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Aim. To analyze the nature of Bedaquiline (Bdq) resistance in Mycobacterium tuberculosis (MBT) during antimycobacterial therapy
(AMBT) in patients with multidrug-resistant tuberculosis (MDR-TB), its impact on clinical outcomes and to detect risk factors for
the Bdq drug resistance development on the example of own observed clinical cases.

Materials and methods. 2 clinical cases of own observations of the Bdq resistance development in MBT during AMBT in patients
with MDR-TB who were treated at the clinical base of the Department of Phthisiology and Pulmonology of Zaporizhzhia State
Medical University — Pulmonary Tuberculosis Department No. 2 of the Communal Non-profit Organization “Zaporizhzhia Regional
Phthisio-Pulmonology Clinical Treatment and Diagnostic Center” are presented.

Results. The presented clinical cases confirm the literature data that the treatment effectiveness in patients with Rifampicin-resistant
TB (RR-TB) and MDR-TB is associated with Bdq drug resistance. Regarding the reasons for the development of acquired Bdg
drug resistance, the second clinical case, like the examples of other authors, demonstrates low adherence to treatment. There is
no data in the literature about the lack of controlled treatment at the outpatient stage as a risk factor for Bdq drug resistance and
negative clinical outcomes in patients with MDR-TB, which would complement the scientific experience in this problem.

Conclusions. In both clinical cases, Bdq drug resistance was acquired (secondary), and had an impact on the clinical outcomes
of tuberculosis treatment. The risk factors for Bdq drug resistance and negative clinical outcomes were lack of controlled treatment
at the outpatient stage in the first case and low adherence to treatment in the second one.

Pe3ucTeHTHiCTb MikobakTepii Ty6epKyAbo3y A0 6eAaKBIAIHY
nia yac aHTMmikob6akTepiaAbHOI Tepanii Ta ii BNAMB Ha KAIHIYHI HAaCAIAKM (KAIHIYHI BUNaAKHK)

0. M. PasHatoBcbKa, P. M. ficiHcbkuid, 0. C. LaabmiH, A. B. ®epopeup, 0. A. CBiTAULbKA

Meta po60Ty —Ha NpuKai KNiHiYHUX BUNaLIKiB BMIACHOMO CMIOCTEPEKEHHS! Y XBOPUX Ha TYDEPKYIb03 3 MHOXUHHOKO JIKAPCHKOH) CTIAKICTIO
(MDR-TB) npoaHanisyBaTu xapakTep pesvcTeHTHOCTi MikobakTepin Tybepkynbo3y (MBT) go 6enaksiniHy (Bdq) nig yac aHTUmikobak-
TepianeHoi Tepanii (AMBT), ii BNnMB Ha KniHiYHi Hacnigky Ta BCTAHOBUTY (DaKTOpU PU3nKy BUHUKHEHHS NiKapcbKoi CTikoCTi Ao Bdg.

Marepianu Ta MmeToaun. HaBeaeHo 2 kniHiyHi BUNaaKu BIACHOO CMOCTEPEXEHHS BUHUKHEHHS peaucTteHTHocTi MBT go Bdq nig vac
AMBT y xBopyx Ha MDR-TB, siki nepebyBanu Ha nikyBaHHi y BinaineHHi nereHeBoro Ty6epkynbosy Ne 2 KomyHarnbHoro HekomepLii-
HOro nignpremcTea «3anopisbkui perioHanbHUA GTM3ionyNbMOHONONHHIIA KIHIYHWIA NiKyBanbHO-AiarHOCTUYHWA LEHTPY 3anopiabKoi
obnacHoi pagu — KniHivHii 6asi kadbeapu dTrsiarpii i MyneMoHornorii 3anopiabKoro AePXXaBHOTO MEAWNYHOTO YHIBEPCUTETY.

Pesynerati. HaBeaeHi kniHivHi BUnagku nigTBepaxytoTb BiZOMOCT (haxoBoi Nitepatypu npo Te, Lo ePEKTUBHICTb NikyBaHHS
xBopux Ha MDR-TB nog’si3aHa 3 nikapcbKoto CTiikicTio 4o Bdg. LLlogo npuumH BUHUKHEHHS HabyToi nikapcbkoi cTikocTi 4o Bdg,
TO Y APYroMy KniHIYHOMY BUMNaZKy NOKa3aHo HU3bKY MPUXWILHICTL [0 NiKyBaHHS, i Ha Lie BkasytoTb Barato asTopiB. [po BiacyTHICTL
KOHTPONbOBAHOTO JTiKyBaHHS Ha ambynaTopHOMY eTani sk (hakTop pu3unKy NikapcbKoi CTIAKOCTi A0 Bdq i HEraTMBHNX KNiHIYHWX
Hacnigkis y xsopux Ha MDR-TB aaHux y HaykoBil nitepaTypi HEMae, a OTxe Lie JONOBHWTb HayKOBMI 4OCBIA i3 Liei npobnemu.

BucHoBku. B 060x kniHiuHX BUnagakax nikapcbka cTilikicts Ao Bdq Gyna HabyToto (BTOPUHHOK) Ta BNNMBana Ha KiiHi4Hi Hacnigkv
nikyBaHHA Ty6epkynbo3dy. ®akTop puauky nikapcbkoi CTiikocTi 4o Bdq Ta HeraTMBHMX KNiHIYHWX HAcnigkie y nepLiomy BUNaaky —
Bi,CYTHICTb KOHTPONBLOBAHOTO NiKyBaHHS Ha amBynaTopHOMY eTani, y APYroMy — HU3bka MPUXUIBHICTb A0 MiKyBaHHS.

Increasing rate of drug-resistant tuberculosis (DR-TB) is a
global health problem worldwide. 10 million people fellill with
tuberculosis in the world and 1,5 million died from it in 2020
according to the World Health Organization (WHO) [1,19].
Therefore, an important task of health care remains to search
for ways of problem solving of improving effectiveness of
DR-TB patient treatment. New regimens for the treatment
of patients with multidrug-resistant tuberculosis (MDR-TB)
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have now been approved, including new anti-tuberculosis
drugs, one of them is Bedaquiline (Bdg), which belongs to
the antimycobacterial drugs from group A (the most highly
effective drugs) [1,4,6,7,13,18]. Bdg-containing regimens of
antimycobacterial therapy (AMBT) are associated with better
outcomes and treatment safety [8,9,10,16,21,23].

Mishra G. P, Mulani J. [15] identified a mutation in
the Rv0678 gene associated with resistance to Bdq and
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Case report

possible cross-resistance to Bdq and clofazimine. Therefore,
the authors recommend whole genome sequencing for
the rapid diagnosis of resistance to Bdq for all patients with
confirmed tuberculosis for the timely diagnosis of mutations
in the Rv0678 gene.

The mutation in the Rv0678 gene in patients with MDR-
TB who had not previously received Bdg, with cross-resist-
ance to Bdq and clofazimine, was also indicated by W. He
etal. [15] and J. Xu et al. [16]. Liu A. Y. et al. [22] detected,
that patients with MDR-TB after Bdg-containing regimen
treatment without this mutation had a high level of Clofazimine
resistance.

Nguyen T. V. A. et al. [5] indicated the necessity of a
standardized drug susceptibility test (DST) to Bdqg developing,
considering the identified mutations in the atpE, Rv0678,
and pepQ genes.

Ismail N. et al. [12,14] performing in vitro whole ge-
nome sequencing of the stepwise mutations acquisition in
the Rv0678, atpE, pepQ, and Rv1979c genes, hypothesized,
that resistance to Bdq was first manifested by a mutation in
the Rv0678 gene, mutation in the atpE gene followed later.
Similar results were obtained by G. Degiacomi et al. [13].

Study results of Q. Guo et al. also evidenced the fact that
mutations in the Rv0678 gene provided the primary mecha-
nism of resistance to Bdq [23]. At the same time, the authors
also identified a new gene, involved in Bdq resistance —glpK.

