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Abstract

Background and Objectives: Catheter-associated urinary tract infections (CAUTIs) caused by
extended-spectrum beta-lactamase (ESBL)-producing and carbapenem-resistant Enterobac-
terales (CRE) significantly contribute to global rates of UTI. This study aimed to compare
the prevalence and trends of ESBL-producing Enterobacterales and CRE in patients with
CAUTIs and non-CAUTIs. Materials and Methods: A retrospective review of 4262 UTI-
positive urine cultures was conducted at King Fahad Hospital of the University, Al Khobar,
Saudi Arabia (January 2022–November 2023). Demographic, clinical, and microbiological
data were obtained from hospital records. Antimicrobial susceptibility was tested using the
Vitek® System; ESBL and CRE were identified using Ezy MIC™ strips and Xpert® Carba-R
assay, respectively. Results: ESBL-producing Enterobacterales accounted for 11.3% of cases;
CRE comprised 1.8%. ESBL was significantly more prevalent in non-catheterized patients
and those in emergency care. CRE was significantly associated with catheterized patients
and inpatient settings. Escherichia coli and Klebsiella pneumoniae were the predominant ESBL-
producing and CRE isolates, respectively. bla-OXA-48 was the most frequently detected
carbapenemase gene (66.7%). ESBL was prevalent in younger, non-catheterized females,
suggesting increasing community transmission. Conversely, CRE were primarily observed
in older, catheterized inpatients, emphasizing the role of invasive devices in resistance
spread. Conclusions: These findings highlight the importance of targeted infection control
and early catheter removal to mitigate resistance trends.

Keywords: urinary tract infection; ESBL; CRE; Enterobacterales; catheterization; antimicrobial
resistance; catheter-associated urinary tract infection (CAUTI)

1. Introduction
Urinary tract infections (UTIs) pose a significant global public health concern, with

an estimated 404.6 million incident cases and 236,786 deaths in 2019 [1]. In Saudi Arabia,
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UTIs represent 10% of all infections and are the second most common cause of emergency
department admissions [2]. The global burden of UTIs has increased due to rising treatment
failure driven by multidrug-resistant uropathogens.

UTIs are typically classified into catheter-associated urinary tract infections (CAUTIs)
and non-catheter-associated UTIs (non-CAUTIs). CAUTIs arise when an indwelling
catheter provides direct access for pathogens into the urinary tract, accounting for 70–80%
of hospital-acquired UTI (HAUTI) [3]. CAUTI rates are 1.3 per 1000 catheter days in high-
income countries and 3.16 per 1000 catheter days in low- and middle-income countries [4].

Most CAUTIs are caused by Enterobacterales, particularly Escherichia coli, the most
common uropathogen [5]. Enterobacterales are facultatively anaerobic Gram-negative
bacteria that include clinically significant pathogens such as Escherichia coli, Klebsiella pneu-
moniae, Enterobacter cloacae, Proteus mirabilis, Citrobacter freundii, and Morganella morganii,
among others [6]. Colonization occurs via biofilm formation on catheter surfaces, shield-
ing bacteria from the host immune response and antibiotic activity [7]. Consequently,
urine stasis and biofilm formation make catheterized patients highly susceptible to drug-
resistant strains [8]. Colonizing organisms are often ESBL-producing Enterobacterales or
carbapenem-resistant Enterobacterales (CRE). ESBL-producing bacteria are resistant to all
beta-lactam antibiotics (e.g., penicillins and cephalosporins), while CRE strains are resistant
to carbapenems, thereby significantly limiting treatment options [9].

The growing burden of resistance is becoming increasingly evident. For instance,
33.49% of E. coli isolates from UTI cases in Riyadh were ESBL-producing [10]. Moreover,
ESBL-producing microbes are more frequently isolated in catheter-associated UTIs (65.33%)
than in non-catheter-associated cases (47.66%) [11], underscoring the role of catheterization
in fostering resistant infections. The rising incidence of ESBL and CRE in UTIs leads to treat-
ment failure, prolonged hospital stays, and elevated healthcare costs [10,12]. The inability
to identify effective antimicrobials complicates empirical therapy and necessitates the use of
last-resort agents, which often have serious adverse effects [12]. The presence of ESBL and
CRE traits in Enterobacterales substantially reduces the efficacy of conventional therapies,
resulting in infection recurrence, sepsis, and increased mortality. Additionally, catheterized
individuals face a heightened risk of sepsis, which complicates clinical management and
further increases the likelihood of poor outcomes [13,14].

The main aim of this study was to analyze the prevalence and trends of ESBL-
producing Enterobacterales and CRE in UTIs in urine samples among catheterized (CAUTI)
and non-catheterized (non-CAUTI) patients. Specifically, we sought to (1) determine the
prevalence of ESBL-producing Enterobacterales and CRE among patients with Enterobac-
terales cultures, with a focus on differences between catheterized and non-catheterized
individuals, (2) identify the predominant bacterial species associated with ESBL-producing
Enterobacterales and CRE, as well as the distribution of resistance genes involved, and
(3) explore patient characteristics (demographic, clinical, laboratory, and catheter use) as
potential risk factors for the occurrence of ESBL-producing Enterobacterales and CRE in
the study population.

