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Background: The risk of bloodstream infections increases in patients undergoing chronic hemodialysis,
primarily due to water contamination or improper handling during dialyzer reprocessing. This study aimed
to identify virulence factors and gather epidemiological data on the Burkholderia cepacia complex (Bcc),
isolated from water and blood cultures during an outbreak in a hemodialysis unit.

Methods: We analyzed 33 Bcc isolates from blood cultures of patients with bacteremia undergoing hemo-

I::g:vords: dialysis and 24 isolates from water samples collected between 2019 and 2022. All isolates were tested for
PFGE virulence factor-encoding genes, including cblA, esmR, zmpA, and zmpB, using polymerase chain reaction
Biofilm (PCR) assays. The isolates were further characterized using Multi-Locus Sequence Typing (MLST) and Pulsed-
MLST Field Gel Electrophoresis (PFGE). Biofilm production was assessed on polystyrene microplates at 20°C and 35°C.
Nosocomial Results: The genes zmpB and zmpA were present in 100 % and 96.5 % of the isolates, respectively. However,
Infection none of the isolates carried the cblA or esmR genes. Within the Bcc, the species B. cepacia (genomovar I)
was identified through recA gene sequencing. PFGE analysis revealed that all human- and water-derived

isolates shared the same pulsotype, classified as ST-767.
Conclusions: Despite routine water disinfection with peracetic acid, the detection of a single pulsotype of this
species over three years indicates the persistent of Burkholderia cepacia ST 767 in the plumbing system,
leading to the contamination of patients undergoing hemodialysis. This persistence is likely facilitated by
biofilm formation, as all water-derived isolates demonstrated biofilm production at 20°C. To exacerbate the
situation, all isolates exhibited multidrug resistance, further complicating patient treatment and management.
© 2025 The Authors. Published by Elsevier Ltd on behalf of King Saud Bin Abdulaziz University for Health
Sciences. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/
by-nc-nd/4.0/).
Introduction These complexes of bacteria exhibit extensive metabolic versa-

Burkholderia cepacia is classified within the Burkholderia cepacia
Complex (Bcc) due to their genotypic and phenotypic similarities to
another 25 Gram-negative, non-fermenting bacilli Burkholderia
species, also named as genomovars [1].
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tility, enabling adaptation to various ecological niches, survival
under nutrient-limited conditions, and metabolism of organic
matter present in oligotrophic aquatic environments [2].

Resistance to antimicrobials, disinfectants, and antiseptic solu-
tions are the major concerns about Bcc [3-5], often being associated
with hospital-acquired infections. There is evidence that Bcc species
also produce biofilms, mainly composed of exopolysaccharides
(EPS), external DNA (eDNA), and proteins, protecting bacterial cells
against antibiotics, disinfectants, and host defense mediators [6].
These polysaccharides also interact with antimicrobial peptides and
interfere with neutrophil chemotaxis, compromising this important
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host defense mechanism [7]. Moreover, most species exhibit innate
resistance to various antimicrobials, such as aminoglycosides, ce-
phalosporins, polymyxins, and beta-lactams [8].

