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Abstract

Background: Urinary tract infections (UTIs) are a leading cause of urine testing and
antibiotic prescribing across healthcare settings. Despite established clinical guidelines,
inappropriate practice such as unnecessary urine cultures, treatment of asymptomatic
bacteriuria, suboptimal antibiotic selection, and excessive treatment duration remain com-
mon. These practices contribute to antimicrobial resistance, adverse drug events, and
increased healthcare costs. Methods: This narrative review synthesises evidence from
PubMed-indexed studies, including systematic reviews, randomised controlled trials, and
implementation studies, to evaluate the impact of antibiotic and diagnostic stewardship
interventions on UTI management. Studies assessing outcomes related to urine testing
practices, antibiotic utilisation, and clinical safety were included. Discussion: The literature
demonstrates that integrated stewardship interventions effectively reduce inappropriate
urine testing and antibiotic use without negatively affecting patient outcomes. Diagnos-
tic stewardship strategies such as limiting urine cultures to patients with appropriate
clinical indications, implementing reflex testing algorithms, and improving result interpre-
tation reduce downstream antibiotic overuse. When combined with antibiotic stewardship
approaches including clinical decision support, audit-and-feedback, and bundled interven-
tions, these strategies lead to sustained improvements in prescribing behaviour and care
quality. Conclusions: Antibiotic and diagnostic stewardship are synergistic and essential
components of optimal UTI management. Interventions targeting both diagnostic decision-
making and antibiotic use can safely reduce unnecessary testing and treatment. Future
stewardship efforts should prioritise integrated, multidisciplinary approaches supported
by clinical decision support tools to enable real-time, sustainable improvements in UTI care
across clinical settings.

Keywords: antimicrobial stewardship; antimicrobial resistance; diagnostic stewardship;
laboratory stewardship; reflex urine culture algorithms; clinical decision support systems

1. Introduction

Urinary tract infections (UTIs) represent one of the most common bacterial infections
worldwide, with an annual incidence of approximately 11% in women and 3% in men [1].
By the age of 32 years, nearly half of all women are expected to have experienced at least
one UTI, with lifetime prevalence estimates reaching 40-50% [2]. Women experience a
disproportionately higher burden due to anatomical and hormonal factors, whereas UTIs
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in men are generally considered complicated and more frequently warrant culture-directed
therapy [1]. In contrast, older adults often present with atypical or non-specific symptomes,
and asymptomatic bacteriuria (ASB) is particularly prevalent in this population, increasing
the risk of misdiagnosis and overtreatment [3,4]. Overall, the epidemiology, clinical presen-
tation, and management of UTlIs are strongly influenced by both sex and age. Given their
widespread occurrence, UTIs are a major driver of antibiotic prescribing in clinical practice,
and this substantial prescribing burden has been associated with persistently high levels of
inappropriate antibiotic use across healthcare settings.

In outpatient practice, an estimated 50-70% of UTI prescriptions do not meet es-
tablished diagnostic criteria, with many patients receiving antibiotics in the absence of
documented urinary symptoms [5]. Retrospective analyses further demonstrate that up
to 68% of prescribed regimens are inappropriate due to incorrect antibiotic selection or
excessive treatment duration [6]. Large national cohort data involving 654,432 women
have revealed frequent use of non-first-line fluoroquinolones, with more than 75% of treat-
ment courses exceeding guideline-recommended durations [7]. This issue is particularly
pronounced in older populations, where inappropriate treatment of ASB remains com-
mon despite evidence demonstrating no clinical benefit and potential harm [3,4]. Among
older women with recurrent UTIs, approximately 41% receive unnecessary antibiotic
therapy, often reflecting treatment of ASB rather than true infection [8]. In outpatient
practice, an estimated 50-70% of UTI prescriptions do not meet established diagnostic
criteria, with many patients receiving antibiotics in the absence of documented urinary
symptoms [5]. Retrospective analyses further demonstrate that up to 68% of prescribed
regimens are inappropriate due to incorrect antibiotic selection or excessive treatment
duration [6]. Large national cohort data involving 654,432 women have revealed frequent
use of non-first-line fluoroquinolones, with more than 75% of treatment courses exceed-
ing guideline-recommended durations [7]. This issue is particularly pronounced in older
populations, where inappropriate treatment of ASB remains common despite evidence
demonstrating no clinical benefit and potential harm [3,4]. Among older women with
recurrent UTIs, approximately 41% receive unnecessary antibiotic therapy, often reflecting
treatment of ASB rather than true infection [8].

These data underscore significant gaps in guideline-concordant prescribing and high-
light the urgent need for effective antimicrobial stewardship interventions, which are
defined as coordinated efforts to improve and measure appropriate antibiotic use through
strategies such as prospective audit and feedback, formulary restriction, and optimisation
of antibiotic selection, dosing, and duration. While this traditional stewardship efforts
focus on refining the use of existing antimicrobial agents, preventive strategies such as
immunoprophylaxis are emerging as promising approaches in the management of recurrent
UTIs. Sublingual whole-cell bacterial vaccines have demonstrated sustained reductions in
recurrence rates and favourable safety profiles in systematic reviews and long-term cohort
studies [9-12]. These interventions enhance host mucosal immune responses and reduce
reliance on repeated antibiotic courses. By decreasing the need for recurrent antibiotic
exposure, such vaccines present a meaningful opportunity to mitigate antimicrobial resis-
tance; however, they have not yet been routinely incorporated into formal diagnostic and
antimicrobial stewardship frameworks.