2. Materials and Methods
2.1. Subjects

This is a retrospective study conducted at King Fahad Hospital of the University in Al
Khobar, Saudi Arabia, between January 2022 and November 2023.

Inclusion criteria encompassed all patients with positive urine cultures from January
2022 to November 2023. There were no exclusion criteria. A total of 4262 urine samples
were collected using a non-probability consecutive sampling method from the hospital’s
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electronic medical records. Patient demographic and clinical data were also extracted,
including sex, age, and care setting.

The research was conducted following ethical approval from the Institutional Review
Board (IRB) of Imam Abdulrahman bin Faisal University under approval number IRB-UGS-
2024-01-730. All procedures adhered to applicable ethical standards. Data collected were
kept confidential and used solely for the purpose of this study. The Institutional Review
Board of Imam Abdulrahman Bin Faisal University, Saudi Arabia, granted a waiver of
informed consent due to the retrospective study design.

2.2. Variables

In this study, the primary independent variable is the patient’s catheterization status,
which was stratified to evaluate its impact on outcomes. This variable was divided into
two subgroups: those with indwelling catheters and those without catheters. The type of
urine specimen collected—such as random, midstream, suprapubic bladder, catheterized,
or urine bag—was also considered an independent variable, allowing further stratification
in the analysis. Additional independent variables included patient demographics such
as sex, age, and nationality, as well as clinical characteristics related to care setting. Care
settings were categorized as outpatient (primarily clinics), inpatient (including wards and
ICUs), and the Emergency Department.

The dependent variables include the presence of Enterobacterales in urine cultures,
molecular confirmation of ESBL and CRE, and antimicrobial susceptibility testing (AST)
results. Enterobacterales isolates resistant to at least one third-generation cephalosporin
underwent manual ESBL testing using ESBL Ezy MIC™ Strips (Himedia Labs, Thane,
India). Isolates resistant to at least one carbapenem underwent molecular testing with
the Xpert® Carba-R for rapid detection and differentiation of bla-KPC, bla-NDM, bla-VIM,
bla-IMP, and bla-OXA-48 gene sequences from pure colonies.

Uniform microbiological and molecular testing procedures were applied to all urine
specimens. To prevent case duplication, patients were considered distinct if different
isolates were recovered or if the same isolate was detected at least 14 days apart.

2.3. Procedures

First, all urine cultures from the study period were extracted from King Fahd Uni-
versity Hospital Electronic Medical Records (EMR; TrakCare Electronic Medical Record
System). Subsequently, eligible patients were identified through systematic searches in
the EMR and the hospital’s laboratory databases based on positive Enterobacterales urine
cultures. Relevant patient data, including demographic and clinical information, were then
collected and documented using Microsoft Excel (Version 16.64).

Antibiotic susceptibility testing was routinely conducted on all isolates according to the
protocol of the local laboratory. The Vitek® automated system (BioMérieux, Marcy-l’Étoile,
France) was used to determine the minimum inhibitory concentration (MIC) of antibiotics
against the isolated bacteria. AST results were displayed and interpreted as sensitive (S),
intermediate (I), or resistant (R), in accordance with Clinical and Laboratory Standards
Institute guidelines [15]. Isolates resistant to at least one third-generation cephalosporin
underwent confirmatory ESBL testing using ESBL Ezy MIC™ Strips (Himedia Labs, Thane,
India) as part of routine laboratory procedure.

Additionally, isolates resistant to at least one carbapenem were subjected to molec-
ular testing using the Xpert® Carba-R assay (Cepheid, Sunnyvale, CA, USA) for rapid
detection and differentiation of the bla-KPC, bla-NDM, bla-VIM, bla-IMP, and bla-OXA-48
gene families.
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2.4. Statistical Analysis

The data were presented as numbers and percentages for all categorical variables.
ESBL, CRE, and specimen type were compared based on the demographic and clinical
characteristics of the patients using Fisher’s Exact test and Chi-square test. Statistical
significance was set at p < 0.05. All analyses were performed using SPSS version 26 (IBM
Corp., Armonk, NY, USA).

3. Results
3.1. Overall Prevalence of ESBL and CRE in Enterobacterales Isolates: Comparison Between
Catheterized and Non-Catheterized Patients

Analysis of the results showed that ESBL-producing organisms had higher over-
all detection rates than CRE, with differing prevalence trends between the two groups.
Specifically, ESBL-producing bacteria were primarily associated with emergency settings
and non-catheterized samples, whereas CRE were more frequently identified in inpatient
settings and catheterized samples.

