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ABSTRACT

Background and Objectives: Catheter-associated urinary tract infections (CAUTIs) are common healthcare-associated
infections mainly caused by biofilm formation on urinary catheters. This study aimed to provide evidence-based catheter
management strategies to reduce CAUTI risk through biofilm prevention.

Materials and Methods: This prospective observational study included 109 adult patients undergoing urinary catheteriza-
tion between September 2017 and January 2018. Urine samples were collected after catheter insertion and before catheter
removal. Bacteriuria was screened using flow cytometry and confirmed by urine culture. Removed catheters were cultured to
assess biofilm formation, while isolates were tested for biofilm-forming ability using Congo Red Agar (CRA).

Results: The mean catheterization duration was 5.6 + 2.1 days, and most patients were catheterized for >5 days. Bacteriuria
was significantly associated with catheterization (p = 0.029). Antibiotic use reduced bacteriuria incidence (p < 0.001) but did
not significantly reduce biofilm formation (73.4%, p > 0.05). CRA-positive isolates showed 1.5-fold greater biofilm-forming
potential. Female sex, early bacteriuria, and catheterization >5 days were associated with biofilm formation.

Conclusion: Urinary catheterization promotes biofilm and increases CAUTI risk. Although antibiotics reduced bacteriuria,
they showed limited efficacy against biofilms. Early bacteriuria screening, routine monitoring, biofilm prevention, and limit-
ing catheter duration may help reduce CAUTI incidence.
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INTRODUCTION term care settings, substantially increases the risk of

urinary tract infections (3, 4). CAUT Is are associated

Catheter-associated urinary tract infections (CAU-
TIs) remain one of the most common healthcare-as-
sociated infections worldwide and represent a sig-
nificant burden on healthcare systems (1, 2). The
widespread use of urinary catheters in hospitalized
patients, particularly in intensive care units and long-

with prolonged hospital stays, increased healthcare
costs, and higher morbidity, emphasizing the need
for effective preventive strategies (5).

The pathogenesis of CAUTIs is strongly linked to
the formation of microbial biofilms on the surface of
urinary catheters (5, 6). Biofilms consist of complex

“Corresponding author: Wani Devita Gunardi, MD, Ph.D, Department of Microbiology, Faculty of Medicine and Health Sciences, Krida

Wacana Christian University, Jakarta, Indonesia.

Tel: +62-8129463874

Email: wani.gunardi@ukrida.ac.id

Copyright © 2026 The Authors. Published by Tehran University of Medical Sciences.
(') y This work is licensed under a Creative Commons Attribution-Non Commercial 4.0 International license
(https://creativecommons.org/licenses/by-nc/4.0/). Noncommercial uses of the work are permitted, provided the original work is properly cited.

482


http://doi.org/10.18502/ijm.v18i4.22191
mailto:gunardi@ukrida.ac.id
https://creativecommons.org/licenses/by-nc/4.0/

REDUCING INFECTION THROUGH BIOFILM PREVENTION

microbial communities embedded in an extracellular
matrix that adheres firmly to catheter materials (7-
9). Once established, these biofilms act as persistent
reservoirs of infection, facilitating bacterial survival
and colonization within the urinary tract (5). Impor-
tantly, bacteria producing biofilm exhibit significant-
ly increased resistance to antimicrobial agents and
host immune responses, leading to recurrent and dif-
ficult to treat infections (10-12).

The increasing concern surrounding biofilm-medi-
ated infections highlights the urgency of developing
effective preventive strategies for CAUTIs. Unlike
planktonic bacteria, biofilm-producing microorgan-
isms can survive under hostile environmental con-
ditions and exhibit significantly enhanced antimi-
crobial resistance, making conventional treatment
approaches less effective (10-12). Furthermore, be-
cause biofilm formation is closely linked to catheter
use, CAUTIs are considered among the most prevent-
able healthcare-associated infections through appro-
priate catheter management and early intervention
(4, 13). Preventing biofilm development on urinary
catheters therefore represents a critical strategy to
reduce infection risk, limit antimicrobial resistance,
and improve patient outcomes.