This review evaluates the current evidence supporting diagnostic and antimicrobial
stewardship in UTI management, identifies established and emerging interventions, and
explores how preventive approaches such as immunoprophylaxis may be integrated into
stewardship strategies to support comprehensive and sustainable UTI care.
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2. Methodology
2.1. Literature Search and Selection

A narrative review of the literature was conducted to examine current practices,
evidence, and concepts related to AMS and DS. A comprehensive literature search was per-
formed using PubMed /MEDLINE, Google Scholar, and the Cochrane Library. Publications
from database inception through 2025 were considered.

Search terms were selected to capture both antibiotic and diagnostic stewardship do-
mains and included combinations of keywords such as antibiotic stewardship, antimicrobial
stewardship, diagnostic stewardship, laboratory stewardship, urine culture stewardship,
appropriate antibiotic use, immunoprophylaxis and clinical decision-making. Reference
lists of relevant articles were also reviewed to identify additional pertinent publications.

2.2. Study Inclusion

A total of 46 papers were included in this narrative review. Of these, 15 primarily
addressed diagnostic stewardship (DS) interventions, focusing on urine culture order-
ing practices, reflex testing algorithms, laboratory optimisation, selective susceptibility
reporting, and diagnostic clinical decision support. In total, 18 studies primarily focused
on antimicrobial stewardship (AMS) strategies, including optimisation of antibiotic selec-
tion, dosing, duration, de-escalation, audit-and-feedback, educational interventions, and
electronic prescribing support tools. Five studies incorporated integrated DS and AMS
components, evaluating combined effects on urine testing behaviour and antibiotic utili-
sation. The remaining publications provided epidemiological context, guideline updates,
prevention strategies, catheter-associated UTI frameworks, or immunoprophylaxis data
relevant to stewardship-informed UTI care.

Articles were selected based on their relevance to the objectives of this review, with
emphasis on studies describing stewardship principles, implementation strategies, and
clinical or utilisation outcomes. Eligible publications included original research articles,
interventional studies, reviews, and consensus or guideline documents conducted in
healthcare settings.

Articles were excluded if they were case reports, conference abstracts without full text,
editorials lacking substantive discussion, or non-English-language publications. Studies
not directly related to clinical diagnostic or antibiotic stewardship were also excluded.

2.3. Data Synthesis

Relevant information was extracted and synthesised narratively. Due to variability in
study design, interventions, and outcome measures, a qualitative synthesis was performed
rather than a quantitative meta-analysis. Findings were organised thematically to highlight
key stewardship concepts, areas of consensus, and emerging practices across healthcare
settings.

The next sections will focus on discussing DS and AMS individually.

3. Diagnostic Stewardship

DS has emerged as a critical strategy to improve pre-prescribing decision-making. A
summary of its key features is provided in Figure 1.

In 2022, a modified Delphi consensus was published in which one hundred and
sixty-five questions were reviewed by an expert panel of 15 individuals, suggesting
18 overarching guidance statements to inform future practices [13]. The main principles
outlined are as follows:

o  Ordering: Urine cultures should only be ordered when there is documented evidence
of urinary symptoms. Strategies such as electronic alerts discouraging culture re-
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quests in asymptomatic patients, and cancellation of unnecessary repeat cultures, are
recommended to reduce inappropriate testing.

e  Processing: Conditional reflex urine cultures, where cultures are only performed if
urinalysis shows evidence of infection, are supported. The use of urinalysis parameters,
particularly white blood cell count, as criteria for proceeding to culture is endorsed.

e  Reporting: Selective reporting of antimicrobial susceptibilities and use of “nudges”
in laboratory reports are recommended to discourage treatment of asymptomatic
bacteriuria and guide appropriate therapeutic decisions.
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Figure 1. Overview of diagnostic stewardship.

For urologists, who frequently manage patients with bacteriuria in native or recon-
structed urinary systems, application of these principles to ensure appropriate interpreta-
tion of urine diagnostics is particularly important.

3.1. The Burden of Inappropriate Testing and the Rationale for Stewardship

Misinterpretation of nonspecific symptoms and overreliance on laboratory findings
contribute substantially to unnecessary treatment (Table 1).

Table 1. Summary of inappropriate urine testing practices and associated consequences.

Inappropriate Test Use Potential Consequences

Overdiagnosis. Treatment of colonising organisms or
asymptomatic bacteriuria. Unnecessary antibiotic
prescribing. Increased cost and length of stay.

