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Clonal Diversity and Resistome

Dynamics of Acinetobacter baumannii

Isolates from Lithuanian National

Cancer Center. Medicina 2025, 61, 2151.

https://doi.org/10.3390/

medicina61122151

Copyright: © 2025 by the authors.

Published by MDPI on behalf of the

Lithuanian University of Health

Sciences. Licensee MDPI, Basel,

Switzerland. This article is an open

access article distributed under the

terms and conditions of the Creative

Commons Attribution (CC BY) license

(https://creativecommons.org/

licenses/by/4.0/).

Article

Clonal Diversity and Resistome Dynamics of Acinetobacter
baumannii Isolates from Lithuanian National Cancer Center
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Abstract

Objectives: To investigate the phenotypic and genotypic changes of Acinetobacter baumannii
collected from the tertiary oncology setting in Lithuania. Methods: A. baumannii isolates
(n = 61) were collected in the years 2013–2014 (n = 28) and 2017–2019 (n = 33) from a tertiary
care cancer center in Lithuania. Antimicrobial susceptibility was determined according
to EUCAST and for piperacillin/tazobactam and cefepime, according to CLSI guidelines.
PCR, pulsed-field gel-electrophoresis, and multi-locus sequence typing were used for
resistance gene detection and genotyping. The biofilm formation ability was determined
by a microtiter plate assay. Results: Of 61 A. baumannii isolates obtained, 84% (51/61)
and 71% (43/61) were multi-(MDR) and extensively (XDR) drug-resistant, respectively.
Carbapenem-resistant isolates comprised 77% (47/61); of these, 92% (43/47) harbored
genes encoding the OXA-23-like, and 4% (2/47) OXA-24-like carbapenemases. All isolates
were susceptible to colistin. Genotyping analysis revealed six groups with the highest
prevalence of international clones 1 (IC1) and 2 (IC2), which dominated during 2013–2014
and 2017–2019, respectively. Notably, the A. baumannii diversity increased in 2017–2019
with the emergence of 3-LST groups G4, G8, G12, and G14, which included isolates of
ST276, ST78, ST1463, and ST1336 sequence types, respectively. The IC1 and IC2 isolates
displayed characteristic gene profiles aacC1, aacC2, aphA6, sul1, and armA, strA-strB, blaTEM,
respectively, whereas isolates from other groups had lesser resistance gene content. Isolates
from IC2, G12, and G14 groups were strong biofilm producers; IC1, G4, and G8 isolates
displayed no/weak biofilm formation capacity. Conclusions: A. baumannii from the cancer
center showed a high prevalence of MDR and XDR phenotypes. Clonal dominance and
diversity changed during the surveillance periods with the replacement of IC1 by IC2
clone isolates and the emergence of higher clonal diversity of isolates with stronger biofilm-
forming capacity. The observed changes indicate a concerning trend of the establishment
of a more virulent A. baumannii in the cancer setting.

Keywords: A. baumannii; tertiary oncology setting; antibiotic resistance; genotyping; biofilm

1. Introduction
Acinetobacter baumannii is a Gram-negative, opportunistic pathogen commonly found

in clinical environments worldwide and infects immunocompromised individuals in hos-
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pitals. A. baumannii causes a wide variety of infections, primarily nosocomial ventilator-
associated pneumonia and bacteremia, urinary tract infections, wound infections, meningi-
tis, and others [1]. Most of the isolates confer resistance to multiple groups of antibiotics,
including last resort antibiotics such as carbapenems [2]. Cancer clinical units are at an
especially high A. baumannii infection risk due to cancer patients having compromised
immune systems, and a high potential of nosocomial transmission [3]. Cancer patients
suffer from chemotherapy-induced co-morbidities such as neutropenia and damage of
mucosal surfaces, which in turn increases A. baumannii infection risk [4].

The problem is exacerbated by the dissemination of several A. baumannii lineages,
which are associated with multi-drug resistance (MDR) and clinical outbreaks globally, and
by the ability to persist and spread in the clinical environment through phenotypic traits
such as biofilm formation [5]. The ability of A. baumannii to survive on abiotic surfaces,
such as catheters, endotracheal tubes, ventilators, and other medical equipment, favors its
survival in the clinical environment and presents a significant barrier to infection control [6].

