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ABSTRACT
Background: Nursing home (NH) residents are frequently treated with antibiotics for urinary tract 
infections (UTIs), often due to overdiagnosis. The aim of this study was to evaluate the proportion of 
potentially unnecessary antibiotic use for suspected UTIs in NHs across eight European countries.
Research design and methods: Over a three-month period (February to April 2024), NH professionals 
recorded information on all antibiotic treatments for UTIs using a specific registration chart. Based on 
medical literature and the expertise of the project consortium members, the authors developed and 
endorsed by consensus a simplified algorithm to assess unnecessary antibiotic use in residents without 
indwelling catheters.
Results: The study, conducted across 110 NHs, included 2773 antibiotic-treated infections. Of these, 
1158 (41.8%) were treated for UTIs. Among 975 UTI cases without catheters, 54.1% may have been 
unnecessarily treated. Over one-third involved nonspecific symptoms including poor general condition 
and changes in urine appearance, while specific urinary symptoms, such as incontinence (21.3%) and 
dysuria (20.8%), were less common. A trend toward greater, potentially unnecessary antibiotic use was 
observed when urine dipsticks were performed.
Conclusions: The findings reveal potentially unnecessary antibiotic use. Further algorithm validation is 
needed to enhance diagnostic criteria, reduce overuse, and improve UTI management in NHs.
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1. Introduction

Urinary tract infections (UTIs) are among the most common infec
tions in nursing homes and are usually treated with antibiotics. 
However, diagnosing UTIs in this setting is challenging, and sig
nificant overdiagnosis has been reported, leading to overtreat
ment [1]. Three main factors might explain this overdiagnosis. 
First, it can be difficult to distinguish between asymptomatic 
bacteriuria and a UTI, especially given the high prevalence of 
asymptomatic bacteriuria among nursing home residents, which 
ranges from 25% to 50% in women and 15% to 40% in men [2–5]. 
Another diagnostic challenge is the high prevalence of nonspecific 

signs and symptoms among residents, which are more common 
than typical urinary symptoms, with mental status changes and 
fever being the most frequent, as described in some studies [6,7]. 
Lastly, the presence of a doctor in most nursing homes is limited 
to specific time frames, and nursing staff are responsible for 
assessing the different signs and symptoms and contacting doc
tors when they believe residents need antibiotics for their 
condition.

Inappropriate antibiotic treatment can exacerbate antibiotic 
resistance and increase the risk of adverse events for residents 
[8,9]. Studies have shown that multimorbid older individuals living 
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in nursing homes are more likely to have a UTI caused by multi- 
resistant bacteria than those living in the community [10]. 
Moreover, the aging population in nursing homes has led to 
increased complexity, including higher rates of frailty [11]. This 
demographic change results in increased susceptibility to serious 
health problems and complications, especially infectious diseases, 
highlighting the need for improved antimicrobial stewardship 
programs and prevention measures for healthcare-associated 
infections.

As part of the European-funded project ‘Improving Antibiotic 
Use in Long-Term Care Facilities by Infection Prevention and 
Control and Antibiotic Stewardship (IMAGINE),’ we are conduct
ing a before-and-after intervention quality control study in eight 
different countries aimed at improving antibiotic utilization and 
enhancing infection prevention and control elements in nursing 
homes, focusing mainly on UTIs [12]. We aimed to assess the 
proportion of potentially unnecessary antibiotic use based on the 
results collected from the initial registration, with comparisons 
made between the use and nonuse of urine dipstick testing.

2. Patients and methods

2.1. Design

This report represents the findings from the first registration of 
a prospective, non-randomized, before- and after intervention 
study (IMAGINE project) and the application and implementa
tion of a simple UTI diagnosis algorithm for diagnosing UTI in 
nursing home residents without indwelling catheters devel
oped for this project. The study is conducted in eight 
European countries: Denmark, Greece, Hungary, Lithuania, 
Poland, Slovakia, Slovenia, and Spain. Detailed information 
about the study method and intervention can be found in 
the study protocol [12]. In summary, an average of four nur
sing staff professionals from at least 10 nursing homes in each 
country were invited to participate in the registration of their 
clinical practices conducted between February and April 2024. 
A second registration is taking place after the intervention 
from February to April 2025.

The study was conducted in accordance with the protocol, 
the Declaration of Helsinki, the principles of Good Clinical 
Practice, The General Data Protection Regulation (EU) 2016/ 
679 and the Human Research Act as well as other locally 
relevant regulations. Appropriate Regulatory/Ethical approval 
was sought in each of the countries taking part in the study, 
and all study procedures started after gaining approval on the 
basis of the master protocol, translated where necessary to 
local language. In Spain, the coordinating country, the study 
protocol was approved by the Ethics Committee of IDIAP Jordi 
Gol, Institute of Research in Primary Health Care (ref. 23/ 
080-P).

