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Abstract: Urinary tract infections (UTIs) are among the most prevalent infectious diseases
in older women, especially those over 65 years of age. Physiological changes related
to aging, comorbidities, and frequent use of medical devices such as urinary catheters
increase susceptibility. Increasing antimicrobial resistance further complicates treatment
strategies. This study aims to describe the epidemiological profile of UTI in women
over 65 years of age, focusing on the characterization of etiological agents, observed
antimicrobial resistance patterns, and commonly reported risk factors. We conducted a
retrospective analysis of microbiological and clinical data from elderly women diagnosed
with UTIs. Bacterial isolates were identified and antimicrobial susceptibility profiles were
evaluated over a specified period. A statistical analysis was performed to determine the
prevalence of different pathogens and antibiotic resistance trends. Escherichia coli was
the predominant uropathogen, consistent across different clinical scenarios and patient
conditions. The four most common bacterial strains—E. coli, Klebsiella pneumoniae, Proteus
mirabilis, and Enterococcus faecalis—aligned with global epidemiological data. In Escherichia
coli a significant increase in resistance to nitrofurantoin was observed, possibly indicating
excessive empirical use, while resistance to other antibiotics, such as amoxicillin/clavulanic
acid and ertapenem, remained stable or decreased. Institutional antibiotic stewardship
programs likely contributed to this trend. The study highlights E. coli as the main etiological
agent in elderly women with UTIs. The observed resistance patterns emphasize the need for
localized antimicrobial surveillance and personalized therapeutic approaches. Continuous
microbiological monitoring and rational use of antibiotics are crucial to optimize treatment
outcomes and control the development of resistance.

Keywords: urinary tract infections (UTIs); antibiotic resistance; antibiotic stewardship;
epidemiology of UTIs; elderly women

1. Introduction
Urinary tract infections (UTIs) represent one of the most prevalent infectious con-

ditions in elderly populations, particularly among women aged over 65 years [1]. This
demographic is increasingly vulnerable due to a combination of age-related physiological,
immunological, and anatomical changes that predispose to colonization and infection of
the urinary tract. The shorter female urethra, postmenopausal alterations in the vaginal
and urinary microbiota, and the natural decline in mucosal immunity all contribute to an
increased risk of both acute and recurrent infections in this population [2,3]. Moreover,
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the prevalence of comorbidities such as diabetes mellitus, urinary incontinence, cognitive
decline, and immobility further exacerbates this risk and complicates the management
of UTIs in older women [4]. These factors are often compounded by medical interven-
tions, such as urinary catheterization, which introduce or promote the growth of resistant
microorganisms, increasing the likelihood of complicated infections [5,6].

As life expectancy continues to rise globally, the prevalence and clinical burden of
UTIs in elderly women have become a significant public health concern. UTIs in this age
group are often associated with severe complications, including pyelonephritis, urosepsis,
and acute renal failure, which can lead to prolonged hospitalizations, increased emergency
admissions, and higher healthcare costs [6,7]. Furthermore, elderly women frequently
present with nonspecific or atypical symptoms of UTIs, such as confusion or functional
decline, which can delay diagnosis and treatment [6,7]. This, in turn, can result in adverse
clinical outcomes, including the progression to more severe systemic infections that are
difficult to manage.

From a microbiological perspective, Escherichia coli remains the predominant etiolog-
ical agent of UTIs in women of all age groups, including the elderly [1,5,8]. However,
studies also report the frequent isolation of other Gram-negative pathogens such as Proteus
mirabilis and Pseudomonas aeruginosa, as well as Gram-positive cocci, such as Enterococcus
faecalis, particularly in complicated or hospital-acquired infections [1,5,8]. The increasing
resistance of these uropathogens to first-line antibiotics, including fluoroquinolones, nitro-
furantoin, and third-generation cephalosporins, presents a growing challenge to effective
empirical therapy, highlighting the urgent need for ongoing epidemiological surveillance
and updated antimicrobial resistance (AMR) data to inform treatment guidelines [8,9].

Globally, antimicrobial resistance (AMR) has been recognized as one of the greatest
threats to public health. The World Health Organization (WHO) emphasizes the necessity
of localized, real-time resistance data to guide empirical treatment protocols and to mitigate
the spread of multidrug-resistant organisms [9–11]. Elderly women, as a particularly vul-
nerable group, are exposed to frequent antibiotic use, often empirically prescribed without
precise microbiological data, which accelerates the emergence of resistant strains. There-
fore, a tailored antimicrobial stewardship approach, based on localized epidemiological
data, is crucial to optimizing therapeutic outcomes and minimizing the unnecessary use of
broad-spectrum antibiotics.