A study on resistance to Bdq in MBT isolates from Ri-
fampicin-resistant (RR-TB) and MDR-TB patients who had
not previously received Bdg was conducted by S. H. Wu et
al. [17]. Sequencing with the determination of mutations in
the atpE, Rv0678 and pepQ genes was performed according
to Sanger. The authors identified 28 isolates with minimum
inhibitory concentration (MIC) of Bdg <0.25 pg/mL and MIC
20.25 pg/mL among 65 randomly selected isolates. MBT
isolates with MIC Bdq = 0.25 ug/ml were found to be resistant
or sensitive to Bdg. At the same time, Bdg-resistant isolates
also had mutations in the Rv0678 gene.

LiuY. etal. [3], studying the dynamics of Bdq sensitivity in
MBT isolates during AMBT obtained, that patients with MDR-
TB and acquired Bdq resistance had a mutation in the Rv0678
gene. These patients were at greater risk of AMBT failure
compared to initially Bdq resistant MDR-TB cases.

Saeed D. K. et al. [22] studied mutations in the Rv0678,
pepQ, atpE, Rv1979c, mmpLS, and mmpL5 genes in whole
genome sequencing to determine the sensitivity of MBT iso-
lates to Bdq. The researchers found, that mutations in the RAV
and Rv0678 genes were associated with Bdq resistance.

Gao J. et al. [11] have revealed the appearance of new
populations of nontuberculous mycobacteria in 9 patients
(3.1 %): M. abscessus (5 isolates), M. fortuitum (2 isolates),
M. avium (1 isolate) and M. intracellulare (1 isolate) in a study
on the effects of AMBT regimens that included Bdq in patients
with MDR-TB. In the meantime, 3 out of 9 patients initially had
resistance to Bdg, and 7 out of 9 patients achieved sputum
conversion after 1 month.

We see that the frequency of Bdq resistance in MBT
is growing rapidly throughout the world, and patients are at
greater risk of AMBT failure, considering the literature data.
Atthe same time, in patients with MDR-TB, both primary and
acquired MBT resistance to Bdq is associated with mutations
in the atpE, Rv0678, RAV, pepQ, and glpK genes, especially
in the Rv0678 gene [5,12,14,15,17,20,22,23].

Aim

The aim was to analyze the nature of Bdq resistance in
MBT during AMBT in patients with MDR-TB, its impact on
clinical outcomes and to detect risk factors for the Bdq drug

resistance development on the example of own observed
clinical cases.

Materials and methods

Two clinical cases of own observations of the Bdq resistance
development in MBT during AMBT in patients with MDR-TB
who were treated in the clinical base of the Department of
Phthisiology and Pulmonology of Zaporizhzhia State Medi-
cal University — Pulmonary Tuberculosis Department No. 2
of the Communal Non-profit Organization “Zaporizhzhia
Regional Phthisio-Pulmonology Clinical Treatment and
Diagnostic Center” of Zaporizhzhia Regional Council (CNO
“ZRPPCTDC” ZRC) are presented.

Results

Clinical case 1

A patient O., female, 44 years old.

She was examined, when she came to her family doctor
in March 2020 with complaints of a prolonged cough and
subfebrile fever. MBT were detected in the sputum by both
Ziehl-Neelsen staining (acid fast bacilli (AFB)) and molecular
genetic (MG) methods, which were resistant to rifampicin
(Rif): MBT+AFB+ MG+ Rif+. Changes were detected on an
X-ray examination of the chest cavity organs (chest X-ray)
dated from March 24, 2020 (Fig. 1).

Diagnosis was made: RR-TB infiltrative of the left lung
with contamination. Destruction+ MBT+ AFB+ MG+ Rif+.
Histology 0 (a new case). Cohort 2 (2020).

0On 07.04.2020, the growth of MBT culture (C) on a liquid
medium and the result of the phenotypic drug sensitivity
test (phDST) were obtained. The presence of MBT drug
resistance (Resistance+) to isoniazid (H), rifampicin (R) and
ethambutol (E) was detected. The susceptibility (Resistance-)
of MBT to kanamycin (Km), capreomycin (Cm), levofloxacin
(Lfx), moxifloxacin (Mfx) and protionamide (Pt) was remained.

Considering DST, the diagnosis was changed: MDR-TB
infiltrative of the left lung with contamination. Destruction+
MBT+ AFB+ MG+ Rif+ C+ phDST (HRE). Resistance- (Km
Cm Lfx Mfx Pt) Histology 0 (a new case). Cohort 2 (2020).

The patient refused an inpatient treatment, therefore
AMBT of MDR-TB, considering DST, was started on
21.04.2020 on an outpatient basis by a family doctor. The
AMBT regimen was as follows: Lfx Bdgq linezolid (Lzd) clo-
fazimine (Cfz) Cm.

On May 20, 2020, due to a decrease in hemoglobin
(Hb) and erythrocyte (Er) blood levels, Lzd was temporarily
discontinued with a correction of the AMBT regimen: Lfx Bdq
Cfz cycloserine (Cs) Cm.

During 3 months of treatment, the patient's condition
progressively worsened. Radiologically, sharply negative
dynamics was determined due to increased infiltration in
the upper part of the left lung, increased size of the destruction
and the appearance of new foci in S, of the right lung (Fig. 2).

In addition, bacterial smear and culture remained posi-
tive and the drug resistance profile of MBT was changed.
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Fig. 1. Chest X-ray from 24.03.2020: There are an area of infiltration of a heterogeneous structure due to destructions from 1.5 cm to 2.0 cm in diameter and foci around itin S,

KAIHIYHWMKW BUNMAAOK

of the left lung. A wide path to the hilum. There are single foci in S, of the right lung.

Fig. 2. Chest X-ray from 30.07.2020: There are focal and infiltrative shadows with destruction up to 3,0 cm in diameter in the upper lobe of the left lung. Foci of contamination in

S, of the right lung.

Sputum analysis from 05.08.2020: AFB+ C+ phDST (Lfx Mfx)
Resistance- (Km Cm Pt).

Blood analysis from 10.08.2020: Hb - 76 g/l, Er —
2.71 x 10"/l leukocytes (WBC) — 5.86 x 10%I, platelets
(pl) — 408 x 10%, eosinophils (Ef) — 4 %, band neutrophils
(b/n)—4 %, segmented neutrophils (s/n)—61 %, lymphocytes
(Lf)—20 %, monocytes (m)— 11 %, erythrocyte sedimentation
rate (ESR) - 22 mm/h.

On August 10, 2020, the patient was hospitalized in a
critical condition to CNO “ZRPPCTDC” ZRC.

The patient was examined by a therapist and con-
comitant diseases were diagnosed: Gastric ulcer disease.
Postgastroresection syndrome (in 1998, she was operated
on for gastric ulcer disease — a 2/3 resection of the stomach).
Anemia of chronic disease (B12 and folate deficiency).
Chronic toxic hepatitis, minimal activity.

Comprehensive treatment was prescribed, including
the one recommended by the therapist for anemia. AMBT
continued according to the scheme: Lfx Bdg Cfz Cs Cm.

Spirography from 11.08.2020: respiratory failure was
not detected.

Electrocardiogram (ECG) from 11.08.2020: voltage was
sufficient, sinus rhythm, heart rate — 74/min, heart electrical
axis (HEA) was not deviated, early ventricular repolarization
syndrome, QTcF = 404 msec.

Biochemical blood analysis from 12.08.2020: thymol
test (ThT) — 14.17 units, alanine aminotransferase (AlAt)
— 0.5 mmol/l/h, aspartate aminotransferase (AsAt) — 0.55
mmol/l/h, total protein (TP) —69.3 g/l, glucose — 6,0 mmol/l,
B-lipoproteins (BLP) — 23 units, creatinine — 97.1 umolll,
urea — 3.61 mmol/l, residual urea nitrogen — 1.69 mmolfl,
a-amylase — 6.8 g/l x h.

Enzyme-linked immunosorbent assay (ELISA) for HIV
from 19.08.2020: negative.

Fibrobronchoscopy from 31.08.2020: infiltrative tuber-
culosis of B, ,, on the left side with stenosis of the 1 degree
was detected.