Supplementary Table S1 shows that patients over 70 years old comprised 18.7% of the
cases, females represented 69% of the study population, and Saudi nationals accounted
for 83.1%. The highest proportion of infections occurred in outpatient emergency settings
(55.8%), followed by outpatient clinics (21.2%) and inpatient medical wards (12%).

Figure 1 shows that, out of the total urine samples analyzed, the prevalence of ESBL-
producing Enterobacterales was 11.3%, while CRE accounted for 1.8%. As shown in
Figure 2, ESBL infections were more prevalent among non-catheterized patients (12.4%)
compared to catheterized patients (9.4%). In contrast, CRE infections were more common
in catheterized patients (3.9%) than in non-catheterized patients (0.6%).

 

Figure 1. Rate of ESBL-producing Enterobacterales and CRE among the studied population.

 

Figure 2. Distribution of ESBL and CRE according to catheterization status among the studied population.
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3.2. Predominant Bacterial Species and Distribution and Molecular Resistance Patterns

Figure 3 depicts that among the ESBL isolates, E. coli spp. exhibited the highest
prevalence (65.1%), followed by Klebsiella spp. (30.4%). In contrast, Klebsiella spp. was
the most prevalent CRE organism (62.3%), followed by E. coli spp. (27.3%). Additionally,
in both ESBL and CRE groups, Proteus, Citrobacter, and Morganella spp. were the least
frequently detected organisms.

 
Figure 3. Prevalence of ESBL and CRE according to bacterial species in the present study.

This study identified a variety of CRE organisms isolated from urine samples, with
some species showing higher prevalence and stronger associations with specific resistance
genes. Klebsiella spp. was the most detected organism among all CRE isolates, followed by
E. coli. Additional species, including Proteus, Citrobacter, Morganella, and a group of less
common organisms categorized as “Others,” were also found. Molecular analysis showed
that all CRE isolates in this study carried either the bla-OXA-48 gene, the bla-NDM gene, or
both, with no additional carbapenemase genes detected.

Bla-OXA-48 was the most prevalent carbapenemase gene, found in 66.7% of CRE
isolates, as illustrated in Figure 4. A total of 18.5% of isolates had the bla-NDM gene, while
14.8% harbored both genes simultaneously. This distribution highlights bla-OXA-48 as the
predominant resistance mechanism among CRE in our setting, with a considerable portion
of isolates exhibiting dual gene carriage.

Supplementary Figure S1 shows the distribution of these genes among bacterial species.
Klebsiella spp. represented the majority of gene-positive isolates, accounting for 46.7% of all
bla-NDM-positive, 68.5% of bla-OXA-48-positive, and 66.7% of dual-gene isolates. E. coli was
the second most common species, contributing 26.7% of bla-NDM-positive, 13% of bla-OXA-
48-positive, and 8.3% of dual-gene isolates. Proteus spp. accounted for 10.7% of bla-NDM,
9.3% of bla-OXA-48, and 5.4% of dual-gene detections. Citrobacter spp. contributed 3.0% of
bla-NDM, 1.9% of bla-OXA-48, and 8.3% of dual-gene isolates. Morganella spp. represented
3.0%, 1.9%, and 5.4% of bla-NDM, bla-OXA-48, and dual-gene cases, respectively. “Other”
species comprised 9.9% of bla-NDM, 5.4% of bla-OXA-48, and 5.9% of dual-gene detections.
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Figure 4. Distribution of Genes Amongst CRE in our cohort.

3.3. Patient Characteristics and Potential Risk Factors for ESBL and CRE Infections

In the sample of both ESBL- and CRE-positive patients (Supplementary Table S2),
ESBL was more frequently detected in non-catheterized specimens (68.8%) and emergency
settings (67.8%), whereas CRE was predominantly associated with catheterized samples
(80.5%) and inpatient settings (72.7%). Supplementary Table S2 further shows that CRE
infections were more common in older patients (>45 years, 81.8%), males (50.6%), and those
with urinary catheters (80.5%). In contrast, ESBL infections were more prevalent in younger
patients (≤45 years, 56.1%) and females (77.3%). Additionally, CRE cases were primarily
identified in inpatient settings (72.7%), while ESBL cases were more frequent in emergency
settings (67.8%). Further subgroup analysis of ESBL and CRE (Table 1) by specimen type
revealed distinct demographic and clinical profiles.

Further analysis of ESBL cases (Table 1) showed that catheter-associated infections
were significantly more likely to occur in inpatients (29.3% vs. 6.0%, p < 0.001). Conversely,
non-catheter-associated ESBL cases were most prevalent in emergency (69.2%) and out-
patient (24.8%) settings, highlighting a clear distinction in clinical distribution based on
catheter use.

As shown in Table 1, no statistically significant associations were identified within
the CRE group across demographic or clinical variables. Specifically, no significant rela-
tionships were observed between specimen type and patient age, sex, nationality, or care
setting (all p > 0.05).

