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Abstract 

Catheter-associated bacteriuria (CAB) is one of the most frequent healthcare-associated infections 
(HAIs), particularly in critically ill patients, where indwelling urinary catheters are commonly used. 
This prospective cross-sectional study aimed to assess the microbial colonization profile and evaluate 
antimicrobial resistance (AMR) and antibiotics usage patterns among patients admitted to medical 
and surgical intensive care units (ICUs) at Maitega Military Hospital in Tripoli, Libya. A total of 100 
urinary catheters, removed from patients aged over 18 years and inserted for at least 24 hours, were 
collected and analyzed. Catheter tips were aseptically processed, sonicated to release biofilm-
associated bacteria, and cultured on various selective and non-selective media. Microbial 
identification and antibiotic susceptibility testing were performed according to Clinical and 
Laboratory Standards Institute (CLSI) guidelines using the Kirby-Bauer disk diffusion method. Data 
collected included demographics, clinical history, and details concerning the type and duration of 
catheterization. All catheters showed evidence of microbial colonization, with a total of 114 isolates 

obtained, representing 17 microbial species. Escherichia coli was the most frequently isolated 
organism (20.2%), followed by Pseudomonas aeruginosa (12.3%), Pantoea spp. (8.8%). Notably, 
several isolates exhibited multidrug resistance (MDR), particularly among Gram-negative bacteria, 
and ESBL production was detected in a significant subset of E. coli and Klebsiella species isolates. 
Statistical analysis revealed that catheter duration was significantly longer in ICU patients compared 
to other departments (p=0.034). Out of 26 factors analyzed, five independent risk factors were 
identified for colonization with ESBL-producing Gram-negative bacteria: a prior UTI diagnosis, 
previous treatment with third-generation cephalosporins, a history of diabetes mellitus, and bacterial 
resistance to fluoroquinolones and nitrofurantoin. This study highlights the widespread colonization 
of urinary catheters and the high prevalence of antibiotic-resistant organisms in ICU settings. The 
findings underscore the critical need for rigorous infection control practices, routine surveillance of 
catheter-associated infections, and the implementation of targeted antimicrobial stewardship 
programs. 
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Introduction 
The indwelling urinary catheter has a crucial role in many medical practices [1]. However, it compromises 

the urothelial barrier and normal micturition, causing urine retention, which creates an environment that 

facilitate bacteria adhesion and colonization of the catheter lumen, potentially leading to bacteriuria [2,3]. 

The presence and period of catheterization, in addition to age, gender, diabetes mellitus, an 

immunocompromised person, neurologic disorders, and advanced systemic antibiotic exposure at the time 

of hospitalization, all significantly elevate the risk of developing catheter-associated bacteriuria (CAB) [4]. 
Despite recent advancements in catheter design and technology, nearly all types and brands remain 

vulnerable to biofilm formation and encrustation. Moreover, other approaches, such as prophylactic 

antibiotic courses, raise concerns about antimicrobial resistance (AMR) and the evolution of new resistant 

bacterial strains [5]. Urinary catheters promote microbial colonization by damaging the urothelial barrier, 

interfering with normal urine flow, and causing urine retention, all contributing to the development of 
bacteriuria  [2,3]. However, CAB is often asymptomatic and difficult to distinguish from catheter-associated 

urinary tract infection (CA-UTI) as described by [2].  

There has been considerable confusion between symptomatic CA-UTI, which requires antimicrobial 

treatment, and catheter-associated asymptomatic bacteriuria (CA-ASB), which does not require treatment. 

This misunderstanding has contributed to the overuse of antibiotics, raising concerns about antibiotic 

resistance  [6]. Unfortunately, the literature generally reports on CA-ASB or CAB (used when no distinction 
is made between CA-ASB and CA-UTI); such cases are predominantly CA-ASB, rather than CA-UTI [2].  

