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Abstract— Bacterial biofilms are difficult to eradicate and
cause a significant number of complications in the
management of dialysis patients resulting in more frequent
infections and worse morbidity. The purpose of the present
research paper is to study the characteristics of biofilm
producing bacteria sampled from dialysis patients and their
relationships with clinical and biochemical features. Urine
cultures from 121 participants were used and yielded a total of
23 bacterial isolates. From the 23 samples, E. coli (n=15) had
the highest frequency of moderate biofilm formation with
46.67% of the isolates belonged to this category while the rest
of the isolates were equally distributed between the weak and
strong biofilm producers (26.67% each). Enterobacter cloacae
complex (n=3) formed moderate biofilms at a higher frequency
(66.67%). On the other hand, Klebsiella pneumoniae (n=5)
showed relatively weak biofilm formation, 60% had weak
biofilm formation while 40% had moderate biofilm formation.
We then analysed the antimicrobial resistance profiles of the
isolates to determine the relationship between biofilm
formation and resistance pattern. All the weak biofilm
producers were multidrug-resistant while the resistance
pattern of the moderate biofilm producers was also rather
homogeneous; 72.7% of the isolates were multidrug-resistant
and 27.3% were extensively drug-resistant. However, the
resistance pattern of the strong biofilm producers was rather
different, with only 20% of the isolates being multidrug-
resistant and 80% being extensively drug-resistant. Duration
and frequency of the dialysis sessions were observed to be
important determinants of biofilm formation. These findings
provide valuable information on the clinical and biochemical
characteristics of biofilm forming bacteria in dialysis patients
which may be helpful in the development of new strategies for
the prevention and management of bacterial infections in such
vulnerable patients.
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I. INTRODUCTION

Patients on dialysis treatment are at a high risk for
several comorbidities and complications leading to have
higher propensity to get worse infections associated with the
use of medical devices, more so those that involve biofilm
formation. Research topics in the area of diagnosis,
intervention and prevention of biofilm related infections in

dialysis patients is one of the interesting topics. Biofilm-
related infections in medical devices have increased in
hospitals and are associated with increased morbidity and
mortality, longer hospital stay, challenging in treatment, and
higher costs [1]. Biofilms defined as attached
microorganisms to a biotic or abiotic surface or to each other
in a polymeric substance of extracellular matrix secreted by
the microorganisms [1]. Furthermore, biofilm has been found
to play a role in the onset of recurrent peritonitis, a typical
problem in patients receiving peritoneal dialysis treatment.
This puts the dialysis patients at a disadvantage since they
have compromised immune systems and have long term
indwelling catheters or devices which can provide point of
entry for bacteria and formation of biofilms [2]. The
formation of biofilms may cause recurrence of infections,
antibiotic resistance and other complications. Infections are
more common among patients on dialysis than in the general
population [3-4]. For example, sepsis is more frequent
among dialysis patients and death from sepsis is 50 times
higher than that of the general population [5]. Infections are,
therefore, still the most common cause of morbidity,
hospitalization, and death among the uremic population,
especially among those on dialysis treatment [4], [6].

Bacterial biofilms are generally more resistant to
antibiotics than their free-living counterparts owing to three
major mechanisms of resistance: shielding, starvation, and
transformation [7]. As demonstrated by Murray et al.
(2022), bacteria present in biofilms are more resistant to
antimicrobials than their planktonic counterparts [8]. The
subgroup of dialysis patients with recurrent peritonitis and
catheter loss can be identified by comparing the antibiotic
sensitivities of a biofilm culture and a routine microbiologic
culture of the same peritoneal dialysis effluent. These
findings indicate that biofilm formation is a major factor in
the persistence and recurrence of infections in these patients.

[9].