Several factors influence the development of CAU-
Tls, among which patient-related and device-relat-
ed factors play a crucial role. Sex-based differences
have been consistently recognized as a significant
determinant of susceptibility, largely due to anatom-
ical differences that influence the risk of infection.
In this study, positive biomass results were observed
more frequently among female patients than among
male patients (4, 13, 14). In addition, the duration of
catheterization is one of the strongest predictors of
CAUTI occurrence, as prolonged catheter use pro-
vides sufficient time for microbial adhesion, biofilm
maturation, and subsequent infection. Each addition-
al day of catheterization further increases the risk of
infection (4, 15).

Given the central role of biofilm formation and
modifiable risk factors such as catheter duration, this
study was conducted to provide evidence-based cath-
eter management strategies aimed at reducing the
incidence and risk of CAUTIs. Preventable CAUTIs
impose a substantial economic burden on healthcare
systems, with estimated annual costs ranging from
115 million to 1.82 billion USD (16). These findings
underscore the critical importance of implementing
evidence-based catheter management protocols to

http://ijm.tums.ac.ir

limit biofilm development, decrease CAUTI inci-
dence, and ultimately reduce the associated health-
care burden. Therefore, this study aimed to provide
evidence-based catheter management strategies for
reducing the risk of CAUTIs through the prevention
of biofilm formation on urinary catheters.

MATERIALS AND METHODS

Patients and samples collection. This prospective
observational study involved 109 adult patients un-
dergoing urinary catheterization between September
2017 and January 2018 at a private hospital in Tan-
gerang, Banten, Indonesia. Eligible participants in-
cluded hospitalized adults aged more than 18 years
who underwent urethral catheterization for longer
than 48 hours. Patients were excluded if they had con-
ditions such as hydronephrosis, pyelonephritis, preg-
nancy, malignancy, immune-compromised disorders,
or a history of hypersensitivity to catheter materials.

Participants were also excluded when urinalysis
or culture data were incomplete or when consent to
participate was withdrawn. Clinical and demographic
information, including age, sex, diabetes status, anti-
biotic therapy, duration of catheterization, and urinal-
ysis findings, were collected from patients’ medical
records.

Following catheter removal, urine specimens were
obtained for urinalysis and culture examination to
identify bacteriuria. The distal 5 cm section of each
removed catheter was aseptically excised and subse-
quently divided into five 1 cm segments. These cath-
eter fragments were then immersed in sterile saline
solution for further analysis.

Bacteriuria screening and urine culture. Bacte-
riuria screening was initially performed using flow
cytometry—based urinalysis with the Sysmex UF-
1000i. The reference range for bacterial count was
0.0-130.7/uL for female patients and 0.0-26.4/uL for
male patients. Samples with bacterial counts exceed-
ing these reference values were classified as bacteri-
uria-positive and were subsequently subjected to con-
ventional urine culture.

For urine culture, 100 pL of each urine specimen
was inoculated onto blood agar and MacConkey agar
plates. The inoculum was evenly distributed across
the agar surface using a sterile disposable loop. All
culture plates were incubated aerobically at 35-37°C
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for 18-24 hours. Following incubation, bacterial col-
onies were quantified and identified using standard
microbiological methods. A significant positive urine
culture was defined as bacterial growth of >102 colo-
ny-forming units (CFU)/mL.

Biofilm formation test. Removed urinary cathe-
ters were processed to assess biofilm formation. The
distal 5-cm segment of each catheter was aseptically
excised and sectioned into smaller pieces, which were
then immersed in sterile saline solution. Samples
collected from the catheter surface were cultured on
blood agar and MacConkey agar plates then incubat-
ed aerobically at 35-37°C for 18-24 hours to isolate
bacteria associated with catheter-related biofilms.

Bacterial isolates recovered from both urine cul-
tures and catheter specimens were subsequently eval-
uated for biofilm-forming capacity using the Congo
Red Agar (CRA) method. Each isolate was inoculated
onto CRA plates and incubated aerobically at 35-37°C
for 24-48 hours. Biofilm production was determined
based on colony morphology and color changes ob-
served on the culture medium. Black colonies with a
dry, crystalline appearance were interpreted as bio-
film-positive, whereas red or pink colonies were clas-
sified as non-biofilm producers. Biofilm formation
on the catheter surface was further assessed through
quantitative measurement of biofilm biomass. The
detailed procedure for biofilm biomass quantification
has been described previously (4).

RESULTS

The study population comprised patients aged 18 to
88 years, with a predominance of female participants.
The mean duration of catheterization was 5.6 + 2.1
days, with the majority of patients having catheters
in place for five days or more. Diabetes mellitus was
present in 22% of the cohort, while 68.8% received
antibiotic therapy during catheterization (Table 1).
The antibiotics most commonly used included empir-
ic therapies such as meropenem and third-generation
cephalosporins.