In Lithuania, A. baumannii is one of the most problematic pathogens causing hospital
infections. According to European Centre for Disease Prevention and Control (ECDC) data,
the proportion of carbapenem-resistant Acinetobacter spp. isolates in Lithuania has risen
from 69.7% in 2014 to 92.6% in 2023 [7,8]. Moreover, the frequency of Acinetobacter spp.
MDR isolates (resistant to fluoroquinolones, aminoglycosides, and carbapenems) [9] have
increased from 60% to 83.1% during the same period [7,8].

Several studies have investigated antibiotic resistance and molecular features of A.
baumannii in Lithuanian hospitals during different periods [10,11]. However, data on the
genotypic and phenotypic characteristics of the A. baumannii population in cancer settings
in Lithuania and neighboring countries are lacking [4]. Close epidemiological monitoring of
this pathogen in cancer settings is warranted, as the rise of antibiotic-resistant A. baumannii
and the rapid emergence of high-risk lineages pose a significant challenge to the treatment
of infections in cancer patients. This study presents the first molecular characterization of A.
baumannii isolates from a cancer care environment in Lithuania, highlighting the genotypic
and phenotypic changes of strains that circulate in a tertiary oncology setting over time.

2. Materials and Methods
2.1. Bacterial Isolates

In this retrospective study, 61 non-duplicate A. baumannii isolates were collected at a
tertiary care cancer center (National Cancer Center, Lithuania) with 270 beds between 2013
and 2014 (n = 28) and 2017 and 2019 (n = 33). The A. baumannii-positive cultures were recov-
ered during routine clinical microbiology laboratory work from infections from hospitalized
patients of all the wards of the cancer center, from wounds and pus (n = 21), respiratory tract
(n = 16), urine (n = 9), abdomen (n = 9), catheter (n = 5), and other (n = 1). The identification
of A. baumannii was done with the Matrix-Assisted Laser Desorption/Ionisation-Time-Of-
Flight VITEK® MS Microbial Identification System (bioMérieux, Marcy-l’Étoile, France),
using VMS-P CE-IVD-certified reference database (version 3.2) and confirmed by PCR of
the intrinsic A. baumannii blaOXA-51-like gene [12]. Only blaOXA-51-like-positive isolates were
included in the further analysis.

Recovered bacterial samples were grown overnight in Luria-Bertani (LB) medium
at 37 ◦C. Cultures were mixed with glycerol 1:1 ratio and stored at −80 ◦C. Whenever
applicable, bacteria are resuscitated on agarized LB medium at 37 ◦C overnight.

2.2. DNA Extraction

Preparation of lysates and DNA templates for PCR was obtained by the boiling method.
Briefly, A. baumannii isolates stored at −80 ◦C were streaked on Luria-Bertani (LB) agar
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plate, and a single colony was suspended in 100 µL of sterile water, boiled for 10 min, and
centrifuged at 10,000× g for 10 min. The supernatant was stored at −20 ◦C.

2.3. Antimicrobial Susceptibility Testing

Antimicrobial susceptibility testing was performed using the disk diffusion method
on Muller-Hinton agar (Bio-Rad, Marnes-la-Coquette, France) according to the recom-
mendations of the European Committee on Antimicrobial Susceptibility Testing (EU-
CAST) clinical breakpoints (v. 14.0) [13]. The susceptibility of all A. baumannii to gen-
tamicin (10 µg), amikacin (30 µg), ciprofloxacin (5 µg), trimethoprim-sulfamethoxazole
(1.25–23.75 µg), meropenem (10 µg), and imipenem (10 µg) was tested using commercial
discs (Oxoid™, Basingstoke, UK). Susceptibility testing evaluations were performed for
piperacillin/tazobactam and cefepime according to the CLSI (M100, 30th ed.). Colistin
was evaluated using EUCAST breakpoint criteria. All three antibiotics were tested using
the broth microdilution method (Liofilchem®, Roseto degli Abruzzi, Italy) [13,14]. For
quality control, Pseudomonas aeruginosa ATCC 27853 and Escherichia coli NCTC 13846 were
used (EUCAST v. 14.0). A. baumannii were categorised as MDR (non-susceptible to at least
one agent in three or more categories of antimicrobials) and extensively drug resistant
(XDR) (non-susceptible to at least one agent in all but two or fewer antimicrobial categories)
according to Magiorakos et al. [9].

