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Abstract

Introduction. Fluoroquinolones remain the key second-line anti-tuberculosis drugs.

The aim of the study was the molecular characterization of fluoroquinolone-resistant Mycobacterium tuberculosis
strains from newly diagnosed tuberculosis patients in the Northwest of the Russian Federation.

Materials and methods. The retrospective study collection included M. tuberculosis isolates isolated in 2015—
2019 from previously untreated tuberculosis patients. Susceptibility to antituberculosis drugs (including the
fluoroquinolone ofloxacin) was determined using the BACTEC MGIT960 or absolute concentration method.
Mutations in the gyrA gene as a marker of resistance to fluoroquinolones, were detected by real-time PCR.
Beijing genotype and its subtypes were detected by PCR and real-time PCR methods. Non-Beijing strains were
spoligotyped.

Results and discussion. Phenotypic resistance to ofloxacin was detected in 6.7% (40/599) of strains and in
17.4% (40/230) of MDR strains. 34 of 40 (85%) ofloxacin-resistant strains belonged to the Beijing genotype.
18 (45%) strains were assigned to the Russian epidemic subtype Beijing BO/W148 and 12 (30%) to Beijing
Central Asian/Russian. The remaining 6 ofloxacin-resistant strains belonged to the Euro-American phylogenetic
lineage. Mutations in the gyrA gene were found in 97.5% (39/40) of strains. The most common were mutations in
codon 94 (69.2%, 27/39). The Asp94Gly substitution was identified in 57.5% (23/40) of ofloxacin-resistant strains
and was dominant among Beijing (19/34) and non-Beijing (4/6) strains. The second most common substitution
was Ala90Val (25%, 10/40). More than half of the ofloxacin-resistant strains, Beijing BO/W148 (10/18) and Central
Asian/Russian (7/12), carried the Asp94Gly mutation.

Conclusion. In the Northwest of Russia in 2016-2019, primary resistance of M. tuberculosis to fluoroquinolones
was 6.7% in the total collection and 17.4% of MDR strains, and was mainly caused by the gyrA Asp94Gly and
Ala90Val mutations. Beijing BO/W148 genotype was characterized by the largest proportion of fluoroquinolone-
resistant strains.

Keywords: Mycobacterium tuberculosis, gyrA, drug resistance, fluoroquinolones, ofloxacin, Beijing genotype,
Central-Asian/Russian, BO/W148
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MoneKynspHas XxapakTepncTmka ¢TOPXNHONMOH-YCTOMYNBbIX

wrammoB Mycobacterium tuberculosis oT BnepBbie BbiIBIeHHbIX

60nbHbIX TYy6epKyNnésom Ha ceBepo-3anage Poccun

BsasoBas A.A.™, ConoBbeBa H.C.2, lepacumoBa A.A.", ’Kypasnes B.}0.2, Mokpoycos .B.™

'HayuHo-rccneoBaTelbCKUin UHCTUTYT SNNLEMMONIOTAM 1 MUKpobuonorum um. MNactepa, CaHkT-MeTepbypr, Poccus;
2CaHKT-TeTepbyprcKkmin HayYHO-UCCNeA0BaTENbCKUN UHCTUTYT dTU3nonynbmoHonormm, CaHkT-MNeTep6ypr, Poccna

AHHOMayus

BeeaeHune. PTOPXMHONOHLI OCTAIOTCS KIOYEBLIMU NPOTUBOTYBEPKYNE3HBIMM NpenapaTaMu 2-ro psaa.

Llenb nccnegosanns — MOneKynapHaa XxapakTepucTuka (bTOpXVIHOJ'IOH-yCTOVI‘-IVIBbIX LTaMMOB Mycobacterium

tuberculosis oT BnepBble BbiSABNEHHbIX 60MbHbLIX Tybepkyné3om Ha ceBepo-3anage Poccun.

