TB). A previously unknown in Russia relationship
between MDR and the Beijing Central Asian Outbreak (CAO) subtype has been discovered, which updates
studies of Mycobacterium tuberculosis taking into account this resistant variant.

Objective: to study the molecular genetic structure of the M. tuberculosis population, to assess the prevalence
and possible routes of emergence of Beijing CAO strains in the Kemerovo region — Kuzbass.

Materials and methods. A total of 325 M. tuberculosis strains were studied in 2018-2022 using spoligotyping,
MIRU-VNTR 24 and SNP typing. Whole genome sequencing and bioinformatics analysis were performed for
seven Beijing CAO strains.

Results. Primary MDR and pre-extensive drug resistance (pre-XDR) were detected in 39.4% and 11.5% of strains,
respectively. In the total sample, MDR was 43.4%, pre-XDR — 19.7%. In the structure of the M. tuberculosis
population, the Beijing genotype prevailed (78.8%), with its subtypes Central Asian Russian (40.9%) and
B0O/W148 (32.6%). The Euro-American lineage (27.3%) was represented by the genotypes T (6.5%), LAM (5.8%),
Ural (4.9%), H (0.9%); one strain CAS1-Delhi was detected, the genotype of 2.8% of strains was not identified.
The proportion of Beijing CAO was 12.6% of the total sample; this subtype was significantly more often detected
among HIV/TB (20.6%) than in HIV-negative TB patients (9.1%; p = 0.005). The results of the Beijing CAO
genome analysis from the Kemerovo region indicate the absence of a direct chain of transmission between these
TB cases. A hypothesis has been put forward about the introduction of Beijing CAO to the Kemerovo region from
Central Asia and its endemic circulation in the region.

Conclusion. A high level of MDR and pre-XDR was detected in Beijing genotype strains in the M. tuberculosis
population of the Kemerovo region — Kuzbass, especially the BO/W148 (97.2%) and CAO (87.5%) subtypes.
Beijing CAO strains, detected mainly in newly diagnosed HIV/TB patients, require further monitoring and control
of their spreading.

Keywords: Mycobacterium tuberculosis, Beijing Central Asian Outbreak, Beijing BO/W148, multidrug resistance,
Tuberculosis, HIV infection
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AHHOMayus

BBepeHue. KemepoBckan obnacte — Kysbacc xapakTtepusyeTcsl pacnpoCTpaHEHHOCTb Tybepkynésa (Th)
C MHOXeCTBEHHOWN nekapCcTBeHHoN ycTtonumsocTbio (MJTY), B TOoM uucne couetaHHoro ¢ BUY-uHdekumen
(BUY/TB). O6HapyxeHa Bbicokasi yactota MITY cpeaun wrammos Beijing, B Tom yncne cybtuna Central Asian
Outbreak (CAQ), uTo aKkTyanusmpyeT mccrieqoBaHnst Bo3byauTenst ¢ y4ETOM 3TOr0 PE3UCTEHTHOrO BapuaHTa.
Llenb nccnenoBaHust: 3y4nTb MOMEKYNSAPHO-TEHETUYECKYO CTPYKTYpY nonynauun Mycobacterium tuberculosis,
OLEHUTb PacrnpoCTPaHEHHOCTb M BO3MOXHbIE MyTW nosierneHus wrtammoB Beijing CAO B KemepoBsckoi obna-
ctn — Kysbacce.

Matepuanbi n metoabl. M3yyeHo 325 wrammos M. tuberculosis, BeisiBneHbix 3a 2018-2022 rr., metogamm cno-
nurotunupoBanusi, MIRU-VNTR 24 n SNP-tunupoBanus. ns 7 wrammoB Beijing CAO npoBeaeHbl NOnHOreHoM-
HOe CeKkBeHNpoBaHWe 1 BuorHgopmaTnyecknin aHanma.

