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Epidemiology and burden 
Urinary tract infection (UTI) is one of the most commonly encountered bacterial 

infections worldwide. Current estimates suggest that UTI affects over 400 million 

people annually, which is likely to be an underestimate of the actual global 

incidence due to underreporting, particularly in developing countries. [1] In the 

United States, UTI accounted for 8.6 million ambulatory care visits in 2007, with 

the majority being primary care office visits (59%) and emergency department 

visits (23%). [2] Similarly, in the Netherlands, UTI is the most common reason for 

a primary care consultation, with 149 office visits per 1000 patients (translating 

to 2.6 million office visits) in 2022 alone. [3]

UTI incidence varies by biological sex and age. Premenopausal women are 

disproportionately affected, with an incidence as high as 0.7 per person-year in 

a cohort of sexually-active university students. [4] A second peak occurs after 

the age of 65 years, when incidence increases with advancing age for both men 

and women, and is highest in women residing in long-term care facilities (LTCF). 

[5, 6] Predictive factors for UTI in this population include cognitive and functional 

impairment, previous UTI and urinary incontinence. [6] Among older women, 

recurrence rates are high. In a cohort study evaluating one-year recurrence rates in 

180 women after an index episode, postmenopausal women had higher recurrence 

rates compared with premenopausal women (53% versus 36%). [7] Even higher 

one-year recurrence rates (69% and 79%) were found in a larger randomised trial 

comparing prophylactic strategies in postmenopausal women. [8]

The high incidence and recurrence rate of UTI place a significant socioeconomic 

burden on society. Women with recent or recurrent UTI consistently demonstrate 

reduced quality of life scores across both mental and physical domains, with 

impairments in activities such as sleep, exercise and sexual intercourse. [9, 10] 

Beyond direct medical expenses related to doctor’s visits, laboratory testing and 

treatment, there are potential indirect costs if symptoms prevent patients from 

carrying out work-related tasks. Older adults significantly contribute to excessive 

healthcare costs, as UTI is the second most common suspected infection requiring 

hospitalisation in this population. [11] With increasing life expectancy the overall 

burden of UTI is expected to rise substantially.
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Spectrum of disease and definitions
UTI is an umbrella term referring to a wide range of clinical phenotypes that 

differ in terms of site of infection, duration and severity of symptoms and signs. 

As highlighted in the previous paragraph, UTI occurs in both men and women 

of all age groups, and each population is characterised by different risk factors. 

This variety in clinical phenotypes and patient populations is reflected in the 

various specialties that encounter patients with UTI, including family medicine, 

emergency medicine, internal medicine, geriatric medicine, infectious diseases, 

microbiology, urology, gynaecology, and paediatrics. 

Acute cystitis refers to a UTI presumed to be confined to the bladder. This 

phenotype is predominantly observed in women, possibly due to the shorter 

distance from the urethra to the perineum. Women typically present with 

new-onset lower urinary tract symptoms, such as dysuria, frequency, urgency 

and suprapubic pain, while signs of systemic illness, such as fever and rigors, 

are absent. Symptoms are self-limiting in the majority of patients (although 

antimicrobial treatment is often initiated in clinical practice) and progression to 

upper urinary tract infection is rare. [12, 13]

In men, prostatic involvement is common and may occur through bacterial 

migration from the urethra, intraprostatic urinary reflux, or from direct 

inoculation following urogenital instrumentation or transrectal biopsy. [14] In 

addition to urogenital symptoms, men with acute bacterial prostatitis generally 

present with systemic signs and symptoms. In a randomised trial evaluating the 

optimal treatment duration of acute bacterial prostatitis, 17% of the included 

participants had bacteraemia. [15] Approximately 10% of men with acute bacterial 

prostatitis develop chronic bacterial prostatitis, which tends to recur despite 

prolonged antimicrobial treatment. [16]

Acute pyelonephritis indicates an upper urinary tract infection involving the renal 

pelvis and kidney. Population-based studies show that acute pyelonephritis occurs 

more frequently in women than in men (annual rate of 15 cases per 10.000 women 

when combining in- and outpatients) with a notable peak in women aged 15 – 

35 years, and a second, gradually increasing incidence after 65 years. [17] Acute 

pyelonephritis typically manifests with systemic signs and symptoms, flank pain 

and/or costovertebral angle tenderness, although clinical presentations can vary. 

[18] Despite high rates of bacteraemia (25-40%) mortality is generally low, with 
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exceptions for older hospitalised patients, in whom mortality rates can exceed 

30%. [19-22]

At the end of the severity spectrum lies urosepsis, defined as a life-threatening 

organ dysfunction caused by a dysregulated host response to UTI. Surviving Sepsis 

Campaign data show that urosepsis is the second most common cause of septic 

shock, second only to a pulmonary source. [23] Despite antimicrobial therapy and 

supportive care, septic shock has a high mortality rate (32%).

Clearly, UTI is not a single type of infection, and as such it has proven difficult 

to come up with a single definition. For instance, the Centers for Disease Control 

and Prevention [24], the European Medicines Agency [25] and the U.S. Food and 

Drug Administration [26, 27] have all proposed definitions with different criteria 

and interpretations. The different types of UTI are perhaps more aptly described 

as having family resemblances, a concept first described by early 20th century 

German philosopher Ludwig Wittgenstein in his book Philosophical Investigations. 

He argues that categories and concepts are not defined by a single set of essential 

characteristics but rather by a network of overlapping similarities among various 

members within a category, e.g. like a family sharing traits. While a single 

definition is not always required in clinical practice, it is crucial in research. 

The absence of a research definition, also referred to as a reference standard, 

introduces bias into estimates of diagnostic accuracy and efficacy, affecting the 

internal validity of a study. [28] Additionally, if different definitions are used 

across studies, results cannot be readily compared, compromising the external 

validity of a study.