They have been shown that bacterial biofilms in dialysis
membranes identified Staphylococcus aureus, Pseudomonas
aeroginosa and Acinetobacter baumannii as the most
frequent biofilm producing bacteria [10-11]. These bacteria
are adapted to the conditions and are prone to form strong
biofilms that are difficult to eradicate by the host defences
and antimicrobial therapy. Other studies have pointed
Klebsiella pneumoniae, Enterococcus faecalis and
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Escherichia coli as the prevalent biofilm forming pathogens
in the dialysis facilities [11-13]. For instance, carbapenem-
resistant A. baumannii is a major driver of the antimicrobial
resistance (AMR) burden in low and middle income
countries, while third-generation cephalosporin resistant E.
coli is more prevalent in high income countries [8], [14].
These variations in the patterns of resistance have significant
implications for the initial choice of antibiotic therapy and
infection control measures in dialysis centres. It has been
found that two class Ilb bacteriocins, enterocins DD28 and
DD93 from Enterococcus faecalis, inhibited effectively
methicillin-resistant Staphylococcus aureus (MRSA) biofilm
formation on stainless steel and glass surfaces. When these
bacteriocins were combined with erythromycin or kanamycin
the inhibitory effect was better suggesting their possibilities
as agents in preventing or disrupting MRSA biofilms in
medical and industrial setups [15].

However, despite the clinical significance of this issue,
there is a lack of a comprehensive research examining the
epidemiology and defining the characteristics of major
bacterial infections that commonly afflict dialysis patient
populations. Hence, this work aims to provide deeper clinical
and biochemical insights into the biofilm-forming bacteria
isolated from dialysis patients in Nasiriyah City/ Irag, an area
of crucial importance given the disproportionate burden of
infectious complications in this vulnerable patient group.

Il. MATERIALS AND METHODS

A. Study Design, Population, and Data Collection

To examine the epidemiology and characteristics of
biofilm forming bacteria isolated from a cohort of dialysis
patients, this research used both clinical data collection and
laboratory-based investigations. The cross-sectional study
was carried out at the Al Hussein Teaching Hospital Dialysis
Unit in Nasiriyah City/ Irag. The Dialysis Unit offers both
outpatient and inpatient dialysis services thus able us to meet
a wide range of patient needs. The study sample comprised
of 121 patients who were on hemodialysis at the unit
between September 2024 and December 2024. The study
also incorporated collecting clinical and demographic data
from the hospital’s electronic medical records system. This
included the age, gender, comorbidities, dialysis modality
and duration, frequency of dialysis sessions and current
symptoms of the patient.

B. Urine Sample Collection and Transport
1. Collection Methodology

Patients with normal voiding function were asked to
provide midstream clean catch urine (MSU) in accordance
with the standard guidelines to prevent contamination [16].
The urine samples were collected in pre-labelled, sterile,
screw-capped urine containers to prevent external
contamination.

2.

Urine samples were transported to the microbiology
laboratory at the Al-Hussein Teaching Hospital within 1 hour
of collection using an ice-packed container at 4°C to
maintain bacterial viability. If immediate processing was not
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possible, samples were refrigerated at 4°C for up to 24 hours
[17].

C. Bacterial Isolation and Culture Conditions

The urine samples received inoculation onto culture
media which combined selective with differential and
enriched types to achieve maximum bacterial recovery and
initial identification. The following culture media were used:

1. Blood Agar (Himedia, India) functions as a non-
selective enriched medium which supports both
fastidious and non-fastidious organisms while
hemolysis patterns serve for differentiation between

B-hemolysis, a-hemolysis and y-hemolysis.

MacConkey Agar (Himedia, India) functions as a
selective medium that separates Gram-negative
enteric bacteria into lactose-fermenting (pink) and
non-fermenting (colorless) colonies through neutral
red pH indicator reactions.

Mannitol Salt Agar (Himedia, India) selects
Staphylococcus species through its 7.5% NaCl
concentration  which  blocks  non-halotolerant
bacteria from growing. The mannitol fermentation
reaction resulted in yellow colonies because the
phenol red indicator turned acidic.

A sterile loop transferred urine samples onto agar plates
for inoculation. The culture plates underwent 24-48 hours of
incubation at 37°C while researchers checked for colony
growth during the first 24 hours.

D. Bacterial Identification

Bacterial identification was performed using the VITEK
2 Compact system (bioMérieux, France). Pure bacterial
colonies (18-24 hours old) were suspended in 0.45% sterile
saline to a 0.5 McFarland standard and loaded into the
system with the appropriate identification (ID) card. The
system analysed 64 biochemical reactions over 6-8 hours,
providing species-level identification based on fluorescence
and turbidity changes.

