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CONCEPTUAL LANDMARKS OF THE THESIS
Actuality

Tuberculosis (TB) is one of the largest public health challenges
globally. In 2022, the World Health Organization estimated 10.6 million new
cases and 1.3 million deaths due to TB [1]. Currently, one of the most
significant obstacles in reducing TB's impact on public health is the rise of
multidrug-resistant strains of Mycobacterium tuberculosis (MDR strains)
that are resistant to both isoniazid and rifampicin [2]. The incidence of MDR -
TB cases is particularly alarming in Eastern European countries, where MDR
rates among newly diagnosed TB patients exceed 30%, and among
retreatment cases, exceed 50% [3]. Disruption of drug supply, inadequate
implementation of treatment regimens in previous decades, alongside poor
infectious control and delayed diagnosis, have facilitated the selection and
sustained transmission of drug-resistant strains, perpetuating the MDR-TB
endemic in this region [4-6]. Moreover, the genetic adaptability and diversity
of Mycobacterium tuberculosis complex strains may directly influence the
perpetuation and spread of drug resistance. Genetic features such as
compensatory mutations and homoplastic mutations could provide
advantages to drug-resistant strains of the M. tuberculosis complex [7].

Studies utilizing whole genome sequencing data of Mycobacterium
tuberculosis complex strains from the Republic of Moldova have
investigated the circulating genotypic lineages and presumed transmission
history within this geographic area [8, 9]. Similarly, sequencing data have
been employed to assess nosocomial transmission of Mycobacterium
tuberculosis complex strains in specialized medical facilities treating TB
patients [10]. However, the genetic determinants influencing the successful
spread of MDR strains in this region and their associations with clinical
characteristics of TB have remained largely understudied.

This study evaluates the genetic structure of MDR strains of the
Mycobacterium tuberculosis complex isolated in the Republic of Moldova
over six consecutive years, using whole genome sequencing data. Analysis
of sequencing data allowed characterization of genetic diversity,
evolutionary patterns, and phylogenetic relationships among MDR strains of



the M. tuberculosis complex. Specifically, the potential role of genomic
features such as compensatory mutations and homoplastic mutations in the
evolution of MDR-TB and their association with clinical characteristics of
tuberculosis was determined. Special attention was given to the association
between mycobacterial genetic characteristics and potential clinical
management deficiencies leading to resistance to new or re-introduced anti-
tuberculosis drugs like bedaquiline and linezolid.

Keywords: TB, M. tuberculosis complex, MDR, laboratory diagnosis,
whole genome sequencing, risk factors, genotypic lineages.

Study Domain: Microbiology
Study Aim:

To study the genotypic diversity and molecular-genetic characteristics
of Mycobacterium tuberculosis strains from the Republic of Moldova
impacting drug resistance.

Research Objectives

1. To assess the genotypic diversity and temporal evolution of
multidrug-resistant Mycobacterium tuberculosis strains in the Republic of
Moldova.

2. To identify genetic determinants of Mycobacterium tuberculosis
potentially involved in the spread of multidrug-resistant strains in the
Republic of Moldova.

3. To establish potential associations between genotypic determinants
impacting antimicrobial resistance in Mycobacterium tuberculosis and the
clinical evolution of tuberculosis.

4. To identify genotypic correspondences of mycobacterial resistance
to key drugs used in the treatment of multidrug-resistant tuberculosis.

General Methodology of Research

To achieve the study objectives, three studies were conducted
involving several research cohorts and a variety of statistical analysis
solutions.



Methodologically, the first study comprised a descriptive component
of molecular epidemiology data derived from whole genome sequencing of
M. tuberculosis complex genomes from 2013 to 2018, utilizing comparative
statistics it highlights differences among genotypic lineages of M.
tuberculosis complex in the Republic of Moldova. Specifically, genetic
determinants associated with resistance to anti-tuberculosis drugs, frequency
and types of compensatory mutations, and homoplastic mutations were
compared. This study also included an analytical component where a
multiple logistic regression model was applied to identify associations
between genotypic determinants of different M. tuberculosis complex
lineages and clinical characteristics of tuberculosis, such as severity of
imaging lesions and negative treatment outcomes.

The second study documented the emergence of bedaquiline
resistance shortly after its introduction in treatment regimens for MDR-TB
patients in the Republic of Moldova, along with geno-phenotypic
correlations of resistance to this drug. Additionally, an analytical component
involved a multiple logistic regression model to evaluate factors associated
with negative outcomes of anti-tuberculosis therapy in these patients,
including potential associations with the genotypic lineage of M. tuberculosis
in MDR-TB patients receiving bedaquiline-containing treatment regimens.

The third study is a cohort study identifying risk factors for
Mycobacterium tuberculosis complex acquisition of linezolid resistance
during anti-tuberculosis treatment, concurrently describing the frequency of
linezolid resistance and genetic mutations associated with resistance to this
drug in MDR strains of the M. tuberculosis complex from the Republic of
Moldova.

Novelty and Originality

The results of this study describe the genotypic diversity of the M.
tuberculosis complex in the Republic of Moldova based on whole genome
sequencing analysis of mycobacterial isolates selected over a significantly
longer period (6 years) than previous studies. This allowed for the description
of temporal evolution of mycobacterial genotypes and genetic determinants
of resistance to anti-tuberculosis drugs. Using the same sequencing dataset,
the study analyzed for the first time in a sample from Eastern Europe the
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potential role of compensatory mutations and homoplastic mutations in the
evolution of the MDR-TB epidemic in this region. Previously, associations
between these mutation types and characteristics of MDR-TB strains had
only been described in isolates from Central Asia and South Africa. Another
innovative aspect of the study is the identification of associations between
clinical management deficiencies and the emergence of resistance to new or
re-introduced anti-tuberculosis drugs in TB patients treated within the
National Tuberculosis Response Program in the Republic of Moldova.

Key Results Addressing a Major Scientific and Applied Problem

The vast majority of circulating MDR strains of the M. tuberculosis
complex in the Republic of Moldova belong to relatively stable proportions
(over the study period) of genotypic lineages L2 (2.2.1 Central Asia 56%,
2.2.1 Europe/Russian W148 outbreak 22%, 2.2.1 Central Asia outbreak
17%) and L4 (4.2.1 Ural 91%), which exhibit significant differences in
resistance to anti-tuberculosis drugs.

- MDR strains of the M. tuberculosis complex belonging to L2
genotypic lineages in the Republic of Moldova are characterized by more
severe imaging lesions of pulmonary tuberculosis, associated with the
presence of the Rv2828c T141R mutation in the mycobacterial genome,
manifesting positive selection for this mutation.

- MDR strains of the M. tuberculosis complex belonging to L4
genotypic lineages in the Republic of Moldova are characterized by a
particularly high rate of population transmission, potentialy associated with
the presence of compensatory mutations for rifampicin in the rpoC gene of
the mycobacterium.

- Under programmatic management of tuberculosis patients in the
Republic of Moldova, resistance of MDR strains of the M. tuberculosis
complex to new and reintroduced anti-tuberculosis drugs like bedaquiline
and linezolid is acquired secondary to MDR-TB treatment using deficient
treatment regimens.