In addition to clinical and microbiological complexities, UTIs in elderly women must
be considered within the broader context of the One Health framework, which recognizes
the interconnectedness of human, animal, and environmental health. The transmission
of antimicrobial resistance is influenced not only by human antibiotic consumption but
also by agricultural practices, environmental contamination, and animal reservoirs. The
widespread presence of antimicrobial agents in agricultural runoff, animal husbandry, and
hospital effluents has been identified as a significant factor contributing to the development
and dissemination of resistant pathogens, including those responsible for UTIs in elderly
populations [12,13]. Thus, an integrated approach that combines human healthcare, veteri-
nary medicine, and environmental monitoring is essential to combat the growing threat
of AMR.

The aim of the present study was to conduct a comprehensive epidemiological and
microbiological analysis of UTIs in women aged 65 years and older. Specifically, this
study seeks to characterize the etiological agents of UTIs, analyze resistance patterns
over a five-year period, and identify the key clinical and demographic factors associated
with these infections. By presenting real-world data from two hospital centers in Central
Portugal, this research aims to contribute to the regional understanding of UTI dynamics in
elderly women and to inform more effective, evidence-based, and geographically relevant
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therapeutic strategies. Given the demographic shift and the increasing burden of UTIs in
elderly populations, this study exclusively focuses on women aged 65 and older, thereby
providing a more targeted epidemiological and microbiological analysis.

2. Materials and Methods
This was a descriptive, retrospective observational study based on all positive urine

cultures collected between January 2018 and December 2022, from women aged 65 years
or older, processed in the microbiology laboratories of two public hospital centers located
in Central Portugal. A total of 5603 records were retrieved and reviewed. No random
sampling method was applied, as all eligible positive urine cultures during the study
period were included.

2.1. Data Source and Variables

The data were obtained from the hospitals’ electronic laboratory information manage-
ment systems (LIMS), and included the following: patient age and sex, origin of the sample
(emergency, inpatient, outpatient, day hospital), presence or absence of urinary catheter,
isolated microorganisms, and antimicrobial susceptibility test (AST) results. Only records
corresponding to positive cultures from women aged ≥65 were included in the analysis.
Duplicate isolates from the same patient within a 30-day interval were excluded to avoid
overrepresentation. Details regarding sample collection methodology (e.g., midstream
clean-catch, catheterization, or suprapubic aspiration) were not recorded in the LIMS and
therefore could not be assessed.

2.2. Microbiological Identification and Susceptibility Testing (Contextual Description)

All microbiological analyses—including organism identification and antibiotic sus-
ceptibility testing—were conducted as part of routine hospital diagnostic procedures by
the respective hospital microbiology laboratories. The identification of bacterial isolates
was typically performed using automated systems (e.g., VITEK® 2 Compact, bioMérieux,
based in Marcy-l’Étoile, France) and confirmed, where applicable, by MALDI-TOF MS.
Antimicrobial susceptibility testing was carried out using disc diffusion and/or automated
MIC methods, in accordance with the European Committee on Antimicrobial Susceptibility
Testing (EUCAST) guidelines valid at the time of analysis.

The antibiotics evaluated for Escherichia coli isolates included the following: amoxi-
cillin/clavulanic acid, ceftazidime, cefuroxime axetil, ertapenem, nitrofurantoin, piperacillin/
tazobactam, and trimethoprim/sulfamethoxazole. Resistance trends were assessed across
the five-year study period (2018–2022).

2.3. Statistical Analysis

The data were analyzed using IBM SPSS Statistics version 29.0.1 for macOS. Descrip-
tive statistics (frequencies and percentages) were used to characterize the distribution of
bacterial species and resistance patterns. Continuous variables were presented as means
with standard deviations. The data were analyzed using descriptive statistics (frequencies
and percentages). No inferential statistical tests were applied, and resistance data were
described across the five-year period without performing observation of changes.

2.4. Ethical Considerations

This study was approved on 19/04/2023 by the Ethics Committee of the University of
Beira Interior (approval reference: CE-UBI-Pj-2023-020 and authorized by the respective
institutional Data Protection Officer. As it involved secondary analysis of anonymized data
collected for routine clinical purposes, the requirement for informed consent was waived.
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The study was conducted in accordance with the Declaration of Helsinki and institutional
regulations.