2.2. Information collected

Each nursing staff member in all the participating nursing homes 
was asked to fill out a specific template whenever a new resident 
began an antibiotic regimen during the three-month study per
iod. The data were registered according to the methodology of 
the Audit Project Odense (APO), which follows a prospective self- 

registry methodology in which a simple reporting chart is used 
[13]. Nursing staff professionals collected information on all the 
common infections treated with antibiotic, registering the age 
and gender of the patient, type of infection for which the anti
biotic was used, risk factors for UTI, the presence of new or 
worsened preexisting nonspecific signs and symptoms (fever, 
chills, confusion, poor general condition, behavior change, loss 
of appetite, reduced fluid intake, or no general symptoms), the 
presence of specific urinary signs and symptoms (dysuria, 
urgency, frequency, urinary incontinence, flank pain, low abdom
inal or pelvic pain, blood in urine, foul-smelling urine, cloudy 
urine, or no specific symptoms), urine testing performed, the 
antibiotic given, and the duration of the antibiotic course 
administered.

2.3. Context analysis study

A preliminary study was conducted to identify potential areas 
for improvement in nursing homes across the eight participat
ing countries. This study involved a context analysis, which 
included interviews with healthcare professionals working in 
nursing homes. The interviews focused on infection prevention 
and control practices, as well as antibiotic management. The 
analysis helped identify gaps in information that needed to be 
addressed during the multifaceted intervention. Supplementary 
Table S1 provides a summary of this analysis conducted at the 
beginning of the project. The results indicated that nursing care 
is generally provided consistently across the eight participating 
countries, although doctor involvement varies significantly. The 
context analysis revealed that the percentage of nursing homes 
with clinical guidelines for the appropriate management of UTIs 
was low across the different countries. Additionally, the inter
views showed that algorithms for better diagnosing UTIs in 
residents were not being used.

Following participatory action research, nursing home staff 
highlighted the need for various tools to address areas for 
improvement. One of the main goals of the IMAGINE project 
intervention was the co-creation of a toolbox to improve daily 
practice in nursing homes. Nurses and nursing staff, including 
helpers and assistants, are the primary healthcare profes
sionals in contact with residents and play a key role in diag
nosing UTIs. One of the tools developed was designed to 
assist in improving the diagnosis of UTIs.

2.4. Creation of a simplified algorithm for better 
diagnosis of UTIs in nursing homes

Many consensus guidelines, algorithms, and recommendations 
aim to establish the minimum criteria that nursing home resi
dents should meet before considering a diagnosis of UTI for 
which antibiotics should be initiated. However, most of these 
tools are not easy to follow, as they tend to be complicated [14– 
19]. The use of laboratory evidence of UTI as the gold standard, 
most of these algorithms show low sensitivities (30% or lower), 
specificities of 79% or higher, and positive predictive values 
between 50% and 60% [20]. Based on published evidence, we 
initially created an algorithm aimed at assessing potentially 
unnecessary antibiotic use before and after the intervention. 
However, it evolved into a tool for diagnosing UTIs when we 
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discovered that the nursing staff was not using any algorithm for 
UTI diagnosis. The algorithm was designed as a simple tool to 
help diagnose UTIs, gather information on symptoms, follow-up 
with patients, and determine when to contact a doctor.

After reviewing the medical literature and available tools, two 
of the authors developed a simplified algorithm for residents 
without indwelling catheters, which was then reviewed and com
mented on by all the authors of this manuscript. We aimed to 
simplify existing algorithms to create a ready-to-use version, 
adapting the algorithms proposed by the revised Loeb criteria 
[15] and those of van Buul et al. [17]. This quality indicator was 
developed through iterative collaboration with experts within the 
consortium. The guiding principle during the revision process was 
to keep the algorithm simpler than existing tools in the medical 
literature, most of which are based on Delphi analysis, and to 
make it practical for daily use in nursing homes. This iterative 
process took approximately six months and was discussed during 
dedicated time slots in our monthly meetings with the entire 
consortium. We also held specific online meetings with a group 
of representatives from each participating country, formed for this 
purpose, to facilitate further discussion. The final algorithm was 
approved by all the authors (Figure 1). Supplementary Figure S1 
shows an example of this tool provided during the intervention. 
We calculated potentially unnecessary antibiotic use, defined as 
the utilization of antibiotics when they were not required based 
on information from the registration chart.