Pathophysiology: host versus pathogen 
Uropathogenic Escherichia coli (UPEC) is by far the most common pathogen causing 

UTI. [29] Other pathogens include Klebsiella pneumoniae, Proteus mirabilis, and 

Staphylococcus saprophyticus. Enterococci and group B streptococci are frequently 

isolated from midstream urine, but rarely from urine obtained through single 

in-out catheterisation, suggesting that these pathogens do not typically cause 

UTI. [30]

Infection of the bladder mostly occurs through an exogenous route. Uropathogens 

residing in the gut first colonise the (peri)urethra and subsequently migrate 

into the bladder. Most research on understanding host-pathogen interactions in 

UTI has concentrated on infections caused by UPEC. [29] To invade the bladder, 
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UPEC uses adhesins located on the tip of fimbriae or on the bacterial surface 

to attach to uroplakins and integrins that coat the most outer layer of the 

urothelium, i.e. umbrella cells. Recognition of lipopolysaccharide (present on 

the outer membrane of Gram-negative bacteria) through Toll-like receptors on 

umbrella cells induces a rapid innate immune response via transcription of pro-

inflammatory cytokines and chemokines. While UPEC in the bladder lumen is 

targeted by recruited neutrophils, antimicrobial peptides and iron-sequestering 

proteins, internalised UPEC is able to subvert host defences and form intracellular 

bacterial communities (IBCs) through multiplication. These IBCs are able to 

survive in the bladder environment due to additional virulence factors such as 

the toxin α-haemolysin, expediting nutrient acquisition via host cell lysis, and 

siderophores which facilitate iron uptake. Upon exfoliation of the urothelium due 

to inflammation and α-haemolysin, bacteria can disperse and invade neighbouring 

cells. Exfoliation also exposes deeper layers of the bladder epithelium where UPEC 

can establish quiescent intracellular reservoirs (QIRs), which can remain viable for 

months and may contribute to recurrences. [29] Although the pathophysiological 

basis for recurrent UTI in humans remains poorly understood, recent murine 

studies show that UTI leads to differential bladder tissue remodelling, depending 

on disease outcome, that affects susceptibility to subsequent UTI episodes. [31, 

32] Less is known about the role of adaptive immunity in UTI. Mouse models of 

bladder infection show that although an adaptive immune response develops, 

the bacterial burden is only marginally reduced and UTI frequently recurs. [33] 

Secretory IgA can inhibit adhesion of UPEC to epithelial cells, and in children with 

acute cystitis, secretory IgA levels in urine are elevated. [34] Recently, sublingual 

vaccination with a suspension of whole-cell heat-inactivated E. coli, Klebsiella 

pneumoniae, Proteus vulgaris, and Enterococcus faecalis has shown remarkable 

efficacy in a placebo-controlled trial including pre- and postmenopausal women 

with recurrent UTI. [35] While the exact mechanism of action has not been fully 

elucidated, both enhanced innate and adaptive (cellular and humoral) immunity 

seem to play a role. [36]

Currently used diagnostics 
The diagnostic approach of UTI differs per clinical presentation (typical or atypical 

lower urinary tract symptoms, presence of systemic signs), setting (primary care, 

outpatient clinic, emergency department), population (age group, biological sex, 

underlying risk factors) and country. Some clinicians do not perform additional 
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testing in women with classic lower urinary tract symptoms and absence of 

systemic signs, as the a priori probability of acute cystitis is high. [37] However, 

lower urinary tract symptoms may be caused by other conditions such as 

urethritis (Chlamydia trachomatis, Neisseria gonorrhoeae) and vaginitis (Candida spp., 

Trichomonas vaginalis). As such, additional testing for the presence of pyuria (i.e. 

leukocyturia) and bacteriuria is often performed to support the diagnosis of UTI.

In clinical practice, particularly in primary care, a urine dipstick is usually applied 

first, to screen for pyuria and bacteriuria. Among other analytes, the urine dipstick 

provides semi-quantitative results of leukocyte esterase (an enzyme produced by 

leukocytes in the urine) and indicates the presence or absence of nitrites. While 

a urine dipstick is inexpensive, easy to use and provides quick results, there are 

important drawbacks to note. Both leukocyte esterase and nitrite results may be 

false-negative due to the presence of other substances such as vitamin C. [38] 

Moreover, not all pathogens reduce urinary nitrates to nitrites (e.g. Staphylococcus 

saprophyticus, Pseudomonas aeruginosa, Enterococcus spp. do not). Furthermore, 

leukocyte esterase results correlate poorly with absolute degrees of pyuria. [39] 

Reported diagnostic accuracy estimates of leukocyte esterase and nitrites for 

diagnosing UTI vary greatly and are primarily determined by the population under 

investigation and the reference standard that is applied. In general, nitrites are 

less sensitive than specific, and leukocyte esterase is more sensitive than specific 

for UTI. [40-42]

Pyuria can be quantified in different ways. In the late 1960s Mabeck et al. [43] 

found that a leukocyte excretion rate of 400,000 per hour could distinguish UTI 

from asymptomatic women. This rate corresponds with a cut-off value of 10 

leukocytes/mm3 in unspun urine. [44] Nowadays, most hospitals quantify pyuria 

by direct or automated microscopy of (un)spun urine, generally after initial 

dipstick screening. Automated microscopy reduces variability in centrifugation and 

resuspension of urine and is more efficient than direct microscopy. [45] In recent 

years, an increasing number of laboratories are adopting urine flow cytometry 

for quantification of pyuria. Urine flow cytometers classify and quantify cells in 

the urine by analysing scattered light emitted by cells passing through a laser 

beam. While automated microscopy and urine flow cytometry have relatively short 

turnaround times and a high capacity, they are costly and not available to every 

clinician. Moreover, reference values for ‘significant’ pyuria vary in the literature 

and depend on preanalytic steps in the laboratory, quantification methods and the 
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studied population. Finally, pyuria may be caused by conditions other than UTI, 

including interstitial nephritis, urolithiasis and urological malignancies.

