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Abstract

Objective: The aim of this study was to assess the clinical value of urinary tract infections (UTIs) guideline algorithms and the role of
nonspecific symptoms to support clinical decision-making in nursing home residents.

Design: In a preplanned secondary analysis of a cross-sectional study including nursing home residents with a presumed UTI, 2 prediction
models were used in a decision curve analysis (DCA): (1) guideline-based and (2) extended: nonspecific symptom(s) added to the guideline
model. The stringent outcome definition for “true UTIs” included symptom improvement during adequate antimicrobial therapy, based on
susceptibility test results. The outcome of a DCA is the Net Benefit to quantify the performance of the prediction models, visualized in a
decision curve.

Setting: Dutch nursing homes (n= 13).

Patients: Nursing home residents with a presumed UTI.

Results: Of the 180 residents with a presumed UTI, 43 fulfilled the definition of “true UTI” (23.9%). The Net Benefit of the guideline-based
model was low and the corresponding threshold range was small (21%–28%). The extendedmodel improved the prediction of UTIs. However,
the clinical usefulness of the extended model was still limited to a small threshold range (10%–28%).

Conclusions: The clinical usefulness of the current guideline-based algorithm to diagnose UTI in nursing home residents seems limited, and
adding nonspecific symptoms does not further improve decision-making due to the small threshold probability. Given the poor performance
of the guideline-based model, refinement of the guidelines may be required.

Trial registry: Dutch trial registry: NTR6467; date of first registration, 25/05/2017.

(Received 6 February 2024; accepted 4 May 2024)

Introduction

Diagnosing a urinary tract infection (UTI) in nursing home
residents is difficult. This is due to a variety of factors, including the
lack of appropriate diagnostic tests for UTIs to differentiate them
from asymptomatic bacteriuria (ASB), which is highly prevalent in
this population.1 Expression of specific urinary signs and
symptoms due to cognitive impairments is often difficult for
residents,2 and from the side of caregivers, assessment of these
symptoms is complex.3 Nonspecific symptoms, such as confusion,
are highly prevalent and historically attributed to UTIs.3,4

The role of nonspecific symptoms is unclear in nursing home
residents suffering from UTI. The latest international guidelines

and criteria (such as the Loeb criteria), although created for
surveillance purposes, do not consider nonspecific symptoms in
the diagnosis of UTI in older adults. 5–11 The recommendations are
based on inconsistent results on the role of nonspecific symptoms
and UTI,9,12–19 including 3 meta-analysis providing conflicting
evidence.

To our knowledge, the diagnostic value of the guideline-based
criteria for UTI in older adults upon implementation has not been
described. Several prediction models for UTI diagnosis in other
populations, for example, children and women, or settings such as
emergency departments have been developed,20–23 as well as a
model to predict adverse outcomes in geriatric patients with UTI.24

Caterino and colleagues18 developed a model to predict whether an
altered mental status and malaise/lethargy affect the posttest
probability of infection in older adults admitted to the emergency
department. The probability of infections overall did not increase,
but the probability of a UTI increased moderately when using
their model.

Corresponding author: Sacha Kuil; Email: s.d.kuil@amsterdamumc.nl
Cite this article: Kuil S, de Jong M, Schneeberger C, van Leth F. The clinical usefulness

of guideline-based strategies with and without the role of nonspecific symptoms to predict
urinary tract infections in nursing homes: a decision curve analysis. Antimicrob Steward
Healthc Epidemiol 2024. doi: 10.1017/ash.2024.345

© The Author(s), 2024. Published by Cambridge University Press on behalf of The Society for Healthcare Epidemiology of America. This is an Open Access article, distributed under the
terms of the Creative Commons Attribution licence (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted re-use, distribution and reproduction, provided the original
article is properly cited.