3anopisbkuin MeguuHnii xypHan. Tom 25, Ne 1(136), ciueHb — motuit 2023 p.

After a month of inpatient treatment, the patient’s con-
dition was stably moderate-to-severe, bacterial smear and
culture remained positive, and anemia persisted.

Sputum analyzes from 04.09.2020: AFB+ C+.

Blood analysis from 04.09.2020: Hb — 82 g/l, Er —
2.64 x 10'%1, WBC — 8.4 x 10%I, pl — 438 x 10%, Ef — 0 %,
b/n—1%, sin—58 %, Lf—25 %, m - 16 %, ESR—21 mm/h.

Biochemical blood analysis from 12.09.2020: bilirubin
—10.7 mmol/l, ThT — 4.58 units, AlAt — 0.13 mmol/l/h, AsAt
—0.38 mmolil/h, TP - 82.2 g/l, glucose — 5.61 mmol/l, BLP
—15.2 units, a-amylase — 7.15 g/l x h.

Sputum analyzes from 07.10.2020: AFB+ C-.

After 2 months of inpatient treatment (October 8, 2020),
the AMBT scheme was corrected (Bdq Lzd Cfz Cs delamanid
(DIm)) because of an increase in the Hb level and obtaining
updated data on DST with drug resistance to fluoroquinolo-
nes. A case of the disease was re-registered: tuberculosis
with pre-extensively drug resistance (pre-XDR) infiltrative of
the left lung with contamination. Destruction+ MBT+ AFB+
MG+ Rif+ C+ phDST (HRE), phDST Il (Km Lfx Mfx). Resist-
ance- (amikacin (Am) Cm Pt Bdq Lzd Cfz DIm). Extra-pul-
monary tuberculosis (EPTB), infiltrative tuberculosis of B, ,
on the left side with stenosis of the 1st degree. Histology 0
(a new case). Cohort 4 (2020).

After 3 months, bacterial smear and culture positivity
persisted but susceptibility to Bdg remained on the back-
ground of positive X-ray dynamics (Fig. 3). Sputum test from
06.11.2020: AFB+ C+ phDST Il (Km). Resistance- (Am Cm
Pt Bdq Lzd Cfz Dim).

Blood analysis from 16.11.2020: Hb — 91 g/l, Er -
2.96 x 10"/, WBC — 11.3 x 10%, pl — 284 x 10%1, Ef — 2 %,
b/n—10 %, sin—72 %, Lf— 10 %, m -6 %, ESR — 8 mm/h.

A thoracic surgeon recommended a surgical treatment,
the patient did not consent.

After 4 months of the treatment, smear and culture con-
version to negative was not documented, and the indicators
of laboratory analyzes remained practically unchanged.
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Fig. 3. Chest X-ray from 05.11.2020: in the upper lobe of the left lung, partial resorption of infiltration with the formation of a tuberculoma 5.0 x 3.5 cm in diameter with a destruction
of 3.0 x 1.5 cm in diameter. All around are foci, fibrosis, a path to the root. In S of the right lung - partially resolved foci of contamination. The hila are dense. The sinuses are free.

Fig. 4. Chest X-ray from 01.02.2021: in the upper lobe of the left lung, a partial resorption of the infiltration is noted, a tuberculoma up to 5.0 cm in diameter with a destruction up to
2.0 cm in diameter is formed. The path to the hilum gets narrower. There are perifocal fibrosis and polymorphic foci. The hila of both lungs are fibrously changed, deformed. In S
of the right lung, local fibrosis, isolated condensed foci are determined. The diaphragm domes are even, clear. The sinuses are free.
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So, sputum test from 11.12.2020: AFB+ C+.

Blood analysis from 11.12.2020: Hb — 90 g/I, Er —
3.03 x 10'%1, WBC — 8.1 x 10%I, pl — 420 x 10%, Ef — 0 %,
b/n-3%, sin—74 %, Lf - 17 %, m - 6 %, ESR - 24 mm/h.

Biochemical blood analysis from 11.12.2020: bilirubin
—12.3 mmol/l, ThT — 3.98 units, AIAt — 0.15 mmol/l/h, AsAt
- 0.34 mmolih, TP - 61.7 g/l, glucose — 5.52 mmol/l, BLP
— 15.9 units, a-amylase — 10.8 g/l x h.

After 5 months, smear and culture conversion was not
achieved (sputum analysis from 11.01.2021: AFB+ C+) and
laboratory test results remained the same.

Rapid HIV test from January 25, 2021: negative.

Fibrobronchoscopy from 26.01.2021: partial resorption
of infiltrative tuberculosis of B,,, on the left side, left-sided
partially limited purulent endobronchitis of the |-l degree.

After aimost 6 months of the inpatient treatment, positive
X-ray dynamics was determined (Fig. 4).

0On01.02.2021, the patient was re-examined by a thorac-
ic surgeon with a recommendation for surgical intervention
to remove the tuberculoma. That time, the patient consented
to the re-proposed surgical treatment.

Diffuse changes in the liver and pancreas were detected
during an ultrasound examination of the abdominal organs
(US AO) from 02.02.2021.

Spirography from 02.02.2021: | degree respiratory
failure, mixed type.

ECG from 02.02.2021: voltage was sufficient, sinus
rhythm, heart rate — 73/min, HEA was not deviated, mode-
rate diffuse changes in the myocardium of the ventricles,
QTcF = 448 msec.

Blood analysis from 03.02.2021: Hb — 115 g/l, Er -
3.63 x 10"/, WBC — 11.7 x 109, pl — 597 x 10%1, Ef — 1 %,
b/n-5 %, sin—64 %, Lf— 21 %, m -9 %, ESR — 30 mm/h.

Biochemical blood analysis from 03.02.2021: bilirubin
- 11.6 mmolll, ThT — 3.03 units, AlAt — 0.23 mmol/l/h, AsAt
—0.39 mmol/l/h, TP—61.7 g/l, glucose — 4.24 mmol/l, BLP —

20.0 units, a-amylase —5.32 g/l x h, creatinine —110.6 pmol/l,
urea — 4.12 mmol/l, residual urea nitrogen — 1.92 mmol/l.

Taking into account the planned surgical treatment on
February 4, 2021, the AMBT scheme was corrected: Bdq
Lzd Cfz Cs DIm meropenem (Mpn) amoxicillin / clavulanic
acid (Amx/Clv).

Repeated consultation by a therapist on February 5,
2021: Gastric ulcer disease, inactive phase. Postgastrore-
section syndrome. Anemia of mixed genesis.

Considering the planned surgical intervention, on Feb-
ruary 10, 2021, a computed tomography of the respiratory
system (Chest CT) was performed: in S, of the upper lobe of
the left lung, cavity formations with thick walls of an irregular
shape with uneven contours, 26 x 15 mm and 13 x 8 mmin
diameter were determined. There were multiple dense foci
from 2 to 9 mm in diameter, surrounded by areas of fibrosis;
single dense foci of 2 to 5 mmin diameter in the S, of the right
lung parenchyma (Fig. 5.1, 5.2).

On February 18, 2021, a surgery was performed due
to a formed conglomerate tuberculoma with a destruction
in the upper lobe of the left lung — thoracotomy on the left
side of the chest, resection of the left upper lung lobe with
the Bulau drainage.

Sputum test from 19.02.2021: AFB+ C+.

Fibrobronchoscopy from 19.02.2021: the stump of
the left upper lobe bronchus. Condition after surgery. I-lI
degree bilateral diffuse purulent endobronchitis.

Fibrobronchoscopy from 26.02.2021: the stump of
the left upper lobe bronchus. Hypertrophic endobronchitis.

After 8 months, the patient was only bacterial culture-pos-
itive (sputum test from 05.03.2021: AFB- C-).

Blood analysis from 16.03.2021: Hb — 125 g/l, Er —
3.96 x 10'%1, WBC - 9.3 x 10°%/, pl — 287 x 10%, Ef — 5 %,
b/n -4 %, sin—60 %, Lf— 15 %, m — 16 %, ESR — 6 mm/h.