Bacteriuria can be determined by spreading the urine onto a plate containing a 

culture medium and incubating it under various conditions. This approach allows 

for pathogen identification and quantification, which usually takes 18-30 hours, 

and antimicrobial susceptibility testing, which may take another 24-48 hours, 

depending on the use of manual or automated methods. [46] Despite providing 

valuable information, long turnaround times are an important drawback of urine 

cultures. Additionally, there is an ongoing debate about the optimal threshold for 

significant bacteriuria (expressed in colony-forming units (CFU)/mL). While the 

traditional cut-off value of 105 CFU/mL is still applied by some laboratories to avoid 

misclassification of contamination as UTI, several studies have shown that colony-

counts as low as 102 CFU/mL in midstream urine are indicative of true bladder 

bacteriuria (determined by suprapubic aspiration or single in-out catheterisation), 

at least in symptomatic women with E. coli as the causative pathogen. [30, 47] 

Be that as it may, urine cultures merely indicate bacteriuria, which does not 

necessarily equate to UTI.

Challenges in older women 
In older women, diagnosing UTI presents specific challenges for several reasons. 

Firstly, symptom assessment is hampered by a higher prevalence of cognitive 

impairment and indwelling catheters in the older population. The global prevalence 

of dementia was estimated to be 57.4 million cases in 2019, with a female-to-

male ratio of 1.69, and a predicted increase to 152.8 million cases in 2050, mainly 

driven by population ageing and population growth. [48] Secondly, chronic lower 

urinary tract symptoms, such as urgency, frequency and urinary incontinence, 

are common in older women and are difficult to distinguish from non-infectious 

causes, such as genitourinary syndrome of menopause, and overactive bladder. 

[49] Most importantly, 20% of community-dwelling and 50% of institutionalised 

older women have asymptomatic bacteriuria (ASB), defined as the presence of 

one or more uropathogens ≥ 105 CFU/mL in the absence of signs or symptoms 

attributable to UTI. [50-52] While the pathophysiological basis of ASB has not 

been completely elucidated, it is thought to arise from an interplay between host 

factors (e.g. reduced Toll-like receptor 4 expression [53]) and pathogen-specific 

factors (e.g. reduced adhesive capability of certain E. coli strains [54]).
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Over 90% of older women with ASB have concomitant pyuria [55]. Consequently, 

the specificity of both pyuria and bacteriuria for UTI is low in this population, 

and it can be difficult to distinguish UTI from ASB with current urine diagnostics. 

As such, inappropriate antimicrobial treatment of asymptomatic pyuria and 

bacteriuria is very common. Gupta et al. [56] showed that 25% of patients with 

asymptomatic pyuria on routine preoperative urinalysis (without urine cultures) 

were treated with antimicrobials, and that the degree of pyuria predicted 

prescribing of antimicrobials. Moreover, in a study performed in long-term 

care facility residents with advanced dementia, only 19% of suspected ‘UTI’ 

episodes that were treated with antimicrobials fulfilled minimum symptom 

criteria (suggesting most episodes were actually ASB). [57] In older patients with 

cognitive impairment, who have difficulty communicating their symptoms, it may 

be tempting for clinicians to ascribe non-specific symptoms such as confusion 

or falls to a UTI, especially in the presence of pyuria and bacteriuria. However, 

the evidence is growing that these non-specific symptoms do not reliably predict 

actual UTI. [58, 59] More likely, these symptoms indicate normal fluctuations in 

behaviour or have other causes, such as dehydration and drug-related side effects. 

Although antimicrobial treatment of ASB may result in short-term microbiological 

cure, it does not improve survival, nor influence the frequency of subsequent 

UTI episodes or chronic urinary incontinence in older women. [60-63] In fact, 

antimicrobial treatment of ASB can lead to adverse drug reactions, interactions 

and toxicity, which is particularly relevant in a population with high rates of 

polypharmacy. [62] Moreover, antimicrobial treatment confers an eightfold 

increased risk of developing Clostridioides difficile associated diarrhoea, and it 

leads to subsequent isolation of multidrug resistant organisms (MDROs) from the 

urine. [64, 65] Besides being judicious about urine testing in older women with 

ambiguous symptoms, new diagnostic modalities with the ability to distinguish 

UTI from ASB are urgently required.

Treatment and prophylaxis in an era of antimicrobial 
resistance 
UTI is typically treated with a course of antimicrobials. The selection of an 

antimicrobial regimen is primarily dependent on the site of infection, i.e. whether 

an agent with tissue penetration is required. First-line oral antimicrobials for 

empirical treatment of UTI without systemic involvement (acute cystitis) include 

nitrofurantoin, fosfomycin, trimethoprim, and, in some countries, pivmecillinam. 
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The approach to empirical treatment of UTI with systemic involvement (acute 

pyelonephritis with or without urosepsis) generally depends on the severity of 

illness. While outpatients may be treated with oral ciprofloxacin or trimethoprim-

sulfamethoxazole, critically ill patients are usually treated parenterally; Dutch 

guidelines recommend a second or third generation cephalosporin with the option 

of adding aminoglycosides pending culture results. [66] In patients with recurrent 

UTI and insufficient efficacy of behavioural modifications, such as increased 

hydration [67] or postcoital voiding, oral antimicrobial prophylaxis (either daily 

or postcoital) is often initiated. Continuous antimicrobial prophylaxis is effective 

in reducing recurrence rates, even in risk groups, such as patients using clean 

intermittent catheterisation due to urological or neurological comorbidities. 

[8, 68-70] Antimicrobial options include nitrofurantoin 50 mg or 100 mg daily, 

and trimethoprim 100 mg daily. However, the most important drawback of 

antimicrobial treatment and prophylaxis, already pointed out by Alexander 

Fleming in 1945 [71], is the development of antimicrobial resistance (AMR).

AMR is a rising threat to global health. In fact, based on predictive statistical 

models, an estimated 4.95 million deaths were associated with bacterial AMR 

in 2019 alone, with the highest burdens in resource-limited settings. [72] E. coli 

and Klebsiella pneumoniae (K. pneumoniae) were the two pathogens responsible for 

the most AMR-attributable deaths, both common causative pathogens of UTI. 

AMR surveillance data of 46 European countries, published by the European Centre 

for Disease Prevention and Control (ECDC) in 2022, showed highest resistance rates 

in southern and eastern regions, compared with northern and western regions. 