PesynbraTthbl. MNepsuyHaa MITY v npelumpokas nekapcrseHHas yctondmeocTb (npe-LUNY) obHapyxeHbl y 39,4 n
11,5% wTammoB cooTBeTCTBEHHO. B 061eit Boibopke MITY coctaBuna 43,4%, npe-LUNY — 19,7%. B cTpykType
nonynsuun M. tuberculosis npeobnagan reHotun Beijing (78,8%), ero cy6tunel Central Asian Russian (40,9%) n
B0O/W148 (32,6%). EBpo-amepukaHckas nuHuna (27,3%) npeactasnena reHotunamm T (6,5%), LAM (5,8%), Ural
(4,9%), H (0,9%); obHapyxeH 1 wrtamm CAS1-Delhi; 2,8% wrammoB He naeHTuduumposaHsbl. Jons Beijing CAO
coctaensana 12,6% obuien BbIGOPKM, AaHHbBIN cybTMN 3HaYMMO 4alle obHapyxmBanu cpegn BUY/TE (20,6%),
yeM y BNY-HeratuBHbIX 6onbHbIX TB (9,1%; p = 0,005). Pesynstathl aHanm3a reHomos Beijing CAO n3 Keme-
pOBCKOW 0brnacTtv CBUAETENLCTBYIOT 06 OTCYTCTBMU LEnNuU nepepayn mexay atumm cnydasmu Th. BbiaBuHyTa
rmnoTesa o 3aHoce Beijing CAO u3 LieHTpanbHom A3nn n ero sHAeMUYHOM umpkynauum B KemepoBckon obnacTu.
3akntoyeHue. B nonynaummn M. tuberculosis BbisiBneH Bbicokuii ypoeHs MITY u npe-LWITY y wrammos Beijing,
B ocobeHHocTn cybTtunos BO/W148 (97,2%) n CAO (87,5%). LLtammel Beijing CAO, BbisBNeHHblE NpenMyLLe-
CTBEHHO Y BrepBble BbiABNEHHbIX 60nbHbIX BUY/TB, TpebyoT aanbHenwero HabntoaeHnsa 1 KOHTpOns Ux pac-
NpPOCTPaHeHus.

KnroueBble cnoBa: Mycobacterium tuberculosis, Beijing Central Asian Outbreak, Beijing BO/W148, mHoxe-
CcmeeHHasi riekapcmeeHHas ycmoudyusocms, mybepkynés, BUY-uHgpekyus

Amuyeckoe ymeepxdeHue. VlccneqoBaHve npoBoAMoch Npy A0O6POBONLHOM UHPOPMMPOBAHHOM Cornacuv nauu-
eHTOoB. [NpoToKoN nccnenoBaHWs ofobpeH ATUYecKM KOMMTETOM HayuHOro LieHTpa 3A0pOBbA CeMbW U PENPOAYKLN
yenoseka (npotokon Ne 4 ot 12.04.2023) n 3Tn4eckum KoMmTeTom KemepoBCKOro rocyfapCTBEHHOrO MeauLMHCKOro
yHuBepcuteta (npotokon Ne 255/k ot 11.11.2020).

HUcmoyHuk gpuHaHcupoeaHusi. PaboTta BbinonHeHa B pamkax rocyaapcteeHHoro 3aganus Ne 121022500179-0.

KoHpnnukm uHmepecoe. ABTOpbI AeKNapupyoT OTCYTCTBUE SIBHLIX U MOTEHLMANbHBIX KOH(PIIMKTOB MHTEPECOB, CBSI-
3aHHbIX C NyGnnKaume HacTosiLLen cTaTbu.
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Introduction

Kemerovo region — Kuzbass, despite the decrease
trends, maintains high levels of tuberculosis (TB) inci-
dence and prevalence. The region is also characterized
by high rates of HIV infection. In 2021, TB incidence
was 63.07 per 100,000, which is more than 2 times the
national level (31.1 per 100,000), prevalence — 138.0
per 100,000 [1]. During the same period, HI'V incidence
(1274.03 per 100,000) was 1.62 times higher than the
national average (782.0)!

HIV infection increases not only the risk of active
TB, but also gives low treatment efficacy.” The wide-
spread of drug-resistant strains of Mycobacterium tu-
berculosis is also among the main causes of high TB
incidence.

Therefore, the study of the features of modern
strains of M. tuberculosis is of absolute relevant. Previ-
ously, a number of molecular genetic studies of M. fuber-
culosis were conducted in the Kemerovo region and the
associations of multidrug resistance (MDR) with strains
of the Beijing genotype were revealed [2—4]. However,
the prevalence of Beijing strains of the Central Asian
Outbreak (CAO) subtype frequently characterized by
MDR [5] has not been evaluated, although they were
present in collections from other West Siberian regions
[3,6]. The aim of the study: to investigate the molecular
genetic structure of M. tuberculosis, to assess the pre-
valence and possible pathways of emergence of Beijing
SAO strains in the Kemerovo Region — Kuzbass.

Materials and methods

Clinical isolates and drug sensitivity testing

We examined 325 clinical isolates of M. tuber-
culosis from TB patients from the Kemerovo region —
Kuzbass: from 2 screening studies in 2020-2021
(n = 86) and 2022 (n = 163); from the 2018-2019
cryo-collection (n = 76) of the Novosibirsk Research
Institute of Tuberculosis, which is a reference center for
TB control in Siberia and the Russian Far East (Fig. 1).