Moreover, most of the data on causative bacteria of both CA-UTI and CA-ASB are derived from urine samples 

taken from the catheter bag (despite these being discouraged in catheterized patients), and little is known 

about the bacteria that colonize catheters  [7]. Recent scientific literature demonstrates a significant gap 

regarding the prevalence, etiology, and implications of asymptomatic bacteriuria following indwelling 
catheter colonization. With this gap in the previously identified research, this study aims to investigate the 
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microbial profile associated with colonization of the indwelling urethral catheters among patients admitted 

to Maitega Hospital in Tripoli. 

 

Methods 
Setting and sample collection 

Cross-sectional observational study conducted at Maitega Military Hospital in Tripoli from January 2024 to 

January 2025. 100 Indwelling urethral catheters were collected from patients over the age of 18 years 

admitted to various medical and ICU departments. Subsequently, the catheters were transported to the 
research laboratories at the Department of Medical Microbiology, Faculty of Medicine, University of Tripoli, 

for processing and analysis. The study included indwelling urethral catheters that had remained in situ for 

at least 24 hrs; they were collected by trained healthcare workers at the time of removal (according to clinical 

need). The catheters were immediately placed in resealable bags and then transferred and analyzed within 

24 hrs of removal. The Data collected included demographics, clinical history, and details concerning the 

type and duration of catheterization. 
 

Catheter preparation 

The catheter tip was aseptically cut into five small, 1 cm pieces, which were then stored in a sterile saline 

solution at 4 °C. Prior to analysis, one section of the catheter tip was removed from the saline solution and 

rinsed twice using sterile distilled water. It was then placed inside a screw-capped container with 3 ml of 
10x phosphate-buffered saline (PBS) and sonicated for 5 minutes at 25°C using a sonicator (Bandelin® 

Sonorex Digitec) at 40 ± 5 kHz to dissociate biofilm and encrustation from the catheter lumen and form a 

bacterial suspension for culture. 

 

Microbiological analysis 

200 µl of the generated bacterial suspension was inoculated on cysteine lactose electrolyte-deficient (CLED) 
(Oxoid, UK) and blood agar (Oxoid, UK), colonies were enumerated, and bacterial isolates were identified 

using analytical profile index systems (API) biochemical panels according to the manufacturer’s instructions 

(BioMérieux, France). Antimicrobial susceptibility testing was performed according to Clinical and 

Laboratory Standards Institute (CLSI) guidelines [8] and multidrug-resistant (MDR) isolates were identified 

according to the criteria described by the European Centre for Disease Prevention and Control (ECDC) and 
the Centers for Disease Control and Prevention (CDC) expert [8]. Detection of extended-spectrum beta-

lactamase (ESBL) producing isolates was performed using the modified double-disk synergy testing protocol 

presented by Kaur et al. (2013) [9]. 

 

Statistical analysis 

Associations between different parameters were analyzed by using Fisher’s exact Test, ANOVA test, or Mann-
Whitney U test, and the threshold for statistical significance was a p-value of ≤ 0.05. To assess the best 

combination of variables to predict ESBL-producing gram-negative isolates, a stepwise logistic multivariate 

regression analysis was applied with 95% confidence intervals (CIs). 

 

Ethical approval 

Ethical approval was granted by the Libyan Postgraduate Academy, and all required hospital permissions 
were secured in accordance with institutional research guidelines. 

 

Results  
Catheter collection demographics 
This study analyzed 100 indwelling urinary catheters from patients with an average age of 67 years (SD 

±17.7). Age groups ranging from 41 to 90 years encompassed 87% of the patient population, with a male to 

female ratio of approximately 1:2. Catheterization was primarily performed during treatment of neurological 

and urinary retention conditions (89%), with a smaller proportion for neurosurgical indications (12%). Most 

of the catheters (72%) were collected from different medical units, and the remaining (27%) were from 
intensive care units (ICU). 