E. Antimicrobial susceptibility testing

The antimicrobial susceptibility of all the bacterial
isolates was checked using the VITEK 2 Compact system
which identified as well as gave the resistance profiles of the
isolates. This wide range antimicrobial susceptibility
profiling assessed the susceptibility patterns of the isolates to
a wide range of antibiotics, including p-lactams,
carbapenems, aminoglycosides, fluoroquinolones, and
polymyxins. The isolates were categorized as susceptible,
multidrug-resistant (MDR) or extensively drug-resistant
(XDR) according to the guidelines of the Clinical and
Laboratory Standards Institute and the European Committee
on Antimicrobial Susceptibility Testing.

F. Biofilm formation assay

Biofilm formation was assessed using the Crystal Violet
Microtiter Plate Assay, as previously described [18]. Briefly,
200 pL of the bacterial suspension was inoculated into 96-
well flat-bottom polystyrene microtiter plates in triplicate.
Negative control wells containing sterile broth were included
in each assay. Plates were incubated statically at 37°C for 24
hours to allow biofilm formation. Following incubation, non-
adherent cells were carefully removed, and wells were
washed three times with phosphate-buffered saline (PBS, pH



7.2) to eliminate planktonic bacteria. Adherent biofilms were
then stained with 0.1% crystal violet (CV) solution (200 pL
per well) for 15 minutes at room temperature. Excess stain
was removed by washing with PBS, and the plate was air-
dried. To quantify biofilm biomass, bound crystal violet was
solubilized by adding 200 pL of 30% acetic acid per well
and incubating for 10 minutes at room temperature. The
optical density (OD) was measured at 570 nm using a
microplate reader (BioTek, United States). The degree of
biofilm formation was classified as weak, moderate, or
strong based on predetermined cutoff values.

G. Biochemical Analysis

Patients underwent aseptic blood collection of 5 mL
venous blood samples through vacutainer gel tubes. The
blood samples rested at room temperature for thirty minutes
before undergoing 3500 rpm centrifugation for ten minutes
for serum separation. A total of 13 biochemical markers were
measured, categorized as follows: The liver function tests
included  Alkaline  Phosphatase  (ALP),  Aspartate
Aminotransferase (AST), Alanine Transaminase (ALT) and
Albumin (ALB). The renal function tests included Creatinine
(Cr) and Urea. The iron metabolism markers included
Unsaturated Iron Binding Capacity (UIBC), Iron,
Hemoglobin (HB), and Total Serum Bilirubin (TSB). The
mineral metabolism markers consisted of Calcium (Ca),
Phosphate (PO4) and Total Protein (TP). The Gesan Chem-
200 platform (Gesan Production SRL, Italy) was used to
analyse all biochemical parameters through manufacturer-
defined protocols to guarantee precise and reproducible assay
results. The laboratory followed standard clinical chemistry
guidelines to establish quality control procedures.

H. Data analysis

As for descriptive statistics, they were applied for the
characterization of the study population as well as the
prevalence of biofilm forming bacteria. Bivariate analyses
were used to determine the correlation between biofilm
formation, antimicrobial resistance and patient clinical
characteristics. All the statistical analyses were done using
GraphPad Prism (version 10) and all the p values were
considered significant if they were < 0.05.

I. Ethical Considerations

The research protocol was reviewed and approved by the
Institutional Review Board at Al-Hussein Teaching Hospital
(Approval No: [252/2024]). All participants gave informed
consent before they were enrolled in the study.

I1l. RESULTS

A. Demographic Characteristics

A total of 121 patients were recruited in the study with
the age of the patients ranging from 8 to 90 years with an
approximate mean age of 55 years. Age had a range of
IQR=47-66 which indicated that the patients were mainly of
middle or elderly age. The gender distribution was also quite
comprehensive with 64 males and 57 females. An overlayed
histogram was used to look at the age distribution by gender
(Figure 1). This result showed that the age distribution of
male and female patients was similar. But there was a bit of a
pattern where males seemed to account for a relatively
greater proportion of the patients in the 50—60 years age
range than females.
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Fig. 1: Age distribution of study participants by gender. A histogram
displaying the frequency of male (grey) and female (yellow) patients across
different age groups. KDE line indicates the kernel density estimate
smoothing curve for each gender.