2.4. Identification of Antibiotic Resistance Genes

Antibiotic resistance genes were detected by PCR using primers listed in Supplemen-
tary Table S1. Reactions were performed according to the manufacturer’s recommendations,
in a total volume of 12.5 µL, using DreamTaq PCR Master Mix (2X) (Thermo Fisher Scien-
tific, Vilnius, Lithuania), 0.5 µL of each primer (final concentration 0.4 µM), and 1 µL of
lysates as the DNA template. The PCR conditions were set as follows: initial denaturation
at 95 ◦C for 5 min, 30 cycles, each cycle contained a denaturation step at 95 ◦C for 60 s,
annealing at annealing temperature (Table S1) for 60 s, extension step at 72 ◦C for 60 s, and
final extension for 7 min.

Fluoroquinolone resistance-conferring mutations were determined through restriction
analysis of the parC and gyrA genes as described in [15].

2.5. Tri-Locus Sequence Typing (3-LST)

The tri-locus sequence typing method was used to assign international clonal groups
to the isolates, as previously described [16,17]. Briefly, two multiplex-PCRs were performed
using primers targeting alleles of ompA, csuE, and blaOXA-51-like genes. Isolates were assigned
to respective groups based on the different combinations of gene amplifications (Table S1).

2.6. Molecular Typing by Pulsed-Field Gel-Electrophoresis (PFGE)

The PFGE using ApaI restriction enzyme was performed as described by Povilonis
et al. [10]. Results were analyzed with GelCompar II (version 6.5). Bands’ similarities
were analysed and calculated using the Dice coefficient with 1.5% optimisation and 1%
tolerance. Clusterisation method—Unweighted Pair Group Method with Arithmetic Mean,
degeneracy cutoff value 80%. Results were grouped by similarity, and clusters were formed
from isolates that were more than 80% similar.

2.7. Multi-Locus Sequence Typing

The Pasteur MLST scheme was used for typing [18]. The housekeeping genes cpn60,
fusA, gltA, pyrG, recA, rpoB, and rplB of selected A. baumannii isolates were sequenced. The
resulting sequences were analysed using the MLST database [19] to assign identified alleles
to sequence types.
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2.8. Biofilm Formation Assay

The biofilm assay was performed according to the method described by Yang et al. [20]
in 96-well polystyrene plates. Mueller-Hinton broth without antibiotics was used as a
negative control. The ability to form biofilm is classified according to the optical density
cutoff (ODc), calculated as three standard deviations (SD) above the mean optical density
(OD530) of the negative control. The ratio between the average optical density (OD) of the
stained biofilm and the ODc was selected to represent the biofilm formation of each isolate.
Three replicates were used for the biofilm assay.

2.9. Statistical Analysis

To calculate statistical significance, the Mann-Whitney test was used. A p-value of 0.05
was considered statistically significant.

3. Results
3.1. Isolate Genotyping

The 3LST method was used for typing A. baumannii. It allows clustering isolates into
groups G1–14 [16], where G1, G2, and G3 correspond to IC2, IC1, and IC3 international
clones, respectively [16]. Groups G4–14 do not have known equivalents to IC; however,
they still allow for comparison of outbreak isolates between different studies, employing
this typing scheme [16,17].

A 3-LST typing revealed the presence of six PCR-based groups (G1, G2, G4, G8, G12,
G14) (Figure 1). The majority of isolates fell into groups G1 (IC2) (39%, 24/61) and G2
(IC1) (36%, 22/61), respectively. The minor groups were G4 (10%, 6/61), G8 (3%, 2/61),
and G12 and G14 (3% each, 2/61). IC1 isolates were common in 2013–2014, comprising
75% (21/28), and IC2 isolates accounted for 18% (5/28) (Figure 1). In the 2017–2019
period, IC2 comprised 58% (19/33) of isolates. Other isolates recovered in this period were
assigned to G4 (6/33), G8 (1/33), G12 (2/33), and G14 (2/33) groups. The MLST typing of
representative isolates from the G4 (#46 and #48), G8 (#42), G12 (#51), and G14 (#61) groups
assigned them to sequence types ST2, ST267, ST78, and ST1336, respectively (Figure 1).