Antimicrobial Stewardship & Healthcare Epidemiology (2024), 4, e105, 1–7

doi:10.1017/ash.2024.345

https://doi.org/10.1017/ash.2024.345 Published online by Cambridge University Press

https://orcid.org/0000-0003-1374-6947
https://orcid.org/0000-0002-8380-4738
https://orcid.org/0000-0002-5490-8968
mailto:s.d.kuil@amsterdamumc.nl
https://doi.org/10.1017/ash.2024.345
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1017/ash.2024.345
https://doi.org/10.1017/ash.2024.345


The objective of this study was to assess the clinical relevance of
the implemented guideline-based diagnostic criteria for UTI and
the added value of nonspecific symptoms to support clinical
decision-making.

Methods

Design

This was a preplanned secondary analysis of a cross-sectional study
(PROGRESS) with the overall aim to improve UTI diagnosis in
nursing homes. A full description of the study design and
procedures has been described elsewhere.25

Setting and participants

The data were collected between November 2017 and August 2019 in
13 Dutch nursing homes. The intention was to resume the study after
an initial interim analysis-related break for the primary study
objective. At the beginning of 2020, we decided to end the study
permanently due to the closing of the nursing homes in the
coronavirus disease 2019 (COVID-19) pandemic. Consenting older
adults (≥65 years old) residing at a psychogeriatric, somatic, or
rehabilitationwardwith a presumedUTI based on clinical assessment
of the attending clinician were eligible for enrollment. Exclusion
criteria were (1) presumed respiratory tract infection (RTI) or other
infection requiring antibiotics, (2) previous enrollment, or (3) urine
collected >24 hours after initiation of antibiotic therapy. In Dutch
nursing homes, elderly care physicians (physicians who specialize in
long-term care for frail elderly people for 3 years) are responsible for
the medical care of residents. Specially trained nurses can perform
delegated tasks such as clinical assessment and diagnostic decisions.

Reference test for UTI

As there is no reference test for UTI diagnosis in this population, a
stringent composite definition for “true UTI” was used. To fulfill this
definition, one should meet all of the following criteria: (1) a positive
urine leucocyte esterase test, (2) uropathogens in a bacterial culture at
≥104 colony-forming units/mL; (3) a maximum of 2 uropathogens;
and (4) improvement of symptoms during follow-up while adequate
antibiotic treatment was received (ie, proven susceptibility of isolated
uropathogens to the administered antibiotic). The type of symptoms
was not part of the “true UTI” definition. Treating physicians decided
whether or not to treat based on their own clinical decision-making,
without having access to the results of study procedures. As such, the
clinical practice in the nursing home was not altered by the study
activities. All primary and secondary uropathogens in the European
Consensus Guideline were considered as uropathogens.26 Other
bacterial species were considered as non-uropathogens. Whether the
initial symptoms improved was reported at day 5 and 10 during
follow-up. The improvement of symptoms at day 10 was used to
determine the presence of a “true UTI.” When data at day 10 was
missing or reported to be unknown, symptom improvement at day 5
was used.When the improvement was reported as unknown at day 5,
this was considered to be no improvement.

Data collection

The presence of specific urinary symptoms (dysuria, frequency,
urgency, new or worsened urine incontinence, urethral purulence,
lower abdominal pain, costovertebral angle tenderness, and
hematuria), systemic signs and symptoms (fever, chills, delirium),

nonspecific symptoms (confusion, malaise, and loss of appetite),
and an indwelling urinary catheter were reported on a clinical
report form (CRF) by the attending clinician at the time of
suspicion of UTI (day 0). When the presence of symptoms was
unknown, this was considered to be an absence of symptoms. The
procedures for urine collection, urine dipstick tests, and bacterial
cultures were described previously.25 Participants and attending
clinicians were not informed about urine dipstick and bacterial
culture results. Symptom improvement was assessed and regis-
tered on the CRF at day 5 and 10 of follow-up.