Acomplete conversion to negative and a normalization of
laboratory analysis indicators were determined after 9 months.
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Fig. 6. Chest CT from 10.05.2021: condition after resection of the upper lobe of the left lung. There are bilateral single dense foci on the background of pneumofibrosis in the lower

lung fields. The left hilum is pulled up. Pulmonary heart.

Sputum tests from 05.04.2021: AFB- C-.

Blood analysis from 05.04.2021: Hb — 132 g/l, Er -
4.16 x 10'2/l, WBC — 9.4 x 10, pl — 298 x 10°, Ef — 5 %,
b/n -5 %, sin-67 %, Lf = 13 %, m =7 %, ESR — 20 mm/h.

Biochemical blood analysis from 05.04.2021: bilirubin —
10.15 mmol/l, ThT — 3.36 units, AlAt — 0.97 mmol/l/h, AsAt
— 1.0 mmol/ilh, TP — 66.2 g/l, glucose — 5.69 mmol/l, BLP —
15.1 units, a-amylase —4.84 g/l x h, creatinine — 122.5 ymolll,
urea — 3.41 mmol/l, residual urea nitrogen — 1.59 mmol/l.

Considering the positive dynamics, the general condition
normalization and the conversion to negative, on the 10®

3anopisbkuin MeguuHnii xypHan. Tom 25, Ne 1(136), ciueHb — motuit 2023 p.

KAIHIYHMW BMNAAOK

month of treatment (06.04.2021), the patient was discharged
from the hospital to continue outpatient treatment by a family
doctor according to the AMBT regimen: Bdq Lzd Cfz Cs DIm.

Atfter 1 year of Bdq treatment, the patient had stable X-ray
dynamics (Fig. 6.1, 6.2) without bacterial excretion (sputum
tests from 06.05.2021: AFB- C-).

After 1 year and 1 month of Bdq treatment, positive MBT
culture growth with drug resistance to all fluoroquinolones
was obtained. Sputum tests from 10.06.2021: AFB- C+
phDST II (Lfx Mfx0,25 Mfx1,0), Resistasnce- (Am Cm Lzd
Cfz DIm).
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Fig. 7. Chest X-ray from 20.07.2021: condition after resection of the upper lobe of the left lung. The lung is expanded, there are fibrothorax, increased density of lung tissue, fibrosis
in the upper fields. There are single dense foci on the background of bilateral pneumofibrosis in the lower fields. The left hilum is pulled up. Pulmonary heart.

Fig. 8. Chest X-ray from 08.10.2021: condition after resection of the upper lobe of the left lung. A fibrothorax is formed at the top of the left lung, the costo-diaphragmatic sinus is
obliterated. There are fibrosis, dense small foci in the upper lobe of the right lung. Pulmonary heart.
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After 1 year and 2 months of Bdq treatment, stable X-ray
dynamics were determined (Fig. 7) without bacterial excretion
(sputum analysis from 20.07.2021: AFB- C-).

During control examinations in August 2021 (after 1 year
and 3 months of Bdq treatment), smear and culture reversion
to positive was defined, DST was performed without Bdq
(unavailability of tests). Sputum tests from 26.08.2021: AFB+
C+ Resistance- (Am Cm Lzd Cfz Dim).

Blood analysis from 26.08.2021: Hb — 132 g/l, Er -
4.0 x 10'2/l, WBC — 7.6 x 10%, pl — 290 x 10%, Ef — 1 %,
b/in—14 %, sin — 64 %, Lf— 18 %, m—4 %, ESR —4 mm/h.

During control examinations in October 2021 (after 1
year and 5 months of Bdq treatment), only culture rever-
sion to positive was determined (sputum analysis from
08.10.2021: AFB- C+), X-ray — stable dynamics (Fig. 8).
Fibrobronchoscopy from 08.10.2021: the stump of the left
upper lobe bronchus.

During control examinations in December 2021 (after 1
year and 7 months of Bdq treatment), bacterial culture was
positive and drug resistance to Bdq was diagnosed. Analysis
of sputum from 01.12.2021: AFB- C+ phDST Il (Bdq) Resist-
ance- (Am Lzd Cfz DIm). X-ray dynamics remained stable
(Fig. 9). Anincrease in ESR, however, was detected. Blood
analysis from 01.12.2021: Hb — 140 g/I, Er — 4.37 x 10",
WBC - 8.4 x 10°%/, pl — 292 x 10%, Ef — 0 %, b/n — 8 %, s/n
- 64 %, Lf— 19 %, m -9 %, ESR - 38 mm/h.

Rapid HIV test from 01.12.2021: negative.

After obtaining the Bdq test results, DST was repeated in
December 2021, and a repeated result with drug resistance
to Bdg was obtained in January 2022.

On 13.01.2022, a case of treatment failure with extensive
drug resistance (XDR) was registered, and the patient was
transferred to a palliative treatment being diagnosed with
XDR infiltrative of the left lung with contamination. Destruc-
tiont MBT+ AFB+ MG+ Rif+ C+ phDST (HRE), phDST II
(Km Lfx Mfx Bdq). Resistance- (Am Cm Pt Lzd Cfz Dim).
Histology+ (a new case), (palliative treatment — 01.2022).

Cohort4 (2020). Condition after surgery (18.02.2021) - upper
left lobectomy.

The patient's general condition worsened dramatically
4 months after transfer to the palliative treatment (May 24,
2022). Due to further examination, negative X-ray dynamics
with the appearance of a destructive process were revealed
(Fig. 10), there was smear and culture reversion to positive
and shortness of breaths, and an inflammatory reaction
was increased:

— Sputum tests from 25.05.2022: AFB+ C+ Resistance-
(Am Lzd Cfz DIm);

— Spirography from 26.05.2022: Il degree respiratory
failure;

— Blood analysis from 26.05.2022: Hb - 118 g/l, Er —
3.8 x 101, WBC - 8.4 x 10%/, pl — 357 x 10%I, Ef - 0 %,
b/n—18 %, sin—69 %, Lf—6 %, m—7 %, ESR — 58 mm/h;

- ECG from 26.05.2022: Sinus tachycardia, heart rate
112/min, HEAIs not deviated, incomplete blockade of the right
branch of the bundle of His, hypertrophy of the right atrium,
moderate diffuse changes in the myocardium, QTcF = 389
msec;

— Biochemical blood analysis from 27.05.2022: bilirubin
—12.05 mmol/l, ThT — 4.18 units, AlAt — 0.89 mmol/l/h, AsAt
—0.76 mmol/l/h, TP - 80.5 g/l, glucose — 4.05 mmol/l, BLP —
27 units, a-amylase — 6.83 g/l x h, creatinine — 100,4 umol/,
urea — 3.02 mmol/l, residual urea nitrogen — 1.41 mmol/l.

Therapist consultation from 27.05.2022: Gastric ulcer
disease, inactive phase. Postgastroresection syndrome.
Chronic obstructive pulmonary disease (COPD), clinical
group B, Il degree, pneumofibrosis. Il degree pulmonary
failure (PF). Chronic pulmonary heart. | degree heart failure
(HF). Anemia of mixed genesis.

Appropriate symptomatic therapy was prescribed.

6 months after transfer to the palliative care (20.07.2022),
the patient’s general condition continued to worse, smear and
culture conversion to negative was not achieved.

Sputum analysis from 20.07.2022: AFB+.
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Fig. 9. Chest X-ray from 01.12.2021: condition after resection of the upper lobe of the left lung. Fibrothorax is formed at the top of the left lung, the costo-diaphragmatic sinus is
obliterated. There are fibrosis, dense small foci in the upper lobe of the right lung. Pulmonary heart.

Fig. 10. Chest X-ray from 24.05.2022: Condition after resection of the upper lobe of the left lung. There are polymorphic foci and infiltrates with a decay cavity up to 3,0 cm in diameter
in the upper lobe of the right lung. There are polymorphic foci and infiltrates of contamination in the upper fields of the left lung and in S of the right lung. The hila are deformed,

pulled up. The sinus on the left side is obliterated. Pulmonary heart.