 

Catheter type and duration of catheterization 

The types of catheters also varied, with the majority being latex (80%) and the remaining (20%) being all-

silicon (used for long-term catheterization). The average duration of catheterization was 8.2 days (SD ±5.8) 

for the latex catheters, and 6.9 days (SD ±4.2) for the all-silicon catheters (p= 0.33). Although the catheter 
type used was consistent among departments, patients in ICUs experienced significantly longer 

catheterization periods than those in other units (p= 0.034). Regarding the differences in duration of 

catheterization between males and females, the data showed no statistically significant difference (p= 0.85) 

based on gender. Only 13 patients were diagnosed with UTI, and our findings indicate no correlation between 

the duration of catheterization and the patient being diagnosed with UTI.  
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Microbial colonization profile (MCP) of indwelling urinary catheters 

All tested catheters show signs of colonization. Among the 100 urinary catheters analyzed, 114 

microorganisms were isolated from their lumens. Thirteen catheters exhibited the growth of multiple 
microbial species, and all catheters showed evidence of bacterial growth. Of the 114 isolates, a total of 17 

different microbial species were detected attached to the catheter’s lumens, with E. coli being the 

predominant species and accounting for 21% of the total isolates. Some unconventional urinary tract 

pathogenic species were also detected and ranked high in the MCP, Pantoea spp. (8.8%) P. Luteola (7.9%). 

On the other hand, our data did not reveal any significant differences in microbial colonization profiles 

between latex and silicone catheters (Table 1). When comparing the MCP detected among male patients with 

that detected in female patients, E. coli and Pseudomonas oryzihabitans. showed a significant association 
with catheters collected from female patients with p= 0.008 and p= 0.039, respectively (Table1). Although 

no significant difference was observed in the MCP between the ICUs and medical departments, Citrobacter 
spp. demonstrated a borderline association with the ICUs (p=0.05) (Table 1). 

 

Antimicrobial Susceptibility 

Among Gram-negative isolates (excluding Pseudomonas spp.) that constituted 53% of the collected bacterial 

strains, a reasonably high level of resistance was demonstrated to a number of commonly used antibiotics: 
ampicillin (72%); third-generation cephalosporins (45–55%); fluroquinolones (18%); and carbapenems (15–

20 %). In contrast, Pseudomonas isolates exhibited a more favorable susceptibility profile. All tested isolates 

were susceptible to amikacin, with only 3% resistant to carbapenems and up to 8% resistant to 

fluoroquinolones. Enterococci exhibited a concerning resistance profile, demonstrating high levels of 

resistance to fluoroquinolones and tetracycline (Table 2). 

 
Table 1. Distribution of microbial profile by gender, catheter type, and departments 

Microorganism 
No. 
(%) 

Gender 
Sig. 

Catheter type 
Sig. 

Department 
Sig. 

M F Latex Silicone ICU Medical 

E. coli 
23 

(20.2) 
3 (7.3) 

20 
(27.4) 

0.008 
13 

(15.5) 
10 (33.3) - 7 (24.1) 16 (18.8) - 

Pseudomonas 
aeruginosa 

14 
(12.3) 

4 (9.8) 
10 

(13.7) 
- 

12 
(14.3) 

2 (6.7) - 5 (17.2) 9 (10.6) - 

Enterobacter 
aerogenes 

12 
(10.5) 