Routine urine cultures ordered in asymptomatic
patients [3]

Urine cultures obtained for nonspecific symptoms (e.g.,  Overdiagnosis. Inappropriate antibiotic use. Missed

confusion, malodorous urine, falls) [4] diagnosis of the true underlying cause of symptoms.
Urine cultures ordered solely for pyuria or positive Owerdiagnosis. Treatment of colonisation or inflammation
dipstick without symptoms [14] unrelated to infection. Increased antimicrobial exposure.
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Table 1. Cont.

Inappropriate Test Use

Potential Consequences

Routine pre-operative urine cultures for low-risk urologic
procedures [15]

Overdiagnosis. Unnecessary antibiotic prescribing without
proven benefit.

Urine cultures in catheterised patients without systemic
or localising symptoms [16]

Overdiagnosis. Increased risk of inappropriate antibiotics
and catheter-associated complications.

Repeat urine cultures to document “clearance” in
improving or asymptomatic patients [3]

Ower-testing. Unnecessary laboratory utilisation and
antibiotic prolongation.

Screening for asymptomatic bacteriuria outside
established indications (non-pregnant,
non-procedural) [3]

Owerdiagnosis. No clinical benefit and increased
antimicrobial resistance risk.

Reflex antibiotic treatment of positive urine cultures
without clinical correlation [14]

Overdiagnosis. Treatment of contaminants or colonisers.
Increased adverse drug events.

Broad susceptibility reporting without stewardship
guidance [15]

Overtreatment. Selection of unnecessarily
broad-spectrum antibiotics.

In one multisite analysis, more than one-third of hospitalised patients with ASB

received unnecessary antibiotics [3]. Testing triggered by ambiguous findings such as con-

fusion or abnormal urine odour fail to correlate reliably with true infection and frequently

leads to overtreatment [4].

Pyuria remains a common trigger for urine culture ordering, but it lacks diagnostic

specificity and commonly reflects colonisation, catheter irritation, or inflammation unre-

lated to infection [14]. These limitations are amplified by high baseline rates of bacteriuria

in patients with reconstructed urinary tracts, long-term catheters, or life-long nephros-

tomies. Collectively, these challenges underscore the need for structured, evidence-driven

diagnostic pathways.

3.2. Optimising Urine-Culture Ordering

Stewardship begins with appropriate test ordering. Consensus guidance emphasises

restricting urine cultures to patients with localised urinary symptoms or systemic signs

of infection suggestive of a urinary source [13]. Ordering cultures solely for nonspecific

symptoms elevates culture volume without improving outcomes [15].

Several ordering-level DS interventions have demonstrated meaningful reductions in

unnecessary urine testing. One effective strategy involves removing routine urine-culture

checkboxes from admission and preoperative order sets, thereby reducing automatic or

reflexive test ordering and prompts clinicians to reconsider the clinical indication. Many

institutions additionally require clinicians to document specific urinary symptoms before a

culture can be released by the laboratory, ensuring that testing is aligned with established

diagnostic criteria rather than nonspecific findings such as confusion or malodorous urine.

Embedding clinical decision-support (CDS) alerts within the electronic health records

further provides real-time guidance, reminding clinicians to correlate urinalysis abnor-

malities with symptoms and discouraging culture requests in the absence of appropriate

clinical features.

In a large prospective pre—post study, a CDS-based diagnostic intervention reduced

inappropriate urine culture orders from 41.6% to 36.4% (p < 0.001) and decreased un-

necessary antibiotic use from 85.7% to 72.9%, representing a 55% reduction in overall

antibiotic utilisation [16]. Together, these interventions help shift practice patterns toward

more deliberate, symptom-driven testing and form the foundation of effective diagnostic

stewardship programmes.
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3.3. Refining Laboratory Processing Through Reflex Culture Algorithms

Pre-analytic and analytic laboratory processes play a critical role in determining the
clinical value of urine culture testing. In a comprehensive systematic review, LaRocco
et al. demonstrated that optimised pre-analytic practices, including appropriate specimen
collection, handling, and processing, significantly reduce contamination rates and improve
the diagnostic accuracy of urine cultures [17]. Building on these principles, reflex culture
algorithms that initiate culture only after predefined urinalysis criteria are met, have
consistently reduced low-value testing. Many institutions employ pyuria thresholds such
as >10 white blood cells per high-power field, as supported by laboratory utilisation
guidelines [18].

In a multicentre evaluation, Claeys et al. reported that implementation of reflex
culture algorithms across three medical centres resulted in a 39.5% reduction in UTI days of
therapy (95% CI 13.9-57.5%) alongside a system-wide decrease in urine culture volume [15].
These findings were further corroborated by a 2025 urinalysis-reflex-to-culture (UARC)
implementation, in which Zimilover et al. observed a reduction in reflexed urine cultures
from 74.3% to 24.7% and a corresponding decline in antibiotic utilisation associated with
urine testing from 39.2% to 33.5% (p < 0.05) [19]. Collectively, these data underscore how
laboratory-level stewardship interventions directly translate into meaningful reductions in
unnecessary antibiotic exposure.