Outcome and analysis

We used a decision curve analysis as proposed by Vickers and
Elkin.27 The Net Benefit is the outcomemeasure of a decision curve
analysis to quantify the performance of different prediction
models. The Net Benefit denotes the difference between the true
positive and false positive classifications of the outcome (UTI)
based on the prediction model and is calculated by the following
formula: (TP – (w * FP))/N, where TP= true positives, w= weight
(threshold probability), FP = false positives, and N = total number
of individuals. The threshold probability in this formula is defined
as the minimum probability of disease above which the physician
considers a UTI to be present and decides to treat. The treating
physician chooses a reasonable threshold probability that reflects
clinical considerations on the risk of under- and overtreatment.28

Personal preferences and attitudes of the prescriber may also play a
role.29 Diagnostic and treatment thresholds of 19.1% and 42.3%,
respectively, were described previously in suspected UTI in
primary care. 30 The Net Benefit of the prediction models is
compared with “treating all” or “treating none” of the individuals.
An elderly care physician might only need a low clinical suspicion
for UTI to treat a patient with the idea that antibiotics might
improve the presenting symptoms and prevent the worsening
toward pyelonephritis. On the other hand, antibiotics may lead to
side effects such as Clostridioides difficile infection, drug-drug
interactions, or antimicrobial resistance development. These
considerations might result in elderly care physicians to require
a higher clinical suspicion of UTI before starting treatment.
Decision curve analysis incorporates these different considerations
in thresholds probabilities for treatment. It translates the minimal
pretest probability for the outcome (UTI) at which the physician is
willing to start treatment into the clinical threshold with different
weights for false positives (risk for adverse events and antimicro-
bial resistance) and false negatives (risk for persisting or worsening
of symptoms) of the prediction model. When a threshold
probability of 10% is chosen, the harm of delaying antimicrobial
treatment is considered 9 times higher than the harm of
unnecessarily treating with antibiotics for that particular patient
(10% reflects a ratio 1:9).

We compared 2 different models. The first is the guideline-
based model, in which UTI is assumed to be present if there is at
least 1 specific urinary symptom, together with a positive leukocyte
or nitrite dipstick results.5,9 This model reflects the prevailing
guideline in the Netherlands. The second is the extended model, in
which a UTI is assumed if the criteria of the guideline model are
met, together with at least 1 nonspecific symptom.

The Net Benefit of the 2 prediction models was visualized as a
function of the threshold probability in a decision curve. We
calculated the Net Benefit for a range of thresholds (0%–40%), as
thresholds are known to vary between type of practitioners and
number of years in practice.30 A model is clinically useful when the
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Net Benefit is higher than the Net Benefit of the models that reflect
to treat all or treat none of the patients.

The assessment of predictors was blinded to the outcome
measure, as we classified for the outcome (true UTI) after data
collection, because symptom improvement was part of our
stringent definition. No prestudy sample size calculations were
performed. All enrollments were used for analysis; there were no
possibilities to extend the study due to COVID-19. No repeated
enrollments were used for analysis to ensure independence of the
observations. For the reference true UTI definition, complete case
analysis was used, and enrollments with missing test results were
excluded.

Calculations and decision curves were performed in RStudio
(dca function) version 1.4.1103 (Integrated Development for
R. RStudio, Inc., Boston, MA).

The reporting of the study is in accordance with the TRIPOD
guideline (transparent reporting of amultivariate predictionmodel
for individual prognosis or diagnosis).31

Results

Participants

The study enrolled 313 presumed UTI cases. After exclusions,
there were 196 eligible presumed UTI cases of which 180 had all
mandatory items documented for the stringent “true UTI”
definition that represented the study population (Figure 1).

Characteristics of participants

Most participants were female (78.9%), and the median age was
87 years (range 66–107). Participants enrolled stayed at psychogeri-
atric, rehabilitation, and somatic wards (72.8%, 13.9%, and 13.3%,
respectively) which is in line with the composition of nursing home
wards in the Netherlands. The frequency of reported specific and
nonspecific symptoms are listed in Supplementary Table S1–S2.

