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XVJI0CA

Taokukom maxcaou. XDR/BDR-ynxa cunu 6unan
ogpuean bemoprapoa 6AKMEPUONO2UK  XYCYCUAMAAP,
bakmepust axdcparuuiy 0apadcacu 6a Kyuumia oopued
YUOAMIUTUK CREKMPIAPUHU YPAHUUL.

Taokukom mamepuannapu ea ycynnapu. XDR-
mybepkynés mawxucu Kyuuneaw 135 6emop KIuHux
6a nabopamop dcuxamoan Oaxonanou. Baneam namy-
HACUHUHE TIOMUHECYEHM MUKPOCKONUSCU, KAMMUK 6d
CYIOK MyXumaapoa sKuul yCyiiapu, 00pu Ce32upiueuHu
AHUKAUL, MONEKYIAP-2eHeMUK MAXIAULIAP aManed Ouwu-
punou. Taokuxomea 18 éwodan 65 éweaua Oynean 68
nagap spkak (45,8%) ea 147 nagpap aén (67%) xupu-
MUn2an.

Hamubscanap. bemopnaprune Kyn Kucmuoa Kam Muk-
dopoa baxkmepust ajcparuuiy 6a HUCOaman mop oopuza
yyoamauaux cnexkmpu (BDR+1-3 npenapam) xyzamun-
ou. Uneapu oasonanean 6a peyuous ouiam Keiean bemop-
aapoa sca Kyn mMukoopoa Oaxmepusi ajcparuuis xamod
Odopuea kene pesucmenmaux (BDR+3-4 npenapam)
VCMYHAUK KUA0U. DHe KV yupatouean pe3ucmeHmiuk
amamoymon, nupazunamuod, ITACK ea npomuonamuoea
Hucoaman anuxianou. bew npenapamoan ubopam ca-
Mapanu 0aonawl CXemacuHy manaaul UMKOHUAIMU AHEU
bemopnapoa 63,3%, ureapu oagonaneannapoa 31% ea
peyuousiapoa 40% xonnapoa cakianubd Konou.

Xynoca. Hneapu oasonanean XDR/BDR-ynxa cunu
bunan ozpuean bemoprapoa OAKMePUuoroeUK Kypcam-
KUYIAp anya o2up Keuaou, 6y KoHcepeamus 0asonaul ca-
MaApaoopaueuHUu YeKaauou 6a KOMNIEKC EHOAULY8HU, ULy
ACYMAAOAH AHCAPPOXTUK YCYLAPUHU KYTLAWHU MALA0
amaou.

Kanum cyznap: muxpobuonocux xycycusmuap, 00-
puea HudaMaUIUK, Ynka myoeprynésu.

World and domestic statistics clearly indicate an
increase in the problem of tuberculosis with multiple
(MDR) and broad drug resistance (BDR) of mycobac-
terium tuberculosis (MBT) [6]. Official Russian statis-

PE3IOME

Ilenv uccnedosanusn. Hzyuums 6axmepuonocuue-
cKue ocobennocmu, cmeneHv OAKMEPUOBbIOETEHUS U
cnekmpol  OONOTHUMENbHOU JIeKAPCMBEHHOU  YCMOUYU-
socmu y nayuenmos ¢ XDR/BDR-mybepkynezom neckux.

Mamepuanwt u Memoobl uccneo00sanusl.
Obcnedosanvt 135 nayuenmos ¢ XDR-mybepkynésom.
IIposoounucy aoMunecyeHmuas MUKPOCKONUs, NOCegbl
Ha niomuvle U JHCUOKuUe cpeovl, onpeoenenue neKap-
CMBEHHOU YY8CMBUMENTbHOCTU U MONEKVIAPHO-2eHemU-
yeckue ucciedosanus. B uccnedosanue eoutnu 68 myoic-
yun (45,8%) u 147 scenwyun (67%) 6 sospacme om 18
00 65 nem.

Pesynomameot. YV nayuenmos npeumyiyecmeenHo
HabI00ANoCh CKyOHOe OaKmepuogvloesieHue U OmHO-
CUMENbHO Y3KUe CHeKmpbl JeKapCmEeHHOU yCmoudu-
eocmu (BDR+1-3 npenapama), moeoa xax y panee
JICUEHHbIX U NpU peyuousax npeoonadaru MaccusHoe
baxmepuogvloeneHue u Wupokue Cnekmpbl pesucmenm-
nocmu (BDR+3-4 npenapama). Haubonee uacmoii ovina
yemouuusocms K amamoymony, nupasunamuody, IHACK u
npomuonamudy. Bozmosicnocms noobopa 2¢hghexmuenoui
cXemul U3 nAMU NPenapamos coxpamsanacs 8 63,3% cuy-
yaeg y HOGbIX nayuenmos, 31% — y panee neuenHvlx u
40% — npu peyuousax.