Bacterial isolates were characterized by standard
bacteriological and biochemical methods. Drug sus-
ceptibility testing (DST ) was performed by the meth-
od of proportions on the Loewenstein-Jensen medium
(and/or modified proportion method on Middelbrook
7H9 liquid nutrient medium using a Bactec MGIT 960
bacteriological analyzer) [3, 4].

The terminology of drug resistance according to
the Clinical Guidelines “Tuberculosis in adults, 2022”
was used:

! BUY-undexuus 3a 2021 . Bromerens Ne 47. URL: http://www.
hivrussia.info/wp-content/uploads/2023/05/Byulleten-47-VICH-
infektsiya-za-2021-g.pdf (date of access: March 20, 2024).

2 World Health Organization. Global Tuberculosis
Report 2022. URL: https://iris.who.int/bitstream/hand
1e/10665/363752/9789240061729-eng.pdf?sequence=1 (date of
access: March 20, 2024).
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* mono-resistance is resistance of M. tuberculosis
to only one antiturberculosis drug;

* poly-resistance is resistance of M. tuberculosis
to 2 or more antiturberculosis drugs, except for
simultaneous resistance to isoniazid and rifam-
picin;

* MDR is resistance of M. tuberculosis to isonia-
zid and rifampicin simultaneously, regardless of
resistance to other antiturberculosis drugs;

* pre-extensive drug resistance (pre-XDR) is re-
sistance of M. tuberculosis to rifampicin with or
without resistance to isoniazid, combined with
resistance to any fluoroquinolone.

Genotypic identification

DNA was extracted using previously described
methods [3]. Isolates were first differentiated into Bei-
jing and non-Beijing genotypes [3]. Beijing strains were
divided into two major groups known to be prevalent in
Russia (subtypes BO/W148 and Central Asian Russian)
by testing specific SNP markers [3, 4]. Beijing Central
Asian Russian strains were genotyped for Central Asian
Outbreak (CAO) markers [6] by the authors' previously
reported real time PCR test for a specific SNP in the
pks & gene (pos.1884305) [7]. All non-Beijing strains
were subjected to spoligotyping [3] and MIRU-VNTR
24 loci typing [4].

Whole-genome sequencing, bioinformatics
and statistical analysis

Genomic libraries were prepared using the DNA
Flex kit (Illumina). Whole-genome sequencing (WGS)
of samples was performed on a NextSeq 550 sequen-
cer (Illumina) using the reagent kit v2.5 and a flow cell
(High output) of 300 cycles. The 330, 59Kem, 1450,
155¢ genomes have been deposited at NCBI (bioproj-
ect PRINA1139960). A total of 229 complete M. tu-
berculosis Lineage 2 CAO genomes [5] were retrieved
from the online WGS Short Read Archive (NCBI),
being part of the following bioprojects: PRJEB2138,
PRIJEB21922, PRJEB6273, PRIEB7281, PRJEB9680,
PRINA980215. Primary data processing involved re-
moving short reads of poor quality (Q < 20) and cut-
ting out technical sequences using the CutAdapt pro-
gram [8]. Next, the short reads were mapped to the
NC 000962 reference genome with single nucleotide
position determination [9]. As a result of data validation
and normalization, the concatenated sequence of nucle-
otide sequences of the 3568 bp genome data array was
used for phylogenetic analysis. Antiturberculosis drug
resistance genes, their promoters, and genes with high
variability (PP, PE, PPE) were excluded from the se-
quence. The genome of the Beijing family belonging to
the ancient variant (Asian Ancestral 1), which was iso-
lated in Omsk (bioproject PRINA489691), as well as
the closest ancestors of Beijing CAO — Beijing Central
Asian genomes (bioproject PRIEB9680) were used as
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Total samples (n = 325)

Research 2018-2019 2020-2021 2022
period (n=176) (n =86) (n=163)
HIV status of HIV-positive HIV-negativity Unknown
TB patients (n=102) (n=208) (n=15)

Phenotypic drug resistance test

24 MIRU-VNTR typing;

spoligotyping of non-Beijing strains

Identification of genetic families and genotypes/subtypes:

« diversification into Beijing and non-Beijing;

identification of Beijing sublines (ancient, early ancient, modern);

identification of subtypes of the Beijing genotype (B0/W148, Central Asian Russian, CAO);

M. tuberculosis
research

Beijing CAO whole genome sequencing (Kemerovo region; n = 7)