Theoretical significance

The results of this work provide theoretical arguments for the
successful spread of phylogenetic lineages of M. tuberculosis complex 12
and L4 in the Republic of Moldova, specifically identifying genetic



determinants associated with positive selection of L2 genotypes and those
advantageous for the spread of L4 genotypes. For L2 strains, the identified
genetic characteristics would predispose to more severe forms of pulmonary
tuberculosis (cavitary forms with increased risk of treatment failure) and
potentially prolonged infectivity of these patients. In the case of L4 strains,
the acquisition of compensatory mutations (rpoC) would enhance the
biological adaptability of these strains, with each mentioned genetic change
favoring transmission within the population. Similarly, the thesis provides a
theoretical illustration of the acquisition of resistance to new anti-
tuberculosis drugs, secondary to their inclusion in deficient therapeutic
regimens used in MDR-TB patients.

Applicative value

Data on the specifics of geno-phenotypic correlation and their
differences between the two identified genotypes (L2 and L4) in this study can
find application in improving methods for testing drug susceptibility of M.
tuberculosis complex strains. Similarly, the genetic determinants found in this
study, associated with the highly efficient spread of L2 and L4 genotypes of
MDR M. tuberculosis complex in the Republic of Moldova, can be applied in
molecular epidemiological studies of tuberculosis outbreaks during
epidemiological investigations. Additionally, data on the acquisition of
resistance to bedaquiline and linezolid can be used by specialized physicians
in the treatment of MDR-TB and by public health specialists to guide
therapeutic decisions and reduce the risk of secondary resistance development
to essential drugs currently used in MDR-TB treatment, as well as to new drugs
to be implemented in the National Tuberculosis Control Program.

Implementation of results

The thesis results have been implemented in the National
Reference Laboratory for Tuberculosis Microbiology at the Chiril Draganiuc
Institute of Phthisiopneumology, resulting in two acts of implementation in
scientific practice and two innovator certificates. The thesis results have been
reflected in 15 scientific publications, including 3 articles in Web of Science
indexed journals, 2 articles in national registry journals, and 10 theses.
Additionally, research results have been presented at 12 scientific forums and
events.



THESIS CONTENT

1. MYCOBACTERIUM TUBERCULOSIS - GENETIC
DETERMINANTS OF EPIDEMIOLOGICAL AND CLINICAL
ASSOCIATIONS
The chapter presents and synthesizes relevant data from the specialized
literature regarding the genotypic lineages of M. tuberculosis complex.
Molecular analysis techniques and phenotypic and genotypic drug sensitivity
testing are described in detail. Known mutations in the mycobacterial
genome associated with resistance to anti-tuberculosis drugs are described,
as well as potential genotypic characteristics that could favor the

evolutionary selection of M. tuberculosis complex strains.

2. GENOTYPIC DIVERSITY OF MYCOBACTERIUM TUBERCULOSIS
COMPLEX IN THE REPUBLIC OF MOLDOVA IN THE CONTEXT
OF ANTIMICROBIAL RESISTANCE DEVELOPMENT AND
CLINICAL CHARACTERISTICS OF THE DISEASE

The chapter describes the methodology and research results dedicated
to the phylogenetic reconstruction of MDR strains of M. tuberculosis
complex in the Republic of Moldova and their temporal evolution,
identifying associations between genotypic lineages of M. tuberculosis
complex (MTBC) and cavitary lesions as well as negative treatment
outcomes in MDR-TB patients. For this purpose, a retrospective cohort study
was conducted on MTBC isolates retrieved from the biobank of the National
Reference Laboratory for Tuberculosis Microbiology (LNR) in Chisinau,
Republic of Moldova. Sixty isolates were randomly selected for six
consecutive years (2013-2018). The samples resulting from the selection
(n=360) were re-inoculated on Lowenstein-Jensen media and subjected to
DNA extraction and whole-genome sequencing. MTBC strains containing
mixed genotypes and/or major discrepancies between phenotypic and
genotypic drug resistance profiles were excluded from the final analysis. For
the remaining isolates (n=288), available epidemiological and clinical data
(age, sex, TB history, relevant comorbidities, number of drugs in the
therapeutic regimen, cavitary lesions on chest radiography, treatment



outcome of each patient) were extracted from the National Electronic
Monitoring and Evaluation System for Tuberculosis (SIME-TB).

2.1 Phylogenetic reconstruction and transmission of drug-
resistant M. tuberculosis complex strains in the Republic of Moldova,
2013-2018

Among the 288 analyzed strains of M. tuberculosis complex, 124
(43%) were classified as belonging to Lineage 2 (L2), and 164 (57%) strains
belonged to Lineage 4 (L4). L2 strains included the following sublineages:
Central Asia (56%), W 148 outbreak from Europe/Russia (22%), Central Asia
outbreak (17%), and by one strain from Ancestral 1 and Ancestral 2. The vast
majority (91%) of L4 isolates belonged to a single sublineage, namely 4.2.1
(Ural). The rates of L2 and L4 strains were similar and did not change over
time (p>0.09). The clustering rate among sequenced strains was 51.7%,
higher for L4 strains (63% for L4 vs. 36.3% for L2, p < 0.001).

L4 strains of M. tuberculosis complex were part of 11 molecular
clusters (phylogenetic reconstruction with a genetic distance of 5 SNPs). The
largest L4 cluster comprised 75 4.2.1/Ural strains, alongside 10 smaller
clusters containing 2 to 8 strains each. Among L2 genotype strains, 45 strains
(36.3%) were part of 16 clusters, including 3 clusters each containing 6
strains. The clustering rate of L4 strains was higher than that of L2 strains (p
<0.001), (63% for L4 vs. 36.3% for L2, p <0.001).

To quantify recent transmission of mycobacterial strains, the terminal
branch lengths in the phylogenetic tree for L2 and L4 strains were evaluated.
L4 strains had a shorter median terminal branch length compared to L2
strains (5.479 x 10 [95% CI (confidence interval) 3.656 x 104 -2.019 x 10-
3] vs. 8.233 x 10 [95% CI 1.826 x 10 - 1.097 x 10-3], p = 0.0002),
suggesting higher transmissibility of L4 strains (Figure 2).

More L2 than L4 strains were observed to be resistant to
fluoroquinolones, PAS, pyrazinamide, ethambutol, amikacin, and
capreomycin (Figure 2D). Conversely, resistance to ethionamide and
kanamycin was more frequent among L4 strains. No differences were found
between L2 and L4 regarding resistance to cycloserine and streptomycin.
Additionally, statistically significant differences were observed in the
frequency of specific mutations in L2 and L4 strains conferring resistance to
isoniazid, rifampicin, ethambutol, ethionamide, PAS, and kanamycin.
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2.2 Genetic determinants of MTBC with potential role in the
spread of multidrug-resistant strains in the Republic of Moldova

The proportion of putative compensatory mutations in rpoC was
higher in L4 strains compared to L2 strains (81.1% vs. 63.7%, p=0.001),
primarily due to clonal expansion of 4.2.1/Ural strains with the rpoC
V483G mutation. Compensatory mutations in rpoB were more prevalent
among L2 isolates compared to L4 isolates (18.5% vs. 9.1%, p=0.02).
Mutations in rpoA were only present in L2 strains (6.45% vs. 0%, p=0.001).
Additionally, potential compensatory mutations in thyX were more
commonly found in L2 strains (29.03% vs. 1.2%, p<0.00001). Mutations
in the ahpC gene promoter region were identified in only 3 isolates (two
L4 and one L2).