Bacteriuria was identified in 34% (n = 37) of patients
immediately after catheter insertion, and in 20% (n =
22) at the time of catheter removal. A significant asso-
ciation was observed between catheter placement and
bacteriuria (p = 0.029) (Table 2).

Antibiotic use was significantly associated with a
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Table 1. Patient characteristic

Characteristic Amount (%)
Gender
Female 42 (38.5)
Male 67 (61.5) Mean:
Duration of catherization 56+2.1
<5 days 43 (39.4)
> 5 days 66 (60.6)
Diabetes mellitus history 24 (22)
Antibiotic use during catheterization 75 (68.8)

reduced risk of post-catheterization bacteriuria (p <
0.001; OR = 0.130; 95% CI: 0.046-0.366). Patients
who received antibiotics demonstrated a lower inci-
dence of bacteriuria compared with those who did not
receive antibiotics (9.3% vs. 44.1%) (Table 3).

Furthermore, analysis of bacterial isolates demon-
strated a significant association between biofilm-pro-
ducing capacity and biofilm formation on catheter
surfaces. Isolates identified as biofilm producers ex-
hibited a significantly higher frequency of catheter-as-
sociated biofilm formation than non-biofilm-produc-
ing isolates (Table 4).

DISCUSSION

The results of this study indicate that urinary cath-
eter insertion is a risk factor for the development
of bacteriuria. This condition is likely attributable
to disruption of the urinary tract’s natural defense
mechanisms caused by the presence of an indwelling
catheter. Catheter insertion provides a direct pathway
for microorganisms from the periurethral area to en-
ter the bladder, as well as a surface that facilitates
bacterial adhesion and colonization. Moreover, both
the external and internal surfaces of the catheter may
serve as routes for bacterial invasion, either through
contamination of the catheter tip by distal urethral
flora during insertion or through bacterial migration
along the catheter surface, even when a closed drain-
age system is properly maintained (16, 17).

Additional contributing factors include suboptimal
aseptic technique during catheter insertion, contami-
nation of the catheter lumen, and inadequate catheter
care (18). These findings emphasize that catheter in-
sertion itself is an important trigger for the develop-
ment of bacteriuria, even during short-term catheter
use (Table 2).
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Table 2. The association of bacteriuria (flow cytometry) during catheter insertion and post-catheterization.

Bacteriuria at the Post-Catheterization* Bacteriuria p value
Time of Catheter Insertion Positive (%) Negative (%) Amount (%)

Positive 9(8.3) 28 (25.7) 37 (34)

Negative 13 (11.7) 59 (54.3) 72 (66) 0.029
Amount 22 (20) 87 (80) 109 (100)

*Bacteriuria at post-catheterization (urine sample collected immediately before catheter removal)

Table 3. Association between post-catheterization Bacteri-
uria detected by flow cytometry and antibiotic use.

Post-Catheterization Antibiotic used p value
Bacteriuria n (%)

Yes No
Positive 7(9.3) 15(44.1)
Negative 68(90.7) 19(55.9) <0,001
Amount 75(100) 34 (100)

Table 4. Relationship between the biofilm-producer bacteria
and the biofilm formation.

No Bacteria Biofilm formation  p-value
(n %)
Positive  Negative
1  Biofilm-producing 40 (95) 2(5)
bacteria
2 Non Biofilm- 40 (59.7) 27 (40)  <0.001
producing bacteria
Amount 80 29

The incidence of post-catheterization bacteriuria
decreased to 20%, compared with 37% observed at
the time of urinary catheter insertion. This reduc-
tion may be associated with the characteristics of the
study population, particularly because the majority
of patients (68.8%) received antibiotic therapy during
catheterization (Table 1). This finding is consistent
with the statistically significant inverse association
identified between antibiotic use and post-catheter-
ization bacteriuria (p < 0.001; OR = 0.130; 95% ClI:
0.046-0.366), with bacteriuria occurring less fre-
quently among patients receiving antibiotics than
among those without antibiotic exposure (9.3% vs.
44.1%, respectively) (Table 3). One possible expla-
nation is that the empiric antibiotic therapy admin-
istered, particularly meropenem, has demonstrated
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high clinical efficacy in the treatment of urinary tract
infections in previous studies (19). In addition, the
lower incidence of bacteriuria among patients receiv-
ing antibiotics may be related to the predominance of
bacteria in the planktonic state, which allows greater
antibiotic penetration into bacterial cells and facili-
tates disruption of essential cellular processes (20).