MaTtepuanbl n metoabl. PeTpocnekTuBHas Konnekuus uccrnenoBaHus Bkrnovana usonstel M. fuberculosis,
BbigeneHHble B 2015-2019 rr. oT paHee He neyveHHbIX 60MnbHbIX TyOEepKyné3oM, NPOXMBAIOLWUX B Pas3nnyHbIX
obnacTtsix ceBepo-3anaga Poccun. YyBCTBUTENBHOCTL K NPOTUBOTYOEPKYNE3HBIM NpenapaTtam (B TOM yucre K
PTOPXMHOMNOHY OdhnokcaumHy) onpegensnu ¢ npumeHeHnem BACTEC MGIT960 unu metoga abcontoTHbIX KOH-
ueHTpauuin. Mytauumn B reHe gyrA Kak mapkepe yCTOMYMBOCTU K (PTOPXMHOMOHaM BbIsBRANu metogom MUP B
peansHoM BpeMeHwu. [pnHagnexHocTb Kk reHotuny Beijing n ero cy6tunam ycranaenmeanu metogamu MUP n

MUP B peansHom Bpemeru. LUtammbl apyrux reHotunos (He-Beijing) cnonurotunuposanu.

Pe3ynbraTbl n obcyxaeHue. PeHoTUNMYECKAs: YCTONYMBOCTb K odoriokcaumHy yctaHosneHa y 6,7% (40/599)
wrammoB 'y 17,4% (40/230) wtammoB C MHOXECTBEHHOWN NEKapCTBEHHOW ycTonumnBocThio. K reHoTuny Beijing
npuHagnexanun 34 (85%) n3 40 yctonumBbIX K odrnokcaumHy wrammos, 18 (45%) wtaMmMoB Oblny OTHECEHBI
K poccuiickomMy anugemuyeckomy cyotuny Beijing BO/W148-knactep n 12 (30%) — k Beijing Central Asian/
Russian. OcTtanbHble 6 odnokcaunH-yCTOMYMBBLIX LUTAaMMOB MPUHAANEXann K eBpo-aMepukaHckon dunore-
HeTuyeckow nuHun. MyTaumm B gyrA obHapyxeHbl y 97,5% (39/40) wrammoB, Hambornee 4acTo — B KOOOHe
94 (69,2%; 27/39). 3ameHa Asp94Gly bbina BeisiBneHa B 57,5% (23/40) odnokcaunH-yCTONYMBBIX LUTAMMOB U
OOMVHMpoBana cpeau LWTammoB Kak Beijing (19/34), Tak n He-Beijing (4/6). Bropon no yactote 6bina 3ameHa
Ala90Val (25%; 10/40). Bonee nonosuHbl oriokcauuH-ycTon4mebix Wwtammos Beijing BO/W148 (10/18) n Central

Asian/Russian (7/12) Hecnu myTauuto Asp94Gly.

3aknrouyeHue. Ha ceBepo-3anage Poccun B 2016-2019 rr. nepBuyHasn pesncteHTHocTb M. tuberculosis k dpTop-
XWHOMOHaM cocTaBnsina 6,7% B obwel nonynsauun Bo3byautens Tybepkynésa u 17,4% y WTaMMOB C MHOXe-
CTBEHHOW NeKapCTBEHHOW YCTOMYMBOCTLIO 1 Gbina obycrnoBneHa npenMyLLeCTBEHHO MyTaumsamu gyrA Asp94Gly
n Ala90Val. HanbonbLwias aonsa hTOPXMHOMOH-PE3NCTEHTHbIX LWTaMmmoB M. tuberculosis 6eina y reHotvna Beijing

BO/W148.

KnroueBble cnoBa: Mycobacterium tuberculosis, gyrA, nekapcmeeHHasi ycmou4yugocmb, (hMOPXUHOIIOHbI,

ogpriokcayuH, eceHomun Beijing, Central-Asian/Russian, BO/W148

Amuyeckoe ymeepxdeHue. VlccnenoBaHve npoBoaMnocs Npy Ao6poBONLHOM MHPOPMMPOBAHHOM Cornacuy nauu-
eHToB. [poTokon nccneposaHus ofobpeH ATnyeckum kommTetom CaHkT-lMetepbyprckoro HAW anugemuonorum n mu-

kpobuonorum um. Mactepa (npotokon Ne 61 ot 02.04.2020).