2.5. Data analysis

Descriptive analysis of the results was carried out. We conducted 
a descriptive analysis of the results and used chi-square tests to 
assess the statistical differences in potentially unnecessary anti
biotic use and the performance of urine dipstick tests. The data 
were analyzed with the Stata v17 statistical program. Statistical 
significance was considered with p < 0.05.

3. Results

3.1. Characteristics of the residents

A total of 110 nursing homes were included in the first audit 
registration, with the number of facilities ranging from 9 in 
Greece to 18 in Hungary. A total of 2773 infections were 
treated with antibiotics in this first audit registration across 
eight countries, with numbers ranging from 66 in Greece to 
761 in Slovenia. The mean age of the residents was 82.0 years 
(standard deviation 11.7 years), and 63.4% were women. 
A total of 269 residents (9.7%) had an indwelling urinary 
catheter, and 54.5% wore incontinence pads. A total of 1158 
nursing home residents (41.8%) were treated with antibiotics 
for a UTI.

As shown in Figure 2, the most prevalent signs and symp
toms among the cases included poor general condition, 
observed in 40.7% of the cases, followed by cloudy urine in 
36.6%, foul-smelling urine in 36%, confusion in 32.6%, and 
behavior change in 29.3% of the cases. Notably, the incidence 
of urinary tract-specific signs and symptoms was relatively low, 
with urinary incontinence, dysuria, frequency, and urgency 
reported in 21.3%, 20.8%, 13.9%, and 7.6% of cases, respec
tively. Urine cultures were requested in 28.3% of suspected 
UTI cases.

3.2. Potentially unnecessary antibiotic use

Of the 975 antibiotic prescriptions in residents without indwel
ling urinary catheters, potentially unnecessary antibiotic use 
was observed in 527 (54.1%) of the cases with the use of the 
simplified algorithm, with considerable variation among coun
tries, ranging from 37% in Slovakia to 61.2% in Slovenia. The 
percentage of potentially unnecessary antibiotic use according 
to the Buul algorithm was 56%, compared to 69.9% based on 
the Loeb minimum criteria (Table 1).

Figure 1. Simplified algorithm on minimum criteria for urinary tract infection in residents without indwelling catheter.
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3.3. Urine dipsticks performed and association with 
potentially unnecessary antibiotic use

A urine dipstick test was performed in 708 cases in which a resident 
without an indwelling catheter was suspected of having a UTI, 
accounting for 72.6% of all cases. The percentage of dipstick use 
ranged from 28.3% in Slovakia to 92.9% in Spain (Table 2). 
Potentially unnecessary antibiotic use was identified in 394 cases 
in which a urine dipstick was used (55.6%), slightly higher than in 
cases in which dipstick testing was not performed (133 cases, 
49.8%), with no statistically significant differences. Out of the 708 
cases in which a dipstick was performed, the result was not reported 
in 34 patients. Among the remaining 674 cases in which the result 
was reported, potentially unnecessary antibiotic use was signifi
cantly higher among residents undergoing dipstick analysis (56.4% 
vs. 48.8%; p ≤ 0.05). Positive results for leukocyte esterase and/or 
nitrites were reported in 659 cases (97.8% of all cases).

4. Discussion

The main finding of our study is that over half of the antibiotics 
given to residents without indwelling urinary catheters for sus
pected UTIs in 110 nursing homes in eight European countries 
were potentially unnecessary, ranging from 37% to 61.2% across 
countries. More than one-third of the cases treated for UTI pre
sented with a poor general condition, cloudy urine, and foul- 
smelling urine. In contrast, common urinary tract signs and symp
toms were present in less than one-quarter of the cases. The mean 
use of urine dipsticks was generally high, ranging from 28.3% to 
92.9% across countries, with those using urine dipsticks being 
more prone to unnecessarily administer antibiotics.

The Centers for Disease Control and Prevention recom
mends nursing staff to evaluate feedback on antibiotic man
agement performance following a protocol in nursing homes 
[21]. Our study was aimed at evaluating the proportion of 

Figure 2. Presence of the different signs and symptoms among residents with suspected urinary tract infections treated with antibiotics in the participating nursing 
homes (n = 1158).

Table 1. Potentially unnecessary antibiotic use in residents without indwelling catheters, determined using different criteria.