7 (17.1) 5 (6.8) - 
10 

(11.9) 
2 (6.7) - 2 (6.9) 10 (11.8) - 

Pantoea spp 
10 

(8.8) 
3 (7.3) 7 (9.6) - 7 (8.3) 3 (10) - 2 (6.9) 8 (9.4) - 

Pseudomonas 
luteola 

9 (7.9) 4 (9.8) 5 (6.8) - 6 (7.1) 3 (10) - 0 (0) 9 (10.6) - 

Enterococcus spp. 9 (7.9) 1 (2.4) 8 (11) - 6 (7.1) 3 (10) - 2 (6.9) 7 (8.2) - 

Bacillus spp 9 (7.9) 5 (12.2) 4 (5.5) - 7 (8.3) 2 (6.7) - 1 (3.4) 8 (9.4) - 

Klebsilla spp 5 (4.4) 2 (4.9) 3 (4.1) - 4 (4.8) 1 (3.3) - 0 (0) 5 (5.9) - 

Candida spp 4 (3.5) 2 (4.9) 2 (2.7) - 2 (2.4) 2 (6.7) - 1 (3.4) 3 (3.5) - 

Citrobacter spp 4 (3.5) 2 (4.9) 2 (2.7) - 4 (4.8) 0 (0) - 3 (10.3) 1 (1.2) 0.05 

Pseudomonas 
oryzihabitans 

3 (2.6) 3 (7.3) 0 (0) 0.039 3 (3.6) 0 (0) - 1 (3.4) 2 (2.4) - 

Staphylococcus 
epidermidis 

3 (2.6) 1 (2.4) 2 (2.7) - 2 (2.4) 1 (3.3) - 2 (6.9) 1 (1.2) - 

Proteus mirabilis 2 (1.8) 1 (2.4) 1 (1.4) - 2 (2.4) 0 (0) - 1 (3.4) 1 (1.2) - 

Providencia 
rettgeri 

2 (1.8) 0 (0) 2 (2.7) - 2 (2.4) 0 (0) - 0 (0) 2 (2.4) - 

Serratia 
liquefaciens 

2 (1.8) 2 (4.9) 0 (0) - 1 (1.2) 1 (3.3) - 1 (3.4) 1 (1.2) - 

Staphylococcus 
aureus 

2 (1.8) 1 (2.4) 1 (1.4) - 2 (2.4) 0 (0) - 1 (3.4) 1 (1.2) - 

Staphylococcus 
saprophyticus 

1 (0.9) 0 (0) 1 (1.4) - 1 (1.2) 0 (0) - 0 (0) 1 (1.2) - 

 

Detection of ESBL-producing isolates 

According to the generated antibiotic susceptibility profiles, isolates resistant to third-generation 

cephalosporines were tested for the production of ESBL enzyme, and as a result, 27 (93%) of the 29 tested 

isolates were ESBL producers. According to the ECDC and CDC definition of MDR [10], only 7 out of 26 

Pseudomonas spp. isolates (26.9%) were classified as MDR, with P. aeruginosa accounting for 3 out of 14 
isolates (21.4%). In contrast, other Gram-negative bacteria exhibited a higher prevalence of MDR, with 48 

out of 60 tested isolates (80%) demonstrating multidrug resistance. Notably, 21 of the 23 E. coli isolates 

(91.3%) were MDR isolates. Interestingly, almost all Pantoea spp. were MDR, with 9 out of 10 isolates (90%) 

exhibiting this phenotype. 
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Prediction factors associated with colonization with an ESBL-producing isolate 

Multivariate analysis identified several significant predictors for the acquisition of ESBL-producing isolates 

(Table 3). Resistance to nitrofurantoin (OR = 1.41, p < 0.001) and fluoroquinolones (OR = 1.43, p < 0.001) 
was identified as an independent predictor for the presence of ESBL-producing isolates. 

 

Table 2. Antimicrobial resistance profile for the most commonly isolated microorganism. 

Microorganism No. 
Resistance to Antimicrobial Agent 

P AMP AUC OXA CXM CRO CTX CFP AZT CIP LEV IMP MER GN AMK TOB F T E CM LIN 

E. coli 
23  18 11  21 7 17 12 2 6 6 5 4  5 9 5 14    

(%)  (78.3) (47.9)  (91.4) (30.5) (74) (52.2) (8.7) (26.1) (26.1) (21.8) (17.4)  (21.8) (39.2) (21.8) (60.9)    

Other 
Enterobacteriacea 

27  19 16  13 15 9 1 2 2 1 1 3  2 8 15 4    

(%)  (70.4) (59.3)  (48.2) (55.6) (33.4) (3.8) (7.5) (7.5) (3.8) (3.8) (11.2)  (7.5) (29.7) (55.6) (14.9)    

Pantoea spp. 
10  6 3  9 5 7 8 8 3 4 3 5  2 6 3 4    

(%)  (60) (30)  (90) (50) (70) (80) (80) (30) (40) (30) (50)  (20) (60) (30) (40)    

Pseudomonas 
aeruginosa 

14   13     5 6 0 1 1 16  0 6      

(%)   (92.9)     (35.8) (42.9) (0) (7.2) (7.2) (69.6)  (0) (42.9)      

Pseudomonas 
spp. 