*  Uzbekistan (n = 168);

+  Kazakhstan (n = 14);

* Russia (Samara; n = 28);
*« Germany (n=19)

Bioinformatics analysis with available Beijing CAO WGS data:

Fig. 1. Study design.

an outgroup. The phylogenetic tree was constructed us-
ing the IQ-TREE2 program by the maximum likelihood
method; the phylogenetic tree was visualized using the
FigTree program [9]. The reliability of the tree topolo-
gy was evaluated based on bootstrap analysis with 1000
iterations. Transversion Substitution Model was chosen
as the nucleotide substitution model because it had the
best Akaike values calculated using IQ-TREE Model
Finder. Evolutionary rate and tree topology were ana-
lyzed using the Total Recovery Time Substitution Mod-
el with gamma-distributed substitution rate at each site
and 4 rate categories.

Statistical analysis was performed using the web
resource http://www.medcalc.org/calc/odds_ratio.php,
calculating Fisher’s exact criterion values and odds ra-
tios. Differences between groups were identified by the
x° test, and significance was confirmed at p < 0.05.

Results

General characterization and drug resistance
of M. tuberculosis

In a sample of 325 clinical isolates, specimens
from patients with infiltrative (30.8%), disseminated
(31.1%), and fibrotic cavernous forms of pulmonary

TB (20.6%) predominated, followed by tuberculomas
(10.5%). Disseminated TB was significantly more com-
mon in HIV-infected patients (48.0%; 49/102) than in
HIV-negative patients (22.6%; 47/208; p < 0.0001),
while fibrotic cavernous TB and tuberculomas, on the
contrary, had higher rates in HIV-negative patients,
thus reflecting the clinical manifestations of TB char-
acteristic of coinfection. A total of 226 69.5% isolates
were obtained from patients with new TB cases (Ta-
ble 1). New TB cases accounted for a significantly
higher proportion of new TB cases in the HIV-infected
group (84.4%; 84/102) than in the HIV-negative group
(64.4%; 134/208; p = 0.002).

The results of the drug sensitivity test revealed
a high prevalence of M. tuberculosis clinical isolates
with drug resistance (75.7%; 246/325) to antitubercu-
losis drugs (Table 2). 63.1% (205/325) of isolates were
resistant to the main first-line antibiotics — rifampicin
and isoniazid. Among them, 19.7% (64/325) cases were
also accompanied by resistance to fluoroquinolones,
which defined them as pre-XDR strains; their num-
ber was expectedly higher among previously treated
TB patients than among new cases (44.6% vs. 11.5%;
p < 0.001). The proportion of MDR (non-pre-XDR)
strains among first-time cases was 39.4% and 43.4%
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Table 1. Demographic and clinical data of TB patients, n (%)
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Characteristic Total New cases Previously treated 2.
n=325 n =226 n=99 X5 P
Gender
female 102 (31,4) 69 (30,5) 33 (33,3)
0,251; p=0,616
male 223 (68,6) 157 (69,5) 66 (66,7)
Age, years
19-45 241 (74,2) 159 (70,4) 82 (71,1)
5,589; p = 0,018
246 84 (25,8) 67 (29,6) 17 (28,9)
HIV status*
HIV-positive 102 (32,9) 84 (38,5) 18 (19,6)
10,54; p = 0,0012
HIV-negative 208 (67,1) 134 (61,5) 74 (80,4)
TB clinical forms
infiltrative 100 (30,8) 89(39,4) 11 (11,1) 25,827; p = 0,007
disseminated 101 (31,1) 82 (36,3) 19 (19,2) 9,389; p = 0,002
fibrous-cavernous 67 (20,6) 20 (8,8) 47 (47,5) 62,759; p < 0,001
focal 5(1,6) 5(2,2) 0 1,004; p=0,316
tuberculomas 34 (10,5) 19 (8,4) 15 (15,2) 3,343; p = 0,068
caseous pneumonia 11 (3,4) 5(2,7) 6 (5,1) 0,587; p = 0,444
intrathoracic 3(1,0) 3(1,3) 0 0,272; p = 0,602
TB meningitis 1(0,3) 1(0,4) 0 0,439; p = 0,602
TB pleurisy 1(0,3) 1(0,4) 0 0,439; p = 0,602

Note. *HIV status of 15 patients was not indicated; absolute data and percentage calculations are given for 310 patients (218 newly diag-

nosed and 92 previously treated).

in the total sample. MDR+pre-XDR levels were not
significantly different between HIV-negative patients
(62.0%; 129/208) and HIV/TB patients (57.8%; 59/102;
p = 0.480).