Frequency of “true UTIs”

Of the 180 presumedUTI cases, the urine leukocyte esterase and/or
nitrite test was positive in 151 cases (83.9%; Table 1). In 71 of 151
cases, bacterial cultures were positive according to our definition
(47.0%), and 59 cases were treated with adequate antibiotics

according to the susceptibility test results (83.1%, 59/71). The most
common uropathogens in this study were Escherichia coli (62%),
Proteus spp. (8.9%), and Aerococcus spp. (8.3%). In 43 cases, the
initial symptoms improved during antibiotic therapy, fulfilling the
definition of “true UTI” (23.9%). Most UTIs were treated with
nitrofurantoin (64.0%) and amoxicillin-clavulanic acid (19.3%).

Primary outcome: the Net Benefit for UTI prediction

The guideline-based model showed a higher Net Benefit compared
with “treating all” or “treating none,” indicating clinical usefulness
(Figure 2). However, this model lacked clinical usefulness for the
threshold probabilities below 21% and above 28%.

The extended model showed a higher Net Benefit and a wider
corresponding threshold probability range (10%–28%) compared
with the guideline-based model. The extended model was clinically
useful for physicians who consider missing a UTI to be about 2.5 to
9 times worse than unnecessarily treating with antibiotics.
Physicians who consider lower (<10%) or higher (>28%)
thresholds for treatment (very worried about UTI or very worried
about adverse events, respectively) should avoid using the extended
model and rather treat all individuals or no individuals with a
suspected UTI, respectively. The Net Benefit of the extendedmodel
ranged from 0.07 (at a risk threshold of 28%) to 0.157 (at a risk
threshold of 10%). The unit of the Net Benefit is the net true
positives.32 This equates to the treatment of 7–15.7 patients with a
true UTI per 100 patients suspected for having a UTI by the
extended model, with no patients unnecessarily treated with
antibiotics.

When comparing the extended model and the guideline-based
model, the additionally detected true UTIs ranged from 0.6 to 10.1
per 100 patients with a suspected UTI (Figure 3).

To illustrate the translation of the guideline-based model
compared with the extended model into clinical usefulness, we use
an example. Let us assume that an elderly care physician considers
missing a UTI to be 4 times worse than unnecessarily treating a
particular patient with antibiotics. This 4:1 ratio is equal to a
preferred threshold probability of 20%. In this case, the Net
Benefits of the guideline-based model and the extended model are
0.0486 and 0.0819, respectively (Table 2). This means that the
difference in Net Benefit between the guideline-based and the

Figure 1. Flow of eligible UTI cases, number of “true
UTIs,” and number of UTIs based on the guideline
(n= 85) and extended model (n= 136).
AB, antibiotics; RTI, respiratory tract infection; UTI,
urinary tract infection.
a Single UTIs were included, and of the recurrent cases, a
random case for each individual was used.
b Multiple missing items required for reference testing
can occur within 1 UTI case.
c No urine culture result or no info about urine collection
method.
d No information about symptom improvement at day 5
and day 10.
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extended model is 0.0333, which translates into 3.33 additionally
detected UTIs per 100 patients for whom antibiotic treatment is
appropriate when the extended model is used (Table 2). The
extended model improved the prediction of a UTI, compared with
the guideline-based model, but the threshold probability range was
narrow.

Discussion

The clinical usefulness of diagnosing UTI based on the current
guideline algorithms is limited. Our extended model which adds
nonspecific symptoms to the guideline algorithm improved the
prediction of UTI; however, even this extended model is clinically
useful for only a small range of physicians’ preferred threshold

probabilities. Outside these thresholds, treating all or no patients
with a presumed UTI is preferred.