PFGE-ApaI-based genotyping has grouped isolates into eleven clusters by their sim-
ilarity of at least 80% (Figure 1). Isolates belonging to clusters 3, 5, 9, 10, and 11 were
assigned to the IC2 lineage. Isolates in clusters 1, 4, and 7 were assigned to IC1 lineage.
Isolates grouped into clusters 1–5, 7, and 9–11 were carbapenem-resistant and possessed an
MDR/XDR phenotype.

3.2. Antibiotic Susceptibility Profile

The antimicrobial susceptibility profiles revealed that MDR and XDR phenotypes
were displayed by 84% (51/61) and 71% (43/61) of isolates, respectively. Carbapenem-
resistant isolates accounted for 77% (47/61) of the isolates. All isolates from respiratory
specimens and the abdomen were MDR, XDR, and CRAB. The occurrence of resistance
phenotypes among A. baumannii recovered from other sites (wound and pus, urine, and
catheters) varied, although over 70%, 40%, and 50% of isolates were MDR, XDR, and
CRAB, respectively.
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Figure 1. The heatmap showing A. baumannii genotypes and antibiotic susceptibility phenotypes.
Antimicrobial resistance gene presence is indicated by color; white color indicates its absence. 3-LST
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column indicates group, assigned according to multiplex-PCR typing. ND—not determined. The
percentage below the chart indicates the prevalence of the tested genes. A phylogenetic tree of
PFGE-typed isolates is shown on the left. Black borders indicate clustered isolates that were more
than 80% similar. The remaining isolates are considered unique. Antibiotic susceptibility phenotypes
and year of isolation are shown on the right. Presence of genes conferring resistance to β-lactams,
fluoroquinolones, sulfamethoxazole-trimethoprim, and aminoglycosides is indicated by yellow, green,
orange, and red colors, respectively. Presence of integrons and insertion sequences is indicated by
blue color. Resistant, intermediate resistant, and susceptible isolates are indicated by dark grey, light
grey, and white colors, respectively.

In 2013–2014, 86% (24/28) of isolates displayed CRAB phenotype, while in 2017–
2019, 70% (23/33) of isolates were carbapenem-resistant. Of IC1 and IC2 isolates, 91%
(20/22) and 79% (19/24) were carbapenem-resistant and exhibited either MDR/or XDR
phenotypes, respectively. Similarly, isolates from 2013–2014 were more resistant to most
antibiotics, with 93% (26/28) and 82% (23/28) displaying MDR and XDR phenotypes,
respectively, compared to 76% (25/33) and 61% (20/33) of the isolates from 2017–2019.
Almost a third of all isolates (31%, 19/61) displayed resistance to all tested antibiotics
except colistin. High resistance rates were observed against ciprofloxacin (82%, 50/61),
gentamicin (50%, 61/122), and amikacin (67%, 41/61). Of all isolates, 61% (37/61) were
susceptible to trimethoprim-sulfamethoxazole, and 88% (21/24) of these belonged to IC2,
which was recovered in both periods. Of all tested isolates, 11% (7/61) were susceptible to
all antibiotics tested except ciprofloxacin. All isolates were susceptible to colistin (Table 1).

Table 1. Antimicrobial susceptibility of A. baumannii isolates.

Antimicrobial Agent Resistant,
n (%)

Intermediate,
n (%)

Susceptible,
n (%)

Amikacin 41 (67) 0 (0) 20 (33)

Gentamicin 50 (82) 0 (0) 11 (18)

Trimethoprim/Sulfamethoxazole 24 (39) 0 (0) 37 (61)

Ciprofloxacin 50 (82) 11 (18) 0 (0)

Meropenem 47 (77) 0 (0) 14 (23)

Imipenem 47 (77) 0 (0) 14 (23)

Piperacillin/tazobactam * 55 (90) 5 (8) 1 (2)

Cefepime * 53 (87) 2 (3) 6 (10)

Colistin 0 (0) 0 (0) 61 (100)
*—The susceptibility breakpoints for piperacillin/tazobactam and cefepime were interpreted according to CLSI.