Five isolates with drug resistance to bedaquiline
were identified, 4 of which were characterized by
mono- and poly-resistance and 1 by MDR. Drug sen-
sitivity to linezolid was assessed for 163 isolates from
a sample of 2022, when this test was included in routine
bacteriologic studies in the Kemerovo region; all isolates
remained sensitive to linezolid. The proportion of pre-
XDR isolates was significantly lower in HIV/TB coin-
fected patients (12.7%; 13/102) than in HIV-negative pa-
tients (24.0%; 50/208; p = 0.022), as the latter group had
significantly more previously treated TB cases.

Genotypic structure of M. tuberculosis

The Beijing genotype was detected in 256 (78.8%)
of 325 M. tuberculosis isolates. Two isolates were at-
tributed to the early ancient sublineage (intact NTF and
RD 181 [10]), while the other 254 isolates belonged to
the modern Beijing sublineage. The proportion of Bei-
jing strains was significantly higher in the previously
treated group (90.9%) than in the group of newly diag-
nosed TB patients (73.5%; p < 0.001; Table 3), with no
significant difference in HIV-negative TB and HIV/TB
patients (80.3%; vs. 75.5%; p = 0.940). The most abun-

dant Beijing genetic groups were BO/W148 (32.9%)
and Central Asian Russian, including the CAO sub-
type (41.5%; 134/325). The CAO subtype accounted
for 12.6% of the total sample (15.6% of Beijing), and
did not differ significantly between newly diagnosed
(11.9%) and previously treated (13.1%) TB patients.
However, among new cases, CAO strains were detect-
ed more frequently in the HIV/TB group (21.4%) than
in HIV-negative cases (6.7%; p = 0.005). Overall, the
proportion of Beijing CAO strains was higher in the
HIV/TB group (20.6%; 21/102) than in HIV-negatives
(9.1%; 19/208; p = 0.005).

Isolates of BO/W 148 Beijing subtype was detected
more frequently among previously treated TB patients
than in new cases (45.5% vs. 27.0%, respectively;
p = 0.001). No statistically significant differences be-
tween 'BO/W148 strains were found when the associ-
ation by HIV status, treatment history of TB patients
with other Beijing subtypes were analyzed.

All Beijing CAO strains from the Kemerovo re-
gion shared a common MIRU-VNTR 94-32 profile. In-
formation to assess the association between cases was
insufficient, but analysis of available data on 27 out of
40 Beijing CAO cases indicates that there was no as-
sociation between these patients by place of residence.
Only 8 cases of TB with Beijing CAO were among res-
idents of different districts of Kemerovo, the rest of the
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Table 2. Drug resistance of M. tuberculosis isolates, n (%)
New cases Previously treated
Genotypes, subtypes Total
ypes, sublyp n=325 B HIV/TB all B HIV/TB
n =226 n=134 n=284 n=99 n=74 n=18

Susceptible 79 (24,3) 74 (32,7) 45(33,6) 27(32,1) 5(51) 3(4,1) 1(5,6)
Monoresistant 17 (5,2) 16 (7,1)  10(7.,5) 5 (6,0) 1(1,0) 0 1(5,6)
Polyresistant 24 (7,4) 21(9,3) 12(9,0) 9(10,7) 3(3,0) 3(4,1) 0
MDR not XDR 141 (43,4) 89(39,4) 50(37,3) 35(41,7) 52(52,5) 35(47,3) 11(61,1)
pre-XDR 64 (19,7) 26 (11,5) 17(12,7)  8(9,5) 38(38,4) 33(44,6) 5(27,8)

diseases were detected in 10 industrial cities of Kuz-
bass, distant from the regional center by 27-90 km.

Non-Beijing isolates belonged to Lineage 4 (Euro-
American lineage) and Lineage 3 (CAS1-Delhi) spoli-
gotypes. Spoligotyping of 69 non-Beijing isolates iden-
tified 31 spoligotypes. Apart from one Lineage 3 isolate,
the rest represented 4 Lineage 4 genetic families: LAM,
T, Ural and H (60 isolates) and 9 unclassified strains.
Isolates belonging to the Euro-American lineage were
identified in 23 spoligotypes; of these, 7 were repre-
sented by clusters of 2 to 10 isolates: SIT53/T, 10 iso-
lates; SIT42 and SIT254/ LAM, 8 isolates each; SIT35/
Ural, 7 isolates; SIT262/Ural, 6 isolates; SIT1480/ Ural
and SIT2128/ T, 2 isolates each.