B. Bacterial Isolates and Antimicrobial Resistance

Urine cultures from the 121 study participants yielded a
total of 23 bacterial isolates. The 23 culture-positive samples
revealed Escherichia coli as the main pathogen at 65.2%
followed by Klebsiella pneumoniae at 21.7% and
Enterobacter cloacae complex at 13.1%. The antimicrobial
susceptibility testing showed significant antimicrobial
resistance levels. E. coli showed a 93.3% resistance rate to
beta-lactams, but all isolates remained susceptible to
carbapenems. K. pneumoniae showed 100% resistance to
amoxicillin/clavulanic acid as well as cefazolin and
ciprofloxacin and trimethoprim/sulfamethoxazole. The E.
cloacae isolate showed complete resistance to beta-lactams
but demonstrated 100% susceptibility to fosfomycin.
Furthermore, we evaluated how many bacterial isolates
demonstrated MDR and XDR resistant patterns. The analysis
revealed MDR strains in 60% of E. coli and 100% of K.
pneumoniae while XDR strains appeared in 40% of E. coli
and 33.3% of E. cloacae.

The analysis of the biofilm formation dataset was helpful
in understanding the frequency of biofilm production as well
as the relationships among the optical density (OD)
measurements. The histogram of biofilm average was fairly
normal with most of the values being clustered around the
mean of about 0.56, since there were no extreme outliers in
the range of biofilm production observed in samples (Figure
2). The pair plots of biofilm triplicates and biofilm average
also gave a clear picture of the relationship between the
separate OD measurements and their total averages (Figure
3).

From the 23 samples, the frequency of biofilm forming
bacteria was categorized as weak, moderate or strong and it
was observed that moderate biofilm formation was the most
common overall. When the data was further broken down by
bacterial group, certain tendencies were seen (Figure 4A).
Out of the three bacterial types, E. coli (n=15) had the
highest frequency of moderate biofilm formation and 46.67%
of the isolates belonged to this category while the rest of the
isolates were equally distributed between the weak and
strong biofilm producers (26.67% each). The three strains of
Enterobacter cloacae complex analysed formed moderate
biofilms at a higher frequency (66.67%), while one-third of
the isolates formed moderate biofilms, and none was
categorized as weak. On the other hand, Klebsiella



pneumoniae (n=5) showed relatively weak biofilm
formation, 60% had weak biofilm formation while 40% had
moderate biofilm formation. This suggests that biofilm
forming abilities are different in the various bacteria. The
moderate biofilm formation by E. coli and E. cloacae
complex seems to go hand in hand with conditions that
require moderate biofilm formation for pathogenicity. On the
other hand, the prevalence of weak biofilm formation in
Klebsiella pneumoniae may be associated with different
mechanisms of adhesion or biofilm maturation. The finding
from the stratified analysis has significant implications for
the development of appropriate antimicrobial therapies and
the study of biofilm-related resistance in different bacterial
pathogens.

We then determined the antimicrobial resistance profiles
of the isolates using the VITEK 2 Compact system to
determine the relationship between biofilm formation and
resistance. This analysis helped in gaining an important
understanding of how the resistance is developed by the
biofilms. We observed a distinct gradient in the resistance
patterns as a function of biofilm formation. A multidrug-
resistant (MDR) phenotype was seen to be consistent with
low biofilm formation; all the weak biofilm producers were
MDR (Figure 4B). The resistance pattern of the moderate
biofilm producers was also rather homogeneous; 72.7% of
the isolates were MDR and 27.3% were XDR. However, the
resistance pattern of the strong biofilm producers was rather
different, with only 20% of the isolates being MDR and 80%
being XDR (Figure 4B). These differences were statistically
substantiated by chi-square test of independence which gave
chi-square value of approximately ¥2=8.92 (df = 2) with p-
value of p=0.0116, which means that the association between
biofilm formation and resistance patterns is probably not a
chance association.

In summary, these results have potential clinical
implications in relation to antimicrobial resistance and
biofilm formation. They seem to suggest that increased
biofilm formation could be an integral role in boosting
stronger resistance mechanisms by bacterial isolates.
Therefore, incorporating biofilm assessment into routine
resistance profiling may help in improving the current
understanding of the development of resistance, and in
consequence, inform the development of new and better
therapeutic strategies.
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Fig. 2: Histogram of average biofilm optical density. The histogram
illustrates the distribution of the average biofilm optical density values
measured for the 23 bacterial isolates. KDE line indicates the kernel density
estimate smoothing curve. Dished red lines represent the mean, while the
dished green lines represent the median.
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Fig. 3: Pair plots of biofilm optical density measurements. The panel
shows the pairwise scatter plots of the three biofilm optical density replicates
and their average (avg). The distribution of each individual measure and the
average are presented along the diagonal.
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Fig. 4: Biofilm formation by bacterial species. A. Stacked bar chart
showing the distribution of biofilm production intensity across the three
bacterial species identified. B. Stacked bar chart illustrating the relationship
between biofilm formation intensity and antimicrobial resistance patterns.