Country Total number of UTIs

Loeb minimum criteria Van Buul criteria Simplified algorithm

n Mean n Mean n Mean

Denmark 164 123 75.0% 79 48.2% 73 44.5%
Greece 16 11 68.7% 10 62.5% 8 50.0%
Hungary 113 68 60.2% 53 46.9% 54 47.8%
Lithuania 27 16 59.2% 12 44.4% 12 44.4%
Poland 46 32 69.6% 24 52.2% 24 52.2%
Slovakia 46 25 54.3% 18 39.1% 17 37.0%
Slovenia 309 230 74.4% 198 64.1% 189 61.2%
Spain 254 177 69.7% 152 59.8% 150 59.1%
Total 975 682 69.9% 546 56.0% 527 54.1%

UTI=Urinary tract infection. 
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potentially unnecessary antibiotic use in these settings. 
Initially, we developed a simplified algorithm, which was con
sensually approved by our group as part of the IMAGINE 
project, to assess potentially inappropriate antibiotic use 
both before and after the intervention. However, it subse
quently evolved into a diagnostic tool for UTIs upon discover
ing that nursing staff were not using any standardized 
algorithm for diagnosis. In this first registration, we observed 
a low presence of typical urinary tract signs and symptoms, 
such as dysuria, frequency, urgency, or suprapubic pain. The 
most prevalent symptoms were confusion, foul-smelling urine, 
and cloudy urine. This aligns with other studies, in which 
changes in urine characteristics and changes in mental status 
were more prevalent than the typical urinary signs [6,7]. 
However, this misattribution of these nonspecific signs and 
symptoms to UTIs is widespread in nursing homes. This is 
mainly due to the fact that many professionals still consider 
a UTI in cases of sudden cognitive decline, despite unclear 
evidence for this. Notwithstanding, some residents without 
specific signs and symptoms can also develop sepsis. In 
a recent study, nearly one-third of older patients with bacter
emia had a urinary source of infection but did not present 
with typical urinary symptoms [22]. Not only does the fear of 
missing a serious infection, but also the perceived or direct 
demands for antibiotic use from residents and relatives who 
believe antibiotics might be effective for residents who pre
sent new-onset or worsened delirium, confusion or fever, 
mostly recalling that they seemed effective in previous situa
tions, contribute to the overdiagnosis and overtreatment of 
suspected UTIs among nursing home residents [23].

The main reason why overdiagnosis of UTIs is so common 
in nursing homes is the lack of a definitive gold standard [24]. 
International infectious disease experts have recommended 
minimum criteria for initiating antibiotics in nursing home 
residents to balance the risk of antibiotic overuse with the 
risk of poor outcomes due to sepsis. The criteria most used 
were developed by Loeb et al. [15], who introduced 
a minimum set of clinical guidelines for empirically starting 
antibiotics for UTIs, known as the Loeb minimum criteria. 
Further studies using Delphi consensus analyses have sought 
to identify signs and symptoms indicating UTIs in older adults, 
aiming to create decision-making tools for diagnosis and anti
biotic initiation [17–19]. Van Buul et al. [17]. developed 
a simple algorithm based on clinical criteria and urine dipstick 
results, ruling out UTIs if both leukocyte esterase and nitrites 

were negative. We compared our simplified algorithm with 
the two simplest tools published so far. Our algorithm resulted 
in a rate of potentially unnecessary antibiotic use of 54.1%, 
while the percentages with the van Buul and Loeb criteria 
were slightly higher, at 56% and 69.9%, respectively. The 
IMAGINE algorithm was the most conservative of the three 
tools analyzed in this study, prioritizing caution for treating 
suspected rather than confirmed UTIs. Despite this approach, 
more than half of the antibiotics used were unnecessary.

Healthcare providers aim to integrate recent, high-quality 
research findings into their daily practice. However, the vast 
volume of research literature, variability in published tools, 
and diverse clinical issues in geriatric medicine pose significant 
challenges. Despite all these tools, studies show that 30–80% 
of nursing home residents receive unnecessary antibiotics [25– 
27]. Mylotte recently found in six studies that antibiotic ther
apy was appropriately initiated using the Loeb minimum cri
teria in only 8–44% of residents with suspected UTIs [28]. 
Healthcare providers in long-term care facilities should be 
given clear instructions about when a UTI should be sus
pected. Nursing staff play a pivotal role in the diagnosis of 
UTIs in nursing home residents, as they monitor patients’ 
conditions and symptoms daily, significantly influencing the 
initiation of antibiotic treatment [29]. Therefore, it is crucial for 
nursing staff to have accurate and comprehensive knowledge 
of UTIs in older adults, supported by clear guidelines to ensure 
correct clinical assessments. Collaboratively developed proto
cols, prioritizing simplicity, transparency, and evidence-based 
practice, offer several benefits. They standardize diagnostic 
procedures, discourage outdated methods, such as the use 
of urine dipsticks, and improve the overall efficiency of health
care delivery [30]. The use of a simplified algorithm, which was 
ultimately designed to help nursing staff more accurately 
identify UTIs when the minimum criteria are met, might help 
reduce antibiotic overuse and conserve valuable resources. 
Whether this new simplified tool will be more widely used 
by nursing staff remains to be elucidated, and a validity study 
also needs to be performed.