3.3. Antibiotic Resistance Genes

In total, 34 genes, conferring resistance against beta-lactams and carbapenems, amino-
glycosides, fluoroquinolones, and sulfamethoxazole-trimethoprim were tested. Genes
encoding β-lactamases blaOXA-23-like, blaOXA-24-like, and blaTEM genes were found in 70%
(43/61), 3% (2/61), and 39% (24/61) of isolates, respectively (Figure 1). Class 1 integrons
were carried by 41% (25/61) of isolates recovered in 2013–2014, with most belonging to the
IC1 lineage (86%, 22/25) (Figure 1). The majority of the isolates (82%, 50/61) contained the
ISAba1. Of the aminoglycoside resistance genes investigated, aacC1 was the most common
(36%, 22/61), followed by strA-strB (33%, 20/61) and aphA6 (28%, 17/61), which provide
resistance against gentamicin, streptomycin, and amikacin, respectively (Figure 1). The
armA gene was found in 21% (13/61) of the isolates. With a few exceptions, aacC1, aacC2
and aphA6 genes (91%, 20/22, 5%, 1/22, and 68%, 15/22, respectively) were found in IC1
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isolates from the 2013–2014 period, whereas strA-strB (58%, 14/24) and armA (42%, 10/24)
genes were carried by IC2 isolates recovered in 2017–2019. Genes qnrA, qnrS and aac(6‘)-Ib-
cr conferring resistance to quinolones were not found, whereas the presence of mutations
in gyrA and parC genes rendering quinolone resistant phenotype [15] was observed in
80% (49/61) of isolates from both periods (Figure 1) with 2013–2014 period containing 93%
(26/28) resistant isolates and 2017–2019 period, containing 70% (23/33) resistant isolates.
Of the sulfamethoxazole and trimethoprim resistance genes tested, the most frequent was
sul1 (38%, 23/61), which correlated with class 1 integron carriage in three isolates. Less
frequent were sul2 (5%, 3/61) and dfr1 (2%, 1/61) genes (Figure 1).

The non-IC1/2 isolates, representing the G4, G8, G12, and G14 groups, as well as
unique isolates, most commonly carried blaTEM, strA, and strB, which were found in 40%
(6/15) of the isolates, followed by blaOXA-23 in 33% (5/15). Mutations in the parC and
gyrA genes were slightly more common in this group (53%, 8/15).

3.4. Biofilm-Forming Capability of A. baumannii Isolates

The biofilm formation capacity of A. baumannii isolates has been evaluated. Of the
studied isolates, 75% (46/61) were capable of producing biofilms. Of them, 46% (28/61)
of isolates were categorised as strong biofilm producers, 10% (6/61) were moderate, 20%
(12/61) were weak, and 25% (15/61) were non-producers (Figure 2A). IC2 lineage isolates
were significantly stronger biofilm producers than IC1 isolates (p < 0.0001, Figure 2B). Most
strong biofilm-producing IC2 isolates were XDR (80%, 16/20). Furthermore, non-IC1/2
isolates showed significantly (p < 0.01) stronger capacity to form biofilms compared to IC1
lineage isolates.

Figure 2. Biofilm formation of A. baumannii isolates. (A) The column chart depicts biofilm formation
strength. The numbers below isolate numbers that denote the year of isolation. Dotted lines mark
intervals of assigned biofilm formation strength; (B) The box-plot displays biofilm-forming capacity of
IC1, IC2, and non-IC1/IC2 isolates. Measurements were done at 530 nm using safranin, as described in
Methods. The whiskers extend 1.5 interquartile ranges, the median is displayed with a bar within the
box, and the cross indicates the mean value. Black squares and triangles denote outliers. **—p < 0.01,
****—p < 0.0001.