Evidence suggests that Bcc is frequently detected in hemodialysis
units, including in water supplies, filter membranes, and antiseptic
solutions, often leading to nosocomial outbreaks [9,10]. A significant
concern is the extensive array of virulence factors contributing to its
persistence in the environment, invasion, and intracellular survival
in human respiratory epithelial cells and macrophages [11]. Among
them, in addition to biofilm production, Bcc species utilize protein
and enzyme secretion system (e.g., T3SS and T6SS), adhesin at-
tachment mechanisms, efflux pumps, iron acquisition systems, and
motility. For cellular adhesion and invasion, Bcc species require cable
pili and the 22 kDa adhesin. In association with this adhesin, the
former binds to the intermediate filament protein cytokeratin 13
(CK13), acting as a receptor on the host cell [12]. The cblA gene en-
codes the principal pilin subunit of the giant cable pili, a distinctive
surface structure expressed by an epidemic strain of Burkholderia
cepacia with high transmissibility among individuals with cystic fi-
brosis. These unusually elongated and intertwined pili exhibit high-
affinity binding to mucin, a property that may underlie the enhanced
capacity of these isolates for host colonization and inter-patient
transmission [ 13]. Besides, the cblA gene is a marker associated with
transmissible of Bcc isolates [14]. ZmpA and ZmpB are zinc me-
talloproteases, both with a broad-spectrum of action causing evasion
of host defense mechanisms (cleaves antimicrobial peptides), and
degrading substrates involved in tissue integrity and host defense,
such as type IV collagen, fibronectin [15,16]. Still, both cleave elafin
and secretory leukocyte inhibitor, and neutrophil elastase inhibitors
[17]. Specifically, ZmpA cleaves cathelicidin LL-37, interferon gamma,
neutrophil a-1 proteinase inhibitor, a2-macroglobulin, gamma in-
terferon, type IV collagen, and fibronectin, causing tissue damage as
well as it modulates the host immune system [18] while ZmpB de-
grades other substrates such as immunoglobulins (IgA, IgG, and
IgM), lactoferrin, transferrin, and b-defensin-1 [17]. The specificity of
each enzyme differs markedly: ZmpA typically cleaves its substrates
into two to three peptides, while ZmpB cleaves substrates into a
greater number of smaller peptides [16,17]. The epidemic strain
marker of the epidemic strain known as Burkholderia cepacia
(BCESM) is identified by the esmR gene, that is considered a viru-
lence factor marker and is part of a genomic island (cci), that en-
codes genes related to virulence and metabolism, but there was no
evidence that esmR gene itself contributes to pathogenicity [12,19].

Epidemic strain marker of the epidemic strain known as
Burkholderia cepacia (BCESM) is identified by the esmR gene ...."

Their multidrug resistance profile correlates with high mortality
rates, considering that the affected patients already have compro-
mised immunity, making Bcc a significant agent in nosocomial in-
fections [20]. The study aimed to describe the molecular and
epidemiological characterization of Bcc isolates obtained from water
and blood cultures of patients with bacteremia undergoing hemo-
dialysis treatment between 2019 and 2021. The specific objectives
were to evaluate the ability of Bcc isolates to form biofilms at dif-
ferent temperatures (20°C and 35°C), and to detect the presence of
markers and virulence factor-encoding genes using polymerase
chain reaction (PCR). The genetic relatedness of the isolates was
assessed through Pulsed-Field Gel Electrophoresis (PFGE)."

Materials and methods

Burkholderia cepacia complex isolates and other groups of bacteria
Bcc isolates originating from water at a Public University Hospital

Hemodialysis Unit, were identified through a surveillance program

that monitored the microbiological quality of water monthly. The
outbreak was detected in November 2019, marked by a sudden
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increase in Bcc isolations in water samples, despite prior occurrences
of Bcc presence. Consequently, results from water and blood cultures
from preceding months were reviewed, and Bcc isolates from both
sample types were recovered starting from May 2019, with the in-
vestigation extending until April 2022.

Water samples were analyzed at the Department of Genetics,
Microbiology, and Immunology, Sdo Paulo State University (UNESP),
Botucatu, SP, Brazil. Four aliquots of 100 mL each were filtered
through 0.22 pum membrane filters (Millipore), which were subse-
quently placed onto the surfaces of MacConkey agar, Mannitol Salt
Agar, Cetrimide agar, and Plate Count Agar (PCA). The plates were
incubated at 35°C for 48 hours. Heterotrophic bacteria detected on
PCA were only considered in the absence of growth on selective
media for pathogenic organisms. For pathogen-specific media, the
colonies of the Bcc and other morphologically distinct groups were
identified according to the methodology described by Procop et al.
[21]. Colonies with morphological characteristics consistent with
Bcc, isolated from MacConkey and Cetrimide agars, were subjected
to biochemical characterization using Triple Sugar Iron (TSI) agar
(Difco), followed by identification with the API 20 NE system (bio-
Mérieux).

The Bcc isolates from patients’ blood cultures with bacteremia
undergoing hemodialysis were kindly provided by the Clinical
Laboratory of the Hospital. Blood samples were inoculated into
aerobic and anaerobic bottles of the Bact/Alert system (Virtuo) and
incubated at 35°C for up to seven days. Aliquots from bottles flagged
as positive by the system were subcultured onto 5% sheep blood
agar and MacConkey agar, followed by incubation at 35°C for
48 hours. Then, the colonies were identified using BD Phoenix m50
(Beckton Dickinson, NJ, EUA) (Ethics Committee in Research
Involving Human Subjects No. 5411). Additionally, the drug sus-
ceptibility test results accompanied these samples. The BD Phoenix
M50 system uses a standard panel for Gram-negative bacteria, re-
gardless of species, testing for cefepime, ceftazidime, ciprofloxacin,
gentamicin, imipenem, amikacin, meropenem, colistin, and piper-
acillin/tazobactam.