Blood analysis from 20.07.2022: Hb — 118 g/l, Er —
3.75 x 10?1, WBC — 8.4 x 109/, pl — 298 x 10/, Ef — 3 %,
b/In=15%, sin—64 %, Lf— 15 %, m -3 %, ESR — 46 mm/h.

Spirography from 20.07.2022: Restrictive type of lI
degree respiratory failure. | degree obstructive disorders.

ECG from 11.07.2022: Sinus tachycardia, heart rate 102/
min, HEA is not deviated, incomplete blockade of the right
branch of the bundle of His, hypertrophy of the right atrium,
moderate diffuse changes in the myocardium, QTcF = 391
msec.

It can be seen after the example we have demon-
strated in case 1, the patient was newly diagnosed with
tuberculosis on 24.03.2020, it was RR-TB and phDST
with resistance to HRE. AMBT of MDR-TB was started
on the outpatient basis by the family doctor, as the patient
refused the inpatient treatment. AMBT regimen: Lfx Bdq
Lzd Cfz Cm (21.04.2020-20.05.2020). Due to blood Hb
and Er decreased levels, Lzd was temporarily discontin-
ued with the AMBT regimen correction: Lfx Bdq Cfz Cs
Cm (21.05.2020-09.08.2020). The patient’s condition
progressively worsened, there was persistent smear and
culture positivity, and sharply negative X-ray dynamics was
determined. Therefore, after 4 months of the outpatient
treatment, she was hospitalized in a critical condition to CNO
“ZRPPCTDC” ZRC. Complex treatment was prescribed in
the hospital, including the one recommended by the thera-
pist for anemia; AMBT continued according to the scheme:
Lfx Bdgq Cfz Cs Cm (10.08.2020-07.10.2020). The case
was re-registered as pre-XDR after Hb increasing and re-
ceiving new DST results of resistance to fluoroquinolones
and the AMBT regimen was corrected: Bdq Lzd Cfz Cs
Dim (08.10.2020-03.02.2021). The following correction
of the AMBT scheme was done considering the planned
surgical treatment: Bdq Lzd Cfz Cs DIm Mpn Amx/Clv
(04.02.2021-06.04.2021).

Given the positive dynamics, the general condition
normalization and the smear and culture conversion, on
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the 10th month of treatment (06.04.2021), the patient was
discharged from the hospital to continue outpatient treatment
by the family doctor according to the AMBT regimen: Bdg
Lzd Cfz Cs DIm. During the control examination in August
2021 (after 1 year and 3 months of Bdq treatment), smear
and culture reversion to positive was defined again, DST was
performed without Bdq (unavailability of tests). After Bdq tests
became available, DST was repeated in December 2021, and
the repeated result with drug resistance to Bdg was obtained
in January 2022. On 13.01.2022, a case of treatment failure
with XDR was registered, and the patient was transferred to
the palliative treatment.

It should be noted that after 7 months of Bdq treatment,
MBT were still susceptible to it. Drug resistance to Bdq was
detected after 1 year and 7 months of treatment. Bdq drug
resistance may have developed earlier, but it was impossible
to be detected because of Bdq test unavailability in the hos-
pital. During the entire time of AMBT, the patient continued
to be smear and culture positive with the progression of
tuberculosis inflammation. The patient's general condition
improved only in the hospital, and stabilization of the process
occurred after surgery, but it lasted for 5 months, and smears
and cultures were negative for only 3 months. The patient's
general condition worsened dramatically 4 months after
transfer to the palliative treatment: negative X-ray dynamics
with the destructive process development, bacterial excretion,
shortness of breaths and increased inflammatory reaction. A
risk factor for drug resistance to Bdq was the lack of controlled
treatment at the ambulatory stage.

Clinical case 2

Apatient A., male, 47 years.

From the anamnesis: Tuberculosis was firstly detected
in 2002. He received AMBT. Relapse of tuberculosis (RTB)
was in 2009, he received treatment in places of deprivation
of liberty. The treatment was completed with the results —
cured in both cases.
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the right lung. The hila are structural, the left one is pulled
up. The sinuses are free.

Smear and culture conversion was not achieved. Anal-
ysis of sputum from 10.03.2020: AFB+ C+ phDST Il (Km Lfx
Mfx0.25 Mfx1.0). Resistance- (Cm Am Lzd Dim).

On 11.03.2020, the case was re-registered: pulmonary
pre-XDR-TB, disseminative. Destruction+ MBT+AFB+
MG+ Rif+ C+ phDST | (HRZE), phDST Il (Km Lfx Mfx0.25
Mfx1.0). Resistance- (Cm Am Lzd DIm). Histology 0 (Re-
peated course). Cohort 1 (2020). A repeated AMBT course
was prescribed according to the scheme: Bdq Lzd Cfz DIm
Mpn Amx/Clv.

The patient was defined to be sputum smear and culture
negative during the one-month monitoring due to the pre-
scribed treatment for 10 months (March — December), and
positive radiological dynamics was diagnosed in August 2020.
Chest X-ray from 27.08.2020: bilateral partial resorption of
focal-infiltrative shadows on the background of fibrosis. The
cavity in the upper field of the left lung is reduced to 1.5 cm
in diameter. The left hilum is deformed and pulled up.

The patient was non-adherent to the treatment, he
repeatedly skipped antimycobacterial drug-taking. Control

Fig. 11. Chest X-ray from 24.05.2019: there are focal-infiltrative changes from high to low intensity
with destructions (up to 1.5 cm in diameter in the left lung and up to 1.0 cm in the right lung) in
the upper lobes and S;, of both lungs on the background of significant fibro-dystrophic changes. The
left apex with signs of hypoventilation. The left hilum is enlarged, poorly structured and pulled up.
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He came to his family doctor in May 2019 with complaints
of a prolonged cough, shortness of breath, and night sweats.
After additional examinations, MBT resistant to rifampicin
were found in the sputum; MBT+ AFB+ MG+ Rif+. Sputum
analyzes from 24.05.2019: AFB+ C+ phDST | (HR pyrazina-
mide (Z) E), phDST II (Km). Resistance-(Cm Pt Lfx Mfx Lzd
Cfz). Chest X-ray from 24.05.2019 (Fig. 11) showed changes.

The following diagnosis was made: Pulmonary MDR-
TB, disseminative. Destruction+ MBT+ AFB+ MG+ Rif+ C+
phDST | (HRZE), phDST Il (Km). Histology 0 (RTB). Cohort
2(2019).

The AMBT regimen was prescribed: Z Cm Lfx Pt Cs
para-aminosalicylic acid (Pas).

ELISA for HIV from 03.06.2019: negative.

Spirography from 03.06.2019: Restrictive type of Il
degree respiratory failure.

ECG from 03.06.2019: voltage is sufficient, sinus rhythm,
heart rate 75/min, HEA is not deviated, QTcF =417 ms.

Blood analysis from 04.06.2019: Hb — 146 g/l, Er —
4.46 x 10"/, WBC — 8.1 x 10%, pl — 470 x 10%/l, Ef - 5 %,
b/in=2 %, sin—57 %, Lf— 28 %, m -8 %, ESR — 40 mm/h.

Biochemical blood analysis from 05.06.2019: bilirubin
—9.44 mmol/l, ThT — 5.53 units, AIAt — 0.22 mmol/l/h, AsAt
—0.27 mmolil/h, TP - 70.7 g/l, glucose — 4.76 mmol/l, BLP
—22.0 units, creatinine — 91.9 umol/l, urea — 3.94 mmol/l,
residual urea nitrogen — 1.84 mmol/l.

Until December 2019, the patient was only sputum
smear positive (bacterioscopically AFB+, C-). He was not
treated regularly and repeatedly skipped antimycobacterial
drug-taking. Control DST revealed drug resistance to fluo-
roquinolones in January 2020: AFB+ C+ phDST Il (Km Lfx
Mfx0,25) Resistance- (Cm Pt Mfx1.0 Lzd Cfz). Based on that,
a case of treatment failure was registered.