In our study, the use of urine dipsticks led to a greater use 
of potentially unnecessary antibiotics, which was statistically 
significant when we excluded cases in which dipstick results 
were not recorded in the registration charts. Urine dipsticks 
were used in nearly two-thirds of the residents with suspected 
UTI cases, which might be influenced by factors such as ease 
of implementation, rapid results, and practical considerations 

Table 2. Use of urine dipsticks reported in the registration charts across the participating countries.

Country Total number of UTIs

Urine dipstick 
performed

Urine dipstick performed with specific results for 
LE and nitrites

Urine dipstick performed with positive LE and/or 
nitrites results

n Mean n Mean n Mean

Denmark 164 107 65.2% 87 53.0% 85 51.8%
Greece 16 5 31.2% 4 25.0% 4 25.0%
Hungary 113 60 53.1% 59 52.2% 56 49.6%
Lithuania 27 10 37.0% 7 25.9% 5 18.5%
Poland 46 19 41.3% 19 41.3% 19 41.3%
Slovakia 46 13 28.3% 8 17.4% 8 17.4%
Slovenia 309 258 83.5% 254 82.2% 248 80.3%
Spain 254 236 92.9% 236 92.9% 234 92.2%
Total 975 708 72.6% 674 69.1% 659 67.6%

LE=Leukocyte-esterase; UTI=Urinary tract infection. 
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[31]. Additionally, traditional practices in each area may play 
a role, with a high variability in their use across countries, as 
noted in our study. The observation that most of the residents 
with suspected UTIs underwent dipstick analysis emphasizes 
the tendency among professionals to treat patients based on 
urine dipstick results even in the absence of specific symp
toms. In addition, more than 97% of the dipstick test results 
were positive for leukocyte esterase, nitrites, or both. This 
indicates that nursing home professionals might rely on diag
nostics too much, while not paying enough attention to 
patients’ symptoms [32]. This high utilization of urine dipsticks 
is also mentioned in other European studies. In a recent study, 
Dutch researchers found that urine dipsticks were used in 
more than 80% of suspected UTI cases across 19 nursing 
homes in the country [33]. It is crucial to clearly communicate 
that dipsticks should not be used under any circumstances in 
nursing homes, in line with current recommendations from 
Public Health England and other relevant societies [34]. Unlike 
some common tools that may provide unclear guidance or 
even recommend the use of dipsticks, our straightforward 
algorithm firmly rejects their use.

The study has several limitations. Despite most front-line pro
fessionals in nursing homes being nurses, the responsibility for 
prescribing antibiotics lies with doctors. However, in many 
European countries, doctors in nursing homes are usually external 
professionals and are not present during nights and weekends, 
whereas nursing staff is always available. We anticipated that 
greater empowerment of nurses, along with continuous training, 
could lead to fewer UTI diagnoses and reduced antibiotic use. The 
nursing staff participated voluntarily, and as noted in some stu
dies, volunteers may have a higher interest in quality improve
ment programs and research compared to the general 
professional population [35]. Additionally, the act of self- 
registering could potentially influence prescribing behavior. Our 
study also has some strengths. Importantly, we invited eight 
different countries in Europe to participate with more than 100 
nursing homes, each with different backgrounds, nursing home 
organizations, and antibiotic utilization rates. This diversity allows 
for better extrapolation of the results. Completing the APO charts 
was straightforward, requiring participating nursing staff to merely 
check off criteria without writing, allowing them to maintain their 
usual routines during both registration periods.

5. Conclusions

This study reveals a high rate of potentially unnecessary anti
biotic use among European nursing home residents, with con
siderable differences in urine testing procedures, indicating 
significant room for improvement. As stated in this study, the 
prevalence of general symptoms, which are less accurate for 
diagnosing UTIs, is high, whereas the prevalence of urinary tract 
symptoms and signs is not, making diagnosis more difficult. 
Enhanced diagnostic criteria are essential for nursing staff to 
effectively manage UTIs in nursing homes, particularly to reduce 
the indiscriminate use of antibiotics in residents who exhibit 
few urinary tract signs and symptoms. Effective diagnosis and 
treatment of UTIs will not only improve infection management 
within nursing homes but also contribute to the global effort to 
combat antimicrobial resistance.
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