From March 2020 to June 2021, the COVID-19 pandemic inter-
rupted the sample collections and analysis, leading to a data gap, but
the isolates from both sources were stored at -70°C (Thermo
Scientific, Forma 900 Series). The Bcc isolates were frozen in brain
heart infusion broth (BHI, Difco) supplemented with 15 % glycerol.

The surveillance program performed PFGE on some isolates be-
fore the COVID-19 pandemic. However, four human isolates could
not be recovered from freezing at -70°C. Consequently, only the
PFGE test includes 35 blood culture isolates. All subsequent tests
conducted after the pandemic, including biofilm production, anti-
biogram, and PCR were performed on 33 isolates. For the same
reason, although there was a total of 40 water isolates, only 25 were
subjected to PFGE and 24 to the other tests. MLST was performed for
only one isolate

Molecular characterization of Bcc isolates

For DNA extraction, a single colony of each isolate was trans-
ferred to 200uL of sterile Milli-Q water from an overnight
MacConkey agar, boiled for 10 minutes, and then centrifuged at
10,000 rpm for 10 minutes. The resulting supernatant was frozen for
future PCR reactions [22].

We employed the recA gene (Table 1) to identify the species
within the Bcc, and the resulting amplicons were sequenced by
Sanger. The PCR amplicons were purified using SpeedBeads Mag-
netic Carboxylate-modified Particles (Cytiva), following the metho-
dology described by Oberacker et al. [23]. Subsequent Sanger
sequencing was performed using the same primer employed in the
amplification reaction, at a final concentration of 5 pmol/uL.
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Table 1
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Primers and references used in PCR reactions for genes involved in the pathogenicity and identification of bacteria from the Burkholderia cepacia complex.

Gene Primer Sequence (5°3")

bp Cycle Reference

cblA CCAAAGGACTAACCCA

ACGCGATGTCCATCACA

CCACGGACGTGACTAACA
CGTCCATCCGAACACGAT

esmR

TGACCGCCGAGAAGAGCAA
GACCGAGTCGATGACGAT

recA

CCAACCTGAACTATTCGG
TGCGGATCGTGGCGC

zmpA

GCAGACATCACGCAAAGCATTG
GCAGCTCTTGTTGTACGCGTTG

zmpB

664 [D:94°C/5 min
-30 cycles:
94°C/1 min
55°C/1 min
72°C/1 min

FE: 72°C/10 min
ID:94°C/5 min
-30 cycles:
94°C/1 min
63°C/1 min
72°C/2 min

FE: 72°C/10 min
[D:94°C/5 min
-30 cycles:
94°C/30 sec
61°C/45 sec
72°C/1 min

FE: 72°C/10 min
[D:96°C/5 min
=30 cycles:
96°C/30 sec
56°C/30 sec
72°C/1 min

FE: 72°C/10 min
[D:95°C/7 min
=30 cycles:
95°C/1 min
56°C/30 sec
72°C/2 min

FE: 72°C/20 min

(24]

1400

[14]

[25]

228

[26]

1700 [16]

BP: base pairs; ID: initial denaturation; FE: final extension; Min: minute; Sec: second.

After identification, we investigated the presence of some genes
(cblA, esmR, zmpA, and zmpB). The oligonucleotides are presented in
Table I. Positive control (B. cepacia ATCC 25416) and negative control
(E. coli ATCC 25922) were included in all reactions. The PCR products
underwent electrophoresis using an Electrophoresis Power Supply
Model EPD 600 (Amersham Pharmacia Biotech Inc.) using 400 amp
and 80 volts for 30 minutes, in a 1.5% agarose gel (Sigma-Aldrich,
prepared in Tris-borate-EDTA buffer). The resulting bands were
stained with SYBR Safe (Invitrogen). Image capture was performed
using the SmartView Pro Imager System 1200 (Major Science).