Supplementary Figure S2 compares ESBL and CRE prevalence according to catheteri-
zation status across all urine samples tested, rather than limiting the analysis to positive
subsets alone, as done in Table 1. The results show that ESBL prevalence was higher among
non-catheterized patients (12.4%) compared to catheterized patients (9.4%), whereas CRE
prevalence was higher among catheterized patients (3.9%) compared to non-catheterized
patients (0.6%). Additionally, E. coli and Klebsiella spp. were the most frequently identified
microbial species among ESBL and CRE groups, respectively. ESBL infections were most
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frequently observed in the outpatient department (67.4%), while CRE infections were
predominantly reported in OPD (44.2%) and inpatient surgical wards (23.4%).

Table 1. Relationship between specimen type according to demographic characteristics in patients
with ESBL (n = 418) and patients with CRE (n = 77).

Factor

ESBL
Specimen Type

p-Value §

CRE
Specimen Type

p-Value §Catheter
N (%)
(n = 150)

Non-Catheter
N (%)
(n = 331)

Catheter
N (%)
(n = 62)

Non-Catheter
N (%)
(n = 15)

Age group
≤45 years 76 (50.7%) 194 (58.6%)

0.104
13 (21.0%) 01 (6.7%)

0.280>45 years 74 (49.3%) 137 (41.4%) 49 (79.0%) 14 (93.3%)
Sex
Male 41 (27.3%) 68 (20.5%)

0.099
34 (54.8%) 05 (33.3%)

0.160Female 109 (72.7%) 263 (79.5%) 28 (45.2%) 10 (66.7%)
Nationality
Saudi 129 (86.0%) 281 (84.9%)

0.751
48 (77.4%) 14 (93.3%)

0.277Non-Saudi 21 (14.0%) 50 (15.1%) 14 (22.6%) 01 (6.7%)
Type
Emergency 97 (64.7%) 229 (69.2%)

<0.001 **
13 (21.0%) 04 (26.7%)

0.227Inpatient 44 (29.3%) 20
(6.0%) 47 (75.8%) 09 (60.0%)

Outpatient 09 (6.0%) 82 (24.8%) 02 (3.2%) 02 (13.3%)

§ p-values are calculated using the Chi-square test. ** Significant at p < 0.05.

4. Discussion
4.1. Prevalence of ESBL and CRE in Enterobacteriales Isolates and the Impact of Catheterization

Results showed a significantly higher rate of ESBL-producing organisms compared to CRE
among all positive Enterobacterales. ESBL was more frequently identified in non-catheterized
patients and in emergency care settings, whereas CRE was mainly linked to catheterized
inpatients. These findings align with previous reports demonstrating a community-associated
increase in ESBL [8,9], and nosocomial acquisition of CRE infections [16,17].

Notably, ESBL was associated with younger age groups and female patients, whereas
CRE infections were more frequent in older men. This suggests differing epidemiological
profiles and transmission pathways for the two resistance mechanisms. The prevalence
of ESBL in emergency settings may reflect empirical antibiotic use outside outpatient
care, limited post-treatment follow-up, and/or pre-treatment antibiotic exposure. This
is further supported by the higher incidence among female patients, which underscores
the community-acquired nature of ESBL, as women are more likely to develop UTIs. In
contrast, CRE infections were more common in older men in the inpatient setting, where
catheter use is prevalent, highlighting the correlation between CRE and catheterization.

The absence of major associations for CRE infections with demographic variables
further suggests that clinical status, underlying comorbidities, or prior healthcare exposure
may play a more substantial role—factors not fully captured in this retrospective dataset.

4.2. Predominant Bacterial Species and Molecular Resistance Patterns

All CRE isolates were positive for bla-OXA-48, bla-NDM, or both in our molecular data.
bla-OXA-48 was the most frequent, followed by bla-NDM and co-expression of both genes.
This finding is consistent with previous studies from various regions in Saudi Arabia,
which reported bla-OXA-48 as the most prevalent gene among isolates with carbapenem
resistance [18–20].
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In contrast, data from other parts of the world show a wider diversity of resistance
genes and identify bla-KPC as the most prevalent gene in regions such as North America,
Europe, and parts of Asia [21].

Klebsiella spp. were the main carriers of carbapenemase genes, especially with dual
gene isolates, while E. coli and Proteus spp. had a greater majority of bla-NDM genes.
This is consistent with global surveillance data and Saudi Arabia-based data, indicating
the importance of Klebsiella as a CRE reservoir [19,21]. Moreover, although E. coli has
a minor role in the carriage of CRE genes and their dissemination, bla-NDM genes are
still of significant importance as they are transmitted via plasmid, which contributes to
resistance spread.