Negative radiological dynamics was noted in March
(chest X-ray from 10.03.2020): numerous polymorphic
infiltrates and foci from high to medium intensity on the back-
ground of fibrosis in the upper lobes and S, of both lungs are
determined. There are destructions up to 2,0 cm in diameter
in S,,, of the left lung and up to 1,0 cm in diameter in S; of

bacterioscopic and bacteriological tests revealed sputum
smear and culture reversion to positive in January 2021
(sputum analysis from 23.01.2021: AFB C+ phDST II (Lfx
Mfx0.25), Resistance- (Cm Pt Mfx1.0 Lzd Cfz).

Persistent sputum smear and culture positivity was de-
fined since January during the treatment by AMBT regimen,
which included Bdg. Drug resistance to Bdq was detected
for the first time in March (sputum analysis from 02.03.2021:
AFB+ C+ phDST Il (Mfx1,0 Bdq). Resistance- (Cm Am Lzd
Cfz DIm).

Radiologically significant dynamics were also not deter-
mined (Chest X-ray from 30.03.2021: bilateral polymorphic
focal-infiltrative shadows in the upper lobes and S, with
destructions in the left upper lobe up to 2.0 cm in diameter,
in S, of the right lung — up to 1.0 cm in diameter. The hila are
pulled up. Pulmonary heart.

The patient continued to be non-adherent to the treat-
ment, he repeatedly skipped antimycobacterial drug-taking.

In April 2021, DST result with drug resistance to Bdq
was obtained again (sputum analysis from 08.04.2021):
AFB- C+ phDST Il (Mfx1.0 Bdq). Resistance- (Cm Am Lzd
Cfz DIm).

The case was re-registered as XDR, a case of repeated
treatment failure — the patient was transferred to a palliative
treatment: pulmonary XDR-TB, disseminative. Destruction+
MBT+ AFB+ MG+ Rif+ C+ phDST | (HRZE), phDST Il (Km
Lfx Mfx0.25 Mfx1.0 Bdq). Resistance- (Cm Am Lzd Dim).
Histology 0 (Repeated course). Cohort 1 (2020).

Blood analysis from 08.04.2021: Hb — 144 g/l, Er -
4.51 x 10'2/l, WBC - 9.5 x 10, pl — 297 x 10°0, Ef — 5 %,
b/n—4 %, sin-53 %, Lf- 34 %, m -3 %, ESR - 29 mm/h.

Biochemical blood analysis from 08.04.2021: bilirubin
— 7.2 mmol/l, ThT — 4.34 units, AIAt — 0.54 mmol/i/h, AsAt —
0.24 mmol/ilh, TP - 83.9 g/, glucose — 4.2 mmol/l, BLP — 20
units, creatinine — 114 umol/l, urea — 5.43 mmol/l, residual
urea nitrogen — 2.54 mmol/l.

ECG from 08.04.2021: voltage is sufficient, sinus
tachycardia, heart rate — 92/min, HEA is not deviated, signs
of impaired intra-atrial conduction, moderate changes in
the myocardium, QTcF = 404 ms.
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It can be seen from the example which has been
demonstrated in case 2, the patient had been suffering
from tuberculosis since 2002: new case (2002), RTB
(2009). Since May 2019, he received AMBT of MDR-TB
according to the scheme: Z Cm Lfx Pt Cs Pas. He was
treated irregularly and repeatedly skipped antimycobacterial
drug-taking. The control sputum analysis revealed sputum
smear and culture reversion to positive and DST diagnosed
drug resistance to fluoroquinolones in January 2020. Due to
this, the case of treatment failure was registered. In March
2020, the case was re-registered as pre-XDR and the repeat
course of AMBT was prescribed according to the regimen:
Bdq Lzd Cfz Dim Mpn Amx/Clv. The patient continued to
be non-adherent to the treatment and repeatedly skipped
antimycobacterial drug-taking. The control bacterioscopic
and bacteriological tests revealed reversion of sputum
smear and culture positivity in January 2021. In April 2021,
the DST result with drug resistance to Bdq was obtained.
The case was re-registered as XDR, the case of repeated
treatment failure — the patient was transferred to the palli-
ative treatment. The risk factor for drug resistance to Bdq
was low adherence to treatment.

Discussion

The presented clinical cases confirm the literature data that
the treatment effectiveness for patients with RR-TB and
MDR-TB is associated with drug resistance to Bdg. So,
G. P.Mishra, J. Mulani[15], studying the low efficacy of AMBT
in patients with Rifampicin-resistant TB (RR-TB), have found
that it was associated with resistance to Bdq. Liu Y. et al. [3],
studying the dynamics of the MBT isolates sensitivity to Bdq
during AMBT, have obtained, that these patients were at
greater risk of AMBT failure compared to initially resistant to
Bdg MDR-TB cases. Mallick J. S. et al. in a systematic review
[2] have determined that in order to prevent the development
of acquired resistance in MBT isolates to Bdq during AMBT,
treatment regimens should include drugs with high and early
bactericidal activity.

At the same time, the number of disturbing reports
on both primary and acquired MBT resistance to Bdq
has been increasing for the last few years, according
the literature, which could lead to a rapid loss of this
new drug. Regarding the reasons for the development
of acquired drug resistance to Bdq, the second clinical
case, as examples of other authors, has demonstrated
low adherence to treatment. Mallick J. S. et al. [2], Liu Y.
et al. [3], Guglielmetti L. et al. [4] indicate the reasons
of this outcome: the prescription of Bdq to patients with
initially low adherence to treatment, a high frequency of
self-discontinuation of AMBT by patients.

There is no data in the literature about the lack of
controlled treatment at the outpatient stage as a risk factor
for Bdq drug resistance and negative clinical outcomes in
patients with MDR-TB, which could complement the scientific
experience in this problem.

Conclusions

In both clinical cases, drug resistance to Bdq was
acquired (secondary), and had an impact on the clinical out-
comes of tuberculosis treatment. The risk factors of drug re-
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sistance to Bdg and negative clinical outcomes were the lack
of controlled treatment at the outpatient stage in the first case,
and low adherence to treatment in the second one.

Prospects for further research. Further study on MBT
resistance to new antimycobacterial drugs during AMBT and
its impact on clinical outcomes.

Conflicts of interest: authors have no conflict of interest to declare.
KoHniKT iHTepeciB: BiaCyTHil.

Hapinwaa po pepakuii / Received: 30.11.2022
Micas poonpautoBaHHs / Revised: 23.12.2022
MpuitHaTo Ao ApyKy / Accepted: 10.01.2023

Information about the authors:

Raznatovska 0. M., MD, PhD, DSc, Professor, Head of

the Department of Phthisiology and Pulmonology, Zaporizhzhia
State Medical University, Ukraine.

ORCID ID: 0000-0003-2252-9063

Yasinskyi R. M., MD, PhD, Associate Professor of the Department
of Phthisiology and Pulmonology, Zaporizhzhia State Medical
University, Ukraine.

ORCID ID: 0000-0003-4132-731X

Shalmin 0. S., MD, PhD, DSc, Professor of the Department

of Phthisiology and Pulmonology, Zaporizhzhia State Medical
University, Ukraine.

ORCID ID: 0000-0002-1727-0408

Fedorets A. V., MD, Assistant of the Department of Phthisiology
and Pulmonology, Zaporizhzhia State Medical University, Ukraine.
ORCID ID: 0000-0003-0994-5265

Svitlytska O. A., MD, PhD, Assistant of the Department of
Phthisiology and Pulmonology, Zaporizhzhia State Medical
University, Ukraine.

ORCID ID: 0000-0003-4987-8458

BipomocrTi npo aBTOpiB:

PasHatoBcbka 0. M., A-p Mea. Hayk, npodecop, 3aB. kad. ¢pTusiaTpii
i MyAbMOHOAOTTi, 3aN0OPI3bKUIA AEPXaBHWUIA MEAUUHWUI YHIBEPCUTET,
YkpaiHa.

ACIHCbKUI P. M., KaHA. MEA. HayK., AOLIEHT Kad. dTusiaTpii i
NyAbMOHOAOTTT, 3anopi3bkii AEPXaBHUIA MEAMYHWI YHIBEPCUTET,
YkpaiHa.