Pulsed-field gel electrophoresis

Pulsed-field gel electrophoresis (PFGE) assay was conducted ac-
cording to Gautom [27], using Spel (Thermo Scientific) (50U for 2 h
at 37°C) as the restriction endonuclease to digest B. cepacia DNA. The
CHEF (Clamped Homogeneous Electric Fields) Mapper (Biorad, Her-
cules, California) was used, with an initial switch time of 2.2 s, final
switch time of 54.2 s, voltage 6 V/cm, and 120° angle for 19 h. The gel
was stained with ethidium bromide and photographed by Alphai-
mager—AlphaEase FC software (Alpha Innotech Corporation). The
images were analyzed using Bionumerics software (version 7.6)
(Applied Maths, Sint-Martens-Latem, Belgium), and clustering was
carried out by the unweighted pair group method with arithmetic
mean (UPGMA), using the Dice coefficient, and a similarity index of
80%. The DNA fragments of ATCC BAA-664 (Salmonella ser. Braen-
derup H9812) were used as molecular weight markers for the Xbal
digestion standard.

Two B. cepacia isolates were included as an outgroup, indicating
that the technique is discriminatory. These isolates were obtained
from blood cultures of hospitalized patients who were not under-
going hemodialysis treatment.

Multilocus sequence typing

The PCR amplicons of housekeeping genes (atpD, gltB, gyrB, recA,
lepA, phaC, trpB) were purified using AMPure XP (Beckman Coulter)
according to manufacturer recommendations and then sequenced
using Sanger. The sequence types were determined in pubMLST
platform  (https://pubmlst.org/organisms/burkholderia-cepacia-
complex).

In vitro biofilm production

Each isolate was inoculated into BHI incubated with agitation at
35°C for 48 hours and diluted to 1.5x 108 CFU/mL (0.5 McFarland
scale). Aliquots of 200l were distributed in a 96well-plate in
quadruplicate and incubated at 35°C and 20°C for 48 hours without
agitation. After incubation, the plate was washed three times with
phosphate-buffered saline (PBS, pH 7.4), air-dried at room tem-
perature, and stained with 1% crystal violet for 15 minutes. After
removing the dye, the plate was washed three times with PBS. The
biofilm was resuspended in 200 pl of 33 % glacial acetic acid and read
using an ELISA reader (Biotek, EPOCH2C 200-999 nm) at 570 nm.
Uninoculated BHI was used as a blank to correct the absorbance
value. Biofilm production was classified as non-producers or weak,
moderate and strong producers [28]. S. epidermidis ATCC 14990 was
used as a negative control.

Statistical analysis
The results of the biofilm tests were subjected to the Chi-square

or Fisher Exact tests (PROC FREQ; SAS Institute, Cary, NC, USA). The
analysis was performed at a level of significance of 0.05.
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Fig. 1. Bacterial species identified from water, in a Hemodialysis Unit (2019-2022). NFGNB: Non-fermenting Gram-negative bacilli.

Results

Monitoring the microbiological quality of water, the Bcc isolates
were the second most frequent microorganism, representing 13.3 % (40)
out of the 300 samples collected from 2019 to 2022 (Fig. 1). We con-
sidered hard-to-identify (probably environmental) species that could
not be identified as Bcc, Pseudomonas spp, Stenotrophomonas maltophilia
or Acinetobacter spp as NFGB. Heterotrophs bacteria in PCA were only
considered in the absence of growth in culture media specific for pa-
thogens, such as MacConkey agar, Salt Mannitol agar and Cetrimide agar.

Regarding the presence of genes encoding the researched viru-
lence factors, all 57 (100 %) isolates exhibited the zmpB gene, while
55 (96.5 %) possessed the zmpA gene (absent in one isolate from each
source). None of the isolates harbored chlA or the virulent strain
marker esmR gene.

In the biofilm production assay performed on polystyrene mi-
croplate, the same inoculum from each isolate was incubated at
35°C, and 20°C, the average annual temperature in Botucatu City/Sdo
Paulo State/Brazil [29]. Table 2 shows the results of the assay at these
temperatures, revealing that 26 isolates (45.6 %) were classified as
non-producers at 35°C. However, this number decreased sig-
nificantly to three (5.3 %) at 20°C (p < 0.0001). The same chi-squared
value was observed for the behavior of strong producer isolates at
both temperatures. Notably, at 35°C, a significantly higher number of
human isolates (p=0.001187) were classified as strong producers
compared to isolates obtained from water, at the same temperature.