Drug resistance and genotypes
The proportion of rifampicin- and isoniazid-re-
sistant Beijing genotype strains was 74.6% (191/256),
which was significantly higher than among non-Beijing
strains, 17.4% (12/69; p < 0.001). The frequency of
MDR+pre-XDR detection of Beijing genotype strains

among previously treated cases (82.8%; 82/99) was
more pronounced than among new TB cases (48.2%;
109/226; p < 0.001). Because of the small number of
strains of other genetic families (non-Beijing), no sig-
nificant differences in MDR frequency could be detec-
ted. Non-Beijing strains unclustered by spoligoprofile
possessed MDR in 26.9% (7/26) of cases, while those
combined by a single spoligotype possessed MDR in
11.6% (5/43; p = 0.194).

The highest MDR+pre-XDR frequencies were
found in Beijing isolates of subtypes BO/W148 (97.2%;
103/106) and CAO (87.5%; 35/40). The proportions of
MDR-+pre-XDR isolates of Central Asian Russian and
Beijing (other, including early ancient sublineage) were
46.8% (44/94) and 68.8% (11/16), respectively (Fig. 2).

Bioinformatic analysis showed that 7 Beijing
CAO isolates whose full genomic data are presented
in this study (kem 59, 330, 155c, 145¢c, IM117-8c,
IM115-6¢, IM134-53¢), isolated from 5 HIV-infected
and 2 TB patients without HIV infection, belonged to
4 different clusters. It is noteworthy that one of them

Table 3. Genotypes and subtypes of M. tuberculosis isolates, n (%)

New cases Previously treated
Genotypes, subtypes 525 B HIV/TB all B HIV/TB
n=226 n=134 n=284 n=99 n=74 n=18
Beijing total 256 (78,8) 166 (73,5) 99(73,9) 61(72,6) 90(90,9) 68(91,9) 16(88,9)
Beijing BO/W148 106 (32,9) 61(27,00 38(28,4) 19(22,6) 45(455) 35(47,3) 7(389)
Beijing Central Asian Russian non-CAO 94 (28,9) 68 (30,1) 46(34,3) 20(23,8) 26(26,3) 19(25,7) 5(27,8)
Beijing CAO 40 (12,6) 27 (11,9) 9(6,7) 18(21,4) 13(13,1) 10(13,5) 3(16,7)
Beijing other 16 (4,9) 10 (4,4) 6 (4,5) 4 (4,8) 6(6,1) 4(5,4) 1(5,6)
Non-Beijing total 69 (21,2)  60(26,5) 35(26,1) 23(27.4) 9(9.1) 6(8,1) 2(11,2)
T 21 (6,5) 19 (8,4) 14 (10,4) 4 (4,8) 2(2,0) 1(1,4) 0
LAM 19 (5,8) 15 (6,6) 6 (4,5) 9(10,7) 4 (4,0) 3(4.1) 1(5,6)
Ural 16 (4,9) 15 (6,6) 9 (6,7) 6(7,1) 1(1,0) 0 1(5,8)
H 3(0,9) 3(1,3) 0 2(24) 0 0 0
Unknown 9(2,8) 73,1) 6 (4,5) 1(1,2) 2(2,0) 22,7) 0
CAS1-Delhi 1(0,3) 1(0,4) 0 1(1,2) 0 0 0
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was phylogenetically close to strains from Uzbekistan,
suggesting the probability of origin of this strain out-
side the Kemerovo region (Fig. 3, highlight 1). Six
others were included in 3 separate groups on the most
recent highly resolved branches (bootstrap from 87%
to 100%) among modern strains from Kazakhstan and
Europe (Germany). This arrangement of the Kemero-
vo samples on the tree confirms the absence of a direct
chain of transmission between these TB cases (Fig. 3,
highlights 2—-4).

Discussion

A study of a modern sample of M. tuberculosis
strains from the Kemerovo region shows that the over-
all genotype structure is typical for the Asian part of
Russia, where the dominant genotype Beijing (78.8%)
is represented mainly by two subtypes: Central Asian
Russian (41.2%) and BO/W148 (32.9%) [11-14]. How-
ever, a marked predominance of Beijing was found
among previously treated TB cases (90.9%), and pri-
marily due to a significant increase in the proportion
of BO/W148 (from 27.0 to 45.5%). The increase in the
proportion of Beijing BO/W148 was seen among both
HIV-negative and HIV-infected TB patients. This uni-
directional accumulation in both groups reflects the
properties of this epidemic subtype, which in most cas-
es carries primary MDR. Overall, its qualities reduce
the efficacy of treatment of new TB cases and likely re-
duce adherence to MDR-TB therapy in repeated cours-
es of treatment.