Specifically, isolates with a compensatory mutation in rpoC had a
higher clustering rate than isolates without such a mutation (57.2% vs.
33.3%, p=0.0007) (Figure 3 B). By genetic lineage, this observation was
statistically significant only in L4 isolates (67.7% vs. 45.2%, p=0.02) and
not in L2 isolates (41.8% vs. 26.7%, p=0.1). Strains with rpoA mutations
had a lower clustering rate and longer terminal branch lengths (0% vs.
53.2%, p=0.003) and (2.2*103 vs. 6.09*10*%, p=0.0002), respectively
(Figure 3 C, G). It is noteworthy that the number of strains with rpoA
mutations was limited (only 8 strains, all belonging to L2). Thus,
comparing the clustering rate and terminal branch lengths between L2
isolates with rpoA compensatory mutations and those without mutations
showed a significant difference only for terminal branch lengths (2.2*10"
3195% CI 2.0%107 - 2.3*107%] vs. 7.3*10* [95% CI 3.6*%10* - 1.6*107],
p=0.002, respectively) and not for the clustering rate (Figure 3 G, K).

11



8T0Z-€10T “BAOP[OIA JO d1[qnday Yy ur surens YAX/IN II.LIA JO 33.1) JdUdZ0[AYJ ‘| 2131

ey M

Wv1€ery [

WVTTr ey [

MI-AYLEH 87 M

rueyn [y [7]

wadeH 1T [

JeAIQINO BISY [2NU) "' [
eisy [enue) 177 M
JeAIQINQO §F1 M Uetssiy/edomy 177 M ¥ abeaur
umouyun ['z'g [7]

T lensaduy 17T [

T Tenseouy 777 M

saduejsisal

Z abeaunn

12



J:
1007 A W .08 p=0.,0002 B
< 8
_ e I
S 804 p<0.0001 e a
) o °
‘é 60 © a
o a
£ 40 F
o €
» 201
O ol =
L2 L4
Z 1s- c . D
4]
2 p<0.0001 100 B2 # oo %
5 a2 W p <005
= . n
g 104 = = mL4 i #j % p<0,01
Pl = = 50 " # p<0,001
S 5 * ok 3 " ‘
s - - i # ## p <0,0001
0 - = ns —~ s
[ —
& 0 o ns p =0,05
L2 L4 Lfx Mfx Cs EthPAS E Z Am CmKm S

Figure 2. MTBC transmission and drug resistance in the Republic of
Moldova 2013-2018

There was no difference in the presence/absence of rpoA compensatory
mutations segregated by the number of drug-resistant mutations in the entire
cohort and in each of the two main lineages (Figure 3 L). Strains with a
mutation in the thyX gene promoter region had fewer drug resistance
mutations than strains without thyX mutations (6 [95% CI 5-7] vs. 7 [95%
CI 6-8], p=0.005); no differences were observed in clustering rate or terminal
branch lengths compared to strains without thyX mutations (Figure 3 H, M).
Similarly, L2 strains with mutations in the thyX gene promoter had a higher
clustering rate (61.1% vs. 26.1%, p=0.0004) and shorter terminal branch
lengths (5.4*10** [1.8*%10* - 8.6%10] vs. 1.0*10° [5.4*10* - 2.2*10],
p<0.0001) compared to L2 strains without such mutations, while L4 strains
with mutations in the thyX promoter region had longer terminal branch
lengths than those without such mutations (2.0*102 [2.0*¥1072 - 3.8%1072] vs.
5.4%10* [1.8*¥10% - 1.0*10*], p=0.02) (Figure 3 H, M).
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Figure 3. Compensatory mutations and transmissibility in the entire cohort of
M. tuberculosis complex strains

Homoplasy and Possible Positive Selection

In the sequenced strains, 145 mutations showing signs of homoplasy
(identical mutations in subgroups without phylogenetic linkage) were
detected, which could indicate positive selection at these genomic loci. Of
these, 75 out of 145 mutations were not considered, as they were
synonymous mutations or mutations located in repetitive regions such as the
PE/PPE gene family, pseudogenes, insertion sequences, and phages, as well
as undifferentiated SNPs for each genetic lineage.

Each of the 70 homoplastic mutations considered for the final analysis
was found in a variable number of the analyzed genomes, ranging from 2 to
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285 strains out of the total 288, resulting in a total of 2624 homoplastic alleles
across the cohort. Fifty-three (75.7%) of these SNPs (1822 alleles; 69.4%)
were present in coding regions of the 25 annotated genes, while 17 SNPs
were found in intergenic regions. Forty-three SNPs showing positive
selection were identified in 15 genes associated with resistance, and 7 SNPs
in 4 genes known to compensate for fitness deficits induced by mutations
associated with rifampicin (rpoC, rpoB, rpoA) and PAS resistance (thyX)
(Figure 3).

Homoplastic mutations in prpR (Rv1129¢ 1433T and H355R), a gene
associated with drug tolerance [11], were observed, with both mutations
evolving independently in two L2 isolates. Overall, both L2 and L4 isolates
had a similar median number of homoplastic SNPs (9 [95% CI 8-10] vs. 9
[95% CI9-10], p < 0.9, respectively).

The ratio of homoplastic SNPs to total differentiating SNPs was
analyzed according to genetic lineages (phylogenetic SNPs L2 and L4 were
not considered). In this context, L2 strains had a higher ratio (p<0.0001) of
homoplastic SNPs to all differentiating SNPs (0.039 [95% CI 0.038 - 0.043])
compared to L4 isolates (0.047 [95% CI 0.039 - 0.052]) (Figure 4A).
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Figure 4. Homoplasy and positive selection by MTBC lineage

This difference was also observed when comparing homoplastic SNPs in
resistance genes (p = 0.03) and compensatory genes (p < 0.0001), suggesting
increased positive selection for L2 isolates (Figure 4 B, C).

It is worth noting that the Rv2828c T141R mutation, identified in the
homoplasy analysis of this study and previously associated with more
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widespread radiological pathology [11], was found almost exclusively
among L2 isolates (98% in L2 vs. 1.2% in L4, p <0.0001).

2.3 Associations between genotypic determinants impacting
MTBC antimicrobial resistance and clinical course of tuberculosis

Within the study, potential associations between the genotypic lineage
of M. tuberculosis complex and clinical characteristics of tuberculosis
disease were evaluated in patients from whom the analyzed strains were
isolated. The basic clinical-demographic characteristics of the cohort of
MDR-TB patients included in the study were characterized by a young age
(median 33 years [95% CI, 42-53]), male gender (79.2%), and presence of
cavitary lesions on chest radiography (51.6%). Among these patients, 7.4%
were HIV-positive. Fifty-nine percent of patients were newly diagnosed
tuberculosis cases. The cure rate in the studied cohort was 51.8%, while
treatment completion was 4.4%, treatment failure cases constituted 7.7%,
and those lost to follow-up and deaths were 19.5% and 16.5%, respectively.
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Figure 5. Associations with negative treatment outcomes, new cases
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To confirm the representativeness of the randomly selected cohort for
this study, all available clinical parameters of the study patients (n=288) were
compared with those of MDR-TB patients diagnosed during 2013-2018 but
not included in the study (n=5608). Thus, there were no significant
differences regarding patient gender, frequency of cavitary lesions and
diabetes mellitus, as well as the number of patients with disease recurrence
and those treated after being lost to follow-up. However, patients in the study
cohort were on average 3 years older, had a lower rate of TB/HIV
coinfection, but a higher rate of new cases and a lower rate of patients after
previous treatment failure.
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Figure 6. Associations with cavitary lesions, new cases