The 33 isolates recovered from freezing, provided by the Clinical
Laboratory of the Hospital, were accompanied by the results of an-
timicrobial susceptibility testing, since the BD Phoenix M50 system
uses a standard panel for Gram-negative bacteria. Supplementary

Table 2

Table 1 presents the resistance profile of these isolates and all of
them were resistant to gentamicin, colistin, ampicillin/sulbactam,
and imipenem, with 16 (48.5 %) isolates showing resistance also to
amikacin. Lower rates of resistance were observed for meropenem,
ceftazidime, cefepime, ciprofloxacin, and piperacillin/tazobactam (2/
33; 6.1%). All isolates were sensitive to sulfamethoxazole/tri-
methoprim, levofloxacin, and tigecycline.

PFGE analysis demonstrated that all isolates obtained from both
hemodialysis patients’ blood cultures and water samples belonged
to the same pulsotype (0001) with similarity > 80 % (Fig. 2). The two
isolates from pulsotype 0002 (H65 and H66) are of human origin but
from patients with another source of infection who were not un-
dergoing hemodialysis. These isolates are considered "outgroup,”
indicating that the technique is discriminatory.

Since all isolates were classified as the same pulsotype, only two
water isolates and two blood culture isolates were subjected to Sanger
sequencing of the recA gene for species identification. The analysis
revealed identical sequences across all four isolates, which were then
compared using Blast/GenBank (https://blast.ncbi.nlm.nih.gov/Blast.
cgi). This comparison yielded accession number GU951989.1, with a
100 % compatible identity, confirming these isolates as belonging to B.
cepacia species (genomovar ) within the Bcc complex. Likewise, due to
the uniformity in pulsotype, only one isolate was selected for MLST, and
it was identified as sequence type ST-767.

Discussion
Bcc isolates from water were consistently detected throughout

the collection period, despite the implementation of reverse osmosis
(RO) processing, a purification method that removes ions and

Biofilm production capacity, at 20°C and 35°C, by isolates of B. cepacia, obtained from water samples from a Hemodialysis Unit and from blood cultures of patients undergoing

hemodialysis treatment.

Classification 20°C Water Overall 35°C Water Overall
Blood culture Blood culture
Strong producers 29 (50.9 %) 20 (35.1%) 49 (86 %)" 12 (21 %) 1(1.75%) 13 (22.8 %)
Moderate producers 1(1.75%) 3(5.26%) 4(7%) 6 (10.5%) 1(1.75%) 7 (12.3%)
Weak producers 0 1(1,75%) 1(1.8%) 5(8,8%) 6 (10,5%) 11 (19.3%)
Total of producers 54 (94.7 %) 31 (54.5%)
Non producers 3 0 3(5.3%)" 10 (17.5%) 16 (28.1%) 26 (45.6 %)
Total 57 57

" p < 0.0001, Pearson Chi-Square test
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Fig. 2. Dendrogram of PFGE patterns, using the Dice coefficient, and a similarity index of 80% for B. cepacia isolates obtained from patients undergoing haemodialysis blood
cultures and water samples. * These isolates are considered "outgroup,” indicating that the technique is discriminatory.
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dissolved chemical compounds from water. However, this process
also eliminates chlorine, thereby removing a key antibacterial agent
[30]. While the RO membrane system is highly effective at removing
bacteria, viruses, and fungi (up to 99 %) [31], it is not without chal-
lenges. Biofouling and flow reduction, caused by certain micro-
organisms capable of forming biofilms on the membranes, are well-
documented issues. These issues can result in system malfunctions
[32] and facilitate the transfer of microorganisms into the treated
water. The situation becomes particularly concerning as previous
studies have reported significant microbial growth in RO-treated
water, even under oligotrophic conditions, posing a potential health
risk to patients undergoing hemodialysis [33].

Bcc isolates can survive and proliferate in nutrient-deprived
conditions [2], causing outbreaks such as the one described in this
study, as well as others previously reported in Brazil [34,35] and
other countries such as Morocco [36], Spain [37], and Paraguay [38].
Although the mechanisms involved in the survival of these bacteria
in water have not yet been fully elucidated, they are related to the
genetic and nutritional diversity, particularly in their ability to me-
tabolize organic matter in oligotrophic aquatic environments [39].