Klebsiella pneumoniae is a major driver of antimicrobial resistance globally, serving as
a key reservoir and disseminator of carbapenemase genes, including bla-OXA-48 and bla-
NDM. Beyond intrinsic resistance mechanisms, Klebsiella possesses several virulence factors,
notably siderophores, which enhance its pathogenicity and contribute to hypervirulent
phenotypes. Understanding these epidemiological and pathogenic features is essential to
contextualize the role of this species in the local molecular resistance landscape [22–24].

Our findings highlight the ongoing challenges of antimicrobial resistance in Saudi
Arabia and provide local data that may contribute to regional surveillance attempts. While
bla-OXA-48 and bla-NDM predominate locally, global trends, such as the rise of bla-KPC
and other gene families, underscore the importance of broader gene panel screening in
diagnostic laboratories. Strengthening surveillance networks across the region will be
essential to track these shifts and prevent the establishment of endemic resistance patterns.

4.3. Patient Characteristics and Potential Risk Factors for ESBL and CRE Infections

Our demographic data show that overall cases were more common in females, likely
due to anatomical susceptibility to UTIs. Catheterized patients and those older than
45 years were more likely to harbor CRE, further supporting the association of risk factors
with invasive devices and advanced age. These trends are consistent with findings by
Natoubi et al., Zhang et al., and Lin et al., who identified extended hospitalization, catheter-
ization, and comorbidities such as diabetes and renal insufficiency as major contributors to
resistance [14,17,25].

The relatively high proportion of ESBL in non-catheterized patients, particularly
in emergency settings, indicates that community-acquired resistance is becoming more
prominent. These findings align with earlier Saudi-based research by Abalkhail et al. and
underscore the need for community-focused antibiotic stewardship interventions [10].

Although only a few of our cases were admitted to the ICU, underreporting or under-
representation may have contributed to this finding. However, previous administration of
broad-spectrum antibiotics, mechanical ventilation, or the existence of critical illness in an
ICU have been established as risk factors for CRE emergence [4].

4.4. Summary of Findings: Clinical Implications

These findings underscore the need for aggressive infection control among hos-
pitalized, catheterized patients to prevent CRE transmission. Additionally, the in-
creasing resistance in outpatients and emergency settings calls for an urgent reassess-
ment of empirical antibiotic regimens, especially in light of the frequent overuse of
third-generation cephalosporins.

The dissemination of bla-OXA-48 and bla-NDM genes highlights the need for continu-
ous molecular monitoring to track resistance trends and guide appropriate treatment. This
should be coupled with improved catheter hygiene, timely removal protocols, and robust
antimicrobial stewardship programs.
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Owing to the global escalation of antimicrobial resistance, there is a critical need to
explore novel therapeutic strategies beyond conventional antibiotics. Recent approaches
have focused on exploiting bacterial iron acquisition systems through siderophore–drug
conjugates. This strategy, known as the “Trojan horse” strategy, enables antibiotics to
bypass resistance mechanisms by hijacking bacterial nutrient transporters. Additionally,
targeting bacterial metallophores represents a promising avenue for the development of
entirely new classes of antimicrobials [26–28].

Sex- and age-based patterns identified in this study may enable risk stratification
in clinical practice. For example, older male inpatients with urinary catheters should be
considered high risk for CRE and managed accordingly.

4.5. Application

The results of this study align with recent Infectious Diseases Society of America
guidelines recommending a reduction in unnecessary and prolonged use of indwelling
urinary catheters to prevent catheter-associated infections, including those caused by ESBL
and CRE. Additionally, the widely endorsed “3-day rule,” which suggests reassessing
catheter necessity within 72 h, supports our findings, particularly given the significantly
higher CRE prevalence among catheterized patients. Implementing such best practices can
reduce biofilm formation and bacterial colonization, especially in high-risk hospital wards,
and represents a critical step toward limiting the spread of resistant Enterobacterales in
both inpatient and long-term care settings [25,28].

4.6. Limitations and Recommendations

Future research should consider long-term trends in antibiotic susceptibility among
urinary Enterobacterales isolates. Longitudinal studies would be particularly useful in
addressing this limitation, supporting more effective antibiotic stewardship, and refining
clinical guidelines. The absence of resistance trend data and the inability to track patient
status throughout hospitalization are notable limitations. Moreover, as this was a retrospec-
tive, single-center study conducted over 2 years, the findings may not be generalizable to
broader populations or healthcare settings. By nature, these limitations constrain the ability
to establish causality and conduct a robust analysis of long-term resistance trends.

5. Conclusions
This study provides insights into ESBL-producing Enterobacterales and CRE in urinary

infections across over 4000 patient samples. The present study illustrates the presence of
high resistance rates among urinary Enterobacterales isolates, particularly among catheter-
ized patients, hospitalized individuals, older adults, and men. ESBLs were more frequently
found in women and outpatient settings, indicating growing resistance within the commu-
nity. The high prevalence of Klebsiella spp., E. coli, and resistance genes, such as bla-OXA-48
and bla-NDM, emphasizes the importance of conducting continuous molecular surveillance
in this population. These findings underscore the urgent need for enhanced infection
control, judicious antibiotic use, and individualized treatment strategies to improve patient
outcomes and curb the spread of resistant infections.