In the univariate regression, no significant differences were observed
in variables such as age, sex, HIV status, diabetes mellitus, or previous
episodes of TB between patients with different genotypic lines of the M.
tuberculosis complex. However, the analysis showed that patients infected
with the L2 genotypic line of M. tuberculosis complex had a higher
probability of presenting with cavitary lesions and a higher treatment failure
rate compared to those infected with L4. This association remained
significant in the multivariate model, adjusting for covariates including age,
sex, HIV status, diabetes mellitus, and the presence of compensatory
mutations.
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In the first predictive model for unfavorable outcomes of anti-
tuberculosis treatment, an association was demonstrated between treatment
outcome and age (OR 1.06 per year, 95% CI 1.00-1.11, p=0.04), as well as
HIV status of the patient (OR 8.19, 95% CI 1.34-49.80, p=0.02) (Figure 5).

In the second logistic regression model (associating with cavitary
lesions), a significant association was observed with the L2 genotypic line
(OR 2.20, 95% CI 1.07-4.55, p=0.03) (Figure 6).

3. DEVELOPMENT OF BEDAQUILINE RESISTANCE
IN MYCOBACTERIUM TUBERCULOSIS STRAINS IN THE
REPUBLIC OF MOLDOVA

The chapter presents the results of a cross-sectional cohort study
investigating the acquisition of resistance to bedaquiline among patients
with MDR-TB who received bedaquiline as part of their treatment regimen,
along with an analysis of risk factors associated with treatment failure and
death in patients with bedaquiline-resistant TB. Whole genome sequencing
(WGS) and phenotypic testing of M. tuberculosis complex strains isolated
from sputum samples of MDR-TB patients treated with bedaquiline in the
Republic of Moldova between 2016 and 2018 were conducted for this
purpose.

The study included isolates stored in the Biobank of the National
Reference Laboratory for Tuberculosis Microbiology (LNR) in Chisinau,
Republic of Moldova, from all MDR-TB patients who started a
bedaquiline-containing treatment regimen during the specified period and
had at least one M. tuberculosis complex isolate stored from sputum
collected before treatment initiation for that episode of disease.

Out of the total MDR-TB patients treated from 2016 to 2018, 203
(6.8%) received bedaquiline as part of their MDR-TB treatment regimen.
Consequently, 82/203 (40.4%) M. tuberculosis complex strains were
identified for study purposes. Isolates from the remaining 121 patients were
not available in the LNR Biobank. For 9 of these patients, only post-
treatment isolates were available, hence they were excluded from the final
analysis. Additionally, M. tuberculosis complex isolates from another
eleven patients were excluded due to failure to grow or contamination.
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Thus, the final analyzed cohort included 18 new cases of TB and 44
retreatments (total 62 isolates). The median age of patients from whom the
analyzed strains were isolated was 39 years (interquartile range (IQR) 34-
45 years). The majority of patients were male 50/62 (80.6%), diagnosed
with cavitary disease 45/62 (72.6%), and HIV-seronegative 54/62 (87.1%).

To assess the representativeness of the study cohort, available clinical
and epidemiological characteristics of patients with included isolates were
compared with those of patients diagnosed during the reference period but
not included in the study. Analyzed characteristics included residence, sex,
age, microscopy results, case definition, HIV status, and treatment
outcome. No significant differences were observed between the included
and excluded study cohorts (p > 0.09).

Based on WGS results, 56.5% of patients were infected with an M.
tuberculosis complex Lineage 2 (L2) strain (35/62), while the remaining
43.5% (27/62) were infected with a Lineage 4 (L4) strain.

Phenotypic and genotypic resistance to bedaquiline:

The study identified nine M. tuberculosis complex strains with
mutations in the atpE and/or Rv0678 genes. One isolate had mutations only
in atpE, six strains had mutations only in Rv0678, and two strains had
mutations in both genes. Eight M. tuberculosis complex strains had a
Minimum Inhibitory Concentration (MIC) for BDQ of 2.0 mg/L or higher,
as determined by MGIT960 testing. Concurrently, one isolate (CAR-84)
with two mutations in Rv0678 was found to be sensitive to bedaquiline
(MIC 1.0 mg/L) (Figure 7).

Notably, seven isolates had multiple mutations in atpE and/or
Rv0678 with varying frequencies, suggesting the presence of distinct
subpopulations in these patients. All bedaquiline-resistant M. tuberculosis
complex strains were obtained after initiation of MDR-TB treatment
regimens containing bedaquiline, within a timeframe of 77 to 451 days
post-treatment initiation. Among the 26 patients with MTBC isolates
available both before and after bedaquiline treatment initiation, the baseline
and follow-up strains differed by a maximum of 4 SNPs. Four patients
(15.4%) were likely reinfected with a second strain, exhibiting a difference
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0f 26-1126 SNPs compared to the baseline strain.

In total, 4/26 (15.4%) of MTBC isolates acquired resistance to
bedaquiline after 90, 159, 348, and 451 days of bedaquiline administration.
One post-treatment isolate (patient 29) with the atpE p.166M mutation (97%
frequency) was phenotypically resistant to bedaquiline but sensitive to
clofazimine.

atpE/Rv0678 wild type
80 76 only Rv0678 mutation(s)
70 | matpE/Rv0678 mutation(s)
60 '
50
40
30

20 12+1
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1.0 © 20
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Figure 7. Distribution of bedaquiline minimum inhibitory concentration

(MIC) for MTBC strains and sequencing results (n=97)

Another follow-up isolate (patient 12) harbored three mutations in the
Rv0678 gene with varying frequencies (p.D5fs - 57%, p.G24D - 19.8%, and
p.S64fs - 13%). Two other post-exposure isolates acquired mutations atpE
p.A63P (25%) combined with Rv0678 p.S64fs (2%) (patient 2), and atpE
p.E61D (28%), atpE p.166M (3%), Rv0678 p.S63fs (5%), and p.S64fs (44%)
(patient 57).

Among the four patients reinfected with a different MTBC strain,
patient 37 was reinfected with a bedaquiline-resistant strain carrying the
Rv0678 p.T58P mutation at a frequency of 100%. Although the second
isolate had the same genotype (L 2.2.1/Europe/Russia W148 Outbreak), a
genetic distance of 26 SNPs from the baseline isolate clearly indicated
reinfection (Table 1).
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Table 1. Results of genotypic and phenotypic testing for bedaquiline and
clofazimine of MTBC strains isolated before and after inclusion of bedaquiline

in the therapeutic regimen in MDR TB patients, 2016 - 2018

Patient no., (isolate ID), Rv0678 (mutation |atpE (mutation &%?.Pgég E/IFGZI':YSIJIG%
sampling time frequency %) frequency %) (mg/mL)  (mg/mL)
Patient29, (CAR-13), . .

prior bedaguiline wild type wild type <0,5(S)  [<0,5(S)
Patient29, (CAR-38), -

after bedaquiline, acquired resistance |aildiype LBl (o) el <0.5 (S)
Patient12, (CAR-52), . .

prior bedaquiline wild type wild type <0,5(S)  [<0,5(S)