C. The Relationship between Dialysis-Related Factors and
Biofilm Formation

To further investigate the potential clinical relevance of
biofilm-forming bacteria in the dialysis population, we
examined various dialysis-related factors and their
associations with biofilm formation. First, we investigated
the relationship between biofilm formation and dialysis
duration. The distribution of dialysis duration (in months)
was significantly different according to biofilm categories
(Figure 5A). The median longest dialysis duration was seen
in the Strong biofilm category with more spread of the values
than in the Weak and Moderate categories. This could mean
that the stronger biofilm formation is, the longer the dialysis
duration. The opposite was observed in the Weak biofilm
category which had the shortest median dialysis duration and
a more restricted range. To establish whether there were any
significant differences in dialysis duration as a function of
biofilm categories, a one-way analysis of variance (ANOVA)
was conducted. Descriptive statistics for the distribution of
the dialysis duration (in months) across biofilm categories



are presented in Table 1. The Moderate group had a mean
dialysis duration of 22.00 months (SD = 14.63), the Strong
group had a mean of 32.00 months (SD = 20.70), and the
Weak group had a mean of 16.43 months (SD = 17.69). The
one-way ANOVA revealed no statistically significant
differences in dialysis duration between the biofilm
categories (F (2, 20) = 1.24, p = 0.3101). The effect size (2
=0.1105) indicated a medium effect.

Next, we evaluated the relationship between biofilm
formation and the number of dialysis sessions. The majority
of the patients in all categories received dialysis sessions
three times a week. However, the Weak biofilm category had
a slightly increased proportion of patients on two times a
week dialysis as compared to the other categories. On the
other hand, the Moderate and Strong biofilm categories had
more patients on three times a week dialysis than the other
categories, which suggests that there may be a relationship
between the increased dialysis frequency and the level of
biofilm formation (Figure 5B). These findings showed that
biofilm formation may be associated with dialysis-related
parameters, including the duration of the procedure and the
frequency of sessions. It seems that those patients with
longer dialysis times and more frequent dialysis sessions are
at risk of developing more potent biofilms that may lead to
chronic infections and treatment failures.
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Fig. 5: Clinical Outcomes and Biofilm Association. A. Boxplots showing the
distributions of dialysis duration across biofilm formation categories. B.
Stacked bar chart illustrating the frequency of dialysis sessions per week in
relation to biofilm formation intensity.

D. Comorbidities, Symptoms and Biofilm Dynamics

To further understand the clinical significance of biofilm
forming bacteria in dialysis patients, we assessed the
association between patient comorbidities, symptomatology
and biofilm formation. For comorbidities (Figure 6A),
moderate biofilm formation was highly correlated with
diabetes mellitus (DM) which was observed in 36.36% of
cases. This may suggest that DM might have a significant
role in the manifestation of moderate biofilm formation. On
the other hand, the weakest biofilm formation was observed
in the cases with diabetes mellitus and hypertension
(DM+HTN) which was seen in 57.14% of the cases.
However, the strongest biofilm formation was observed in
diabetes mellitus, hypertension and cardiovascular disease
(DM+HTN+CVD) where 40.0% of the cases were observed.
These findings showed how the comorbidity clusters may
impact the strength of biofilm formation. The comparison of
the clinical symptoms revealed clearly distinct tendencies
(Figure 6B). The great majority of patients with moderate
biofilm formation had several symptoms (36.36%) and flank
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pain (27.27%), which means that this group had a more
complicated symptom profile. The symptoms of fever
(40.0%) and several symptoms (40.0%) were most severe in
patients with strong biofilm formation, with dysuria and
oedema being also quite typical (20.0%). Pains in the chest
and dysuria were most frequent among patients with weak
biofilm formation (28.57%), and other focal symptoms
including flank pain, fever, and oedema were seen in 14.29%
of patients. These findings showed that symptoms were
different in their severities and regionalization depending on
the level of biofilm formation and that strong biofilm
formation was associated with more numerous and
widespread symptoms than that of weak biofilm formation.
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Figure 6: Comorbidities, Symptoms and Biofilm Association. A. A
heatmap showing the relationship between comorbidities and biofilm
categories. B. A heatmap depicting the association between clinical
symptoms and biofilm categories. DM (Diabetes Mellitus), HTN
(Hypertension), CVD (Cardiovascular disease).