3.4. Selective Reporting to Influence Clinical Decision-Making

The manner in which laboratory results are communicated strongly influences pre-
scribing behaviour. Thoughtful report design, often described as “nudging”, can dis-
courage unnecessary antibiotic therapy. Interpretive comments that explicitly remind
clinicians to correlate culture results with patient symptoms have been shown to reduce
overtreatment [13].

Selective or cascade reporting of antimicrobial susceptibilities is another effective
stewardship technique. In this model, laboratories report narrow-spectrum, guideline-
recommended agents first and withhold broader-spectrum antibiotics unless necessary.
Cascade reporting has been associated with increased use of preferred agents and reduc-
tions in unnecessary fluoroquinolone prescribing [20].

Rather than limiting clinician autonomy, this approach preserves access to broader-
spectrum options while encouraging rational antibiotic selection.

3.5. Evidence Supporting Successful Diagnostic Stewardship Programmes

The evidence supporting successful DS programmes is robust and expanding across
diverse healthcare settings. In a 151-bed urban safety-net hospital, implementation of urine
culture restrictions for catheterised patients resulted in a 52% reduction in urine cultures
per 1000 patient-days, alongside a decrease in catheter-associated culture rates from 27% to
12%, without an increase in missed infections [21].

Similarly, a large CDS-based pre—post intervention study demonstrated a statistically
significant reduction in inappropriate urine culture ordering, from 41.6% to 36.4%, and a
concomitant decline in unnecessary antibiotic use from 85.7% to 72.9%, corresponding to
an overall 55% reduction in antibiotic utilisation [16].

Reflex-based urinalysis-to-culture (UARC) protocols have also shown meaningful
impact, with one implementation reporting a reduction in reflexed urine cultures to 51.3%
and an associated decrease in antibiotic prescribing linked to urine testing by approximately
six percentage points [22].
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In addition, nurse-driven diagnostic stewardship initiatives have consistently reduced
both total and inappropriate urine culture orders without adversely affecting length of stay,
readmission rates, or mortality [23].

Collectively, these findings demonstrate that structured DS interventions, particularly
reflex testing algorithms and CDS-enabled ordering strategies, can substantially reduce un-
necessary testing and antimicrobial exposure while maintaining patient safety, reinforcing
their role as core components of effective diagnostic stewardship programmes.

3.6. Special Considerations

Certain patient populations warrant exceptions to standard DS criteria. Due to their
unique clinical history, interpretation of urine analysis and the threshold for urine culture
must be decided on an individual basis. Some of these are listed below:

3.6.1. Pregnant Women

Treatment of ASB during pregnancy has consistently been shown to reduce the risk of
progression to pyelonephritis and lower the risk of adverse obstetric outcomes, including
preterm delivery and low birth weight. As a result, routine screening and treatment of
ASB in pregnant individuals remains a well-established and evidence-based exception to
diagnostic stewardship restrictions [24].

3.6.2. Urological Procedures Involving Mucosal Disruption

In patients undergoing urological procedures associated with mucosal disruption,
preoperative screening and targeted treatment of bacteriuria may reduce the risk of post-
operative infectious complications. This approach is particularly relevant in procedures
where bacteraemia or seeding of the urinary tract is more likely, such as transurethral inter-
ventions. Preoperative ASB screening prior to procedures such as transurethral resection of
the prostate (TURP) or ureteroscopy has been associated with the prevention of 15-20%
of postoperative infections, supporting the rationale for maintaining targeted diagnostic
exceptions in this clinical context [25].

3.6.3. Recurrent UTIs

Urine cultures may be clinically warranted in this cohort even in the absence of pyuria.
Factors such as prior antibiotic exposure, intermittent bacterial shedding, and altered host
inflammatory responses can reduce the sensitivity of urinalysis in this population [26].
Importantly, in catheterised patients, who may present with ASB or negative cultures
despite symptoms, antibiotic treatment is generally not warranted. The 2023 update by
Patel et al. details preventions of catheter associated UTIs whereas Advani et al. has
established through the analysis of over two hundred thousand urine samples that UARC
should be avoided in catheterised individuals [27,28].

3.7. Future Directions

Future advances in diagnostic stewardship will increasingly rely on emerging tech-
nologies that improve diagnostic speed, accuracy, and specificity of UTI management. The
Nature Reviews Urology analysis highlights the limitations of traditional diagnostic cate-
gories and calls for a shift toward biomarker-driven, host-response-based diagnostics [29].

Emerging advances in DS increasingly focus on host-response-based approaches rather
than pathogen detection alone. Immune-profiling signatures, including urinary cytokines,
chemokines, and markers of leukocyte activation, show promise in distinguishing true
infection from asymptomatic colonisation and inflammatory states unrelated to infection. In
parallel, rapid culture-independent diagnostic technologies, such as microfluidic platforms,
nanopore sequencing, cartridge-based molecular panels, and automated susceptibility
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modules, are being developed to substantially shorten diagnostic turnaround times, in
some cases to under one hour, thereby reducing reliance on empiric antibiotic therapy.