4. Discussion
This study aimed to characterize A. baumannii isolates collected in different periods

from Lithuania’s largest tertiary care cancer setting. Our study reveals that a vast majority of
A. baumannii isolates exhibited CRAB, MDR, and XDR profiles, respectively. The proportion
of resistant isolates remained high during both periods under investigation.
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While data about A. baumannii resistance in cancer settings are lacking, studies con-
ducted in similar periods in other Lithuanian tertiary care medical centers reported that
CRAB isolates comprised 43% of A. baumannii in 2010–2011 [10], whereas in 2016–2017 and
2021–2022 the incidence of CRAB exceeded 80% [10,11]. According to 2014 surveillance
data, 70% of Acinetobacter spp. in Lithuania were found to be carbapenem-resistant [8].
The CRAB incidence in the oncology setting during a similar period was found to be even
higher, indicating that a highly resistant A. baumannii population had already been present
in healthcare settings a decade ago. According to our study, A. baumannii obtained during
the investigated periods remained susceptible to colistin.

Comparing the situation with neighboring countries, similar to our findings, A. bau-
mannii isolates collected in 2013 in hospitals in Poland showed a high resistance rate (80.8%
XDR) to all antimicrobials except colistin [21]. The A. baumannii isolates recovered later
period (2019–2021) in ICUs of hospitals in Poland were 86.6% XDR; the susceptibility to
colistin remained high (92%) [22]. A study from Latvia found that over 70% of Acinetobacter
spp. isolates obtained from the country’s largest hospital between 2017 and 2019 exhibited
a CRAB phenotype, similar to our observations, and were colistin-susceptible [23]. A. bau-
mannii resistance patterns in neighboring countries show similar trends, indicating a high
regional resistance burden. Yet data from oncology hospitals in the region are scarce, de-
spite cancer patients having a higher risk of A. baumannii infection [24,25]. Surveillance of A.
baumannii resistance in cancer care settings is therefore important for comparing resistance
profiles with non-oncology facilities and assessing the need for tailored infection-control or
treatment strategies.

The results of this study revealed a change in the clonal population of A. baumannii in
the oncology setting, showing an increasing prevalence of IC2 strains. The observed trend
is in concordance with other studies, as described in A. baumannii strains from hospitals in
Poland, where the dominant clonal types in 2013 were IC1 and IC2 [23]. In later periods
(years 2019 and 2021), a shift towards the prevalence of IC2 was observed [23]. Similarly,
prior studies have reported the dominance of IC1 and IC2 lineages in Lithuanian hospitals
from 2010 to 2011, with frequencies of 52% and 45%, respectively [10]. However, the recent
surveillance studies indicate the establishment of a high-risk IC2 lineage globally, with an
approximately 80% incidence rate in Europe [26].

Importantly, we have identified several non-IC1/2 groups (G4, G8, G12, G14) that
appeared in the 2017–2019 period, whose isolates represent ST types, some of which are
being increasingly reported in Europe, such as the ST78 variant, found in this study in
a G8 group isolate recovered in 2018. Most of the recently reported ST78 isolates are
characterized by the production of blaOXA-72 carbapenemase and blaCTX-M-115 extended-
spectrum β-lactamase [27,28]. The sporadic ST78 isolate identified in our study was
susceptible to carbapenems and most of the antibiotics tested, except cefepime, and was
intermediately resistant to ciprofloxacin and piperacillin/tazobactam. The carbapenem-
susceptible ST78 isolates were reported in a 2011 study from Italy, which corresponded to
3-LST group G6, in contrast to our study, which assigned ST78 to G8 [28].

Other observed MLST types ST267, ST1463, and ST1336, representing isolates from
G4, G12, and G14 groups, respectively, are rarely reported [29–33].

The investigation of the genes coding for carbapenem-hydrolyzing class D β-
lactamases (CHDLs) in A. baumannii circulating in the cancer setting has shown the dom-
inance of the blaOXA-23-like gene. While CRAB isolates carrying the blaOXA-23-like gene are
disseminated worldwide [34], a previous study revealed that blaOXA-24/40-like gene vari-
ant blaOXA-72 was the most frequent among CHDL-producing A. baumannii in Lithuanian
hospitals [10]. This indicates the recent shift in the CHDL profile of A. baumannii isolates
circulating in Lithuanian clinical settings. The prevalence of the CHDL profiles varies in
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neighboring countries and across the region. The trend observed in Portugal and Bulgaria
aligns with our findings, where blaOXA-23-like replaced blaOXA-24/40-like, which was the pri-
mary determinant of antimicrobial resistance in 2006 and 2008, respectively [35,36]. In
contrast, the high prevalence of the blaOXA-24/40-like variant, blaOXA-72, among A. baumannii
has been reported in southern Poland [37]. These differences may be attributed to the dis-
semination type of blaOXA-23 and blaOXA-24/40-like, where blaOXA-23 is spread via transposon
Tn2006, which can be located in both plasmids and chromosomes, while blaOXA-24/40-like is
commonly disseminated via clonal expansion and sometimes plasmids [38,39].