Supplementary Materials: The following supporting information can be downloaded at https:
//www.mdpi.com/article/10.3390/medicina61111907/s1: Figure S1: Distribution of genes according
to bacterial species; Figure S2: Prevalence of ESBL and CRE according to ward; Table S1: Demographic
characteristics of the study population (N = 4262); Table S2: Relationship between ESBL and CRE
according to patient demographic and clinical characteristics (N = 558).

https://www.mdpi.com/article/10.3390/medicina61111907/s1
https://www.mdpi.com/article/10.3390/medicina61111907/s1


Medicina 2025, 61, 1907 10 of 11

Author Contributions: Conceptualization, A.A.S.; methodology, A.A.S., N.S.A., S.A.A., M.S.A., N.A.,
D.A.A., S.J.A., M.A. and A.A.E.-B.; software, S.A.A., M.S.A. and T.M.; validation, A.A.S., N.S.A.,
S.A.A., M.S.A., N.A., D.A.A., S.J.A., M.A. and A.A.E.-B.; formal analysis, A.A.S., S.A.A., M.S.A., N.A.,
D.A.A., S.J.A. and T.M.; investigation, S.A.A., M.S.A., N.A., D.A.A. and S.J.A.; resources, A.A.S. and
N.S.A.; data curation, A.A.S., N.S.A., S.A.A., M.S.A. and T.M.; writing—original draft preparation,
S.A.A., M.S.A., N.A., D.A.A. and S.J.A.; writing—review and editing, A.A.E.-B., A.A.S., N.S.A., S.A.A.,
M.S.A., N.A., D.A.A. and S.J.A.; visualization, A.A.S., N.S.A., S.A.A., M.S.A., N.A., D.A.A. and S.J.A.;
supervision, A.A.S., N.S.A., M.A. and A.A.E.-B.; project administration, A.A.S., N.S.A., S.A.A., M.S.A.,
M.A. and A.A.E.-B.; Funding acquisition, None. All authors have read and agreed to the published
version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: This study was conducted after obtaining ethical approval
from the Institutional Review Board (IRB) at Imam Abdulrahman bin Faisal University in Dammam,
Saudi Arabia, dated 15 October 2024 (approval number: IRB-UGS-2024-01-730).

Informed Consent Statement: The Institutional Review Board of Imam Abdulrahman Bin Faisal
University, Saudi Arabia, granted a waiver of informed consent due to the retrospective study design.

Data Availability Statement: The data presented in this study are available on request from the
corresponding authors due to privacy and ethical considerations.

Acknowledgments: Not applicable.

Conflicts of Interest: The authors declare no conflicts of interest.

References
1. Zeng, Z.; Zhan, J.; Zhang, K.; Chen, H.; Cheng, S. Global, regional, and national burden of urinary tract infections from 1990 to

2019: An analysis of the global burden of disease study 2019. World J. Urol. 2022, 40, 755–763. [CrossRef]
2. Alhazmi, A.H.; Alameer, K.M.; Abuageelah, B.M.; Alharbi, R.H.; Mobarki, M.; Musawi, S.; Haddad, M.; Matabi, A.; Dhayhi, N.

Epidemiology and antimicrobial resistance patterns of urinary tract infections: A cross-sectional study from southwestern Saudi
Arabia. Medicina 2023, 59, 1411. [CrossRef]

3. Nicolle, L.E. Catheter associated urinary tract infections. Antimicrob. Resist. Infect. Control 2014, 3, 23. [CrossRef]
4. Rosenthal, V.D.; Yin, R.; Brown, E.C.; Lee, B.H.; Rodrigues, C.; Myatra, S.N.; Kharbanda, M.; Rajhans, P.; Mehta, Y.; Todi, S.K.;

et al. Incidence and risk factors for catheter-associated urinary tract infection in 623 intensive care units throughout 37 Asian,
African, Eastern European, Latin American, and Middle Eastern nations: Multinational prospective research of INICC. Infect.
Control Hosp. Epidemiol. 2024, 45, 567–575. [CrossRef]

5. Dougnon, V.; Assogba, P.; Anago, E.; Déguénon, E.; Dapuliga, C.; Agbankpè, J.; Zin, S.; Akotègnon, R.; Moussa, L.B.; Bankolé, H.
Enterobacteria responsible for urinary infections: A review about pathogenicity, virulence factors and epidemiology. J. Appl. Biol.
Biotechnol. 2020, 8, 117–124. [CrossRef]

6. Sokhn, E.S.; Salami, A.; El Roz, A.; Salloum, L.; Bahmad, H.F.; Ghssein, G. Antimicrobial susceptibilities and laboratory profiles of
Escherichia coli, Klebsiella pneumoniae, and Proteus mirabilis isolates as agents of urinary tract infection in Lebanon: Paving the way
for better diagnostics. Med. Sci. 2020, 8, 32. [CrossRef]