EnaeodapHocmb. Mol 6naro,qapMM Konner n3 pernoHanbHbIX Ty6€pKyJ'Ié3HbIX AncCnaHcepoB 3a npeaoctaBliieHHble

wrammbl 1 P.C. MygapucoBy 3a TEXHUYECKYHO MOMOLLb.

HUcmoyHuk c¢huHaHcupoeaHusi. ViccneaoBaHne BbINOMHEHO Npy UHAHCOBOW nogaepxke POCcUCKOro Hay4yHoOro

doHaa (rpaHT 24-44-00004).

KoHdbnUKT MHTepecoB. ABTOpPbI [eKnapupyoT OTCYTCTBME SIBHBIX U NOTEHLMATIbHBIX KOH(IIMKTOB UHTEPECOB, CBSI3aH-

HbIX C Nybrmkaumen HacTosILLEeN cTaTbm

Kombnu:(m uHmepecos. ABTOPbI OEeKNapupyroT OTCYTCTBME ABHbIX U NOTEHUWaNbHbIX KOHPIMKTOB MHTEPECOB, CBSA-

3aHHbIX C Nybnukauuern HacTosILLEen cTaTbu.
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Introduction

The decline in tuberculosis (TB) incidence in Rus-
sia (from 57.7 per 100,000 of the population in 2015 to
31.1 in 2022) is accompanied by the continued spread
of drug-resistant, primarily multidrug-resistant strains
of Mycobacterium tuberculosis. The share of multidrug
resistance (MDR) among first-time diagnosed patients
(primary MDR) increased from 27.5% in 2016 to 34%
in 2022.!

The World Health Organization’s (WHO) classic
long-standing definition of MDR is that strains that are
simultaneously resistant to two key first-line antibiot-
ics: isoniazid and rifampicin. Treatment of MDR-TB
requires the use of 2nd-line drugs, to which mycobac-
teria has also become resistant. In addition to MDR-
TB, in 2006, WHO introduced the definition of broad
(extensive resistance to fluoroquinolones and injectable
antibiotics; XDR) and pre-broad (extensive resistance
to either fluoroquinolones or injectable antibiotics; pre-
XDR) drug resistance in 2006 [1]. The declining role
of injectable antibiotics and the wider use of newer
drugs has led to a modification of the definition of XDR
and pre-XDR TB, which is recommended by WHO for
use in clinical and surveillance purposes from January
2021. According to the new classification, TB caused by
MDR strains of M. tuberculosis resistant to any of the
fluoroquinolones was designated as pre-XDR-TB2. Pre-
XDR strains with extensive resistance to bedaquiline or
linezolid are defined as XDR-TB.

Thus, fluoroquinolones (previously ofloxacin, cur-
rently levofloxacin and the new generation fluoroquino-
lone moxifloxacin) have retained their importance in
the treatment of MDR-TB. The development of resis-
tance has implications for treatment outcomes: a study
in Arkhangelsk in 2005-2008 showed that adverse out-
comes were more likely among patients with acquired
resistance to capreomycin (100% vs. 25.9%), ofloxacin
(83.6% vs. 22.7%) or XDR (100% vs. 24.4%) [2].