Machine-learning tools that integrate clinical symptoms, comorbid conditions, urinal-
ysis parameters, and prior microbiologic data further offer potential for real-time decision
support at the point of care. However, the clinical utility of these emerging diagnostics
must be validated across diverse urologic populations, including postoperative patients,
individuals with urinary reconstruction, chronically catheterised patients, and those in
resource-limited settings. As these technologies evolve, adherence to diagnostic steward-
ship principles will remain essential to ensure that increased diagnostic precision translates
into reduced overtreatment and improved patient outcomes.

4. Antimicrobial Stewardship

While diagnostic stewardship focuses on reducing unnecessary or inappropriate test-
ing, antimicrobial stewardship (AMS) uses accurate diagnostic information to optimise
antibiotic selection, dosing, and duration, minimising inappropriate use and resistance
towards available antimicrobial agents. UTIs are commonly classified by anatomical site,
complexity, and recurrence, yet individual clinical presentations often remain heteroge-
neous and ambiguous, complicating decision-making [30]. Consequently, inappropriate or
excessive antibiotic use may occur, leading to adverse drug effects, disruption of normal
microbiota, recurrence, development of antimicrobial resistance, compromised patient
outcomes, and increased healthcare costs.

Implementation of AMS programmes have been shown to improve outcomes, empha-
sising the avoidance of unnecessary antibiotics, optimisation of treatment where indicated,
while minimising toxicity and the emergence of resistant organisms [31].

4.1. Burden of Inappropriate Antibiotic Use

Multiple studies consistently highlight alarmingly high rates of inappropriate antibi-
otic use in the management of UTIs, reflecting substantial gaps in guideline-concordant
practice and AMS (Table 2).

Murray et al. in his narrative analysis estimated that approximately 50-70% of outpa-
tient antibiotic prescriptions for UTIs did not meet established clinical diagnostic criteria,
with many patients receiving treatment despite the absence of urinary symptoms, a key
contributor to overtreatment and the potential development of resistance [5]. Similarly, a
retrospective multicentre outpatient review by Wattengel et al. reported that nearly 68%
of UTI antibiotic prescriptions were inappropriate, primarily due to incorrect antibiotic
selection and treatment duration [6].

Furthermore, national cohort data encompassing over 650,000 women with uncom-
plicated UTlIs revealed frequent use of non-first-line fluoroquinolones, with more than
75% of courses exceeding recommended durations according to guidelines [7]. Given the
variability in antibiotic prescribing practices, we have summarised the most commonly
prescribed antibiotics in UTI management in Table 3 alongside evidence that supports their
use. Among older women with recurrent UTIs, 41% of antibiotic courses were deemed
unnecessary, often reflecting treatment of ASB without documented symptoms. Additional
studies in asymptomatic populations identified widespread antibiotic use in patients with
no indication for therapy, illustrating persistent overtreatment of asymptomatic bacteriuria
or pyuria [8].

These prescribing practices carry significant clinical and public health consequences
(Figure 2) and addressing this challenge necessitates multifaceted interventions; however es-
tablishing comprehensive AMS programmes can avert a bleak future with advanced AMR.
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Table 2. Key papers highlighting the burden of inappropriate antibiotic use.

. . Measure of .o S
Setting/Population Inappropriate Use Key Findings Study (Citation)
Prescriptions not meetin ~50-70% prescriptions were
Outpatient [ IPHONS NOLMEEUNE 5 dministered without meeting Murray et al. (2025) [5]
diagnostic criteria. . . C e
clinical diagnostic criteria.
68% of regimens were
. Antibiotic choice and inappropriate, mainly due to
Outpatient treatment duration. incorrect selection and Wattengel et al. (2020) [6]

treatment duration.

National cohort of
>650,000 women

Frequent prescription
of non-first-line
fluoroquinolones; >75%
of courses
exceeded recommended
guideline durations.

Guideline adherence
(antibiotic choice
& duration).

Durkin et al. (2018) [7]

41% of women with rUTIs
received unnecessary

Older women Unnecessary antibiotic antibiotics; man .
. y . Y Critchlow et al. (2025) [8]
with rUTIs/ASB courses. asymptomatic patients
received antibiotics
without indication.
Table 3. Summary of most commonly prescribed antibiotics in UTT management.
Antibiotics Class Primary Indication Reported Data Study (Citation)
Reported as the most
Amoxicillin-Clavulanate B-lactam/ B-lactamase Second-line lower UTT; prescribed antibiotic in some 6]
(Co-amoxiclav) inhibitor complicated UTL European primary care
settings (up to 47.2%).
. Complicated UTI; Frequently recommended
Fluoroquinolones P s .
- . . pyelonephritis; historically  historically; major target
(Ciprofloxacin, Fluoroquinolone . [32]
Levofloxacin) used for of stewardship
uncomplicated UTI. reduction efforts.
Used in 50.6% of