LLanbmiH O. C., A-p MeA. Hayk, npodecop kad. dTusiatpii i
MyABMOHOAOTT, 3aMnopi3bknit AEPXaBHUI MEAUYHWIA YHIBEPCHTET,
YkpaiHa.

®epopelb A. B., acucteHT kad. ¢ptusiatpii i nyAsMoHoAOriT,
3anopi3bkni AepXXaBHWUA MeAUYHWI YHIBEpCUTET, YkpaiHa.
Citavubka O. A., KaHA. MEeA. HayK, acUCTEHT kad. dTuaiarpii i
NyAbMOHOAOTTT, 3anopi3bK1it AEPXaBHUIA MEAUYHWI YHIBEPCUTET,
YkpaiHa.

References

[1] Patel H., Pawara R., Pawara K., Ahmed F., Shirkhedkar A., Surana S.
(2019). Astructural insight of bedaquiline for the cardiotoxicity and hep-
atotoxicity. Tuberculosis (Edinb), 117, 79-84. https://doi.org/10.1016/}.
tube.2019.06.005

[2] Mallick, J. S., Nair, P, Abbew, E. T., Van Deun, A., & Decroo, T. (2022).
Acquired bedaquiline resistance during the treatment of drug-resistant
tuberculosis: a systematic review. JAC-antimicrobial resistance, 4(2),
dlac029. https://doi.org/10.1093/jacamr/dlac029

[3] Liu, Y., Gao, J., Du, J., Shu, W., Wang, L., Wang, Y., Xue, Z, Li, L.,
Xu, S., &Pang, Y. (2021). Acquisition of clofazimine resistance following
bedaquiline treatment for multidrug-resistant tuberculosis. Interna-
tional journal of infectious diseases : IJID, 102, 392-396. https:/doi.
0rg/10.1016/}.ijid.2020.10.081

[4] Guglielmetti, L., Chiesi, S., Eimer, J., Dominguez, J., Masini, T.,
Varaine, F., Veziris, N., Ader, F., & Robert, J. (2020). Bedaquiline and
delamanid for drug-resistant tuberculosis: a clinician’s perspective. Fu-
ture microbiology, 15, 779-799. https://doi.org/10.2217/fmb-2019-0309

[5] Nguyen, T. V. A, Anthony, R. M., Bafiuls, A. L., Nguyen, T. V. A,,
Vu, D. H., &Alffenaar, J. C. (2018). Bedaquiline Resistance: Its Emer-

ISSN 2306-4145  http://zmj.zsmu.edu.ua

95


https://orcid.org/0000-0003-2252-9063
https://orcid.org/0000-0003-4132-731X
https://orcid.org/0000-0002-1727-0408
https://orcid.org/0000-0003-0994-5265
https://orcid.org/0000-0003-4987-8458
https://doi.org/10.1016/j.tube.2019.06.005
https://doi.org/10.1016/j.tube.2019.06.005
https://doi.org/10.1093/jacamr/dlac029
https://doi.org/10.1016/j.ijid.2020.10.081
https://doi.org/10.1016/j.ijid.2020.10.081
https://doi.org/10.2217/fmb-2019-0309

96

Case report

(6]

Y

(8

&)

[10]

(1

[12]

[13]

[14]

[19]

[16]

(17

(18]

[19]

[20]

(21

[22]

ISSN 2306-4145  http://zmj.zsmu.edu.ua

gence, Mechanism, and Prevention. Clinical infectious diseases, 66(10),
1625-1630. https://doi.org/10.1093/cid/cix992

Khoshnood, S., Goudarzi, M., Taki, E., Darbandi, A., Kouhsari, E.,
Heidary, M., Motahar, M., Moradi, M., & Bazyar, H. (2021). Bedaquiline:
Current status and future perspectives. Journal of global antimicrobial
resistance, 25, 48-59. https://doi.org/10.1016/j.jgar.2021.02.017
Chiang, C.Y., &Lin, C. J. (2020). Principles of chemotherapy for tuber-
culosis in national tuberculosis programmes of low- and middle-income
countries. The Indian journal of tuberculosis, 67(4S), S16-S22. https://
doi.org/10.1016/}.ijtb.2020.11.010

Kempker, R. R., Mikiashvili, L., Zhao, Y., Benkeser, D., Barbakadze, K.,
Bablishvili, N., Avaliani, Z., Peloquin, C. A., Blumberg, H. M., &
Kipiani, M. (2020). Clinical Outcomes Among Patients With Drug-re-
sistant Tuberculosis Receiving Bedaquiline- or Delamanid-Containing
Regimens. Clinical infectious diseases, 71(9), 2336-2344. https:/doi.
org/10.1093/cid/ciz1107

Migliori, G. B., Pontali, E., Sotgiu, G., Centis, R., D’Ambrosio, L.,
Tiberi, S., Tadolini, M., & Esposito, S. (2017). Combined Use of Dela-
manid and Bedaquiline to Treat Multidrug-Resistant and Extensively
Drug-Resistant Tuberculosis: A Systematic Review. International journal
of molecular sciences, 18(2), 341. https:/doi.org/10.3390/ijms 18020341
Franke, M. F., Khan, P., Hewison, C., Khan, U., Huerga, H., Seung, K. J.,
Rich, M. L., Zarli, K., Samieva, N., Oyewusi, L., Nair, P., Mudassar, M.,
Melikyan, N., Lenggogeni, P., Lecca, L., Kumsa, A., Khan, M., Is-
lam, S., Hussein, K., Docteur, W., ... Mitnick, C. D. (2021). Culture
Conversion in Patients Treated with Bedaquiline and/or Delamanid.
A Prospective Multicountry Study. American journal of respiratory
and critical care medicine, 203(1), 111-119. https:/doi.org/10.1164/
rccm.202001-01350C

Gao, J., Pei, Y., Yan, X., Shi, G., Li, T., Gao, M, Liu, Y., Wang, Y.,
Shu, W,, Li, L., & Pang, Y. (2020). Emergence of nontuberculous
mycobacteria infections during bedaquiline-containing regimens in mul-
tidrug-resistant tuberculosis patients. International journal of infectious
diseases : IJID, 100, 196-198. https://doi.org/10.1016/j.jid.2020.08.080
Ismail, N., Riviere, E., Limberis, J., Huo, S., Metcalfe, J. Z., War-
ren, R. M., & Van Rie, A. (2021). Genetic variants and their associ-
ation with phenotypic resistance to bedaquiline in Mycobacterium
tuberculosis: a systematic review and individual isolate data analysis.
The Lancet. Microbe, 2(11), e604-e616. https:/doi.org/10.1016/s2666-
5247(21)00175-0

Degiacomi, G., Sammartino, J. C., Sinigiani, V., Marra, P., Urbani, A., &
Pasca, M. R. (2020). In vitro Study of Bedaquiline Resistance in Myco-
bacterium tuberculosis Multi-Drug Resistant Clinical Isolates. Frontiers
in microbiology, 11, 559469. https://doi.org/10.3389/fmicb.2020.559469
Ismail, N., Ismail, N. A., Omar, S. V., & Peters, R. P. H. (2019). In Vitro
Study of Stepwise Acquisition of rv0678 and atpE Mutations Conferring
Bedaquiline Resistance. Antimicrobial agents and chemotherapy, 63(8),
€00292-19. https://doi.org/10.1128/AAC.00292-19

Mishra, G. P., & Mulani, J. (2022). Implications of bedaquiline-resistant
tuberculosis. The Lancet. Infectious di 22(2), 166. https:/doi.
0rg/10.1016/S1473-3099(22)00007-X

He, W., Liu, C., Liu, D., Ma,A., Song, Y., He, P., Bao, J., L, Y., Zhao, B.,
Fan, J., Cheng, Q., & Zhao, Y. (2021). Prevalence of Mycobacterium
tuberculosis resistant to bedaquiline and delamanid in China. Journal
of global antimicrobial resistance, 26, 241-248. https://doi.org/10.1016/j.
jgar.2021.06.007

Wu, S. H., Chan, H. H., Hsiao, H. C., & Jou, R. (2021). Primary Be-
daquiline Resistance Among Cases of Drug-Resistant Tuberculosis in
Taiwan. Frontiers in microbiology, 12, 754249. https://doi.org/10.3389/
fmicb.2021.754249

Xu, J., Wang, B., Hu, M., Huo, F., Guo, S., Jing, W., Nuermberger, E.,
& Lu, Y. (2017). Primary Clofazimine and Bedaquiline Resistance
among Isolates from Patients with Multidrug-Resistant Tuberculosis.
Antimicrobial agents and chemotherapy, 61(6), €00239-17. https://doi.
org/10.1128/AAC.00239-17

World Health Organization. (2022). Rapid communication: key changes
to the treatment of drug-resistant tuberculosis. (WHO/UCN/TB/2022.2).
Licence: CC BY-NC-SA 3.0 IGO.