12   10     3 5 0 1 0 1  0 4      

(%)   (83.4)     (25) (41.7) (0) (8.4) (0) (8.4)  (0) (33.4)      

Enterococcus 
spp. 

9  3        7 7      0 9   6 

(%)  (33.4)        (77.8) (77.8)      (0) (100)   (66.7) 

Staphylococcus 
spp. 

6 4   2      3 3   3   6 2 6 3 3 

(%) (66.6)   (33.3)      (50) (50)   (50)   (100) (33.3) (100) (50) (50) 

P: Penicillin; AMP: Ampicillin; AUC: Amoxacillin-clavulanate; OXA: Oxacillin; CXM: Cefuroxime; CRO: Ceftriaxone; CTX: Cefotaxime; CFP: 
Cefepime; AZT: Aztreonam; PIP: Piperacillin; CIP: Ciprofloxcin; LEV: Levofloxacin; IMP: Imipenem; MER: Meropenem; GN: Gentamicin; 

AMK: Amikacin; TOB: Tobramycin; F: Nitrofurantoin; T: Tetracycline; E: Erythromycin; CM: Clindamycin; LIN: Linezolid. 

                      
Table 3. Prediction factor for colonization with ESBL-producing isolate. 

Variables 

Prediction factors 

P-value 
Odds 

ratio 

95% CI 

(Lower) 

95% CI 

(Upper) 

Resistance to 

Nitrofurantoin 
<0.001 1.41 1.14 1.75 

Resistance to 

Fluoroquinolones 
<0.001 1.43 1.15 1.77 

 

Antibiotic prescription 
Overall, 93 patients received antibiotics (93%), with a total of 174 antibiotic courses prescribed. 42 (42%) of 

the patients received antibiotics empirically for diagnosed infections, of which UTI counts for only 12 

patients. The remaining 58 (58%) received prophylactic antibiotics for medical and surgical indications. In 

terms of prescription frequency, third-generation cephalosporins were the most widely used antibiotics, 

prescribed to 78% of patients. Fluoroquinolones were used in 45% of cases, and carbapenems were 
prescribed to 37% of patients. To evaluate the effectiveness of received treatments as a prophylactic, we 

compared the collective antibiotic resistances of isolated colonizing pathogens to the antibiotics actually 

prescribed. Surprisingly, despite 70% of patients receiving ceftriaxone, a significant proportion 

(approximately 49%) of the isolated pathogens exhibited resistance to this antibiotic (Figure 1). 
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Figure 1. Comparison of the collective antibiotic resistances of isolated pathogens to the 

antibiotics actually prescribed 

 

Discussion 
This study analyzed 100 indwelling urinary catheters from patients with an average age of 67 years, with 
87% of patients falling between the age ranges of 41 and 90 years. Notably, the majority of these catheters 

were collected from individuals being managed in general medical settings. The distribution of collected 

catheters among hospital departments exposes a distribution markedly different from international statistics 

[11].  While global data reports the majority of urinary catheterization practices occurring in ICU (70-80%) 

and a smaller proportion in non-ICU units (20-30%), our sample consisted predominantly of catheters from 

various medical departments (72%), with only 27% from the ICU. This discrepancy may be attributed to the 
overuse of urinary catheters in medical departments, potentially due to the lack of or poor adherence to 

proper protocols. Moreover, approximately 80% of the catheters used were latex, which agrees with regional 

reports indicating that latex urinary catheters are typically more prevalent in healthcare facilities due to 

their lower cost compared to silicone alternatives [12]. While there were no differences in the type of catheter 

used by different departments, the ICU departments tend to leave the catheters longer than other 
departments (p= 0.034). This can be attributed to the severity of illness and the frequent use of catheters 

for accurate urine output measurement [13].  