[73] For E. coli, 46% of countries reported ciprofloxacin resistance rates > 25% 

and 11% of countries reported third generation cephalosporin resistance rates 

> 50%. Carbapenem resistance was more frequently reported in K. pneumoniae 

than in E. coli; 32% of countries reported carbapenem resistance rates > 25%. 

Not surprisingly, surveillance data published by the World Health Organization 

(WHO) in 2021 showed a wide range of resistance rates for several antimicrobial 

classes for E. coli and K. pneumoniae, with low and middle income countries being 

disproportionally affected. [74] To support antimicrobial stewardship efforts 

and to identify antimicrobials with the highest priorities for surveillance of use, 

the WHO created the Access, Watch, Reserve (AWaRe) classification, in which 

antimicrobials are categorised into three groups based on the potential to induce 

and propagate resistance. [75] Multiple agents commonly used in the treatment of 

UTI (e.g. ciprofloxacin and ceftriaxone) are included in the ‘Watch-group’ due to 
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increasing resistance rates. Nosocomial UTI is not infrequently caused by one of 

the ESKAPE pathogens (i.e. Enterococcus faecium, Staphylococcus aureus, Klebsiella 

pneumoniae, Acinetobacter baumannii, Pseudomonas aeruginosa and Enterobacter spp.), 

which are often difficult to treat due to their resistance to multiple classes of 

antimicrobials. [76] Finally, as the high incidence and recurrence rates of UTI 

lead to significant antimicrobial consumption, UTI is an important driver of 

the silent epidemic that is AMR. It is evident that alternative strategies for the 

treatment and prevention of UTI need to be explored to reduce the global burden 

of AMR. In a randomised trial evaluating different management approaches 

in women presenting to the primary care office with suspected acute cystitis, 

symptom duration and severity were similar with delayed antimicrobial therapy 

compared with immediate antimicrobial therapy. [77] In another randomised trial 

comparing ibuprofen with fosfomycin (with respective placebo dummies in both 

groups) in women with acute cystitis, two thirds of women in the ibuprofen group 

recovered without any antibiotics, albeit with a somewhat higher overall symptom 

burden in the ibuprofen group. [12] Besides behavioural modifications, other non-

antimicrobial prophylactic strategies for recurrent UTI include vaginal oestrogen 

for postmenopausal women, and methenamine hippurate. [78, 79] In one open-

label trial showing non-inferiority of methenamine hippurate to oral antimicrobial 

prophylaxis, the proportion of participants demonstrating resistance to at least 

one antimicrobial in E. coli isolated from perineal swabs was higher in the oral 

antimicrobial prophylaxis group at 6-12 months. [79] As the gut is a known 

reservoir for uropathogenic bacteria, Worby et al. [80] collected monthly faecal 

samples of women with recurrent UTI and controls for metagenomic analysis, 

and found significantly lower gut microbial richness in women with recurrent 

UTI. Given that some studies have shown decreased gut microbial richness in 

patients with intestinal colonisation of MDRO, ‘gut sparing’ or ‘gut restorative’ 

interventions have the potential to reduce the frequency of UTI recurrences and 

decrease intestinal MDRO colonisation. However, efficacy data for these alternative 

modalities are sparse.

Outline of the thesis 
The overall aim of this thesis is to address unmet needs in the definitions, 

diagnosis and treatment strategies in UTI, which can contribute to improving 

health outcomes for individual patients and reducing antimicrobial resistance. 

This thesis comprises three parts. The first part focuses on the definition of UTI 
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in research. To evaluate the heterogeneity of UTI definitions in recent studies, a 

systematic review was performed, which is described in Chapter 2. Given the high 

heterogeneity of study definitions and conflicting research guidelines, a Delphi 

consensus study involving an international, multidisciplinary panel of UTI experts 

was conducted to construct a reference standard for UTI research. This consensus 

study is reported in Chapter 3.

The second part of this thesis centres on diagnostic challenges of UTI in older 

women. Chapter 4 describes a case-control study including older women with UTI 

and ASB, in which the diagnostic accuracy of two pyuria quantification methods 

(automated microscopy and urine flow cytometry) for UTI is determined, and an 

optimal pyuria threshold for older women is sought. Due to the limitations of 

current urine diagnostics in older women, the diagnostic accuracy of twelve novel 

urine biomarkers is evaluated in the same study population, which is reported 

in Chapter 5.

In the third and last part of this thesis alternative strategies for the treatment and 

prevention of UTI are explored. As stated in the previous paragraph, (systemic) 

antimicrobial prophylaxis and treatment have important drawbacks. Therefore, 

we performed a cohort study, described in Chapter 6, to assess the treatment 

satisfaction, long-term safety, and efficacy of a non-systemic antimicrobial 

prophylactic strategy, i.e. intravesical aminoglycoside instillations. As intestinal 

MDRO colonisation may precede invasive infection and facilitates spread within 

communities and hospitals, the efficacy of faecal microbiota transplantation for 

MDRO decolonisation was assessed in a systematic review in Chapter 7.

Chapter 8 provides a summary and a discussion of the results, resulting in a 

conclusion and views on possible further research.
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Abstract 
Defining urinary tract infection (UTI) is complex, as numerous clinical and 

diagnostic parameters are involved. In this systematic review we aimed to gain 

insight into how UTI is defined across current studies. We included 47 studies, 

published between January 2019 and May 2022, investigating therapeutic or 

prophylactic interventions in adult patients with UTI. Signs and symptoms, 

pyuria and a positive urine culture were required in 85%, 28% and 55% of study 

definitions, respectively. Five studies (11%) required all three categories for the 

diagnosis of UTI. Thresholds for significant bacteriuria varied from 103 to 105 

colony-forming units/mL. None of the 12 studies including acute cystitis and 

2/12 (17%) defining acute pyelonephritis used identical definitions. Complicated 

UTI was defined by both host factors and systemic involvement in 9/14 (64%) 

studies. In conclusion, UTI definitions are heterogeneous across recent studies, 

highlighting the need for a consensus-based, research reference standard for UTI.