In addition to nutrient-poor water, the biofilm production was
higher at 20°C. The tolerance of Bcc to a large range of temperature had
already been reported [2,39], as well as biofilm formation [40]. Carson
et al. [41] pointed out the temperature of 25°C as the maximum growth
point for B. cepacia, when compared to the other temperatures eval-
uated. In a study on the same genus, Ahn et al. [2] demonstrated that B.
cenocepacia could persist in distilled water for 40 days at temperatures
of 18°C and 23°C. This higher multiplication rate at lower temperatures
may explain the higher biofilm production, since its production is
controlled by quorum sensing [42]. Biofilm production ensures greater
resistance to antimicrobials and disinfectants such as sodium hypo-
chlorite and peracetic acid [43]. In an outbreak in a hemodialysis unit
caused by B. cepacia and S. maltophilia in Salvador, Brazil, these bacteria
were not eliminated even after the water system disinfection protocol
was intensified and dialyzers were replaced. Eradication occurred only
after the hemodialysis unit’s plumbing system was replaced, probably
due to biofilm formation [35]. Anversa et al. [44] reported the presence
of strong biofilm-producing Bcc isolates when they analyzed the stage
of post-reverse osmosis, reuse and dialysate in three hemodialysis
centres in Brazil.

Sequencing of the recA gene for species identification confirmed
that PFGE pulsotype 0001 belongs to a clone of Burkholderia cepacia
(genomovar I), a species frequently associated with infections in
hospitalized patients [45]. The isolates were assigned to sequence
type ST-767, which has been previously linked to an outbreak caused
by contamination of gloves used for bathing patients in an intensive
care unit in Belgium [46].

None of the isolates from this clone exhibited BCESM, aligning
with findings by Cunha et al. [47], who reported the esmR gene ex-
clusively in genomovar III isolates, with all genomovar I isolates
testing negative for this gene. The prevalence of BCESM appears to
be higher in isolates from cystic fibrosis cases, which are pre-
dominantly caused by B. cenocepacia (genomovar III) [19,48,49]. This
may explain the absence of the gene in the isolates obtained from
hemodialysis water and blood cultures in this study.

Similarly to the esmR gene, cblA was not detected in any of the
isolates, consistent with the findings of Martins et al. [49]. This ab-
sence aligns with the strong association of cblA with Burkholderia
cenocepacia, particularly the epidemic strain ET12 [50,51], although
Sajjan et al. [50] found cblA in a small number of isolates of geno-
movar .

The zmpA (96.5%) and zmpB (100 %) genes showed higher pre-
valence than the 69 %-88 % range reported by Corbett et al. [52]. This
likely reflects the study’s focus on B. cepacia isolates from geno-
movar I, as these protease genes are predominantly found in geno-
movars 1 and III [53]. Their presence increases the pathogenic

Journal of Infection and Public Health 18 (2025) 102843

potential of the isolates, as mutants lacking zmpA and zmpB have
been linked to less persistent infections and reduced tissue da-
mage [16,52].

A significant concern regarding Bcc pathogens is their intrinsic
resistance to many commonly used antibiotics. As known, this group
is inherently resistant to several classes of antibiotics, such as ami-
noglycosides, polymyxins, and beta-lactams [54,55]| and we included
our results to support the existing literature. Indeed, our findings
revealed that all blood culture isolates were resistant to colistin,
gentamicin, imipenem, and ampicillin/sulbactam. Consistent with
our results, previous studies by El Chakhtoura et al. [54], Saran et al.
[55] and Uwumiro et al. [56] have reported Bcc sensitivity to cef-
tazidime, meropenem, levofloxacin, and sulfamethoxazole/tri-
methoprim. This pattern was observed in our study as well, except
for one isolate resistant to ceftazidime and two isolates resistant to
meropenem.

A major limitation of this study is the interruption of sample
collection and analysis due to the COVID-19 pandemic. This led to a
gap in longitudinal data, which may have compromised the ability to
comprehensively track the outbreak dynamics and bacterial spread
during that critical period.

Conclusions

The study identified a single B. cepacia pulsotype persisting in the
hospital water supply over time, continuously affecting hemodialysis
patients despite regular disinfection with peracetic acid. This per-
sistence is likely attributed to biofilm production, which protects the
bacteria from disinfectants. Compounding the issue, all isolates were
multi-drug resistant, limiting treatment options. Additionally, the
presence of virulence genes such as zmpA and zmpB suggests an
enhanced capacity to evade host defenses, increasing the risk of
bacteremia in immunocompromised patients, and highlight the
need for improved infection control and treatment strategies
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