Despite the well-documented association of UTIs and the duration of catheterization [14]. In this study, only 

13 patients were diagnosed with UTIs, and no statistically significant correlation was observed between 

these factors. Consistent with the reported progression of bacteriuria in catheterized patients, a 3-10% daily 

increase approaching 100% after one month [15], and that 20% of CAUTIs involve bacterial colonization 
during insertion [16]. All analyzed urinary catheters exhibited colonization, with a total of 114 microbial 

isolates. The observed high rate of colonization may signify the need for re-evaluation of current infection 

control practices during both the insertion and ongoing management of urinary catheters. Moreover, 13 

catheters exhibited the growth of multiple microbial species; these findings align with the understanding 

that multiple bacterial species can colonize the biofilm within long-term indwelling catheters, affecting about 
80% of such patients, typically 2-3 species [17]. A total of 17 different microbial species were detected, with 

E. coli (21%) being the most common isolate, which aligns with local and regional reported findings [18–20]. 

Less common urinary tract pathogens were also detected, ranking relatively high in the microbial community 

profile (MCP), Pantoea spp. (8.8%) and P. luteola (7.9%). The limited data on these species might indicate 

either their low clinical occurrence. However, both Pantoea spp. and P. luteola are known opportunistic 

Gram-negative pathogens associated with UTIs, especially in individuals with indwelling catheters, 

weakened immune systems, or urinary tract abnormalities [21,22].  
Statistical analysis of the MCP based on patients’ gender showed a significant correlation between the 

presence of E. coli (p= 0.0004) and Enterococcus spp. (p= 0.02) on catheters collected from female patients 

compared to males. This observation is consistent with existing literature and is commonly attributed to 

female anatomy, specifically the shorter urethra and its close proximity to the anus, allowing for easier 

ascension of gastrointestinal flora, including E. coli and Enterococci, into the urinary tract [23]. The high 

resistance of gram-negative isolates to antibiotics, especially ampicillin (72%) and third-generation 
cephalosporins (45-55%), is consistent with findings from Libyan hospitals, where antibiotic overuse 

contributes to the reported resistance [24]. Studies from Iraq and Morocco report similarly high resistance 

rates among CAUTI pathogens, particularly due to excessive cephalosporin use [25,26]. A critical finding of 
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this study was the alarmingly high detection rate of ESBL-producing isolates. Among the 29 isolates 

resistant to third-generation cephalosporins that were tested for ESBL production, 27 (93%) were confirmed 

as ESBL producers. This concerning prevalence aligns with a rising trend of ESBL-producing 

Enterobacteriaceae reported in Libyan ICUs [27]. Similarly high rates were also documented in hospitals in 
Egypt and Saudi Arabia, often associated with prior antibiotic use and hospital-acquired infections [28,29]. 

Moreover, 26.9% of Pseudomonas spp. isolates (7/26) were MDR, including 21.4% of P. aeruginosa isolates 

(3/14). Interestingly, a stark regional contrast emerges: while Saudi Arabia reports a low prevalence of MDR 

P. aeruginosa 0%-7.3%, Egypt shows a considerably higher burden, ranging between 50%-75%, likely 

influenced by differing healthcare environments and surveillance practices. This regional variability aligns 

with the broader global picture, where MDR P. aeruginosa prevalence fluctuates significantly, with increasing 

trends and rates of 15%-30% reported in Europe, North America, and South America [30].  
While the MDR prevalence in Pseudomonas spp. was comparatively lower, other Gram-negative bacteria 

showed a concerning high rate of 80% (48/60) multidrug resistance. Leading this trend was E. coli, with an 

alarmingly high 91.3% (21/23) of isolates exhibiting MDR. This finding is consistent with other research 

indicating that MDR strains are responsible for 25% to 48% of gram-negative bacterial infections in various 

hospital environments [31]. This burden can be even greater in vulnerable populations. Global data reveal 

a wide range of MDR rates for E. coli, spanning from 25.9% to as high as 95.7% in certain high-risk groups 

[32]. Notably, Pantoea spp. exhibited a high tendency for multidrug resistance, with almost all detected 
isolates (9 out of 10, or 90%) displaying the MDR phenotype. This is consistent with the known ability of 

Pantoea spp., particularly Pantoea agglomerans, to acquire and harbor multiple antibiotic resistance genes, 

including those encoding ESBL and carbapenemase [33].  