The Beijing genotype, which occurred equally
frequently in TB patients with different HIV status,
revealed higher MDR and pre-XDR levels in both
groups: no significant association of MDR-TB with

Beijing BO/W148 (n = 106)

Beijing Central Asian Russian, non CAO (n = 94)
Beijing CAO (n = 40)

Beijing, others (n = 16)

T(n=21)
LAM (n = 19)
Ural (n = 16)

H(n=23)

Unknown (n = 9)
CAS1-Delhi (n=1)

O Susceptible (n =79)
B Polyresistant (n = 24)
B Pre-XDR (n = 64)
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HIV infection was found. Thus, the previously found
excess MDR-TB frequency among TB/HIV patients in
Russian studies [13, 15-17] and their association with
MDR strains was not confirmed in the present study.

The main distinctive feature of the M. tuberculo-
sis population in Kemerovo region was the detection
of about 30% (40/134) of CAO subtype strains in the
structure of Beijing Central Asian Russian. Accord-
ing to our study, MDR frequency among Beijing Cen-
tral Asian Russian strains was second only to Beijing
BO/W148 (95.3%): about 60% of strains were
MDR+pre-XDR (79 out of 134). This subtype, which
unites a heterogeneous group of strains, in the Kem-
erovo region showed not only an exceptionally high
presence of Beijing CAO (12.9% of the total collec-
tion) compared to other regions of Russia (Table 4), but
also extremely high levels of MDR+pre-XDR (87.5%;
35/40). In turn, exclusion of CAO samples from the
Central Asian Russian group leads to a decrease in the
proportion of strains with MDR to 48.6% (44 out of
94), which corresponds to the average for the Beijing
genotype (49.1% MDR; 53/108) without considering
B0/W148 in this group. Importantly, Beijing CAO was
significantly more frequently detected among HIV-in-
fected people (20.6%). Thus, not only BO/W 148 but al-
so strains of the CAO subtype were the most successful
among Beijing strains in the Kemerovo region — Kuz-
bass. The latter clearly benefited from the acquisition
of MDR/pre-XDR, expressed in a wide spread among
HIV-infected people in the region.

The cross-border route of transmission of TB
caused by Beijing CAO from Central Asian countries
to the population of the Kemerovo region can be con-
sidered as the most obvious one for the emerging of

0O 10 20 30 40 50 60 70 80 90 100 %

OMonoresistant (n = 17)
OMDR (n = 141)

Fig. 2. Drug resistance of M. tuberculosis isolates in the Kemerovo region, %.
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the first cases. An outbreak of CAO in Karakalpakstan
(Uzbekistan) described by M. Merker et al., evaluated
on strains from 2001-2005 [5], and then the detection
of accumulation since 2015 and the significant pres-
ence of Beijing SAO in modern samples in Kazakhstan
[21-23] indicate its successful spread outside Uzbeki-
stan and the setting up of conditions for endemic cir-
culation. All Beijing CAOs detected in the Kemerovo
collection belonged to the MIRU-VNTR 94-32 super-
cluster [6], although other MIRU-VNTR profiles of

CAOs in Russian regions have also been described [10,
22], emphasizing their current evolution due to the ori-
gin from 94-32 [6].

It is highly probable that transmission could have
been carried out by labor migrants from Central Asia,
whose regular influx to the Kemerovo region has been
observed over the past 30 years [23]. Despite the fact
that the registered incidence of TB in the Kemerovo
region among migrants from Central Asia is estimated
to be low (less than 1 case per 100,000 migrants) [24],

Fig. 3. Maximum-likelihood phylogenetic tree for sequences of 241 clinical isolates of Beijing CAO M. tuberculosis.

The genomes from the Kemerovo region are marked; numbers 1-4 mark their groups; sequences from other regions are marked in black
with following designations: from Central Asia — Uzbekistan (CenAsia), Kazakhstan (KZ), Samara — Russia (SamRus), Germany (GE).
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Table 4. Beijing CAO of M. tuberculosis isolates from Central Asian countries and Russia, n (%)