The results of this study indicate that there is only a small
window of opportunity to improve decision-making by using
nonspecific symptoms. Whether this small threshold probability
range is clinically useful depends on the particular physicians’
preferences, which implicitly incorporates the anticipated treat-
ment effect (the more effective the treatment for health benefits,
the lower the threshold) and the estimated risks of harm by under-
and overtreatment for the specific patient (individualized
medicine). Threshold probability ranges are by definition
subjective and vary between physicians.32 The number of false
positives receiving unnecessary antibiotics is high using both
models (Supplementary Tables 4 and 5). The harms of unnecessary
antimicrobial use in terms of adverse events might be acceptable at
the individual level, but the harm of antimicrobial resistance
development has consequences at local or global population levels,
and whether resistance development affects individual treatment
decisions is unsure.33,34 Although based on our results no direct
recommendations to incorporate nonspecific symptoms to treat-
ment algorithms can be made, the observed limited usefulness of
the guideline-based model based on specific symptoms and
positive dipstick results is noteworthy. This finding is supported by
previous meta-analysis illustrating a limited diagnostic value of
specific urinary symptoms in older adults.35 Furthermore, a
decrease in diagnostic value of specific urinary symptoms with
increasing age has been reported by others.36 The limiting factor of
these 2 studies is that they use bacterial cultures as a reference test
for UTI which is less informative in a setting with a high prevalence
of asymptomatic bacteriuria. We tried to minimize this limitation
by adding treatment response in our UTI definition. When using a
very stringent UTI definition, one may expect a high number of
true positives and a low number of false negatives. In our study,
only 24 of the 43 “true UTIs” were detected using the guideline-
based model, compared with 39 UTIs when using the extended
model (Supplementary Tables 4 and 5). This illustrates that using
solely specific urinary symptoms and positive dipstick results may
contribute to the underdiagnosis of UTIs in nursing home
residents. The guideline model to predict UTI thus seems barely
clinically useful, and because appropriate diagnostic tests to
differentiate UTI from ASB are currently lacking, physicians need

Table 1. Presence of the criteria to fulfill the composite outcome UTI

Dipstick resultsa

Leucocytes and/or nitrite positive 151 83.9% (151/180)

Bacterial culture resultsb

Number of positive bacterial cultures 71 47.0% (71/151)c

Antibiotic therapy covering uropathogen(s)d

Number of prescribed antibiotics covering
identified uropathogen(s)

59 83.1% (59/71)e

Symptom improvementf

Symptom improvement 43 72.9% (43/59)

Total number of “true” UTI

UTI present based on composite outcome
measure

43 23.9% (43/180)

Note. UTI, urinary tract infection.
aPositive urine leucocyte esterase test: ≥1þ leukocytes detected by Combur2 dipstick
analysis.
bPositive bacterial culture defined as the presence of 1 or 2 uropathogens at ≥104 CFU/mL.
cMost bacterial cultures (23) were negative among the dipstick-negative urine specimens
(79.3%).
d Proven susceptibility of isolated uropathogens to the administered antibiotic, in case of
positive urine culture.
eThe symptoms improved in 9 of the 12 residents treated with an antibiotic not covering the
identified uropathogen.
fImprovement of the initially presented symptoms during follow-up; unknown symptom
improvement equals the absence of improvement; in case of missing data on symptom
improvement at day 10, symptom improvement at day 5 was used.

Figure 2. Results of the decision curve analysis. Net Benefit (y-axis) for the prediction of UTI as a function of the threshold probability (x-axis), for (1) the guideline-based model:
inclusion of only specific urinary symptoms and positive leukocyte or nitrite dipstick results (black dotted line); (2) the extended model: according to current guideline or ≥1
nonspecific symptomswith positive leukocyte or nitrite dipstick test, (red dotted line), comparedwith the treating all patients (gray line) and treating none (black line). TheNet Benefit
for the extended model including nonspecific symptoms was higher compared with the guideline-based model, treat all and treat none over the range of 10%–28% (red dashed
vertical lines). Treating all patients is the best strategy below the threshold of 10%, and treating none is the best strategy above the threshold of 28% (red dashed vertical lines).
UTI, urinary tract infection.
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their clinical expertise to make a judgment call with regard to
treatment.

Decision curve analyses have not previously been described
for the evaluation of diagnostic strategies for UTI in this
population. Decision analysis is a research tool and is not
designed to be used for individual residents. It is a method to try
to determine the value of a prediction model in clinical practice.
We used the guideline-based model without assessing its
discriminatory power, as the model is already fully implemented
in Dutch nursing homes. The same holds true for the extended
model as it adds just a single criterion to the implemented
guideline-based model.