: } 16_del_g (57.4%);
Z;telf rl;teldza (L?iﬁni Gat) uired resistance 193_del_g# (12.7%); wild type 2.0 10
qurtine, acq G24D (19.8%)

Patient2, (CAR-78), . .
|prior bedaquiline pilisfee [ligg= <05()  [505(S)
Patient2, (CAR-87), .

after bedaquiline, acquired resistance paise ) AETES) PRl A0
Patient37, (CAR-10), . .

prior bedaquiline wild type wild type <0,5 (S) <0,5 (S)
Patient37, (CAR-18), .
”after bedaquiline, re-infection 58P (100%) wild type 20(R) 10(S)
Patient57, (CAR-45), . .

prior bedaguiline wild type wild type <0,5 (S) <0,5 (S)
Patient57, (CAR-55), 193_del_g# (44.4%); |[E61D# (27,5); S20(R)  [10(S)
after bedaquiline, acquired resistance S63G# (5.5%) 166M# (2,6%) ! ’
Patient32, (CAR-84), 192_ins_g# (74.2%); | .

after bedaquiline 193_del_g# (5.7%) wild type 106 10()
Patient71, (CAR-40), 192ins_g# (23.8%); | .

after bedaquiline L142P (64%) piliee N

136_ins_g (7,1%);
Patient61, (CAR-1), 141_ins_c# (69,0%); | .
after bedaquiline 195_ins_t# (5,8%); wild type >2.0(R) 20(R)
G66W (6.0%)

Patient33, (CAR-43), 436_ins_t (90.2%); .
”after bedaquiline R72W (28.5%) gidivee iy PR

4. LINEZOLID RESISTANCE OF M. TUBERCULOSIS RISK
FACTORS AND GENETIC DETERMINANTS

In this analysis, all MTBC strains isolated and stored between 2017-

2018 in the LNR biobank were identified, obtained from sputum of adult
MDR-TB patients who received linezolid (LNZ) in their treatment regimen
for any duration over the past two years and had a cumulative exposure to
linezolid exceeding 30 days. Only one MTBC strain isolated from sputum
was included per eligible patient.
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The MTBC strains included in the study were isolated from 52 patients
with a mean age of 38.8 + 8.5 years, of whom 67.3% were male. The majority
of patients (84.6%) had cavitary pulmonary lesions detected on chest
radiography, and 17.3% were HIV-positive.

The median number of prior linezolid doses administered to patients
included in the study was 347 (IQR 165-470.5). Simultaneously, the median
number of active drugs included in the treatment regimen with linezolid for
the analyzed patients was 3.0 (IQR 2.0-4.0).

The rate of MTBC strains isolated from patients during treatment
failure was higher among LNZ-resistant strains - 91.7% compared to LNZ-
sensitive strains - 60%. Patients with linezolid-resistant strains had a higher
number of prior linezolid doses administered and a lower number of active
drugs in their treatment regimen compared to those with linezolid-sensitive
strains (576.5 (IQR 404.5-705.5) vs 257.5 (IQR 120.5-376.5), p = 0.0001
and 1.5 (IQR 1.0-3.0) vs 4.0 (IQR 2.5-4.0), p = 0.0001, respectively). No
other significant differences were observed between patients with linezolid-
resistant and linezolid-sensitive strains, except for their ages (33.5 £ 5.3 vs
39.9£8.8,p=0.01).

The majority of analyzed strains belonged to Lineage 2 genotypic
lineage - 63.5%, with the remaining strains belonging to Lineage 4. WGS
confirmed the MDR profile of all 52 MTBC strains included in the study. Of
these, 72% exhibited compensatory mutations in the rpoA and rpoC genes.

According to sequencing data, 12 (23.1%) MTBC strains were
resistant to linezolid. The number of strains with genotypic resistance to
linezolid (12/52) differed from those detected by phenotypic DST based on
culture, which identified 15 linezolid-resistant strains. This difference was
attributed to specific genetic mutations, such as the T460C substitution in the
rplC gene and other mutations in the rrl gene. For 8 linezolid-resistant strains,
the T460C substitution mutation was found in the rplC gene, while in 4 other
strains, multiple substitution mutations were found at different positions in
the rrl (Rvnr02) gene encoding ribosomal protein L4.

In one strain with phenotypic resistance to linezolid, no mutations
were found in the rplC and rrl genes, while in another strain with phenotypic
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resistance, two nucleotide substitution mutations were detected at different
positions in the rrl gene: 2814G>T (98%); 2810A>C (98%), with no
mutations found in the rplC gene for both strains.

M rplC/rrl wild type

rrl unknown mutation

40 rrl mutation(s)

35 o rplC mutation(s)
30

25
20
15
10

[
4
5 -
2 1
0 ——

<0.5 1.0 2.0 >2.0
MIC (mg/1)

Figure 8. Distribution of minimum inhibitory concentrations (MICs) of
linezolid for MTBC strains and sequencing results

For two other phenotypically sensitive strains, mutations 2691 A>T
(100%) and 219G>C (1.3%) were identified, these have not been previously
described in the literature, thus classified as linezolid-sensitive strains.

All strains with resistant mutations in the rplC gene had a linezolid
MIC greater than 2 mg/l, as did strains with resistant mutations in the rrl
gene. The majority of strains without mutations in rplC and rrl had a linezolid
MIC < 0.5 mg/l. The strain with phenotypic resistance but no mutations
found in the rplIC or rrl genes had a linezolid MIC of 2 mg/1 (Figure 8).

It is noteworthy that a significant proportion (76.9%) of linezolid-
resistant strains also showed additional resistance to fluoroquinolones.

To identify risk factors associated with linezolid resistance in initial
MDR MTBC strains, the following clinical and microbiological variables
were evaluated through univariate logistic regression: gender, age, place of
residence, presence of cavities on radiography, MTBC genotypic lineage,
presence of compensatory mutations, number of doses of linezolid
administered, history of interruption of linezolid treatment for more than 2

23



months, number of active drugs in the tuberculosis treatment regimen
(evaluated based on sequencing data), and HIV status (Figure 9). Among the
variables analyzed, four showed a significant association in the univariate
analysis - patient age, number of doses of linezolid administered, number of
drugs in the treatment regimen, and HIV status (p<0.25).

No. of active drugs 4 —e——
Compensatory mutations 4 —@———— —i
HIV positive - | .

Cavitary lesion -

Linezolid interruption -+ [
Total linezolid doses - .

Urban residence f —&———{ —

Age - o
Gender - —_——
MTBC lineage 4 +—o——

T T T T L T T T 1
0.0 02 04 06 08 10 5 10 15 20

OR (95%CT)

Figure 9. Risk factors for linezolid resistance

Subsequently, these variables were evaluated in a multivariate logistic
regression model which highlighted a significant association between
linezolid resistance and the number of active drugs in the MDR-TB treatment
regimen (OR 0.23; 95% CI 0.03 - 0.70; p = 0.04). A weaker association was
found with the number of previously administered linezolid doses (OR 1.01;
95% CI1 1.004 - 1.03; p =0.03). At the same time, no significant associations
were found for the other two tested factors (age and HIV status).