Number of isolates, % of total

Countries (total number of isolates) n Beiling total BeijingRiigit::: Asian Beiing CAO Source
Central Asia
Uzbekistan 235 136 (57,9) 58 (24,7) - [18]
Uzbekistan 277 237 (85,5) 174 (62,8) 173 (62,5) [5]
Tajikistan 206 154 (78,4) 49 (23,8) - [18]
Kyrgyzstan 166 121 (72,9) 38 (22,9) - [18]
Kazakhstan 701 538 (76,7) 314 (51,7) 116 (16,5) [19]
Kazakhstan 29 24 (82,8) 20 (69,0) 15 (51,7) [20]
Russia
Komi 130 73 (56,2) 45 (34,6) 2(1,5) [10]
Vologda 82 51 (62,2) 41 (50,0) 7 (8,5) [16]
Kaliningrad 73 46 (63,0) 21 (28,8) 4 (5,5) [10]
Karelia 67 36 (53,7) 18 (26,9) 3(4,5) [10]
Murmansk 67 35 (52,2) 23 (34,3) 1(1,5) [10]
Pskov 78 45 (57,7) 28 (35,9) 2 (2,6) [10]
Samara 428 354 (82,7) 214 (50,9) 28 (6,5) [5]
Omsk 131 93 (71,0) 51 (38,9) 5(9,8) [6]

Note. Dash indicated the absence of data.

the possibility of transmission of the M. tuberculosis to
the local communities. This is consistent with the da-
ta from the neighboring Novosibirsk region, where TB
cases among migrants were registered among citizens
of Uzbekistan, Tajikistan, Kyrgyzstan and Kazakhstan,
which prevail in seasonal labor migration in Siberia
[25]. In the Kemerovo region, more than 25 thousand
people who come to work every year are officially
registered. Labor migrants are employed in construc-
tion, manufacturing industry, wholesale and retail
trade, although they account for no more than 1% of
the region’s employed population [23].

In the present study, the fact that Beijing CAO
strains were detected in 40 TB cases among the local
population of the Kemerovo region, in particular, in
20.6% — HIV/TB, suggests the presence of conditions
of endemic circulation of Beijing CAO in local setting.

Kuzbass is a highly urbanized industrial region
[23] with an epidemic level of HIV infection. Despite
the downward trends in the total number of registered
HIV-infected persons since 2016, high levels of new
cases remain [26]. In 2021, the all-Russian incidence rate
was 41.7 per 100,000 population, and in the Kemerovo
region — 83.23. The role of HIV-infected people in the
setting up of condition for circulation of successful vari-
ants of M. tuberculosis in local area cannot be excluded.
The risks of developing bacillary forms of TB in HIV-in-

3 BUY-undexuns 3a 2021 r. Broerens Ne 47. URL: http:/www.
hivrussia.info/wp-content/uploads/2023/05/Byulleten-47-VICH-
infektsiya-za-2021-g.pdf (date of access: March 20, 2024).

fected people against the background of insufficient effi-
cacy of MDR-TB chemotherapy are in favor of some in-
crease in the infectiousness of HIV-infected people [27].
Furthermore, a recent study shows that among coinfect-
ed people, the probability of recent TB transmission is
more than 2 times higher than in the general population
of TB patients. Moreover, endemic strains had a high-
er chance of being responsible for recent transmission
among HIV-positive patients [28]. In the present study
sample, Beijing CAO subtype was identified among
new cases significantly more frequently in HIV/TB
(17/84) than in HIV-negative TB patients, which may
also be a consequence of their recent infection.

Phylogenetic reconstruction using WGS data
confirms that the spread of CAO strains in the Keme-
rovo region is most likely the result of the expansion
of Beijing isolates of this subtype into Russia from
Uzbekistan. Previously, M. Merker et al. reconstruct-
ed the evolutionary history of CAO strains obtained in
2001-2006 as a result of an outbreak in Uzbekistan and
showed the appearance of the first strains in the mid-
1970s [5]. Phylogeography of CAO strains shows that
the expansion from Uzbekistan is directed not only to
different regions of Russia (Table 4), but also to Euro-
pean countries, as evidenced by the CAO strains from
Germany and Kazakhstan presented in the tree (Fig. 3),
among which 6 isolates from Kemerovo are clustered.
The presence of one Kemerovo isolate in the cluster of
CAOs from Uzbekistan indicates the possibility of re-
cent transboundary transmission of this subtype from
Central Asia to the Kemerovo region.
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Thus, in the Kemerovo region, a significant dis-
tribution of strains of not only highly transmissible
subtype BO/W148 (31.9%), but also of Beijing CAO
subtype (12.6%), which is rarely found in Siberia, was
revealed, carrying MDR and pre-XDR in most cases.
The hypothesis of Beijing CAO emergence in Kuzbass

as a result of repeated introductions from Uzbekistan
directly or indirectly through neighboring countries is
presented. The phenomenon of Beijing CAO anchoring
in Kuzbass as well as the endemic circulation of these
strains among HIV-infected people requires further
study using WGS.
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