3akntouenue. YV pamee JjeueHHbIX NAYUEHMO8 C
XDR/BDR-mybepxynézom ommeuaromcs: 3HAYUMETbHO
bonee msdicénvle OakmepuorocuyecKue NoKa3amen,
umo oepanutueaem dPHeKmueHOCmb KOHCEPEAMUBHOT
mepanuu u mpebyem npumeHeHus: KOMNIEeKCHbIX, KO-
uas xupypauieckie, Memooos iedeHus.

Knrowuesuvie cnosa: muxpobuonocuieckue ocobenHo-
cmu, JIeKapcmeeHnas yemoudueocmy, mybepkynés aée-
KUX.

tics show that during 2019-2020, the share of MDR-TB
patients among newly diagnosed cases and all bacterial
isolators with respiratory tuberculosis continued to rise,
reaching 32.9-34.0% and 59.9-64.5%, respectively.
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In the Russian Federation, the proportion of BDR-
TB cases accounts for 18.9% of all reported MDR-TB
cases, ranging from 4.4 to 10.2% among newly diag-
nosed MDR-TB patients, 7.4-13.3% among MDR-TB
relapses, and 18.5-30.8% in patients resuming MDR-
TB treatment [2]. At the same time, an analytical re-
view of main anti-tuberculosis indicators for 2018-2019
demonstrates an increase in the number of BDR MBT
cases registered for treatment (prior to chemotherapy)
from 4,775 to 5,347 individuals. In proportion, this cor-
responds to 36.3% of newly diagnosed cases and recur-
rent MDR MBT treatment cases. Data on tuberculosis
caused by BDR pathogens have long been missing from
both domestic and international literature. Nevertheless,
BDR-MBT infection is known to follow fundamentally
different epidemiological patterns in terms of spread and
accumulation within nature and society. It has been es-
tablished that the elimination of BDR-TB patients from
the epidemiological cohort is much slower, unlike pa-
tients with other drug resistance spectra of the pathogen,
especially drug-sensitive tuberculosis [4].

In pulmonary tuberculosis, the level of bacterial ex-
cretion provides an indirect measure of both the cavitary
changes in lung tissue and the density of the mycobac-
terial population. Bronchial patency strongly influences
not only the presence but also the extent of excretion.
Fluctuations in bacterial levels often reflect how effec-
tive chemotherapy has been, yet the heterogeneity of the
mycobacterial population can produce so-called “false
positive dynamics” [1]. Evidence indicates that even in
BDR-TB, certain MBTs located within cavities remain
sensitive to specific chemotherapeutic agents or their
lower critical concentrations [5], and these are typically
eliminated first, leading to an apparent decline in bacte-
rial excretion.

A phenomenon described in phthisiological litera-
ture as “rise and fall” occurs when sputum tests, initial-
ly negative after cessation of bacterial excretion, later
return positive as drug-resistant pathogen populations
accumulate [7]. Observing such patterns in BDR-TB is
crucial because they signal inadequate chemotherapy ef-
fectiveness. Furthermore, “false positive” bacteriological
results can obscure latent drug resistance, potentially de-
laying necessary adjustments in chemotherapy regimens
or decisions regarding surgical intervention. Despite
these limitations, assessing the magnitude of bacterial
excretion remains an essential component of evaluating
the overall clinical picture of the disease [3].

THE AIM OF THE STUDY

To investigate the bacteriological characteristics,
degree of bacterial excretion, and patterns of additional
drug resistance in patients with XDR/BDR pulmonary
tuberculosis.

MATERIAL AND METHODS

A prospective study was carried out on 135 patients
with extensively drug-resistant (XDR) pulmonary tuber-
culosis. The cohort included 68 men (45.8%) and 147
women (67%) aged between 18 and 65 years. The exam-
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ination of sputum included luminescent microscopy, cul-
tivation on both solid and liquid nutrient media for subse-
quent assessment of drug susceptibility, as well as molec-
ular genetic techniques to identify MBT and determine
the genetic markers associated with pathogen drug resis-
tance. Sputum cultures were performed on liquid media
using the automated BACTEC 960 MGIT system, with
determination of sensitivity to first-line anti-tuberculosis
drugs; and on solid Lowenstein—Jensen media, followed
by transfer to a medium for MBT drug sensitivity (DS)
testing via the absolute concentration method. Bacterial
excretion was assessed using both the seeding method
and luminescent microscopy. Cultures were considered
sensitive to critical drug concentrations if fewer than 20
colonies appeared in a test tube that showed abundant
growth in the control.

Critical concentrations were set as follows: rifampi-
cin — 40 mcg/ml, isoniazid — 10 mcg/ml and 1 mcg/ml,
streptomycin — 10 mcg/ml, ethionamide/protionamide —
30 mcg/ml, kanamycin — 30 mcg/ml, cycloserine — 30
mcg/ml, capreomycin — 30 mcg/ml, ethambutol — 2 mecg/
ml, and ofloxacin — 4 mcg/ml. Using the seeding method,
bacterial massiveness was classified as abundant (over
100 CFU), moderate (21-100 CFU), or meager (1-20
CFU). In luminescent microscopy, the categories were
abundant (more than 10 ARM per field), moderate (1-10
ARM per field), and meager (10-99 ARM per 100 fields
of view).