E. Biochemical Markers Profiling

Biofilm strength was also analysed in association with
biochemical markers from the biofilms to find out if there
was any relationship between the metabolic parameters of
the host and the bacterial biofilm formation. Since biofilms
are a major clinical problem in dialysis patients and resistant
to antimicrobial agents and host immune response, it is
important to know the biochemical environment which can
either favor or go against the formation of biofilms. We have
assumed that some biochemical markers can be significantly
different between patients with different levels of biofilm
(Weak, Moderate and Strong) to show some metabolic
factors that may be involved in the pathogenesis of biofilm
or to predict the complications associated with biofilm.

A one-way analysis of variance (ANOVA) was used to
determine the differences in the levels of various
biochemical markers among the category of biofilm groups.
Thirteen biochemical markers were assessed including those
of liver function (Alkaline Phosphatase (ALP), Aspartate
Aminotransferase (AST), Alanine Transaminase (ALT),
Albumin (ALB)), renal function (Creatinine (Cr), Urea),
iron metabolism (Unsaturated Iron Binding Capacity
(UIBC), Iron, Hemoglobin (HB), Total Serum Bilirubin
(TSB)), and mineral metabolism (Calcium (Ca), Phosphate
(POA4), Total Protein (TP)).

The results indicated a statistically significant difference
in Alkaline Phosphatase (ALP) levels among the three
biofilm categories (F = 5.98, p = 0.0097), suggesting that



increased biofilm formation is associated with alterations in
ALP levels. In contrast, other evaluated biochemical
markers, such as Creatinine, Urea, and markers of iron and
mineral metabolism, did not show statistically significant
differences (all p > 0.05). Notably, although Iron levels
approached significance (F = 1.80, p = 0.19), the overall
findings point toward a specific association between biofilm
strength and Alkaline Phosphatase levels.

Boxplot visualizations also further confirmed these
results by showing clearly distinct median differences for
Alkaline Phosphatase across the biofilm categories, with the
Strong biofilm group having a notably higher median ALP
than the Moderate and Weak groups. These findings
indicated that Alkaline Phosphatase may be a potential
biochemical marker for biofilm-related pathophysiology in
this patient population and thus warrant further investigation.
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Fig. 7: Biochemical Markers and Biofilm. Boxplots demonstrating various biochemical levels across biofilm categories.

Pearson correlation analysis was conducted on
biochemical markers (Figure 8). Overall correlation patterns
revealed considerable variability in marker relationships,
with a mean correlation coefficient of 0.019 (range: -0.457 to
0.528). When stratified by biofilm production, distinct
correlation patterns emerged. Weak biofilm producers
exhibited a mean correlation of 0.033 (range: -0.994 to
0.860), Moderate biofilm producers showed a mean
correlation of 0.011 (range: -0.727 to 0.686), and Strong
biofilm producers demonstrated a mean correlation of 0.006
(range: -0.972 to 0.938). These differences in correlation
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distributions suggest potential associations between biofilm
production capacity  and specific biochemical
interrelationships in dialysis patients. In the Strong biofilm
group, several marker pairs exhibited exceptionally strong
positive correlations: ALB and Iron (r = 0.938), AST and
ALT (r =0.934), Urea and TSB (r = 0.860), Cr and Iron (r =
0.859), and Cr and ALB (r 0.844). These robust
correlations suggest that in patients with Strong biofilm
production, these biochemical markers are tightly regulated
in tandem, potentially reflecting altered metabolic processes
specific to this subgroup.



Comparison of mean marker values across biofilm
categories revealed notable differences. Strong biofilm
producers exhibited markedly elevated ALP levels (498.8
U/L) compared to Moderate (296.5 U/L) and Weak (381.0
U/L) producers. Conversely, Weak biofilm producers
showed higher Cr levels (8.24 mg/dL) compared to Moderate
(6.74 mg/dL) and Strong (5.10 mg/dL) producers. ALT
levels were notably higher in Weak biofilm producers (34.36
U/L) compared to Moderate (13.42 U/L) and Strong (18.88
U/L) producers. These differences suggest potential
associations between biofilm production capacity and
specific biochemical alterations in dialysis patients.