The target of fluoroquinolones is the DNA-gy-
rase enzyme, which is necessary for replication and
transcription of M. tuberculosis in the cell [3]. Resis-
tance to fluoroquinolones in 90% of cases is associated
with mutations in the gyr4 and gyrB genes encoding
DNA-gyrase. Mutations in the hotspot of the gyr4
gene (the region determining resistance to quinolones,
codons 88-94) represent the main mechanism of resis-
tance, while mutations in the gyrB gene are much less
common and the role of several of them in resistance to
fluoroquinolones is not always obvious [4, 5]. The most
common mutations in gyr4 are Ala90Val, Asp94 (Gly,

! National Medical Research Center for Phthisiopulmonology and

Infectious Diseases. URL: https://nmrc.ru/for_specialists/main-
directions/tuberculosis

2 World Health Organization. Meeting report of the WHO expert
consultation on the definition of extensivey drug-resistant
tuberculosis / Geneva: World Health Organization; 2021.
URL: https://www.who.int/publications/i/item/9789240018662
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Ala, His, Asn or Tyr) and Ser91Pro, and the Gly88Cys
mutation is less common [6—12].

Ofloxacin is currently not used for TB therapy,
and a substantial proportion of strains phenotypically
resistant to ofloxacin are sensitive to moxifloxacin. At
the same time, the rapid development of drug resistance
to ofloxacin and, as a result, a significant decrease in
therapeutic efficacy led to a policy rejection of the use
of this drug in the treatment of TB. In recent years, the
WHO recommendations, as well as the Russian guide-
lines [13], have been significantly amended in terms of
drug susceptibility testing of M. tuberculosis by bacte-
riological methods — ofloxacin, cycloserine, para-ami-
nosalicylic acid were excluded from the list of drugs to
which testing is recommended.

At the same time, the molecular mechanism of
resistance to all fluoroquinolones is mediated by mu-
tations in DNA-gyrase genes, and the new WHO cat-
alog of resistance mutations to antituberculosis drugs
contains a list of proven resistance mutations in gyr4
in relation to the new generation fluoroquinolone —
moxifloxacin [14]. At the same time, a number of muta-
tions are defined as leading to a high level of resistance
to moxifloxacin: gyrd Gly88Cys, Asp94Asn, Asp94Gly,
Asp94His, Asp94Tyr.

In northwest Russia, the first study of ofloxacin-re-
sistant M. tuberculosis strains aimed at investigating the
variability of the gyr4 and gyrB genes was conducted
in 2008 and was mainly based on strains isolated from
previously treated TB patients (85.4%) [15]. Analysis
of such a sample does not provide a reliable answer to
the question regarding which strains are currently ac-
tively circulating; such an analysis requires a cohort of
newly diagnosed patients.

M. tuberculosis is characterized by a clonal popu-
lation structure consisting of large phylogenetic lineag-
es, smaller genotypes and genetically compact clusters
of closely related strains. Some genotypes or their sub-
types are characterized by association with drug re-
sistance, increased transmissibility or hypervirulence,
which determines their clinical significance and the
need for more careful monitoring of their spread. Rus-
sia is characterized by the dominance of the Beijing
genotype in the general population, especially strong
among resistant strains. An earlier study of ofloxa-
cin-resistant strains in northwestern Russia showed
that 73% of strains from previously treated patients
and 71% of strains from newly diagnosed patients be-
longed to the Beijing genotype [16]. A mutation in the
gvr4 gene was found in 89% of Beijing strains and
69% of strains of other genotypes. This dominance
of Beijing strains among those resistant to ofloxacin
is significantly higher than the share of the Beijing
genotype in northwestern Russia: 52-56% [16, 17] in
the general population; 34% among sensitive strains
in St. Petersburg [17]. The authors of the 2008 study
concluded that, similar to the spread of MDR-TB, the
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spread of fluoroquinolone-resistant TB in Russia may
be due to the predominance of the Beijing genotype in
the M. tuberculosis population [15].

In another study in northwestern Russia [18], the
Beijing genotype was detected in 70.8% of isolates
with a low level of ofloxacin resistance, 84.6% of iso-
lates with a high level of resistance, and 50% of sensi-
tive strains; the proportion of Beijing was significantly
higher among strains highly resistant to ofloxacin com-
pared to sensitive strains (p = 0.03). However, it is pos-
sible that the association of Beijing with high levels of
ofloxacin resistance is not so much a matter of Beijing
dominance among MDR strains.