This work is part of the ITUCIP project (Urinary Tract Infections in Central Portugal),
which aims to generate epidemiological evidence to inform local public health strategies
and empirical antibiotic treatment guidelines.

3. Results
A total of 5603 positive urine cultures from women aged 65 years and older were

analyzed, corresponding to all bacteriologically confirmed samples received at two hospital
centers in Central Portugal between January 2018 and December 2022 (60 months). This
dataset provides a comprehensive representation of the elderly female population affected
by urinary tract infections (UTIs) in this regional healthcare context.

It was observed that most of the samples originated from the emergency department
(Figure 1).
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Figure 1. Sample distribution by origin (n = 5603).

The most prevalent microorganism was Escherichia coli, with over 18 distinct bacterial
species identified (Figure 2).
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Among the women analyzed, 132 were catheterized. Among these, the most prevalent
strain was again Escherichia coli (Figure 3).
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Resistance data for Escherichia coli isolates were described across the five-year interval
from 2018 to 2022, as shown in Table 1. No statistical comparisons were performed;
observed differences are presented descriptively.

Table 1. E. coli resistance patterns to antibiotics between 2018 and 2022 (n = 3815).

Antibiotic Behavior Between 2018 and 2022

Amoxicillin/Clavulanic Acid Resistance decreased

Ceftazidime Resistance remained unchanged

Cefuroxime Axetil Resistance decreased

Ertapenem Resistance decreased

Nitrofurantoin Resistance increased

Piperacillin/Tazobactam Resistance remained unchanged

Trimethoprim/Sulfamethoxazole Resistance decreased

4. Discussion
The exclusive focus on elderly women provides a detailed characterization of this

high-risk group, which is frequently underrepresented in broader UTI studies. Given the
unique clinical challenges posed by this population—such as polypharmacy, catheterization,
and immunosenescence—our findings offer valuable insights for age-specific empirical
treatment strategies and antimicrobial stewardship policies.

The data demonstrate that Escherichia coli remains the dominant microorganism in UTIs
among elderly women, a finding that is consistent with numerous international studies [12].
This high prevalence, regardless of the collection site—whether in the emergency depart-
ment, among hospitalized patients, or even among bedridden individuals—reinforces the
central role of this bacterium in the etiology of UTIs [13,14]. Accordingly, when considering
the most frequently isolated bacteria, the prevalence of the four most common strains
(Escherichia coli, Klebsiella pneumoniae, Proteus mirabilis, and Enterococcus faecalis) aligns
perfectly with the majority of studies addressing this subject. This distribution pattern
underscores the predominant role of E. coli as the principal etiological agent of UTIs
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in elderly women, often associated with high virulence and an enhanced ability to ad-
here to the uroepithelium. Moreover, the significant presence of Gram-negative bacilli,
such as K. pneumoniae and P. mirabilis, raises additional concerns regarding both intrinsic
and acquired resistance to broad-spectrum antimicrobials, making it essential to consider
these factors when formulating empirical treatment strategies. The detection of E. fae-
calis, a Gram-positive bacterium frequently linked to hospital-acquired infections, also
suggests the possibility of previous colonizations or more complex clinical scenarios in this
population [14–17].

Another thematic area described longitudinally is the description of antimicrobial
resistance profiles between 2018 and 2022, which reveals distinct observations for different
antibiotic classes associated with the most prevalent bacterium (E. coli). Several interna-
tional studies underscore the imperative need for geographically localized research to
enhance scientific knowledge in specific regions [18]. E. coli was tested in 2018 and again in
2022 against seven antibiotics, showing an increase in resistance to only one—nitrofurantoin.
The rise in resistance to nitrofurantoin can be interpreted as an indicator of its intensive
and possibly inappropriate empirical use, suggesting that selective pressure may have
favored more resistant strains, suggesting that selective pressure may have favored more
resistant strains. This occurs when antibiotic exposure eliminates susceptible bacteria,
allowing resistant variants to thrive and become dominant within the population. It is
well established that primary resistance is associated with mutations in the genes encoding
two cytoplasmic nitroreductases (NfsA and NfsB) [19]. In other research, a description of
similar studies reveals that during the COVID-19 pandemic period, there was an increase
in the sensitivity of urinary E. coli isolates to nitrofurantoin [20]. The observed discrepancy,
despite our study covering the same chronological period, may be attributed to geographic
differences, as the cited article was conducted in India. Once again, this reinforces the
absolute and indispensable need to conduct microbiological studies in specific geographic
settings [18]. Nonetheless, nitrofurantoin remains an extremely important drug in the
treatment of E. coli-associated urinary infections [20].