Based on WGS data, it was determined that the median number of
active drugs in treatment regimens is significantly lower than the number
calculated based on phenotypic sensitivity test results and presumed
sensitivity to untested drugs. This means that in practice, patients receive
fewer active drugs than initially estimated based on laboratory tests.
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GENERAL CONCLUSIONS AND RECOMMENDATIONS
Conclusions:

MDR strains of Mycobacterium tuberculosis complex in the
Republic of Moldova are predominantly represented by genotypes
L2 and L4 (Ural), with their proportion remaining stable over the
six-year observation period of this study.

There are significant differences in phenotypic resistance as well as
genotypic determinants to anti-tuberculosis drugs between
genotypic lineages L2 and L4 of Mycobacterium tuberculosis
complex, indicating differences in adaptability to applied treatments.

Pulmonary tuberculosis caused by L2 strains is associated with more
severe clinical characteristics, such as a higher frequency of cavity
lesions and a higher treatment failure rate compared to L4 strains,
with potential genetic determinant for this fact.

Lineage L4 exhibits a higher rate of resistance and transmission,
possibly due to the presence of compensatory mutations that
promote bacterial adaptation to anti-tuberculosis treatments.

Resistance acquisition to newer anti-tuberculosis drugs such as
bedaquiline occurs shortly after introduction into clinical practice.
This can reach rates of up to 15% in MDR tuberculosis patients, with
therapy failure in these patients being associated with the presence
of cavitary disease and a reduced number of confirmed sensitive
drugs in the treatment regimen.

Linezolid resistance in Mycobacterium tuberculosis complex strains
is common in patients previously treated with this drug, and is
associated with a suboptimal number of active drugs in the previous
anti-tuberculosis treatment regimen containing linezolid.

Recommendations:

Implement systematic surveillance and monitoring of MDR strains
of Mycobacterium tuberculosis complex, with a focus on L2 and L4
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genotypes, to identify the evolution of drug resistance and guide
therapeutic strategies.

2. Develop a personalized approach to anti-tuberculosis treatment,
considering specific mutations of Mycobacterium tuberculosis
complex strains, to maximize therapeutic effectiveness and minimize
the risk of resistance acquisition.

3. Implement rapid molecular techniques, potentially based on
mycobacterial genome sequencing, to detect Mycobacterium
tuberculosis complex sensitivity to the full spectrum of anti-
tuberculosis drugs used in MDR tuberculosis treatment.

4. Adhere to current guidelines for MDR tuberculosis treatment,
including ensuring an adequate number of drugs to prevent
secondary resistance to key anti-tuberculosis medications.
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ADNOTARE
Elena Chesov
»,Diversitatea genotipica si rezistenta la medicamente a tulpinilor
de Mycobacterium tuberculosis”
Teza de doctor in stiinte medicale, Chisindu, 2024
Structura tezei: introducere, patru capitole, concluzii generale si recomandari, bibliografie din 210 surse, doua
anexe, 15 tabele si 22 figuri. Rezultatele sunt publicate in 15 lucrdri stiintifice.
Cuvinte cheie: TB, M. tuberculosis complex, MDR, diagnostic de laborator, tratament antituberculos,
secventierea intregului genom, factori de risc, linii genotipice.
Domeniul de studiu: 313.02 — Microbiologie, virusologie medicald.
Scopul lucririi: De a studia diversitatea genotipica si caracteristicile molecular-genetice ale tulpinilor de
Mycobacterium tuberculosis din Republica Moldova cu impact asupra fenomenului de rezistenta.
Obiectivele lucririi: 1. Aprecierea diversitatii genotipice si a evolutiei temporale a tulpinilor multidrog-
rezistente de Mycobacterium tuberculosis in Republica Moldova. 2. Identificarea determinantelor genetice ale
Mycobacterium tuberculosis cu rol putativ in raspandirea tulpinilor multidrog-rezistente in Republica Moldova.
3. Stabilirea potentialelor asocieri dintre determinantele genotipice cu impact asupra rezistentei la
antimicrobiene a Mycobacterium tuberculosis si evolutia clinicd a tuberculozei. 4. Identificarea
corespondentelor genotipice ale rezistentei micobacteriene la medicamentele cheie utilizate in tratamentul
tuberculozei multidrog-rezistente.
Noutatea si originalitatea stiintificd: Rezultatele prezentului studiu descriu diversitatea genotipica a M.
tuberculosis complex din Republica Moldova in baza analizei datelor de secventiere a intregului genom
micobacterian (Whole Genome Sequencing) obtinute in baza unui lot de izolate micobacteriene selectate dintr-
o perioada de timp semnificativ mai lunga (6 ani) decat in studiile anterioare. Utilizand acelasi set de date de
secventiere a fost analizat pentru prima datd un lot de izolate M. tuberculosis complex provenit din Europa de
Est, a fost determinat rolul putativ al mutatiilor compensatorii si a unor mutatii homoplazice in evolutia
endemiei de TB MDR in aceasta regiune. La fel, elementul novatoriu al lucrarii este asigurat de evidentierea
asocierilor dintre deficientele de management clinic si aparitia rezistentei la preparatele antituberculoase, la
bolnavii TB, tratati in cadrul Programului national de raspuns la tuberculoza din Republica Moldova.
Rezultatele noi pentru stiinti si practici: Majoritatea covérsitoare a tulpinilor MDR de M. tuberculosis
complex circulante in Republica Moldova apartin intr-o proportie relativ stabild (pe durata observata in studiu)
liniilor genotipice L2 si L4, care manifestd diferente semnificative in rezistenta la medicamentele
antituberculoase. Tulpinile MDR ale M. tuberculosis complex ce apartin liniei genotipice L2, circulante in
Republica Moldova, se caracterizeaza prin forme cu leziuni imagistice mai severe de tuberculoza pulmonara,
fapt asociat cu prezenta in genomul micobacterian a mutatiei Rv2828c T141R, fiind observata o selectie
pozitiva pentru aceastd mutatie. Tulpinile MDR ale M. tuberculosis complex ce apartin liniilor genotipice L4,
circulante in Republica Moldova, se caracterizeaza printr-o rata deosebit de mare de transmitere in populatie,
unul dintre factorii potentiali asociati cu succesul epidemiologic al acestor tulpini fiind prezenta mutatiilor
compensatorii pentru rifampicind in gena rpoC a micobacteriei.
In conditiile managementului programatic al bolnavilor de tuberculoza in Republica Moldova, rezistenta
tulpinilor de M. tuberculosis complex la medicamentele noi si repropuse precum bedaquilina si linezolidul este
achizitionata secundar tratamentului TB MDR prin aplicarea unor scheme de tratament deficitare.
Semnificatia teoretici: Rezultatele acestei lucrdri ofera argumentarea teoretica pentru succesul raspandirii liniilor
filogenetice de M. tuberculosis complex L2 si L4 in Republica Moldova, in special identificind unele determinante
genetice asociate cu selectia pozitiva a genotipurilor L2 precum si a altora care avantajeaza raspandirea genotipurilor
L4. La fel, teza aduce ilustrarea teoretica a achizitiondrii rezistentei la medicamentele antituberculoase noi, secundar
includerii acestora in scheme terapeutice deficitare utilizate la bolnavii de TB MDR.
Valoarea aplicativa: Datele privitor la particularitétile corelatiei rezistentei geno-fenotipice si diferentele
acestora dintre cele doud genotipuri identificate (L2 si L4) in prezentul studiu isi pot gasi aplicatia in
perfectionarea metodelor de testare a sensibilitatii la medicamente a tulpinilor M. tuberculosis complex,
imbundtatirii anchetarii epidemiologice a focarelor de tuberculoza si identificarea masurilor de reducere a
riscurilor de achizitionare a rezistentei la medicamentele antituberculoase.
Implementarea rezultatelor: Rezultatele tezei au fost implementate in cadrul Laboratorului National de
referintd in Microbiologia Tuberculozei din cadrul Institutului de ftiziopneumologie ”Chiril Draganiuc”, fiind
obtinute doua acte de implementare in procesul stiintifico-practic si doua certificate de inovator.
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AHHOTADUA
Enena Kecos
"T'eHOTMIIMYECKOE PA3HOOOpa3He U JIeKAPCTBEHHAS YCTOHYUBOCTh IITAMMOB

Mycobacterium tuberculosis.
JluccepTatiy Ha COMCKAHUE YUEHOH CTETIeHH KaH/iiaTa MeIMIMHCKIX Hayk, Kuimines, 2024 rox.