The largest differences in correlation patterns between
Strong and Weak biofilm producers were observed for
several marker pairs, including ALB-Ca (difference = 1.47),
ALT-TSB (difference = 1.30), and ALP-ALB (difference =
1.25). Similarly, substantial correlation differences were

found between Strong and Moderate biofilm producers for
TSB-PO. (difference = 1.43), ALP-HB (difference = 1.28),
and Cr-PO. (difference = 1.27). These marked differences in
correlation patterns underscore the distinct biochemical
interrelationships that characterize each biofilm category. A
cluster analysis on these markers in the form of clustermaps
gave a general picture of these complex interrelationships.
Functionally related markers were also consistently placed
together in the dendrograms, indicating that these statistical
associations are biologically relevant. For example, liver
function markers (AST, ALT) were found to cluster together
irrespective of the biofilm category while markers associated
with iron metabolism and nutritional status had different
clustering patterns according to biofilm production capacity.
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IV. DISCUSSION

A. Bacterial Isolates and Antimicrobial Resistance

The study provides important insights into the
antimicrobial resistance patterns, clinical characteristics, and
biochemical factors associated with biofilm formation by
bacteria isolated from dialysis patients. The research findings
showed that E. coli (65.2%) was the most common pathogen
which confirms previous studies that have identified it as the
primary uropathogen in dialysis patients [19], [20]. The high
resistance rate of E. coli to beta-lactams (93.3%) and the
100% resistance of K. pneumoniae to amoxicillin/clavulanic
acid, cefazolin, ciprofloxacin, and
trimethoprim/sulfamethoxazole suggest alarming trends in
antimicrobial resistance. The study results match worldwide
studies which show rising antibiotic resistance in urinary
tract infections affecting high-risk groups including dialysis
patients [21]. The most important result was that all isolates
had a MDR phenotype. One interesting finding isolates with
strong biofilm formation were more resistant to many
antimicrobial agents than the other two groups and classified
as XDR. This finding broadly supports the work of other
studies in this area linking biofilm formation with
antimicrobial resistance [7], [22], [23]. The high MDR rates
of 60% in E. coli 100% in K. pneumoniae, XDR strains at
40% in E. coli and 33.3% in Enterobacter cloacae complex
demonstrated the necessity for new treatment approaches.
All isolates showed complete susceptibility to carbapenems
and fosfomycin but their uses need careful monitoring
because they could lead to developing antibiotic resistance.

B. Biofilm Formation and Its Clinical Relevance

The results showed that the majority of patients had
moderate biofilm production, 47.8%, while 30.4% and
21.7% were classified as weak and strong biofilm producers,
respectively. Several reports have also shown that biofilm
forming pathogens are prevalent in dialysis associated
infections and the difficulty in managing these patients [7],
[24]. The most obvious finding to emerge from the analysis
is that these isolates were highly resistant to multiple
antimicrobials commonly used in the hospital including
third-generation cephalosporins and carbapenems, as these
results provide further support for the increasing burden of
antimicrobial resistance in healthcare facilities worldwide
[8], [25]. The bacterial species demonstrated different levels
of biofilm formation where E. coli and E. cloacae complex
produced moderate biofilms more frequently than K.
pneumoniae which tended to create weaker biofilms. The
observed differences in biofilm formation may result from
different adhesion and maturation processes which research
has documented in biofilm-associated resistance studies [26].
The relationship between biofilm strength and resistance
patterns proved to be highly significant. The majority of
XDR strains (80%) were found among strong biofilm
producers, but all weak biofilm producers remained in the
MDR category. The documented phenomenon in chronic
infections shows that bacterial resistance to antimicrobials
increases when bacteria form biofilms [27], [28]. The
statistical test (¥2=8.92, p=0.0116) confirms that biofilm
development actively contributed to antimicrobial resistance
rather than being an accidental outcome of bacterial
expansion.
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C. Dialysis-Related Factors and Biofilm Formation

The relationship between biofilm formation and dialysis-
related parameters provides additional insights into potential
risk factors. No statistically significant differences were
observed in dialysis duration between biofilm categories
(p=0.3101), but the trend of longer dialysis durations being
associated with stronger biofilm formation suggests a
possible cumulative effect of repeated exposure to indwelling
catheters and microbial colonization. Patients with moderate
and strong biofilm-forming bacteria had an increased
frequency of dialysis sessions. This is consistent with
previous studies that have shown that repeated vascular
access and prolonged dialysis durations are associated with
higher rates of catheter-associated infections [29].