In 2006, in various regions of northwestern Rus-
sia, the proportion of M. tuberculosis strains resistant
to ofloxacin ranged from 1.1-1.6% among newly di-
agnosed TB patients and 4.1-10.3% among previously
treated patients [15]. Analysis of the drug susceptibility
pattern of M. tuberculosis among newly diagnosed TB
patients in northwest Russia for 2010-2021 showed a
rapid (2.5-fold) increase in drug resistance to rifampi-
cin in combination with fluoroquinolones (from 2.4%;
95% confidence interval (CI) 2.2-2.6 to 6.1%; 95% CI
5.6-6.6) [19].

Due to the spread of MDR-TB and the use of se-
cond-line drugs, it is important for clinical practice to
test the sensitivity of the pathogen to fluoroquinolones
other than isoniazid and rifampicin.

Given the increasing proportion of MDR strains of
M. tuberculosis isolated from newly diagnosed patients
in Russia, it was relevant to study the distribution of
mutations in genes that cause resistance to fluoroquino-
lones in the modern period.

The aim of the present study was the molecular
characterization of a retrospective collection of oflo-
xacin-resistant M. tuberculosis strains from newly di-
agnosed TB patients in northwestern Russia.

Materials and methods

The study collection included 599 M. tuberculosis
isolates from the working collection of the bacteriolog-
ical laboratory of the St. Petersburg Research Institute
of Phthisiopulmonology, which was isolated in 2015—
2019 from previously untreated TB patients living in
various regions of northwest Russia.

Cultivation and determination of drug sensitivity
of M. tuberculosis to the main antituberculosis drugs
were performed using the standard indirect method of
absolute concentrations on dense nutrient media and
with the modified proportion method on liquid medi-
um in a system with automated growth detection for
antituberculosis drugs BACTEC MGIT960 (Becton
Dickinson). The critical drug concentrations used were
1.0 pg/mL for streptomycin, 0.1 pg/mL for isoniazid,
5.0 pg/mL for ethambutol, 1, 0 pg/mL for rifampicin,
100 pg/mL for pyrazinamide, 1.0 ug/mL for amikacin,
2.5 ug/mL for capreomycin, 2.0 ug/mL for ofloxacin,

and 5 pg/mL for ethionamide®.

DNA was isolated from pure cultures of M. tuber-
culosis as described previously [15]. To determine ge-
notypic resistance to fluoroquinolones, multiplex PCR
was used (Amplitub-MLU-RV and Amplitub-FQ-RV
(Syntol) kits).

Belonging to the Beijing genotype and its sub-
types BO/W148, Central Asian/Russian, CAO, Beijing
1071-32-cluster, 14717-15-cluster was determined by
PCR and real-time PCR methods to identify specific
markers [20]. Strains of other genetic groups (non-Bei-
jing) were spoligotyped [21]. The obtained spoligotype
profiles were compared with the SITVIT2 international
database* and the SIT (Spoligotype International Type)
number was determined.

Statistical analysis was performed using Med-
Calc®. Differences between groups were determined by
the y? criterion; differences were considered statistically
significant at p < 0.05.

Results and discussion

Drug sensitivity assessment of 599 M. tuberculo-
sis strains isolated from newly diagnosed TB patients
showed that 292 (48.7%) strains were sensitive to all
1*-line antituberculosis drugs (streptomycin, isonia-
zid, rifampicin, ethambutol), 230 (38.4%) isolates had
MDR. Phenotypic resistance to ofloxacin was estab-
lished in 6.7% (40/599) of strains in the general sample
and in 17.4% (40/230) of MDR strains of M. tuberculo-
sis. According to the new WHO definition, all 40 oflo-
xacin-resistant strains were pre-XDR (Table 1).