2

31

Definitions of urinary tract infection in current research: a systematic review  

Introduction 
Urinary tract infection (UTI) refers to a plethora of clinical phenotypes, including 

cystitis, pyelonephritis, prostatitis, urosepsis, and catheter-associated UTI (CA-

UTI). [1, 2] In both clinical practice and in research, the diagnosis of UTI is based 

on a multitude of clinical signs and symptoms and diagnostic tests. Signs and 

symptoms can be further subdivided into (1) lower urinary tract symptoms (LUTS), 

such as dysuria, frequency, and urgency, (2) systemic signs and symptoms, such 

as fever, and (3) non-specific signs and symptoms, such as nausea and malaise. 

Commonly used diagnostic tests include urine dipstick for determining the 

presence of leukocyte esterase and nitrites, microscopy or flowcytometry for 

quantification of pyuria, and urine and blood cultures.

When defining and diagnosing UTI, numerous combinations of signs, symptoms 

and outcomes of diagnostic tests are possible, and this diversity is reflected in 

various research guidelines. For drug development and approval purposes, the 

European Medicines Agency (EMA) [3] and Food and Drug Administration (FDA) 

[4, 5] have developed guidelines for clinical trials evaluating antimicrobials for 

the treatment of UTI, summarised in Table 1. These guidelines provide definitions 

for uncomplicated UTI, complicated UTI, and acute pyelonephritis. McGeer et al. 

[6] have developed research guidelines for studies in long-term care facilities 

(LTCF). Clinical practice guidelines include the Infectious Diseases Society of 

America (currently being updated) [7] and European Association of Urology 

guidelines [8]. It is important to distinguish between research guidelines and 

clinical practice guidelines as the latter are meant for treatment recommendations, 

and the definitions in these clinical guidelines are generally based on often-

limited diagnostic information available when assessing a patient in the clinical, 

near-patient setting.

While the aforementioned research guidelines overlap in the sense that they all 

include a combination of symptoms and evidence of pyuria and/or bacteriuria 

in the definition of UTI, they also differ. For instance, none of these guidelines 

include the same set (or minimum number) of symptoms for the diagnosis of 

UTI. Moreover, the definition of complicated UTI is variable, and either based on 

systemic signs and symptoms or the presence of host factors predisposing the 

patient to a complicated clinical course (e.g. functional or anatomical abnormalities 

of the urinary tract).
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Table 1: EMA and FDA definitions of uncomplicated and complicated UTI

Category EMA – uUTI FDA – uUTI EMA – cUTI FDA – cUTI 

Symptoms A minimum 
number of 
symptoms, such 
as frequency, 
urgency, and 
dysuria.

≥ 2: dysuria, 
frequency, urgency, 
suprapubic pain 
(note: lower 
abdominal 
discomfort is also 
mentioned in 
another section 
of the guidance 
document)

Patients should 
not have signs 
or symptoms of 
systemic illness 
such as fever > 
38°C, shaking 
chills or other 
manifestations 
suggestive of cUTI

A minimum 
number of signs/
symptoms 
compatible with an 
ongoing process 
in the urinary 
tract, such as flank 
or pelvic pain, 
CVA tenderness, 
dysuria, frequency 
or urgency

≥ 2: chills or 
rigors or warmth 
associated with 
fever (>38°C), 
flank or pelvic 
pain, dysuria 
or frequency or 
urgency, CVA 
tenderness (note: 
malaise is also 
mentioned in 
another section 
of the guidance 
document)

Host factors Female patients Female patients 
with normal 
anatomy of the 
urinary tract

≥ 1: indwelling 
catheter, urinary 
retention, 
obstruction, 
neurogenic 
bladder.  

AP is mentioned 
separately from 
cUTI, but it is not 
further defined

≥ 1: indwelling 
urinary catheter, 
neurogenic bladder, 
obstructive 
uropathy, azotemia 
caused by intrinsic 
renal disease, 
urinary retention 
(including 
retention caused by 
BPH).

AP is a subset of 
cUTI regardless 
of underlying 
abnormalities of 
the urinary tract

Pyuria > 10 leukocytes/
mm3

‘A microscopic 
evaluation for 
pyuria or dipstick 
analysis for 
leukocytes, nitrites 
or a catalase 
test should be 
performed’

> 10 leukocytes/
mm3

Urine dipstick 
positive for 
leukocyte esterase
or 
> 10 leukocytes/
mm3

Bacteriuria > 105 CFU/mL of 
a single relevant 
pathogen

≥ 105 CFU/mL of a 
single species of 
bacteria

> 105 CFU/mL of a 
single, or no more 
than two relevant 
pathogens

≥ 105 CFU/mL of a 
single species of 
bacteria

In the EMA guidelines bacteriuria definitions were mentioned in the description of the microbiological 

intention-to-treat population. In the FDA guidelines, they were also mentioned separately, under 

clinical microbiology considerations. Abbreviations: EMA = European Medicines Agency, FDA = Food 

and Drug Administration, uUTI = uncomplicated UTI, cUTI = complicated UTI, CVA = costovertebral 

angle, AP = acute pyelonephritis, CFU = colony-forming units
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It is probable that this wide range of possible definitions and different research 

guidelines pose problems for researchers conducting studies with patients with 

UTI. A uniform research definition increases homogeneity between studies, which 

is important for the interpretation, synthesis and comparability of results, and 

mitigates the risk of misclassification bias. This is especially relevant in an 

era of rising antimicrobial resistance, in which novel antimicrobials are being 

investigated in large randomised controlled trials. The aim of this systematic 

review is to evaluate how UTI is defined in current studies, and to what extent 

these definitions differ between studies. 

Methods 
This systematic review was conducted in accordance with the Preferred Reporting 

Items for Systematic reviews and Meta-analyses (PRISMA) 2020 guidelines [9].