Third-generation . . Complicated UTI; cystitis-related admissions
. Third-generation o o i,
Cephalosporins Cephalosporin pyelonephritis and 55.6% of pyelonephritis  [30]
(Ceftriaxone, Cefixime) p P (IV/IM therapy). admissions in U.S.
hospital data.
Trimethoprim-— First-line uncomplicated Commonly recommended
Sulfamethoxazole Sulfonamide combination ~ UTI (in regions with low internationally; frequently [1]
(TMP-SMX) resistance rates). first line in non-UK settings.
. . Alternative agent for Commgnly prescnbedom
. First-generation T U.S. primary care; ~13% of
Cephalexin . lower UTI when first-line . . [6]
Cephalosporin . pre-UTI prescriptions in
therapy unsuitable.
cohort analyses.
Widely used in hospitalised
Extended-spectrum Severe complicated patients with complicated Multiole hospital-
Piperacillin-Tazobactam Penicillin/ 3-lactamase UTT; healthcare UTT; stewardship focuses hpre hospitar
e . . . based cohort studies.
inhibitor associated infections. due to ESBL
selection pressure.
ESBL-producing or Increasing use in resistant
Carbapenems (e.g., Carbapenem (f3-lactam) multidrug-resistant Enterobacterales infections; Global AMR

Meropenem)

complicated UTL considered last-line therapy. surveillance reports.

4.2. Core Stewardship Principles

In 2021, Geobel et al. introduced a framework of five Ds for appropriate outpatient
implementation of AMS, namely right diagnosis, right drug, right dose, right duration, and
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de-escalation [32]. These D’s have provided a unified and reproducible framework allowing
measurable improvements in antibiotic prescribing quality for UTIs. Multiple studies,
across both inpatient and outpatient settings, consistently demonstrate that interventions
targeting one or more of these domains lead to reductions in inappropriate antibiotic
initiation, unnecessary broad-spectrum use, excessive dosing, and prolonged treatment
durations. The next section will review available literature for each of these disciplines
individually, and a summary of these can be seen in Table 4.

— S —
ol s~
’/ n Antibiotics can cause L4 N

7’ A Y aller.gi: re:actions, ,f \\
/ \ e organ toxichy. / Public Health \
. : i Burden 1
Overuse disrupts 1 1 1
i beneficial bacteria, I 1 Resistance spreads in [
\ increasing susceptibility I Y the community, !
\ to infections and 7 A\ threatening population- /
\ immune imbalance. 7 \\ level health. /I
“ 4 IMPACT OF < y,
'l
e ANTIBIOTIC g
- OVERUSE
- -
’I \\\
A
7 \
/ Treatment
. Failure :
1 Ineffective antibiotics 1 _ Resistant infections
A allow infections to ] B 5 increase hospital stays,
A\ persist and worsen. I SR medical costs, and
resistance, rendering resource use.
\ ¥ standard treatments
\ 7’ ineffective.
~ ’/
e e -~ — c2
Figure 2. Consequences on antibiotic overuse.
Table 4. Core principles of antimicrobial stewardship and their impact.
Core Stewardship Principles Key Impact on AMS Supporting Evidence
Diagnostic CDS reduced unnecessary
Reduces unnecessary antibiotic antibiotic use by ~33.6%; improved
Accurate Diagnosis initiation by distinguishing true UTI urine collection increased
from ASB guideline-concordant prescribing to

100% [33,34]
INSPIRE trial reduced extended

. . Minimises broad-spectrum overuse spectrum use by 17.4%; outpatient
Appropriate Drug Selection . . . 31
and resistance selection order panels improved guideline
adherence [35,36]
Prevents under- and overdosing, EMR-based CDSS improved

Correct Dosage reducing toxicity and treatment failure appropriately from 79.3% to 92.7% [37]

Reduces total antibiotic exposure and  Correct duration increased from 38.5%

Adequate Duration resistance pressure to 71.1% with CDSS intervention [37]

Optimises therapy based on culture
Timely De-escalation results and limits unnecessary
broad-spectrum use

De-escalation is feasible in ~40.3% of
hospitalised UTI cases [38]

4.2.1. Making an Accurate Diagnosis

Making the right diagnosis is the first step in implementing AMS in the real world
as diagnostic errors are a major driver of unnecessary antibiotic prescribing. Gilboa et al.
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reported the use of a clinical decision-support tool designed to distinguish true UTI from
asymptomatic bacteriuria reduced unnecessary antibiotic use by approximately 33.6%, with
inappropriate prescribing affecting 31% of patients prior to intervention [33]. Similarly, a
quality-improvement initiative in a paediatric ED increased guideline-concordant urine
collection from 54.7% to 96.2%, and following intervention, 100% of antibiotic prescriptions
were in line with the guidance, directly linking improved diagnostic processes to enhanced
AMS outcomes [34].

Stewardship Impact: Reducing inappropriate diagnoses prevents unnecessary an-
tibiotic initiation. Strengthened DS is especially important given the evolving classifi-
cation of UTIs, underscoring the need for clear, standardised diagnostic guidelines to
minimise misdiagnosis.