Genotyping showed that in the total collection of
M. tuberculosis strains, the share of the Beijing geno-
type was 57.8% (346/599). The remaining 253 strains
belonged to different genetic families of the Euro-Ame-
rican phylogenetic lineage of M. tuberculosis (another
name is lineage 4), predominantly T (31.6%; 80/253),
LAM (Latin American Mediterranean) (25.3%; 64), Ural
(22.9%:; 58), and Haarlem (9.9%; 25). The Central Asian/
Russian (including the CAO subtype) and BO/W148
clusters of the Beijing genotype included 34.2%
(205/599) and 17.4% (104) of strains, respectively.

Ofloxacin-resistant strains were predominantly
(85%; 34/40) of the Beijing genotype. At the same
time, 18 (45%) strains were assigned to the best known
Russian epidemic subtype Beijing BO/W148-cluster,
12 (30%) to Beijing Central Asian/Russian. Of the
latter, 2 strains represented the CAO subtype, which
is more characteristic of Central Asia and quite rare
in Russia [20, 22]. All Beijing strains had the SIT1
spoligotype, 1 strain belonged to the ancient sublin-

3 Order of the Ministry of Health of Russia dated December 29,
2014 No. 951 “On approval of methodological recommendations
to improve the diagnosis and treatment of respiratory
tuberculosis.”

4 SITVIT2. URL: http://www.pasteur-guadeloupe.fr:8081/SITVIT2

5 MedCalc. URL: http://www.medcalc.org/calc/odds_ratio.php
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Table 1. Spoligoprofiles of 40 ofloxacin-resistant M. tuberculosis strains

. . . Number of .
SIT, family 43-spoligoprofile strains gurA mutation
SIT1 Beijing o o o o o o} | | | [ | [ ] | 34 19 — Asp94Gly
8 — Ala90Val
3 — Asp94Ala
2 — Ser91Pro
1—no
SIT42 LAM LI L]l mmmm |]]]]]]mumms |]]]]]] 2 1 — Ala90Val
1 — Asp94Gly
SIT252 LAM AEEEEEEEEN (EEEEEEEE (0SS EEEEEEC0IEEEEEE 1 Asp94Gly
SIT4 LAM* o o [ [ [ o o] | | [ [ [ | | [mimwmwm] [ ] ] ] 1 Asp94Gly
SIT53 EEEEEEEEESSSSEEEEEEEEEEEEEEEEEEER( (A EEEEEE 1 Asp94Gly
L4-unclassified
SIT251 EEEEEEEROO0000000000000000EEEECO O 00IEEEEEE 1 Ala90Val

L4-unclassified

Note. *Strain SIT4 belongs to the LAM genotype based on 24-MIRU-VNTR typing and clustering with reference profiles from the

MIRU-VNTRplus.org database.

eage (cluster 1071-32), and the others to the modern
sublineage of the Beijing genotype. We also identified
4 strains of genotype LAM and 2 strains with spoligo-
types SIT53 and SIT251, which belong to group T ac-
cording to the SITVIT2 database. Taking into account
the heterogeneity and polyphyletic nature of both the
T group as a whole and the SIT53 spoligotype [23,
24], it is more appropriate to define these strains as
L4-unclassified.

Mutations in the gyrd gene were detected in
97.5% (39/40) of M. tuberculosis strains (Table 2).
The most frequent mutations were found in codon 94
(69.2%; 27/39); they were represented by 3 variants
of single-nucleotide polymorphisms, among which the
Asp94Gly substitution was detected in 57.5% (23/40)
of ofloxacin-resistant strains and was dominant among
both Beijing (19/34) and non-Beijing (4/6) strains. The
second most frequent substitution was 4/a90Val (25%,
10/40) which was established in 23.5% (8/34) of Bei-
jing strains and 33.3% (2/6) of non-Beijing strains.
Cumulatively, M. tuberculosis strains with Asp94Gly
and A/a90Val mutations in the gyr4 gene accounted for

82.5% (33/40). The simultaneous presence of 2 muta-
tions in a single strain was not detected.