The presence of MDR and XDR pathogens in catheterized patients increases the risk of resistance transfer 

among uropathogens, leading to treatment failure and prolonged hospital stays. Strategies such as antibiotic 

rotation policies, improved infection control, and surveillance programs have been recommended at both 
regional and international levels [24]. Twenty-six variables across demographic factors, comorbidities, 

healthcare exposure, and antimicrobial usage were used to identify independent factors leading to 

colonization with ESBL-producing Gram-negative bacteria. Two key variables emerged: Resistance to 

fluoroquinolones was identified as a risk factor associated with colonization with ESBL-producing Gram-

negative bacteria. This is likely due to the common co-location of genes responsible for ESBL production 

and fluoroquinolone resistance on the same plasmids, leading to frequent co-resistance[34]. Surprisingly, 
nitrofurantoin resistance was identified as a predicting factor for colonization with ESBL-producing bacteria 

in this study. This finding contrasts with existing literature, indicating that nitrofurantoin has historically 

maintained good activity against many ESBL-producing E. coli isolates, with susceptibility rates reported 

around 90% [35]Studies even suggest that while over 70% of ESBL-producing isolates may be resistant to 

other antibiotics like trimethoprim-sulfamethoxazole, ciprofloxacin, third-generation cephalosporins, and 

aminoglycosides, they often remain susceptible to nitrofurantoin [36]. This finding may suggest evolving 
resistance patterns that warrant further investigation within Libyan health care facilities. While treatment 

guidelines recommend antibiotic therapy for catheter-associated UTIs only when symptomatic (not for ASB) 

and suggest basing empiric therapy on local resistance, allergies, and severity, targeting common, 

increasingly resistant pathogens like E. coli [37,38]. In this study, 92% of patients received antibiotics (174 

courses).  

A majority, 58 (58%), received them prophylactically. Of the 42 (42%) treated empirically for diagnosed 
infections, only 12 were specifically for UTIs, suggesting widespread antibiotic use beyond symptomatic UTI 

treatment. This demonstrates a clear and immediate need to refine empiric therapy protocols and strengthen 

antibiotic stewardship efforts. Despite the documented locally high resistance rates among Gram-negative 

bacteria causing UTIs to third-generation cephalosporins (45%) and fluoroquinolones (57%) [39,40]These 

antibiotic classes were still frequently prescribed in this study, with prescription rates of 78% and 45%, 
respectively. Furthermore, a comparison between the overall antibiotic resistance of the isolated pathogens 

and the antibiotics actually prescribed revealed a striking discrepancy. Despite 70% of patients receiving 

ceftriaxone, nearly half (49%) of the bacteria isolated showed resistance to this very antibiotic. This 

significant mismatch raises serious concerns about the effectiveness of the prescribed treatment and could 

substantially increase the likelihood of persistent infection, potentially leading to serious complications. 

 

Conclusion 
Urinary catheters investigated in this study highlight the significant challenges of catheter microbial 

colonization and their antimicrobial resistance. The high proportion of catheters from general medical 

departments suggests potential overuse outside critical care. A high rate of microbial colonization, 
dominated by E. coli, and the detection of less common pathogens like Pantoea spp., emphasize persistent 

biofilm issues. Alarmingly high AMR rates were found, especially to third-generation cephalosporins and 

fluoroquinolones, with a striking prevalence of ESBL-producing isolates. Noteworthy local risk factors for 

ESBL colonization include prior UTI, previous third-generation cephalosporin use, diabetes mellitus, 

fluoroquinolone, and nitrofurantoin resistance. The data reveal a significant disconnect from guidelines, 
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with excessive and often prophylactic antibiotic use, particularly the frequent prescription of ceftriaxone 

despite high resistance, underscoring an urgent need for rigorous antibiotic stewardship and revised 

empirical treatment strategies to combat the growing threat of MDR organisms. 
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