7. Flores-Mireles, A.; Hreha, T.N.; Hunstad, D.A. Pathophysiology, treatment, and prevention of catheter-associated urinary tract
infection. Top. Spinal Cord. Inj. Rehabil. 2019, 25, 228–240. [CrossRef]

8. Mlugu, E.M.; Mohamedi, J.A.; Sangeda, R.Z.; Mwambete, K.D. Prevalence of urinary tract infection and antimicrobial resistance
patterns of uropathogens with biofilm forming capacity among outpatients in Morogoro, Tanzania: A cross-sectional study. BMC
Infect. Dis. 2023, 23, 660. [CrossRef]

9. Guh, A.Y.; Limbago, B.M.; Kallen, A.J. Epidemiology and prevention of carbapenem-resistant Enterobacteriaceae in the United
States. Expert. Rev. Anti Infect. Ther. 2014, 12, 565–580. [CrossRef]

10. Abalkhail, A.; AlYami, A.S.; Alrashedi, S.F.; Almushayqih, K.M.; Alslamah, T.; Alsalamah, Y.A.; Elbehiry, A. The prevalence of
multidrug-resistant Escherichia coli producing ESBL among male and female patients with urinary tract infections in Riyadh
Region, Saudi Arabia. Healthcare 2022, 10, 1778. [CrossRef]

11. Ashraf, F.; Iram, S.; Riaz, G.; Rasheed, F.; Shaukat, M. Comparison between non-catheterized and catheter-associated urinary
tract infections caused by extended spectrum beta-lactamase producing Escherichia coli and Klebsiella pneumoniae. bioRxiv 2015.
[CrossRef]

https://doi.org/10.1007/s00345-021-03913-0
https://doi.org/10.3390/medicina59081411
https://doi.org/10.1186/2047-2994-3-23
https://doi.org/10.1017/ice.2023.215
https://doi.org/10.7324/jabb.2020.80118
https://doi.org/10.3390/medsci8030032
https://doi.org/10.1310/sci2503-228
https://doi.org/10.1186/s12879-023-08641-x
https://doi.org/10.1586/14787210.2014.902306
https://doi.org/10.3390/healthcare10091778
https://doi.org/10.1101/019026


Medicina 2025, 61, 1907 11 of 11

12. Asmare, Z.; Awoke, T.; Genet, C.; Admas, A.; Melese, A.; Mulu, W. Incidence of catheter-associated urinary tract infections by
Gram-negative bacilli and their ESBL and carbapenemase production in specialized hospitals of Bahir Dar, northwest Ethiopia.
Antimicrob. Resist. Infect. Control 2024, 13, 10. [CrossRef]

13. Legese, M.H.; Weldearegay, G.M.; Asrat, D. Extended-spectrum beta-lactamase- and carbapenemase-producing Enterobacteri-
aceae among Ethiopian children. Infect. Drug Resist. 2017, 10, 27–34. [CrossRef]

14. Natoubi, S.; Barguigua, A.; Diawara, I.; Timinouni, M.; Rakib, K.; Amghar, S.; Zerouali, K. Epidemiology of extended-spectrum
β-lactamases and carbapenemases producing Enterobacteriaceae in Morocco. J. Contemp. Clin. Pract. 2020, 6, 75–85. [CrossRef]

15. CLSI. Performance Standards for Antimicrobial Susceptibility Testing. In CLSI guideline M100, 34th ed.; Clinical and Laboratory
Standards Institute: Wayne, PA, USA, 2024.

16. Gorgulho, A.; Grilo, A.M.; de Figueiredo, M.; Selada, J. Carbapenemase-producing Enterobacteriaceae in a Portuguese hospital:
A five-year retrospective study. Germs 2020, 10, 95–103. [CrossRef]

17. Zhang, H.; Guo, Z.; Chai, Y.; Fang, Y.P.; Mu, X.; Xiao, N.; Guo, J.; Wang, Z. Risk factors for and clinical outcomes of carbapenem-
resistant Klebsiella pneumoniae nosocomial infections: A retrospective study in a tertiary hospital in Beijing, China. Infect. Drug
Resist. 2021, 14, 1393–1401. [CrossRef]

18. Alraddadi, B.M.; Heaphy, E.L.G.; Aljishi, Y.; Ahmed, W.; Eljaaly, K.; Al-Turkistani, H.H.; Alshukairi, A.N.; Qutub, M.O.; Alodini,
K.; Alosaimi, R.; et al. Molecular epidemiology and outcome of carbapenem-resistant Enterobacterales in Saudi Arabia. BMC
Infect. Dis. 2022, 22, 542. [CrossRef]