The analysis of A. baumannii resistance gene profiles has revealed an association
with clonal lineages. The IC1 more frequently carried genes conferring resistance to
aminoglycosides (aacC1 and aphA6) and sulfonamides (sul1), whereas IC2 isolates had
genes encoding OXA-23 carbapenemase and ArmA 16S rRNA methylase, commonly
lacked sulfonamide resistance genes and integron structures, and showed susceptibility to
trimethoprim/sulfamethoxazole (TMX). The co-carriage of blaOXA-23 and armA genes has
been attributed to carbapenem and aminoglycoside resistance of IC2 lineage isolates [40].
Some studies have also found that A. baumannii clones carry armA or blaOXA-23 genes on
plasmids, which represent a potential source for co-resistance dissemination [41,42]. The
presence of the armA gene among A. baumannii isolates in Lithuanian clinical settings has
been previously reported to be sporadic [41]. In contrast, this study revealed an increased
prevalence of an MDR profile conferred by the co-production of ArmA and OXA-23 among
IC2 isolates. The observed susceptibility of carbapenem- and aminoglycotherebyside-
resistant IC2 isolates to TMX suggests that it may be considered a therapeutic option for
treating MDR A. baumannii infections, given the current molecular epidemiology situation
in the clinical setting. While TMX is not used as a first-line agent, some studies using this
drug in combination therapy were successful [43]. It is worth noting that some isolates
shared AMR determinants but differed phenotypically (Figure 1), likely due to untested
efflux pumps, which may influence antimicrobial resistance [44].

The capacity of A. baumannii to form biofilms on various surfaces contributes to its
survival in the clinical environment and antibiotic resistance, thereby challenging the
treatment and control of infections [5]. Our study revealed that the A. baumannii population
in a cancer setting shifted from non-producers or weak producers to the dominance of
strong biofilm-producing isolates, primarily of the IC2 lineage. Moreover, the vast majority
of IC2 biofilm-formers possessed an XDR phenotype. The IC2 is a high-risk A. baumannii
clonal lineage causing nosocomial outbreaks worldwide [45]. Infections caused by the IC2
lineage of A. baumannii have been linked to high mortality rates [45,46]. The occurrence
of IC2, exhibiting biofilm-forming and XDR phenotypes in the oncology setting, may
significantly contribute to the long-term persistence of A. baumannii, thereby increasing the
risk of contamination and colonization of cancer patients undergoing frequent invasive
diagnostic and therapeutic procedures during treatment with chemotherapy, radiation, and
surgery. This highlights the need for active surveillance in cancer settings, which involves
monitoring the emergence of high-risk A. baumannii variants. Strict adherence to infection
control practices is crucial in preventing the spread of this hospital-associated pathogen.

Some limitations of this study must be addressed. First, this study is limited to a single
cancer center and may not accurately reflect the characteristics of A. baumannii in other
cancer settings during the investigated period. Second, A. baumannii were not tested in 2015–
2016, and some specific phenotypic and genotypic changes may have been missed. Third,
the genotyping and gene detection methods used may not capture all gene and genotype
variations; therefore, whole genome sequencing would allow for higher-resolution analysis.
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5. Conclusions
In conclusion, our study shows significant changes in the clonal dominance and di-

versity of A. baumannii in the cancer clinical setting from 2013–2014 to 2017–2019. The
trend towards an increasing frequency of IC2 isolates and the emergence of higher clonal
diversity of isolates, which exhibit stronger biofilm-forming capacity, suggests the emer-
gence of clones with enhanced persistence and virulence potential in A. baumannii in the
cancer setting.
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