The cessation of bacterial excretion was recorded
from the month in which both bacterioscopy and seeding
first yielded negative results, provided that subsequent
tests remained negative. Analyses of the pathogen’s
drug resistance (DR) spectra and resistance to individ-
ual chemotherapy drugs across different patient groups
identified a total of 22 distinct MBT DR spectrum vari-
ants. Statistical processing was performed using Statsoft
STATISTICA 10 and Microsoft Excel 2016. Correlations
between treatment safety indicators and the frequency
of adverse events were evaluated using rank-based non-
parametric Spearman coefficients.

RESULTS AND DISCUSSION

The results of assessing the degree of bacterial ex-
cretion according to the method of luminescent micros-
copy and seeding on liquid nutrient media are presented
in tab. 1.

Table 1 shows that low bacterial excretion was main-
ly seen in newly diagnosed patients, with luminescent mi-
croscopy indicating 18 individuals (72%) and the seeding
method identifying 16 patients (64%). By contrast, mas-
sive bacterial excretion occurred significantly more often
in patients receiving repeated courses of chemotherapy
— 73 individuals (73%) by luminescent microscopy and
70 patients (70%) by the seeding method.

In patients experiencing disease relapses, massive
excretion was observed even more frequently, with 6 in-
dividuals (60%) by luminescent microscopy and 8 pa-
tients (80%) by the seeding method.
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Table 1

The massiveness of bacterial excretion in XDR/TB patients of different registration groups

Group of patients Number of patients | Luminal microscopy of sputum Sputum sowing
MBT massiveness (+) MBT massiveness (+)
Meager Massive Meager Massive
Newly identified 25 18 7 16 9
% 72%ab 28%cd 64%ef 36% gh
Previously treated 100 28 73 30 70
28% a 73% ¢ 30% e 70% g
Relapse 10 4 6 2 8
% 40% a 60% d 20% f 80% h
Total 135 50 85 59 74
% 100% 37%+4,8 63%+3,6 43,7%+4,5 | 54,8%+4,0

Note: a-a; b-b; c-c; d-d; e-e; {-f; g-g; h-h — the difference is statistically significant, p<0.05

Regarding drug resistance, newly diagnosed pa-
tients predominantly displayed LU spectra with minimal
additional resistance. Specifically, among 23 newly di-
agnosed patients (92%) harboring a BDR pathogen, ad-
ditional resistance was limited to a maximum of three
chemotherapy drugs. In contrast, patients undergoing
repeated treatment exhibited broader MBT resistance
spectra. Additional resistance to the 2nd, 3rd and 4th
drugs during repeated treatment was noted, respectively,
in 18 (18%), 30 (30%) and 30 (30%) patients. In patients

45,00%

with relapses, the leading position was occupied by a
spectrum of drugs with additional resistance to 3 CP — 3
patients (30%). The most frequently observed combina-
tions among all patients were as follows: BDR+3 CP in
40 patients (29.6%), BDR+4 CP in 32 patients (23.7%),
and BDR+2 CP in 27 patients (20%).

The diagram in Fig. 1 clearly illustrates the spectra
of additional drug resistance in BDR-TB patients across
the different registration groups.
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Fig. 1. Spectra of additional DR in BDR-TB patients of different registration groups.

The data presented in the diagram in Fig. 1 indicate
that among newly diagnosed patients, BDR+1 combi-
nations were significantly more prevalent compared to
other groups (p<0.05). In contrast, BDR+2, BDR+3, and
BDR+4 combinations were significantly more frequent
in previously treated and relapsed patients compared to
newly diagnosed patients (p<0.05).

Drug resistance across different patient categories
is presented in Fig. 2. Among previously treated pa-
tients, resistance was most commonly observed to pyr-
azinamide (75%), followed by ethambutol (70%), PASC
(55%), and protionamide (48%). In newly diagnosed
patients, on the other hand, the spectra of additional
resistance were dominated by protionamide (38.8%),

pyrazinamide (38.8%), ethambutol (40.8%), and PASC
(30.6%). Among relapsed patients, the highest resistance
rates were recorded for pyrazinamide (60%), etham-
butol (60%), PASC (60%), and protionamide (52.4%).
Resistance to fourth-generation fluoroquinolones was
detected in 40.8% of newly diagnosed patients, 50% of
previously treated patients, and 50% of relapsed patients.

Calculations indicate that the identified spectra of
additional drug resistance of the BDR pathogen allow
for a combination of five chemotherapy drugs with pre-
served pathogen sensitivity in 63.3% of newly diagnosed
patients, 31% of previously treated patients, and 40% of
patients with recurrent TB.
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Fig. 2. Additional drug resistance of BDR-MBT to individual CP in patients in different registration groups.

CONCLUSION
In patients with previously treated pulmonary BDR-

TB, bacteriological features were markedly more pro-
nounced across most parameters, which considerably re-
stricted the effectiveness of conservative treatments. As
a result, the overall prognosis of the disease was largely
determined by access to additional complex therapeutic
approaches, including surgical procedures.
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