When analyzing the polymorphism of the gyr4
gene, it should be taken into account that not all muta-
tions, even in codons adjacent to hotspots, contribute to
resistance. The most well-known phylogenetic substi-
tution is a mutation in gyr495, which was proposed as
an evolutionary marker back in 1997 for the very first
scheme of dividing M. tuberculosis species into major
genetic groups [25]. Currently, as a modern source of
information on the significance of resistance mutations
(or lack thereof), one can refer to the WHO Mutation
Catalog, the second edition of which was published in
2023. [14]. The enumeration of this codon gyr495 in
the same row with mutations in the hotspot of the gyr4
gene [7, 26] creates an erroneous impression of its cor-
relation with resistance to fluoroquinolones.

Analysis of ofloxacin-resistant strains of different
genotypes revealed all variants of the detected muta-
tions in the gyr4 gene in strains of the Beijing Central
Asian/Russian subtype. More than a half of ofloxa-
cin-resistant strains Beijing BO/W148 (10/18) and Cen-

Table 2. Mutations in the gyrA gene in ofloxacin-resistant M. tuberculosis strains

gyrA mutation All strains Beijing, all | Beijing Bow14g | DSUing Central | pejing others | non-Beijing
n 40 34 18 12 4 6
Ala90Val 10 (25%) 8 5 2 1
Ser91Pro 2 (5%) 2 1 1
Asp94Gly 23 (57,5%) 19 10 7 2 4
Asp94Ala 3 (7,5%) 3 1 1 1
Asp94Tyr 1(2,5%) 1
Not detected 1(2,5%) 1 1

Note. *2 Beijing Central Asian/Russian strains belonged to the CAO subtype and had Ala90Val and Ser91Pro mutations. **1 strain belonged
to the 1071-32 cluster of the ancient sublineage of the Beijing genotype and had the Ala90Val mutation.
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tral Asian/Russian (7/12) had the 4sp94Gly mutation.
No significant differences in the mutation spectrum de-
pending on the M. tuberculosis genotype were found.

In the studied sample of 40 patients from whom
ofloxacin-resistant M. tuberculosis strains were iso-
lated, clinical forms of infiltrative and disseminated
pulmonary TB prevailed (16 and 14 patients, respec-
tively; Table 3). Comparison of clinical forms of the
disease and genotype of strains did not reveal statisti-
cally significant differences. The proportion of dissem-
inated pulmonary TB was higher in patients infected
with Central Asian/Russian strains (41.7%; 5/12) than
with BO/W148 (27.8%; 5/18; p = 0.4). The proportion
of patients with infiltrative pulmonary TB was higher in
the BO/W148 group (55.6%; 10/18) than Central Asian/
Russian (33.3%; 4/12; p = 0.2). It is possible that statis-
tically insignificant differences between groups are due
to small sample size or different reactivity of patient’s
body.

We compared our results with previous Russian
studies [7, 8, 15, 26, 27]. As in our study, gyr4 mu-
tations 94Gly, 90Val, 944la were the most frequent,
regardless of the region of Russia. In the second edi-
tion of the WHO Catalog [15] published in 2023 for the
new fluoroquinolone moxifloxacin, the most frequent
of these gyrdA mutations, Asp94Gly, was identified to
be leading with high confidence to a high level of re-
sistance to moxifloxacin, along with gyrd Gly88Cys,
Asp94Asn, Asp94His, and Asp94Tyr. Other mutations
in gyr4 and gyrB have been identified to be resulting in
low levels of resistance to moxifloxacin.

Mutations in gyrB, which are not included in the
test system used in this study, are generally rare [8,
15] or have not been detected at all in some local col-
lections [26], although, for example, found in 10% of
ofloxacin-resistant strains in the Leningrad region [18].
Some ofloxacin-resistant strains do not carry mutations
in gyrA or gyrB [15, 18]. Their resistance to ofloxacin
can be hypothetically explained by a mutation in anoth-
er target gene or active efflux [28, 29].