Despite its association with reduced bacteriuria,
antibiotic administration in our previous study did
not significantly decrease catheter-associated biofilm
formation, which remained detectable in 73.4% of
cases (p > 0.05) (4). This finding suggests that con-
ventional antibiotic therapy has limited effectiveness
against microorganisms embedded within biofilms.
These results are consistent with previous studies
reporting that biofilm formation enhances microbial
resistance to antimicrobial agents and contributes to
infection persistence and recurrence (21-23).

In line with these findings, conversion of bacte-
riuria results on urinalysis from positive at catheter
insertion to negative at catheter removal was not al-
ways accompanied by negative urine culture results.
Notably, 36% (10 subjects) with positive bacteriuria
were found to have positive urine cultures, predomi-
nantly caused by Candida spp., which are not respon-
sive to antibiotic therapy. This observation is consis-
tent with the findings of Zwet et al., who reported
that the UF-1000i Sysmex analyzer has limited sen-
sitivity for detecting fungal organisms, potentially
leading to underestimation of fungal involvement in
catheter-associated infections (24). Another possible
explanation is the presence of false-positive results in
the initial bacteriuria assessment shortly after cathe-
terization, as the UF-1000i flow cytometry analyzer
is characterized by a low false-negative rate (0%) but
a relatively high false-positive rate (35%). This per-
formance profile suggests that flow cytometry can
be effectively used to reduce unnecessary follow-up
urine cultures when bacteriuria results are negative,
while positive findings should be interpreted cau-
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tiously and confirmed with culture (24, 25).

Isolates with positive Congo Red Agar (CRA) re-
sults were 1.5 times more likely to form biofilms
than CRA-negative isolates. Biofilm formation was
observed in 95% of CRA-positive isolates, compared
with 59.7% of CRA-negative isolates (Table 4). Sta-
tistical analysis further demonstrated a significant
association between bacterial biofilm-forming ca-
pacity and biofilm formation on urinary catheters
(p < 0.001). However, a negative CRA result does
not completely exclude the potential for biofilm for-
mation. Previous studies involving Staphylococcus
epidermidis strains classified as non—biofilm produc-
ers showed that these isolates remained capable of
forming biofilms through alternative mechanisms,
including increased cell surface hydrophobicity,
which plays a key role in initial bacterial adhesion
and colonization (26). In addition, trypsin exposure
has been reported to induce biofilm formation in S.
epidermidis strains previously identified as non-
biofilm producers (27). These findings indicate that
CRA-negative isolates may retain the capacity to
develop biofilms under specific environmental con-
ditions. Therefore, the CRA method should be con-
sidered a screening approach rather than a definitive
method for excluding biofilm-forming ability.

Furthermore, our previous study demonstrated that
catheterization for more than five days was signifi-
cantly associated with increased biofilm formation (p
= 0.004). Additional factors associated with biofilm
development included female sex, bacteriuria at the
time of catheter insertion, and prolonged catheter-
ization. Biofilm formation was detected as early as
day 3 (62%), whereas bacterial dispersal from estab-
lished biofilms—which may subsequently contribute
to bacteriuria—was generally observed around day
5 (4). These findings underscore the importance of
minimizing catheter duration whenever clinically
feasible.

Based on these findings, routine monitoring of pa-
tients with indwelling urinary catheters for more
than 48 hours may be beneficial, including in as-
ymptomatic individuals. Flow cytometry—based uri-
nalysis may serve as an early screening method for
bacteriuria and a preliminary indicator of potential
catheter-associated biofilm formation (Fig. 1). When
bacteriuria is detected, urine culture should be per-
formed to identify causative organisms and assess
their biofilm-forming capacity, thereby facilitating
earlier detection of asymptomatic catheter-associat-
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ed urinary tract infection (CAUTI) (Fig. 1).