Liu, Y., Gao, M., Du, J., Wang, L., Gao, J., Shu, W., Wang, Y., Xue, Z.,
Li, L., & Pang, Y. (2021). Reduced Susceptibility of Mycobacterium
tuberculosis to Bedaquiline During Antituberculosis Treatment and
Its Correlation With Clinical Outcomes in China. Clinical infectious
diseases, 73(9), €3391-e3397. https://doi.org/10.1093/cid/ciaa1002
Khan, U., Huerga, H., Khan, A. J., Mitnick, C. D., Hewison, C., Vara-
ine, F., Bastard, M., Rich, M., Franke, M. F., Atwood, S., Khan, P. Y.,
& Seung, K. J. (2019). The endTB observational study protocol:
treatment of MDR-TB with bedaquiline or delamanid containing reg-
imens. BMC infectious diseases, 19(1), 733. https://doi.org/10.1186/
$12879-019-4378-4

Saeed, D. K., Shakoor, S., Razzak, S. A., Hasan, Z., Sabzwari, S. F.,
Azizullah, Z., Kanji, A., Nasir, A., Shafig, S., Ghanchi, N. K., &
Hasan, R. (2022). Variants associated with Bedaquiline (BDQ) resis-

[23]

tance identified in Rv0678 and efflux pump genes in Mycobacterium
tuberculosis isolates from BDQ naive TB patients in Pakistan. BMC
microbiology, 22(1), 62. https://doi.org/10.1186/s12866-022-02475-4
Guo, Q., Bi, J., Lin, Q., Ye, T., Wang, Z., Wang, Z., Liu, L., &
Zhang, G. (2022). Whole Genome Sequencing Identifies Novel
Mutations Associated With Bedaquiline Resistance in Mycobacterium
tuberculosis. Frontiers in cellular and infection microbiology, 12,
807095. https://doi.org/10.3389/fcimb.2022.807095

Zaporozhye medical journal. Volume 25. No. 1, January — February 2023


https://doi.org/10.1186/s12866-022-02475-4
https://doi.org/10.3389/fcimb.2022.807095
https://doi.org/10.1093/cid/cix992
https://doi.org/10.1016/j.jgar.2021.02.017
https://doi.org/10.1016/j.ijtb.2020.11.010
https://doi.org/10.1016/j.ijtb.2020.11.010
https://doi.org/10.1093/cid/ciz1107
https://doi.org/10.1093/cid/ciz1107
https://doi.org/10.3390/ijms18020341
https://doi.org/10.1164/rccm.202001-0135OC
https://doi.org/10.1164/rccm.202001-0135OC
https://doi.org/10.1016/j.ijid.2020.08.080
https://doi.org/10.1016/s2666-5247(21)00175-0
https://doi.org/10.1016/s2666-5247(21)00175-0
https://doi.org/10.3389/fmicb.2020.559469
https://doi.org/10.1128/AAC.00292-19
https://doi.org/10.1016/S1473-3099(22)00007-X
https://doi.org/10.1016/S1473-3099(22)00007-X
https://doi.org/10.1016/j.jgar.2021.06.007
https://doi.org/10.1016/j.jgar.2021.06.007
https://doi.org/10.3389/fmicb.2021.754249
https://doi.org/10.3389/fmicb.2021.754249
https://doi.org/10.1128/AAC.00239-17
https://doi.org/10.1128/AAC.00239-17
https://doi.org/10.1093/cid/ciaa1002
https://doi.org/10.1186/s12879-019-4378-4
https://doi.org/10.1186/s12879-019-4378-4

	268009_Raznatovska-et-all

	Article info
	UDC
	DOI
	Key words
	E-mail

	Introduction

	Aim 
	Materials and methods 
	Results 
	Clinical case 1
	Clinical case 2

	Discussion
	Conclusions
	Prospects for further research
	Conflicts of interest
	Information about the authors
	References

	Figures
	Fig. 1. Chest X-ray from 24.03.2020: There are an area of infiltration of a heterogeneous structure due to destructions from 1.5 cm to 2.0 cm in diameter and foci around it in Sof the left lung. A wide path to the hilum. There are single foci in S of the right lung.
	Fig. 2. Chest X-ray from 30.07.2020: There are focal and infiltrative shadows with destruction up to 3,0 cm in diameter in the upper lobe of the left lung. Foci of contamination in S of the right lung.
	Fig. 3. Chest X-ray from 05.11.2020: in the upper lobe of the left lung, partial resorption of infiltration with the formation of a tuberculoma 5.0 × 3.5 cm in diameter with a destruction of 3.0 × 1.5 cm in diameter. All around are foci, fibrosis, a path to the root. In S of the right lung – partially resolved foci of contamination. The hila are dense. The sinuses are free.
	Fig. 4. Chest X-ray from 01.02.2021: in the upper lobe of the left lung, a partial resorption of the infiltration is noted, a tuberculoma up to 5.0 cm in diameter with a destruction up to 2.0 cm in diameter is formed. The path to the hilum gets narrower. There are perifocal fibrosis and polymorphic foci. The hila of both lungs are fibrously changed, deformed. In S of the right lung, local fibrosis, isolated condensed foci are determined. The diaphragm domes are even, clear. The sinuses are free.
	Fig. 5. Chest CT from 10.02.2021 before the surgical treatment.
	Fig. 6. Chest CT from 10.05.2021: condition after resection of the upper lobe of the left lung. There are bilateral single dense foci on the background of pneumofibrosis in the lower lung fields. The left hilum is pulled up. Pulmonary heart.
	Fig. 7. Chest X-ray from 20.07.2021: condition after resection of the upper lobe of the left lung. The lung is expanded, there are fibrothorax, increased density of lung tissue, fibrosis in the upper fields. There are single dense foci on the background of bilateral pneumofibrosis in the lower fields. The left hilum is pulled up. Pulmonary heart.
	Fig. 8. Chest X-ray from 08.10.2021: condition after resection of the upper lobe of the left lung. A fibrothorax is formed at the top of the left lung, the costo-diaphragmatic sinus is obliterated. There are fibrosis, dense small foci in the upper lobe of the right lung. Pulmonary heart.
	Fig. 9. Chest X-ray from 01.12.2021: condition after resection of the upper lobe of the left lung. Fibrothorax is formed at the top of the left lung, the costo-diaphragmatic sinus is obliterated. There are fibrosis, dense small foci in the upper lobe of the right lung. Pulmonary heart.
	Fig. 10. Chest X-ray from 24.05.2022: Condition after resection of the upper lobe of the left lung. There are polymorphic foci and infiltrates with a decay cavity up to 3,0 cm in diameter in the upper lobe of the right lung. There are polymorphic foci and infiltrates of contamination in the upper fields of the left lung and in S of the right lung. The hila are deformed, pulled up. The sinus on the left side is obliterated. Pulmonary heart.
	Fig. 11. Chest X-ray from 24.05.2019: there are focal-infiltrative changes from high to low intensity with destructions (up to 1.5 cm in diameter in the left lung and up to 1.0 cm in the right lung) in the upper lobes and S of both lungs on the background of significant fibro-dystrophic changes. The left apex with signs of hypoventilation. The left hilum is enlarged, poorly structured and pulled up.