4.2.2. Choosing an Appropriate Antimicrobial Agent

Correct use of antimicrobials is the steppingstone to ensure compliance with AMS
principles. The INSPIRE (Intelligent Stewardship Prompts to Improve Real-time Empiric an-
tibiotic selection) randomised clinical trial, reported a reduced empiric extended-spectrum
antibiotic use by 17.4% in hospitalised UTI patients, while increasing standard-spectrum
prescribing [35]. Additionally, Neumann et al. suggested that implementation of an
evidence-based UTI order panel in outpatient settings significantly improved guideline-
concordant antibiotic selection, while a study by Cai et al. demonstrated that a precision
medicine-based approach, incorporating individualised clinical history, local resistance
patterns, and risk stratification, can enhance stewardship outcomes without compromis-
ing clinical efficacy, thereby highlighting the value of both structured and individualised
prescribing strategies in routine practice [36,39].

Stewardship Impact: Optimised drug choice reduces unnecessary broad-spectrum
exposure, lowers selective pressure for resistance, and aligns prescribing with evidence-
based recommendations.

4.2.3. Careful Dosing and Adequate Duration

Optimisation of dose and duration represents a measurable and clinically meaning-
ful AMS outcome. The IDSA and the Society for Healthcare Epidemiology of America
(SHEA) recommend integrating clinical decision support systems (CDSS) into steward-
ship programmes to prompt prescribers to reassess antibiotic therapy, including dose
and duration, and to optimise therapy based on patient-specific factors and pharmacoki-
netic/pharmacodynamic principles. For example, electronic checklists and time-out audits
have been shown to reduce unnecessary antibiotic exposure and improve compliance with
recommended durations [37].

Stewardship Impact: Correct dosing minimises under or overtreatment and reduces
adverse effects such as Clostridioides difficile infection. Shorter, evidence-based durations
lower the risk of resistance as well as drug-related harm while maintaining clinical efficacy.

4.2.4. Timely De-Escalation

De-escalation based on microbiological data is an often underutilised stewardship
strategy. In hospitalised UTI patients, Abuelshayeb et al. reported appropriate de-escalation
in approximately 40.3% of cases, resulting in reduced avoidable broad-spectrum antibiotic
use [38].

Stewardship Impact: De-escalation allows for decreased exposure to broad spectrum
antibiotics thereby optimising antimicrobial exposure and preserving its effectiveness.
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4.3. Sustainability of AMS

Sustaining AMS programmes over the long term remains a challenge. However, sev-
eral measures can be implemented to ensure long-term results. These are discussed below.

4.3.1. Guideline Dissemination and Educational Initiatives

Percival et al. performed a controlled pre-post intervention study in an ED, where ed-
ucation on guideline-recommended UTI management, supplemented with local resistance
data, was provided. He reported a remarkably increased guideline-concordant antibiotic
prescribing from 44.8% to 83%. Additionally, nitrofurantoin uses for uncomplicated cys-
titis rose from 12% to 80%, while concordance between empiric therapy and pathogen
susceptibility improved from 74% to 89%, without an increase in repeat ED visits [40].

Similarly, a prospective antimicrobial stewardship initiative in elderly medicine wards
demonstrated a 3.61-fold increase in appropriate antibiotic prescribing following poster-
based guideline dissemination, which further increased to a 5.05-fold improvement when
combined with formal teaching sessions (p < 0.05), highlighting the additive benefit of mul-
timodal education [41]. Systematic reviews of ambulatory UTI stewardship interventions
support these findings, identifying clinician education paired with guideline dissemination
and CDSS as key components associated with increased adherence to first-line agents and
reduced inappropriate broad-spectrum antibiotic use, particularly fluoroquinolones [42].

These findings highlight the significance of targeted educational interventions in
combination with guideline dissemination. By raising clinician awareness, providing clear
treatment pathways, and integrating recommendations into workflows such as CDSS, these
strategies enhance guideline adherence, especially when reinforced with local resistance
data and complementary patient education and awareness.

4.3.2. Regular Audit and Feedback (A&F)

In a retrospective, pharmacist-led outpatient stewardship programme, 282 UTI pre-
scriptions were audited and individualised written feedback was provided bi-weekly.
Following implementation, guideline-concordant antibiotic selection increased from 20%
at baseline to a median of 69.2%, and appropriate treatment duration improved from 55%
to 70.4% [43]. Similarly, a quasi-experimental outpatient study evaluating pharmacist-led
A&F reported nearly a twofold increase in overall appropriate antibiotic prescribing, from
27.5% to 50.5%. Improvements were observed in appropriate drug selection (53% — 70%),
duration of therapy (57.5% — 83.5%), and appropriate indication (94% — 98%), without
an increase in treatment failures or adverse events [44]. A recent narrative review of out-
patient UTI stewardship interventions further supports these findings, identifying A&F
as one of the most frequently used and consistently effective strategies for improving
guideline-concordant antibiotic prescribing, especially when integrated with education
and clinical decision support [45].

These findings highlight that systematically reviewing prescribers’ antibiotic use
and providing clinicians with personalised performance data compared to benchmarks,
guidelines, or peer performance may be able to prevent failure of AMS after the initial
implementation phase.