CTpyKTYpa AMccepTalMu: BBEICHNE, YeThpe [VIABbL, 00LIMe BHIBOXBI U pekoMenzam, onbmiorpaus u3 210
VICTOYHHKOB, JIBA TIPHJIONKEHN, 15 Tabmut 1 22 prcyHKoB. Pe3ybTaTsl uccepTatian OmyOMKOBaHbI B 15 paboTax.

Krouessie cioBa: Th, M. tuberculosis, MJTY,, nabopatopHast IMarHoCTrKa, MPOTHBOTYOEPKY.Ie3HOE JieueHue,
TOJIHOTEHOMHOE CEKBEHHPOBAHHE, (PAKTOPBI PUCKA, TeHOTHITHYECKHE JTHHUH.

Odumactnb necaenoannst: 313.02 — MukpoOHOIOrHs, METHIIMHCKAs BUPYCOTIOTHSL.

Heas paorsr: V3yueHue reHOTHITMUECKOTO pasHOOOPa3ns M MOJEKYIBIPHO-TEHETHUECKHX XapaKTepHCTHK
rrammoB Mycobacterium tuberculosis B Pecrry6mixe Mouiiosa, BIHSHOLIIX Ha JICKapCTBEHHYHO YCTONYHBOCTb.

3agaun paborsr: 1. OleHKA TCHETHYECKOTO pasHOOOpasisl M BpeMeHHoi dBomolmy mrrammo Mycobacterium
tuberculosis ¢ MHOKeCTBEHHOIA JIKAPCTBEHHOI yCTOMUMBOCTHIO B Pecriymike Momiosa. 2. VieHTHMKAIIS TeHETHYECKIX
nerepmunanT Mycobacterium tuberculosis, Hrparonrx pors B pacipocTpaHEHHH LITAMMOB C MHOECTBEHHOM JIeKaPCTBEHHOI
yeToirBOCTBHO B Pecrybmixe Moriosa. 3. Y cTaHOBNEHN e TOTCHIMATHBIX ACCOLMALIHI MEXTY TCHETHUCCKIMH ACTEpPMHU-
HAHTAMH, BIUSFOLLIVX Ha JICKAPCTBEHHYO YeToiturBocTs Mycobacterium tuberculosis, 1 kimHIHeckiM TedeHneM TyOepKyJiesa.
4. VeHTH()MKAIIS TeHeTHYECKVX M3MEHEHIH 00yCIoBMMBAIONIX yeroimmBocts Mycobacterium tuberculosis k kouessm
TIpenapaTam, ACTIONb3YeMBIM B JISYEHIHN TYOEPKYIIe3a ¢ MHOKECTBEHHOH JIEKAPCTBEHHO! YCTONYHMBOCTBIO.

Hayunasi HOBU3HA M OPHTHHAJILHOCTD: Pe3y/bTaThl JaHHOTO HCCIIEIOBAHHS ONKCHIBAKT FEHOTHITHYECKOE
pastoodpasie M. tuberculosis complex B Pecry6imake MoiioBa Ha OCHOBE aHANW3A JAHHBIX TOJHOTEHOMHOTO
cexsenuposanus M. tuberculosis complex (Whole Genome Sequencing), mojy4eHHBIX Ha OCHOBE BHIOOPKH MHKO-
OaKTepHabHBIX IITAMOB, 33 3HAYUTENBHO Ooee JUTEIbHOTO MepHoza (6 JeT) o CPABHEHUIO C MPEIbLIYIIIMI
mccnesoBanusaMu. Kpome toro, Briepsble Oblia Onpe/ieNeHa MOTeHIHATbHAS POlb KOMIEHCATOPHBIX MyTAlMil U
roMoIIa3MaTHyeckux MyTrauuit B 3Bomoruu 3uemurt MJIY Th B 3toM peruose. Tawoke HHHOBALMOHHBIH 3JIEMEHT
PpabOTBI COCTOMT B BBIIBIICHHH aCCOLWALIMIH MEXTy OTPHLATEILHBIMH KIMHHYECKIMH NIPOSIBICHHSIME TyOepKy ie3a
¥l TIOSIBICHHEM YCTOHYMBOCTH K TPOTHBOTYOEPKYJIE3HBIM IperapataM y mamueHtoB ¢ Th, NedeHHbIX B paMKax
HarmonarmHoii [Tporpammst o bops6e ¢ TyGepxyrnesom B Pecrrydmixe Momosa.

Hosbie pesyssrarbt st Hayku u npakraku: [omasmstomiee Gombimrcro MITY mramvos M. tuberculosis, impiy-
Jmpytonix B PecrryOrmixe Moniosa, prHAIIIeHKAT K TeHOTHITAYECKIX JHISM L2 1 LA, B OTHOCHTENEHO CTa0ITEHOM COOTHO-
IIIeHHH (Ha TIPOTDKEHIH HAOMOJIaeMOr0 TIepHofa B TAHHOM HCCIIGI0BAHIH), KOTOPBIE XapaKTepH3yIOTCsl 3HAHTENbHEIMA
PasTHIBIME B PE3UCTEHTHOCTH K MPOTHBOTYOepKyie3HbM mperaparam. MJTY wrravmst M. tuberculosis, npuramexaniie
TeHOTHITHeCKoH i L2, mpkymipyromme B Pecrybmixe Moriosa, Xapakrepisyiorcst Goree TOKSIBIME PajTHOIOTH-
YeCKIMH TIOPKEHISIMI JIETKUX, YTO CBI3AHO ¢ HamdreM MyTarmn Rv2828c T141R B MIKoOaKTEpHATEHOM TEHOME, € HaOO-
JICHVEM TIOTOMKHTENBHOM CelleKIH st 310 Myrarmn. MUTY trmavmbt M. tuberculosis, mpruajviesaliive TeHOTHITHHeCKOi
mHn L4, mapkymapyronme B PecryOmike Monmiosa, Xapakrepisyorcst 0cO0GHHO BBICOKOH CTETIeHbIO Mepefiayn B Hace-
JICHHH, OZIHUM W3 TIOTSHLIMAbHBIX (DAKTOPOB, ACCOLMMPOBAHHBIX C AITHEMUOIOTHYECKHM YCTIEXOM STHX ILITAMMOB, SBIIAETCS
HAJIHYHE KOMIICHCATOPHBIX MYTaLii [ prhaMImiiiHa B rere tpoC MUKOOAKTEpHH.