Previous studies have identified Gram-negative En-
terobacteriaceae as the predominant microorganisms
isolated from both urine and urinary catheter cul-
tures, particularly Escherichia coli (28.1%) and Kleb-
siella pneumoniae (15.9%), along with Candida spp.
(17.8%). These microorganisms are well-established
causative agents of catheter-associated urinary tract
infection (CAUTI) and commonly originate from the
endogenous perineal microbiota. Their ability to ad-
here to catheter surfaces and form biofilms has been
widely documented and contributes to microbial per-
sistence and ongoing infection (28).

From a therapeutic perspective, determination
of the minimum biofilm inhibitory concentration
(MBIC) may be valuable in guiding antibiotic man-
agement for catheter-associated infections. This ap-
proach may support more appropriate antibiotic se-
lection, improve treatment effectiveness, and reduce
the risk of therapeutic failure related to biofilm-asso-
ciated infections. Previous studies have reported that
most Escherichia coli isolates remain highly suscep-
tible to meropenem, amoxicillin—clavulanic acid,
and fosfomycin. However, among these antibiotics,
fosfomycin was the only agent shown to exhibit sig-
nificant antibiofilm activity. Differences in resistance
phenotypes between urinary and catheter-derived
isolates have also been reported, although no signif-
icant differences were observed in minimum inhib-
itory concentration (MIC; p = 0.522) or minimum
biofilm inhibitory concentration (MBIC; p = 0.523)
values (12).

In this previous study, amoxicillin—clavulanic acid
and fosfomycin may be considered potential thera-
peutic options for infections caused by planktonic
bacteria, whereas fosfomycin appears to demonstrate
greater effectiveness against biofilm-associated mi-
croorganisms (4, 12). These findings suggest that
treatment strategies targeting biofilm formation may
improve therapeutic outcomes in the management of
catheter-associated urinary tract infection (CAUTI).

This study has several limitations. Bacterial spe-
cies identification and antimicrobial susceptibility
testing were not performed, as the microbiological
characteristics and susceptibility profiles of patho-
gens associated with catheter-associated urinary
tract infection (CAUTI) have been extensively de-
scribed in previous studies. The primary objective of
the present study was to evaluate biofilm formation
and catheter-related factors as evidence-based ap-
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Care Flow for Patients with Urinary Catheters
2 | Patient with Folley
jas] Catheter

¥
o Bacteriuria* Hegatiee Clinical Sign
jus)
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Urinary Clinical Sign

Catheter**
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Replace the
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Replace the
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= Reassessment days

H+0 : Day of catheter insertion; H+2: Two days after catheter insertion; H+3 — 4: Three to
four days after catheter insertion; H+5: Five days after catheter insertion; R-1: Empirical
antibiotic recommendation; R-2: Definitive antibiotic recommendation; R-3:

recommendation to stop theraphy; *: through flow cylometry test; **through identification,

sensitivity test, antibiofilm test (CRA) and MBIC.

Fig. 1. Care flow for patients with urinary catheter.

proaches for reducing the risk of CAUTI.

In conclusion, biofilm formation plays a critical
role in the pathogenesis and persistence of CAUTI.
Although antibiotic therapy may reduce bacteriuria,
its effectiveness against catheter-associated biofilms
remains limited. Therefore, routine assessment of
biofilm formation and appropriate catheter man-
agement, including minimizing catheter duration
and early monitoring for bacteriuria, are important
strategies to reduce CAUTI risk and improve clinical
outcomes.

Future studies should investigate the expression of
virulence-associated genes to further clarify their
contribution to biofilm formation. In addition, mul-
ticenter studies are needed to validate the proposed
management algorithm across a broader hospital
setting. The incidence of CAUTI should be used as
the primary outcome to evaluate the effectiveness of
these interventions.
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CONCLUSION

Urinary catheterization remains a major risk factor
for bacteriuria and catheter-associated urinary tract
infection (CAUTI), primarily by facilitating micro-
bial biofilm formation. Although antibiotic thera-
py may reduce bacteriuria, its effectiveness against
catheter-associated biofilms remains limited. Pro-
longed catheterization and the biofilm-forming ca-
pacity of bacterial isolates were significantly associ-
ated with biofilm development on urinary catheters,
highlighting the important role of biofilm in CAUTI
persistence and antimicrobial resistance.

These findings emphasize the importance of ev-
idence-based catheter management, including early
bacteriuria screening, routine monitoring of cathe-
terized patients, and strategies to prevent biofilm for-
mation. Reducing catheter duration and improving
early detection of biofilm-associated infection may
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contribute to lowering CAUTI incidence and im-
proving clinical outcomes.
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