The reverse situation, namely multiple mutations
in the same strain, was not observed in the studied
sample, but was described earlier in other Russian stu-
dies. For example, in a study of a collection of strains
from different regions of Russia, 4 isolates carried gyr4

Asp94Gly and gyrB Asn5384sp mutations simulta-
neously, 1 Beijing BO/W148 strain had gyrd (Ala-
90Val-Ser91Pro, Asp94Asn) and gyrB (Ala543Val) mu-
tations simultaneously [7]. There is no correlation be-
tween the level of phenotypic resistance and the type of
mutation or the presence of more than 1 mutation. In the
Leningrad region in 2011. 54.3% of isolates with a low
level (2 ug/mL) and 76.9% of isolates with a high level
(10 pg/mL) of ofloxacin resistance had mutations in
gyrA4 [18]. Two isolates with low levels of ofloxacin re-
sistance had mutations in gyr4 and gyrB genes simulta-
neously, and major mutations in gyr4 codons 94 and 90
were found among strains with both high and low levels
of resistance [18]. This contradicts the statement in the
WHO Catalog [14] that “multiple genetically linked
mutations with low levels of resistance to moxifloxa-
cin have an additive effect and should be considered
as conferring high levels of resistance”. Hypothetically,
multiple mutations could arise due to mutator (hyper-
mutable) alleles of DNA repair genes in such strains,
similar to the situation with rifampicin resistance and
multiple mutant alleles of ¥poB [30].

An interesting result of a previous study in north-
western Russia was the detection of a high proportion
of heteroresistant isolates, i.e., those with both mutant
alleles and wild-type gyr4 or gyrB alleles [15]. How-
ever, this current study did not detect such cases, i.c.,
strains with already persistently acquired resistance to
ofloxacin are actively spreading at present.

Conclusion

The widespread use in the past of phenotypic
drug resistance testing based on absolute concentration
method data may have led to false results, which further
increases the importance and necessity of genetic typ-
ing. The new version of the guidelines [13] includes ad-
ditional provisions that prioritize the proportion method
over the absolute concentration method in phenotypic
susceptibility testing of M. tuberculosis clinical isolates
to antituberculosis drugs. Critical concentrations for
rifampicin (0.5 mg/L instead of 1 mg/L), levofloxacin
(1.0 mg/L instead of 1.5 mg/L), moxifloxacin (0.25 and
1 mg/L instead of 0.5 and 2.0 mg/L) were changed ac-
cording to WHO recommendations. This complicates
retrospective comparison of phenotypic drug suscepti-

Table 3. Distribution of clinical forms of the disease among strain genotypes

Clinical forms of tuberculosis Total BOMW148-cluster| CeMAASIaN' | gijing other | non-Beijing
n 40 18 12 4 6
Disseminated 14 5 5 4
Infiltrative 16 10 4 1 1
Fibrous-cavernous 6 2 2 1 1
Cavernous 2 1 1

Focal 2
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bility data and further strengthens the role of molecular
genetic studies aimed at establishing genetic markers
of resistance.

In the studied sample of M. tuberculosis strains
from different regions of northwestern Russia collected
in 2015-2019, primary resistance to fluoroquinolones
amounted to 6.7% in the general population and 17.4%
in MDR strains and was mainly due to 4sp94Gly and
Ala90Val mutations in the gyrA gene. The largest propor-
tion of fluoroquinolone-resistant M. tuberculosis strains
was represented by the Beijing BO/W 148 genotype.

In the population of M. tuberculosis in northwest-
ern Russia, resistance to fluoroquinolones is currently
forming against the background of already existing
MDR, and strains with Asp94Gly and Ala90Val muta-
tions in the gyr4 gene play a major role in the spread
of pre-SDR-TB. It is advisable to detect mutations in
genes associated with resistance of M. tuberculosis to
antituberculosis drugs and monitor the circulation of
these genotypes to evaluate their epidemiologic signifi-
cance.
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