4.3.3. Electronic Clinical Decision Support (e-CDS)

E-CDS encompasses real-time, automated AMS guidance integrated into EHR or
computerised provider order entry (CPOE) systems, designed to support clinicians at the
point of antibiotic prescribing. In the context of UTIs, e-CDS tools typically synthesise
patient-specific information, such as prior microbiology results, recent antibiotic exposure,
and comorbid conditions, to generate immediate recommendations that promote guideline-
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concordant, narrow-spectrum empiric therapy when the likelihood of multidrug-resistant
organisms (MDROs) is low.

The most robust evidence derives from the INSPIRE cluster-randomised clinical
trial [35], conducted across 59 U.S. community hospitals and including 127,403 adult
inpatients with UTIs. In this study, CPOE-embedded stewardship prompts resulted in a
17.4% reduction in empiric extended-spectrum antibiotic days of therapy during the first
three hospital days (rate ratio 0.83; 95% CI 0.77-0.89; p < 0.001), without an associated
increase in intensive care unit transfer or hospital length of stay, thereby demonstrating
both effectiveness and safety [35]. Consistent findings have been reported in earlier quasi-
experimental and observational studies, where EHR-based alerts and antibiogram-linked
prescribing prompts were associated with increased use of first-line agents and reduced
prescribing of fluoroquinolones and other broad-spectrum antibiotics for UTIs [45].

Overall, the available literature suggests that e-CDS provides timely, point-of-care
feedback therefore it stands as singular high-impact AMS intervention in UTI management.

4.3.4. A Non-Antibiotic Approach: Immunoprophylaxis for Recurrent UTI

Immunoprophylaxis represents an emerging non-antibiotic preventive strategy for
recurrent urinary tract infections (rUTIs), aiming to enhance host immune responses against
common uropathogens while reducing reliance on long-term antimicrobial prophylaxis.
Sublingual bacterial vaccines composed of heat-inactivated whole bacteria, which includes
strains of Escherichia coli, Klebsiella pneumoniae, Proteus vulgaris, and Enterococcus fae-
calis, have demonstrated clinically meaningful reductions in UTI recurrence [12]. A recent
systematic review evaluating sublingual immunoprophylaxis reported decreases in annual
UTI incidence from 3.2 to 6.8 to 0-1.5 episodes per year at 12 months, with a favourable
safety profile and predominantly mild adverse events [9]. In a prospective real-world
cohort of 125 patients, MV140 reduced the mean number of UTIs by 3.2 episodes per year,
with 38% of patients remaining infection-free at 12 months [10]. Long-term multicentre
data from a cohort of 1003 patients further demonstrated sustained reductions in recurrence
rates over 12 months, with adverse events reported in only 1.49% of cases [11]. Similarly, a
large prospective study of 1104 women treated with sublingual vaccines reported overall
efficacy rates of 91.7%, 82.3%, and 57.6% at 3, 6, and 12 months, respectively [12].

Collectively, these findings suggest that sublingual immunoprophylaxis may represent
an effective and well-tolerated preventive strategy for rUTIs, offering a non-antibiotic
alternative capable of reducing recurrence frequency and potentially limiting the need for
long-term antimicrobial prophylaxis.

4.4. Future Directions

Future research should prioritise the expansion and standardisation of electronic
stewardship interventions, particularly electronic medical record (EMR) and embedded
clinical decision support (CDS) systems integrated with local antibiogram data, to improve
scalability, consistency, and long-term sustainability.

Harmonisation of UTI definitions, especially for complicated infections is essential
to enhance diagnostic accuracy and facilitate comparability across studies. Additional
investigations are warranted to assess the long-term durability of stewardship-related
improvements, particularly in high-volume outpatient and primary care settings where
inappropriate prescribing remains most prevalent.

Furthermore, research grounded in behavioural and implementation science may help
optimise clinician engagement, promote sustained adherence to stewardship principles,
and thereby strengthen the overall impact of antimicrobial stewardship initiatives on UTI
management and resistance mitigation (Figure 3).
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Figure 3. Key points which define the future of antimicrobial stewardship.

Finally, the integration of effective non-antibiotic preventive strategies, including
immunoprophylaxis, into comprehensive UTI care pathways may further support efforts
to reduce antimicrobial overuse and limit the progression of resistance.

5. Conclusions

Diagnostic stewardship and antimicrobial stewardship are complementary strategies
that merge to optimise urine culture practices and the management of UTIs. Reflex urine
culture algorithms alongside cascading reports can limit antibiotic usage; however, amalga-
mating newer techniques such as urinary biomarkers and integrating machine learning can
further strengthen DS protocols. Once a decision to treat has been made, AMS principles
must be borne in mind. Incorporating electronic decision aid tools into routine practice can
prevent errors in prescribing and ensure adherence to guidelines, but to sustain these affects
regular audits and feedback to the prescribers must be provided. Collectively, DS and AMS
protocols, if appropriately applied can curb AMR and allow for improved management
strategies in the future.
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