B ycoBsIx mporpaMMHOTO JieueHtst 00JbHBIX TyOepKy-ie30M B PecriyOmike Moriioa pe3CcTeHTHOCTD traMmoB M.
tubercu{osis complex k HOBBIM H TIpEriapaTam, TakiuM Kak OCTIaKBIITHH H JIHHE30H, IPHOOPETACTCS BTOPHYHO BO BpeMs
nievernst MJTY Tb BenienicTBre mprMeHeHHs! HETIONHOLIGHHBIX CXEM JISYEHHSL.

Teopernueckoe 3nauenne: Pe3ybTarsl JaHHOM pabOTHI MPEIOCTABIIOT APTYMEHTEI, O0BSCHSIOIINE YCIeX
pacripoctpareHns (unoreHernyeckux i L2 u L4 M. tuberculosis complex B Pecmy6mixe Mooosa, B
YaCTHOCTH, OBUIH HICHTH(HIMPOBAHBI TeHETHYECKHE 0COOCHHOCTH, ACCOLWMPOBAHHEIC C TIOJIOKHTENHHON CeMeK-
1meit reHoTrnoB L2, a Takke Te, KOTOpbIe CIOCcOOCTBYIOT pacmpocTpanernio reHotrnoB L4. Takoke aucceprammis
JaeT TEOPETHIECKOe 00BACHEHNE PHOOPETEHHIO PE3UCTEHTHOCTH K HOBBIM IIPOTHBOTYOEPKYIIE3HBIM NIpETapaTaM,
BTOPHYHO HCTIONB30BAHIIO HETIOMHOLEHHBIX TEPATIEBTHYECKHX CXeM JiedeHus, y 0ompaex ¢ MITY Tb.

TpriciaHast eHHOCTb: JJAHHbIE KaCAFOIIHeCs KOpPETIIIH [eHO-(EHOTHITHYECKOH YCTOHIMBOCTH M HIX PA3MAHIBIX MEKTTY
JBYMs! BbIIBTICHHBIMY TeHoTuraMH (L2 i L4) nomyyeHHbIe B TAHHOM HOCTIGTOBAHHH MOTYT OBITh TIPHMEHEHBI TS yIIyHIICHS
METOZIOB TeCTHpOBAHNS YyBCTBATeIbHOCTH Iirrammos M. fuberculosis complex & mpotuBoTyOepkysiesHbiM rpenaparam. Taroke
TIPE/ICTABIICHHE IAHHbIE MOTYT ObITh MPHMEHEHbI U YITyHITIeHHS SITHIEMHOTIONMYECKOTO HCCTEIOBAHNS OYaroB TyOepKyIIesa 1
BBIB/ICHHE Mep T10 CHYDKEHHEO PHCKOB HIPHOOPETSHHA YCTOHUMBOCTH K IPOTHBOTYOGPKYJIE3HBIM ITpel .

Buenpenne pesyabTatoB: Pesyibratsl muccepraiyu Obum BHeApeHs! B HarronanbHoit Jlabopatopuu mo
Muxpobuonornn Tyoepkynesa npu Hucruryre Orusuomymsmoronornn uM. Kupnna Jlparanioka, B Kumnnese
Pecrry6mixa Monyioa. Takoke ObUM MOMyueHBI B2 CBHACTENBCTBA O BHEAPEHMH PE3YNHTATOB JMCCEPTALIN B
HAY4HO-TIPAKTHYECKHI1 POLIECC ¥ J1BA CEPTH(UKATA O HHHOBALIMH.
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Thesis structure: introduction, four chapters, general conclusions and recommendations, bibliography
210 sources, two annexes, 15 tables, and 22 figures. The results are published in 15 papers.
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Aim: To study the genotypic diversity and molecular-genetic characteristics of Mycobacterium
tuberculosis strains from the Republic of Moldova with impact on mycobacterial drug resistance.

Objectives: 1. To assess the genotypic diversity and temporal evolution of multidrug-resistant
Mycobacterium tuberculosis strains in the Republic of Moldova. 2. To identifying the genetic determinants of
Mycobacterium tuberculosis potentially involved in the spread of multidrug-resistant strains in the Republic of
Moldova. 3. To establish potential associations between genotypic determinants impacting the antimicrobial
resistance of Mycobacterium tuberculosis and the clinical evolution of tuberculosis. 4. To identify genotypic
correlates of mycobacterial resistance to key drugs used in the treatment of multidrug-resistant tuberculosis.

Scientific novelty and originality: The results of the present study describe the genotypic diversity of M.
tuberculosis complex in the Republic of Moldova based on the analysis of Whole Genome Sequencing data
obtained from a set of mycobacterial isolates selected over a significantly longer period (6 years) than in
previous studies. Additionally, for the first time on a set of M. tuberculosis complex isolates from Eastern
Europe, the putative role of compensatory and homoplastic mutations in the evolution of the MDR-TB endemic
in this region, was determined. Likewise, the work is ensured highlights the associations between clinical
management deficiencies and the emergence of resistance to anti-tuberculosis drugs in TB patients treated
under the National Tuberculosis Response Program in the Republic of Moldova.

New results for science and practice: The overwhelming majority of MDR M. tuberculosis complex
strains circulating in the Republic of Moldova belong in a relatively stable proportion (over the study period)
to genotypic lineages L2 and L4, with significant differences in resistance to anti-tuberculosis drugs. MDR
strains of M. tuberculosis complex belonging to genotypic lineage L2, circulating in the Republic of Moldova,
are characterized by more severe radiographic lesions in pulmonary tuberculosis, a fact associated with
Rv2828c T141R mutation in the mycobacterial genome, with positive selection observed for this mutation.
MDR strains of M. tuberculosis complex belonging to genotypic lineage L4, circulating in the Republic of
Moldova, are characterized by a particularly high rate of transmission in the population, one of the potential
factors associated with the epidemiological success of these strains being the presence of compensatory
mutations for rifampicin in the rpoC gene of the mycobacterium. Under the conditions of programmatic
management of tuberculosis patients in the Republic of Moldova, resistance of M. tuberculosis complex strains
to new and repurposed drugs such as bedaquiline and linezolid is acquired secondary to TB MDR treatment
through the application of deficient treatment regimens.

Theoretical significance: The results of this work provide putative theoretical explanation for the
successful spread of phylogenetic lines of M. tuberculosis complex L2 and L4 in the Republic of Moldova,
especially by identifying some genetic determinants associated with positive selection of L2 genotypes as well
as others that potentially favor the spread of L4 genotypes. Likewise, the thesis provides theoretical illustration
of the acquisition of resistance to new anti-tuberculosis drugs, secondary to their inclusion in deficient
therapeutic MDR-TB treatment regimens.

Applicative value: The data regarding the peculiarities of the correlation between geno-phenotypic
resistance and their differences between the two identified genotypes (L2 and L4) in this study can be applied
to improve methods for testing the susceptibility of M. tuberculosis complex strains to anti-tuberculosis drugs.
Improving the epidemiological investigation of tuberculosis outbreaks and identifying measures to reduce the
risks of acquiring resistance to anti-tuberculosis drugs.

Implementation of results: The results of the thesis have been implemented at the National Reference
Laboratory for Tuberculosis Microbiology at the Chiril Draganiuc Institute of Phthisiopneumology, resulting
in two implementation and innovation certificates.
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