Eligibility criteria 

Studies published between January 2019 and May 2022, investigating any 

therapeutic or prophylactic intervention in adults with (recurrent) UTI were 

eligible for inclusion. Given the fact that definitions tend to change over time, this 

time frame was chosen to reflect the most recent consensus. In addition, updated 

FDA and EMA guidelines were published in 2019. We excluded studies concerning 

only prostatitis, catheter-associated UTI (CA-UTI), pericatheter or perioperative 

prophylaxis or ASB. Studies investigating patients with spinal cord injury or 

neurogenic bladder were also excluded, because separate UTI definitions are 

mostly used for patients who are unable to experience (or have altered perception 

of) LUTS. Finally, we excluded systematic reviews, meta-analyses, and studies 

published in non-English language journals 

Search strategy 

Multiple electronic databases (PubMed, Embase, Web of Science and the Cochrane 

library) were searched on May 16th, 2022. Our search strategy was constructed by 

a research librarian and was based on a PICO-style approach. We applied language 

and publication year filters as described above and used an ‘article type’ type filter 

for clinical trials. The complete search strategy is provided in the Supplement.
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Data extraction and analysis 

Covidence software was used for screening and data extraction. References were 

imported and duplicates were removed. Title and abstract screening, full-text 

screening and data extraction were performed by two independent reviewers 

(M.P.B., R.M.H.J.). In case of disagreement, a third researcher was consulted 

(M.M.C.L.) and a final decision was based on consensus. 

For each study, the following data were collected: study design, setting, population, 

intervention, and the type of UTI under investigation. Criteria for the definition 

of UTI were subdivided into three categories: signs and symptoms, urinalysis and 

urine culture. For each of these categories, we assessed whether they were required 

or conditionally required (i.e. dependent on the presence of other categories) for the 

diagnosis of UTI. If categories were not mentioned, or if they were only required 

for a secondary outcome or definition, they were considered as not required. 

Definitions were derived from eligibility criteria, unless definitions were explicitly 

stated elsewhere. For signs and symptoms, additional data were collected on 

minimum number of symptoms and symptom specification (e.g. if fever and 

frequency were further defined). Moreover, we recorded which symptoms were 

part of the definition of acute cystitis, acute pyelonephritis and UTI if a clinical 

phenotype was not mentioned (henceforth described as ‘UTI – phenotype not 

specified’). For the urinalysis category, we extracted which methods were used for 

determining pyuria, which cut-off values were applied, and whether nitrites were 

part of the UTI definition. Regarding the urine culture category, we recorded the 

cut-off value for CFU/mL and the maximum number of uropathogens. For all three 

categories, we assessed whether study definitions met FDA and EMA guideline 

requirements. Concerning complicated UTI, we collected the same components of 

the definition as described above, but we also assessed whether the definition was 

based on host factors, systemic involvement, or a combination of both. Finally, 

we compared definitions between studies, stratified per UTI type. No risk of bias 

assessment was performed as we studied definitions instead of outcomes. Data 

are summarised as proportions. 

Results 
Study selection and study characteristics 

The study selection process is summarised in a PRISMA flowchart (Figure 1). 

We screened 348 reports published between January 2019 and May 2022. Studies 

that were excluded during title and abstract screening (n = 290) mainly involved 
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patients with CA-UTI or conditions other than UTI (e.g. interstitial cystitis), or 

investigated pericatheter or perioperative prophylaxis. During full-text screening, 

seven non-English articles and secondary analyses of articles already included 

in the study using our search criteria, were excluded. A total of 47 randomised 

controlled trials and cohort studies with a median of 145 participants were 

included. [10-56]

Figure 1: PRISMA flowchart of the study selection process. Abbreviations: UTI = urinary tract 

infection.

Thirty-one studies (66%) investigated antimicrobials for the treatment of UTI, 

and 15 (32%) evaluated antimicrobial prophylaxis for recurrent UTI. Sixteen 

studies (34%) only included women, four studies (9%) only included men, and 27 

studies (57%) included both. Participants were hospitalised in 25 studies (53%) 
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and treated through an outpatient or primary care clinic in 22 studies (47%). 

None of the included studies were conducted in long-term care facilities. Twelve 

studies (26%) included acute cystitis, 16 (34%) included acute pyelonephritis and 

13 (28%) included ‘UTI – phenotype not specified’. A table containing details of 

all included studies is provided in Supplementary Table 1.

UTI definition and heterogeneity 

Table 2 shows how UTI was defined across the included studies. In 11 studies 

(23%) the definition consisted of only signs and symptoms, in 16 studies (34%) 

the definition consisted of both signs and symptoms and a positive urine culture, 

and in 5 studies (11%) all three components (signs and symptoms, the presence 

of pyuria and a positive urine culture) were required for the diagnosis of UTI. 

None of the studies investigating acute cystitis (n = 12) or ‘UTI – phenotype not 

specified’ (n = 13) included the same set of symptoms and diagnostic criteria in 

their definition. Of the studies defining acute pyelonephritis, two (17%) used 

identical definitions.

Signs and symptoms 

Signs and symptoms were required for the diagnosis of UTI in 40 studies (85%). 

Of these, 34 (85%) specified signs and symptoms in the definition. The different 

signs and symptoms that were included in the definition of acute cystitis, acute 

pyelonephritis and ‘UTI – phenotype not specified’ are highlighted in Table 3. 

FDA guidelines [4] require a minimum of two of the following symptoms for 

patients with uncomplicated UTI: dysuria, urgency, frequency and suprapubic pain. 

Two out of 12 studies (17%) met these criteria. Flank pain and/or costovertebral 

angle tenderness, fever, nausea and/or vomiting, and dysuria were most often 

included in the definition of acute pyelonephritis. Frequency was not further 

specified in any study. Perineal and/or prostate pain was part of the definition 

in 3/31 (10%) studies involving men. A specific temperature cut-off for fever was 

defined in 7/17 (65%) studies that included fever in the definition of UTI.
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Table 2: Categories of UTI definition.