19. Taha, R.; Mowallad, A.; Mufti, A.; Althaqafi, A.; Jiman-Fatani, A.A.; El-Hossary, D.; Ossenkopp, J.; AlhajHussein, B.; Kaaki, M.;
Jawi, N.; et al. Prevalence of carbapenem-resistant Enterobacteriaceae in western Saudi Arabia and increasing trends in the
antimicrobial resistance of Enterobacteriaceae. Cureus 2023, 15, e35050. [CrossRef]

20. Al-Zahrani, I.A.; Alasiri, B.A.; Alkhawajah, M.M.; Shibl, A.M.; Memish, Z.A. The emergence of OXA-48- and NDM-1-producing
Klebsiella pneumoniae in Riyadh, Saudi Arabia. Int. J. Infect. Dis. 2018, 69, 118–123. [CrossRef]

21. Kopotsa, K.; Sekyere, J.O.; Mbelle, N.M. Plasmid evolution in carbapenemase-producing Enterobacteriaceae: A review. Ann. N. Y.
Acad. Sci. 2019, 1457, 61–91. [CrossRef]

22. Paczosa, M.K.; Mecsas, J. Klebsiella pneumoniae: Going on the Offense with a Strong Defense. Microbiol Mol Biol Rev. 2016, 80,
629–661. [CrossRef]

23. Russo, T.A.; Marr, C.M. Hypervirulent Klebsiella pneumoniae. Clin. Microbiol. Rev. 2019, 32, e00001-19. [CrossRef] [PubMed]
24. Abbas, R.; Chakkour, M.; El Dine, H.Z.; Obaseki, E.F.; Obeid, S.T.; Jezzini, A.; Ghssein, G.; Ezzeddine, Z. General Overview of

Klebsiella pneumonia: Epidemiology and the Role of Siderophores in Its Pathogenicity. Biology 2024, 13, 78. [CrossRef] [PubMed]
25. Lin, T.C.; Hung, Y.P.; Lin, W.T.; Dai, W.; Huang, Y.L.; Ko, W.C. Risk factors and clinical impact of bacteremia due to carbapenem-

nonsusceptible Enterobacteriaceae: A multicenter study in southern Taiwan. J. Microbiol. Immunol. Infect. 2021, 54, 1122–1129.
[CrossRef] [PubMed]

26. Braun, V.; Pramanik, A.; Gwinner, T.; Köberle, M.; Bohn, E. Siderophore–drug complexes: Potential medicinal applications of the
‘Trojan horse’ strategy. Microbiology 2009, 155 Pt 9, 2699–2708.

27. Ezzeddine, Z.; Ghssein, G. Towards new antibiotics classes targeting bacterial metallophores. Microb. Pathog. 2023, 182, 106221.
[CrossRef]

28. Hooton, T.M.; Bradley, S.F.; Cardenas, D.D.; Colgan, R.; Geerlings, S.E.; Rice, J.C.; Saint, S.; Schaeffer, A.J.; Tambayh, P.A.; Tenke, P.;
et al. Diagnosis, prevention, and treatment of catheter-associated urinary tract infection in adults: 2009 International Clinical
Practice Guidelines from the Infectious Diseases Society of America. Clin. Infect. Dis. 2010, 50, 625–663. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1186/s13756-024-01368-7
https://doi.org/10.2147/IDR.S127177
https://doi.org/10.18683/jccp.2020.1059
https://doi.org/10.18683/germs.2020.1190
https://doi.org/10.2147/IDR.S298530
https://doi.org/10.1186/s12879-022-07507-y
https://doi.org/10.7759/cureus.35050
https://doi.org/10.1016/j.ijid.2018.02.006
https://doi.org/10.1111/nyas.14223
https://doi.org/10.1128/MMBR.00078-15
https://doi.org/10.1128/CMR.00001-19
https://www.ncbi.nlm.nih.gov/pubmed/31092506
https://doi.org/10.3390/biology13020078
https://www.ncbi.nlm.nih.gov/pubmed/38392297
https://doi.org/10.1016/j.jmii.2021.05.005
https://www.ncbi.nlm.nih.gov/pubmed/34244117
https://doi.org/10.1016/j.micpath.2023.106221
https://doi.org/10.1086/650482

	Introduction 
	Materials and Methods 
	Subjects 
	Variables 
	Procedures 
	Statistical Analysis 

	Results 
	Overall Prevalence of ESBL and CRE in Enterobacterales Isolates: Comparison Between Catheterized and Non-Catheterized Patients 
	Predominant Bacterial Species and Distribution and Molecular Resistance Patterns 
	Patient Characteristics and Potential Risk Factors for ESBL and CRE Infections 

	Discussion 
	Prevalence of ESBL and CRE in Enterobacteriales Isolates and the Impact of Catheterization 
	Predominant Bacterial Species and Molecular Resistance Patterns 
	Patient Characteristics and Potential Risk Factors for ESBL and CRE Infections 
	Summary of Findings: Clinical Implications 
	Application 
	Limitations and Recommendations 

	Conclusions 
	References