It is known that assessment of clinical symptoms varies among
physicians,37 that nonspecific symptoms can cause diagnostic
uncertainty, and that a diagnostic test to support decision-making
is preferred.38 Our findings that show the limited usefulness of
symptomatology further underline the need for appropriate
diagnostic tests to distinguish patients with a UTI from ASB.

The added value of this study to the existing literature is the use
of an analysis approach to assess the clinical usefulness of a model
by weighing true positives and false positives, rather than
traditional measures for discrimination, as treatment decisions

are likely to vary among physicians. Using traditionalmeasures like
receiver operating curves with false positives and false negatives
equally weighted results in more weight for positive outcomes
when a positive outcome is less common (as in our study).39 This
study illustrates the potential usefulness of the decision curve
methodology as an alternative solution in further studies to define
the best approach to the diagnosis of UTI in nursing home
residents.

A limitation of our study was the very few events of UTI.
Second, we used a stringent definition for “true UTIs” consisting of
4 items, including symptom resolution during adequate antibiotic
treatment, to reduce misclassification of the outcome. This
stringent definition may have underestimated the true number
of UTIs because treatment response was part of the definition and
not every patient was treated. On the other hand, the number of
true UTIs may have been overestimated when symptoms unrelated
to UTI resolved spontaneously. We deliberately included the
therapy effect because it leads to the least overestimation of the
UTIs. By leaving the treatment decision entirely to the physician,
the results can be generalized to a large extent. Without a reference
test available for UTI, we consider using this stringent definition as
a reasonable solution. For future studies, a research reference

Figure 3. Results of the decision curve analysis. Plot demonstrating the additional detected UTIs without unnecessary antibiotic treatments if the extended model is used rather
than the guideline-based model per 100 patients with a presumed UTI, as a function of the risk threshold range 0%–28%.
UTI, urinary tract infection.

Table 2. Net Benefits for the guideline-based and extended model to predict urinary tract infections (UTI) at a probability threshold of 20%

Statistic Result

Default strategy

Net Benefit for treat all 0.0486

Net Benefit for treat none 0

Guideline-based model

Net Benefit if the guideline-based model was used to select for treatment 0.0486

Detected UTIs without unnecessary antibiotic treatments 4.9 per 100 patients

Extended versus guideline-based model

Net Benefit if the extended model is used to select for treatment 0.0819

Net Benefit difference between guideline-based and extended model 0.0333

Additional detected UTIs without unnecessary antibiotic treatments if the extended model is used rather than the guideline-based
model

3.33 per 100
patients

Net Benefit = (TP – (w * FP))/N, where TP = true positives, w = weight (threshold probability), FP = false positives, and N = total number of patients. Guideline-based model: specific urinary
symptoms and positive urine dipstick result; extended model: guideline-based model or ≥1 nonspecific symptoms with positive dipstick results.
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standard could be used for which efforts are already being made to
develop one.40 Third, the presence of symptoms used in the
prediction models was based on the clinical assessment of
attending clinicians rather than using standardized assessment
scales,41 but we assumed this reflected the clinical practice. Finally,
the criterion for inclusion was a presumed UTI based on clinical
assessment, which may have varied between physicians or with
time due to the publication of the latest UTI guideline in October
2018. This may have caused clinical heterogeneity, affecting the
pretest probability of having a UTI.

Conclusions and implications

The current guideline-based diagnostic algorithm seems to have a
limited clinical usefulness in the prediction of UTI requiring
antibiotic treatment. Using nonspecific symptoms might improve
the prediction of UTI to a limited extent. Our findings imply that
symptomatology offers little guidance for clinicians, that current
guidelines focusing on specific urinary symptoms may need to be
nuanced, and that there is a need for a reliable diagnostic tool to
guide appropriate antibiotic treatment for UTIs in the geriatric
population.
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