Categories of UTI definition (n = 47) n (%)

Signs and symptoms

Required 

Conditionally required 

Not required 

40 (85) 

1 (2) 

6 (13) 

Signs and symptoms specified 

Minimum number of symptoms specified

34/40 (85) 

24/40 (60)

Pyuria

Required  

Conditionally required 

Not required

13 (28) 

4 (9) 

30 (64)

Method of establishing pyuria specified 

   Dipstick only 

   Quantification only 

   Both methods allowed

14/17 (82) 

2 (14) 

4 (29) 

8 (57)

Cut-off for pyuria specified 

   > 5 leukocytes/hpf 

   > 10 leukocytes/µl or > 10 leukocytes/hpf

12/12 (100) 

2 (17) 

10 (83)

Urine culture

Required  

Conditionally required 

Not required

26 (55) 

1 (2) 

20 (43)

Cut-off for CFU/mL specified 

   > 103 CFU/mL 

   > 104 CFU/mL 

   > 105 CFU/mL 

Maximum number of uropathogens specified 

Urine collection method specified

19/27 (70) 

8 (42) 

4 (21) 

7 (37) 

4/27 (15) 

12/47 (26)

If categories were not mentioned, they were considered as not required. Definitions were derived 

from eligibility criteria, unless definitions were explicitly stated elsewhere. Percentages may not 

add up to 100 due to rounding. Abbreviations: UTI = urinary tract infection, hpf = high-power field, 

CFU = colony-forming units
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Table 3: Symptoms and signs in different types of UTI. 

Symptoms & signs Acute cystitis  
(n = 12)

Acute pyelonephritis 
(n = 16)*

UTI – phenotype not 
specified (n = 13)

Dysuria 

Urgency 

Frequency 

Suprapubic pain 

Macroscopic haematuria 

Lower abdominal pain 

Perineal/prostate pain 

Pelvic pain 

Flank pain or CVA tenderness 

New urinary incontinence 

Worsening incontinence 

Fever 

Chills or rigors 

Nausea or vomiting 

Symptoms not specified

9 (75) 

9 (75) 

9 (75) 

5 (42) 

4 (33) 

2 (17) 

1 (8) 

0 

1 (8) 

0 

0 

0 

0 

0 

3 (25)

8 (50) 

6 (38) 

7 (44) 

0 

0 

0 

0 

2 (13) 

12 (75) 

0 

0 

12 (75) 

7 (44) 

8 (50) 

4 (25)

9 (69) 

7 (54) 

6 (46) 

6 (46) 

4 (31) 

1 (8) 

2 (15) 

1 (8) 

2 (15) 

1 (8) 

1 (8) 

2 (15) 

0 

0 

2 (15)

*This included all studies investigating acute pyelonephritis, either alone or in conjunction with 

other types of UTI. All symptoms and signs are shown as n (%). Other symptoms mentioned in 

studies focusing on acute cystitis or ‘UTI – phenotype not specified’ were: vesical tenesmus (n = 

1), malodorous and/or cloudy urine (n = 1), hypogastric pain (n = 1), and nocturia (n = 1). Additional 

criteria for the definition of acute pyelonephritis not mentioned in the table: elevated serum 

inflammatory parameters (n = 1), signs of pyelonephritis on ultrasound or computed tomography (n 

= 1), and hypotension (n =1). Abbreviations: UTI = urinary tract infection, CVA = costovertebral angle.

Urinalysis and urine culture 

The presence of pyuria was required for the diagnosis of UTI in 13/47 (28%) studies, 

while both FDA and EMA guidelines [3-5] require pyuria in their definition of 

UTI. A cut-off for pyuria was specified in 12 studies, of which 10 (83%) applied 

a cut-off value of > 10 leukocytes/µl or > 10 leukocytes/high-power field. None 

of the included studies required the presence of nitrites for the diagnosis of UTI, 

although they were conditionally required in three studies (6%). A positive urine 

culture was mandatory for UTI diagnosis in 26/47 (55%) studies, of which 12 (55%) 

were conducted in the primary care or outpatient setting and 14 (56%) involved 

hospitalised patients. Of the 19 studies that mentioned a cut-off value for CFU/

mL, 8 (42%) used a cut-off of 103 CFU/mL. Out of all studies, 7 (15%) required a 

positive urine culture with at least 105 CFU/mL, complying with EMA and FDA 

guidelines. [3-5]
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Complicated UTI 

We included 14 studies that defined complicated UTI. Three (21%) based their 

definition on complicating host factors only, one (7%) on systemic involvement 

only, and nine (64%) on both host factors and systemic involvement. The various 

host factors included in the definition are provided in Table 4. Male sex was 

considered a complicating factor in two studies (17%). 

Table 4: Definition of complicated UTI.

Complicated UTI (n = 14) n (%)

How is complicated UTI defined?

Both host factors and systemic involvement 

Only host factors  

Only systemic involvement 

Complicated UTI not further defined

9 (64) 

3 (21) 

1 (7) 

1 (7)

Which host factors are part of complicated UTI criteria?*

Obstructive uropathy 

Functional or anatomical abnormalities of the urinary tract 

Indwelling catheter or nephrostomy tube 

Intrinsic renal disease 

Urinary retention in men due to BPH 

Urinary retention in general 

Male sex (regardless of urinary retention) 

Diabetes mellitus 

Systemic lupus erythematosus 

Pregnancy 

Immunocompromised state 

Kidney transplant recipient

11 (92) 

10 (83) 

9 (75) 

8 (67) 

5 (42) 

3 (25) 

2 (17) 

2 (17) 

2 (17) 

1 (8) 

1 (8) 

1 (8)

*Host factors were specified in n = 12 studies, this was used as the denominator for the proportions. 