D. Comorbidities, Symptoms, and Biofilm Dynamics

The comorbidity analysis revealed important associations
between biofilm formation and diabetes mellitus. The highest
biofilm formation level occurred in patients who had
diabetes mellitus  together with  hypertension and
cardiovascular disease (40.0%). The highest rate of moderate
biofilm formation occurred among diabetic patients at
36.36%. The findings align with earlier research which
demonstrated that elevated blood sugar levels enhance
bacterial attachment and biofilm development by creating
advanced glycosylation end-products which  support
microbial survival [30]. Strong biofilm producers presented
with complex clinical symptoms that included fever at 40.0%
and multiple symptoms at 40.0%. Biofilm-related infections
in dialysis patients present as severe chronic conditions
which are hard to treat because of their resistances to
standard treatments [31].

E. Biochemical Markers and Biofilm Association

Among the biochemical markers analysed, Alkaline
Phosphatase (ALP) levels were found to be significantly
associated with biofilm strength (p=0.0097) and the strongest
biofilm producers had the highest median ALP levels. The
identification of Alkaline Phosphatase as a possible
biochemical marker of increased bacterial biofilm is a very
interesting finding as it suggests possible metabolic or
signalling pathways that may be involved in the regulation of
bacterial biofilm formation. Previous studies have linked
elevated ALP levels with inflammatory conditions, tissue
damage, and changes in bone and mineral metabolism that
may predispose to biofilm growth [32], [33]. As an example,
in this study, the relationship between ALP and biofilm
strength was investigated and the results indicate that this
marker can potentially affect or be affected by the biofilm
related infection pathogenesis process in dialysis patients and
therefore further studies are needed to understand the
mechanisms of this relationship. The correlation patterns
observed in this study suggest that biofilm production in
dialysis patients is associated with distinct biochemical
profiles and marker interrelationships. The strong positive
correlations of liver function markers (AST, ALT) and of
markers of nutritional status (ALB, Iron) in strong biofilm
producers may be the sign of particular pathophysiological
processes in this subgroup. These findings are in line with
the emerging data indicating that biofilm formation can
affect the metabolic processes in patients on dialysis [11],
[29], [34]. These results agree with the possible role of
correlation-based marker profiling in risk stratification and
personalized care of dialysis patients. It is important to
mention that through the identification of different



biochemical signatures related to various biofilm production
capacities it may be possible for clinicians to predict
complications and, therefore, tailor interventions
accordingly [7], [35]. Therefore, there is a need for future
prospective studies with larger cohorts to further examine
their clinical significances.

V. CONCLUSION

The present study was designed to determine the clinical
and biochemical characteristics of different levels of biofilm
forming-bacteria from patients on dialysis. The data analysis
emphasises the severe clinical complexity of biofilm related
infections in this high-risk cohort population, with symptoms
and comorbidities being closely linked to the level of biofilm
maturity. Of particular interest is the strong relationship
between the level of biofilm formation and antimicrobial
resistance, with the most potent biofilm producing isolates
having increased resistance to several antimicrobial agents.
Furthermore, the identification of alkaline phosphatase as a
putative biomarker of increased biofilm formation could be a
potential step toward improving the recognition and
management of such hard-to-treat infections.

Therefore, this research stresses the necessity of a more
precise, patient-specific approach to the diagnosis and
treatment of biofilm infections in dialysis patients when
considering the results of this study together. This work also
helps to further establish the basis for the targeted
interventions and personalized care plans that are required to
manage these critical clinical issues by demonstrating the
complex interplay between biofilm formation, antimicrobial
resistance, and the systemic metabolic and inflammatory
disturbances of these conditions. In addition, the study
recommends that more comprehensive research should be
carried out to fully understand the mechanisms that are
involved in the relationships that were observed to enable
clinicians to better predict, prevent and control the
complications of these devastating biofilm infections in this
special group of patients.
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