In contrast, the observed decrease in resistance to amoxicillin/clavulanic acid, cefurox-
ime axetil, trimethoprim/sulfamethoxazole, and ertapenem may reflect the effectiveness of
antibiotic stewardship strategies implemented at the institutional level. These strategies,
based on rational prescribing and periodic review of therapeutic protocols, aim to reduce
the unnecessary or inappropriate use of antibiotics by promoting more judicious choices
tailored to the local epidemiological profile. These results reinforce the hypothesis that
structured interventions—such as prescription audits, the continuous education of health-
care professionals, and the support of clinical microbiology in therapeutic guidance—can
indeed contribute to reversing or stabilizing resistance rates. This observation is further
corroborated by several recent studies which demonstrate that the adoption of antimicro-
bial control policies not only improves clinical outcomes but also reduces the emergence
of multidrug-resistant strains, even in contexts of high antibiotic pressure. Furthermore,
the reduction in the use of broad-spectrum antibiotics, such as ertapenem, may have an
indirect positive effect by minimizing the selection of bacteria with more complex resistance
mechanisms, such as carbapenemase production [21–24].

Additionally, the stability observed in resistance indices for ceftazidime and
piperacillin/tazobactam may indicate that the determinants of resistance for these an-
tibiotics follow a more complex dynamic, possibly influenced by multiple factors such as
their specific pharmacokinetic and pharmacodynamic properties, their more restricted
use in selected clinical contexts, and the molecular mechanisms characteristic of the
E. coli strains present in this specific population. These mechanisms may include alter-
ations in porin systems, efflux pumps, and the presence or absence of extended-spectrum
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β-lactamases (ESBLs) and carbapenemases. This finding underscores the importance of
continuous microbiological surveillance and in-depth studies that integrate both genotypic
and phenotypic analyses to investigate specific mutations, mobile genetic elements (such
as plasmids and integrons), and clonal patterns [25–27]. Understanding these variables
may provide valuable insights into the evolution of resistance and guide more precise
therapeutic decisions adapted to the local microbiological reality, as previously noted [18].

Clearly, E. coli plays a fundamental role in urinary infections among women over 65,
as it was consistently the most isolated bacterium, independent of bedridden status—a
factor that in itself constitutes an additional risk for urinary infections [28]. These findings
are further corroborated by other studies, in which, under similar conditions, E. coli was
also identified as the predominant pathogen with very similar percentage values (45.9%) in
urinary infections among bedridden patients [29].

Although clinical data such as comorbidities or previous antibiotic exposure were
not available in the current dataset, the large sample size and the consistent microbiolog-
ical methodology across the study period provide reliable indicators of local resistance
dynamics.

This study has some limitations. One limitation is that the data were obtained from a
hospital-based population, which may not be fully representative of the general elderly
female population. Furthermore, the descriptive design does not allow for the description
of causal risk factors. Future studies with analytical designs are recommended to better
explore the risk factors associated with UTIs in elderly women.

Additionally, the retrospective nature of the study and the absence of clinical data
such as symptom severity or treatment outcomes constitute further limitations.

Given the interconnectedness of human, animal, and environmental health, the find-
ings reinforce the importance of a One Health approach to antimicrobial stewardship,
especially in addressing the spread of resistant uropathogens. A One Health perspective
calls for integrated surveillance systems that encompass human, veterinary, and environ-
mental health, thus ensuring a coordinated approach to tackling the growing threat of
antimicrobial resistance.

5. Conclusions
This study unequivocally demonstrates that Escherichia coli is the primary etiological

agent of urinary tract infections (UTIs) in women over 65, regardless of the clinical context,
thereby reinforcing its central role in the pathogenesis of these infections. The longitudinal
description of antimicrobial resistance profiles revealed a significant increase in resistance to
nitrofurantoin, possibly associated with its intensive empirical use, while other antibiotics
showed stable or even reduced resistance rates. These observed tendencies suggest that in-
stitutional interventions based on antibiotic stewardship—especially when combined with
rational prescribing practices and continuous microbiological surveillance—can positively
impact the containment of resistance. In contrast, the stability in resistance profiles for
antibiotics such as ceftazidime and piperacillin/tazobactam points to more complex molec-
ular mechanisms, which warrant further investigation through comprehensive genomic
and phenotypic analyses. Overall, the results of this study underscore the importance
of localized approaches to controlling antimicrobial resistance and highlight the need for
therapeutic policies tailored to the specific epidemiological profile of each population.
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the manuscript.
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