For the purpose of this table, systemic involvement was defined as the presence of fever and/or 

rigors in the criteria for diagnosis of complicated UTI. Abbreviations: UTI = urinary tract infection, 

BPH = benign prostatic hyperplasia

Discussion 
In this systematic review we demonstrate that UTI definitions used in current 

research studies are highly heterogeneous in terms of clinical signs and diagnostic 

tests. In addition, few studies met symptom, pyuria and urine culture criteria 

mentioned in existing research guidelines. 
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Signs and symptoms 

The presence of signs and symptoms was required in the majority of UTI definitions 

used in the included studies. As symptoms and signs remain the cornerstone of UTI 

diagnosis, it is noteworthy that 15% of studies did not require signs and symptoms 

for the diagnosis of UTI and an even greater number of studies did not specify 

which symptoms and signs needed to be present. Defining specific symptoms may 

help to mitigate the risk of misclassification. Symptom specification is especially 

relevant in studies involving older patients with UTI, given the high background 

prevalence of asymptomatic bacteriuria and pyuria. [57-59] Most of the studies 

that did clarify which symptoms were part of the UTI definition included classic 

UTI-associated symptoms, such as dysuria, frequency and urgency. However, 

we also found a broad variety of non-specific manifestations, particularly in 

studies that did not define the UTI phenotype under investigation. Regardless 

of the unclear clinical relevance of non-specific symptoms in UTI, this diversity 

of symptoms contributes to heterogeneity between studies, which is supported 

by our finding that few of the included studies used the same set of symptoms 

to define UTI. Furthermore, in over a third of the included reports, a minimum 

number of symptoms (for diagnosis) was not mentioned. Given the fact that even 

classic LUTS are not 100% specific for UTI, and probability of UTI increases when 

a combination of symptoms is present, a minimum number of symptoms should 

be specified. [60]

Pyuria and bacteriuria 

Interestingly, less than a third of included studies required the presence of pyuria 

in the definition of UTI. With the exception of patients with absolute neutropenia 

and complete obstructive uropathy, pyuria is present in virtually all symptomatic 

patients with bacteriuria, and its absence has a high negative predictive value for 

UTI. [61-63] In the included studies, pyuria was rarely quantified and thresholds 

for significant pyuria were low. A recent study has shown that low pyuria cut-

offs should be avoided in older women, as the specificity for UTI is very low 

in this population. [64] Moreover, studies used different units of measurement 

interchangeably (i.e. identical thresholds were applied for cells per µl and hpf), 

while results are influenced by different (pre)analytical procedures and previous 

studies have shown a µl/hpf ratio of 5:1. [65] Be that as it may, quantification of 

pyuria in UTI studies should be encouraged, and pyuria should be included in the 

definition of UTI to reduce the risk of misclassification.
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As growth of a uropathogen supports the diagnosis of UTI in a symptomatic 

patient, it is surprising that a positive urine culture was not part of the UTI 

definition in approximately half of the included studies. Even though urine 

cultures are not always required in a clinical setting (e.g. in primary care), we 

believe that culture confirmation should at least be encouraged in a research 

setting. Furthermore, we found that studies used varying cut-offs for significant 

bacteriuria, ranging from 103 to 105 CFU/mL, while EMA and FDA guidelines both 

recommend a threshold of 105 CFU/mL. The question remains whether this is the 

optimal cut-off [66]: colony-counts as low as 102 CFU/mL in midstream urine have 

been found in symptomatic premenopausal women with E. coli bacteriuria. [61, 62]

Complicated UTI 

Studies differed widely in their definition of complicated UTI. Since the majority 

of studies defined complicated UTI based on both complicating host factors and 

systemic involvement, different clinical phenotypes were included in each study. 

This not only contributes further to disparities between studies, it also affects 

the applicability of study results. Moreover, the aforementioned heterogeneity is 

compounded by the fact that host factors are very diverse in themselves and there 

is no consensus about which host factors should be included in the definition 

of complicated UTI. As astutely phrased by James Johnson [67], “it may be time 

to find a different term than complicated UTI for UTIs that occur in patients 

with underlying predisposing factors, since this term seems hopelessly mired 

in ambiguity.” Johansen et al. [68] have proposed a UTI classification system for 

clinical and research purposes based on clinical phenotype, severity, host factors 

and pathogen susceptibility. However, this classification system was not used by 

any of the included studies in our review. In the Netherlands, the primary care 

guidelines for UTI have already made a distinction between a UTI in a complicated 

host versus UTI with systemic involvement. [69]

Existing research guidelines 

We found that few studies met symptom, pyuria and urine culture criteria 

mentioned in FDA and EMA guidelines. [3-5] In addition, we identified that studies 

more frequently based UTI definitions on clinical practice guidelines. The use of 

clinical practice guidelines in the place of research guidelines seems inappropriate, 

as clinical guidelines are less stringent than research guidelines, and they base 

empirical treatment recommendations on limited diagnostic information. Taken 

together, our findings imply that a widely accepted, consensus-based gold 
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standard for the diagnosis of UTI is lacking, and is much needed in the field of 

UTI research.

Strengths and limitations 

Strengths of this systematic review include our comprehensive search strategy, 

including multiple electronic databases, and extracting data from supplemental 

material, as UTI definitions were frequently only mentioned in a supplemental 

protocol. Our study has several limitations. For some of the included therapeutic 

studies, eligibility criteria served as a proxy for the UTI definition, if a definition 

was not mentioned separately. This might have contributed to additional 

heterogeneity. For instance, prophylactic studies including patients with recurrent 

UTI more frequently provided separate UTI definitions, since these often served 

as outcome measures. Also, some heterogeneity might be explained by the fact 

that we included studies that investigated different UTI phenotypes. However, 

this effect was mitigated by evaluating different UTI phenotypes separately. 

Another limitation is that we filtered our search strategy on publication date and 

study type. While expanding the time period would have provided more data, it 

would not reflect the most recent consensus and would likely have contributed to 

further heterogeneity, as these studies were published before the FDA and EMA 

guidance documents. Furthermore, including more observational studies most 

likely would not have reduced heterogeneity, as these are presumably less likely 

to follow FDA and EMA guidelines for drug approval. Since we did not find any 

recent studies that were conducted in long-term care facilities, and we excluded 

studies regarding CA-UTI and UTI in spinal cord injury patients, it is unclear how 

heterogeneous definitions are in these areas. Defining UTI might be even more 

challenging for these populations and settings. 

Conclusions 

In conclusion, UTI definitions differ widely across recent therapeutic and 

interventional studies. An international consensus-based reference standard is 

needed to reduce misclassification bias within studies and heterogeneity between 

studies. To avoid ambiguity, such a reference standard should veer away from the 

term ‘complicated UTI’ and instead categorise UTI based on systemic involvement, 

as these are different entities with different treatments. Based on results of this 

systematic review, our group has initiated an international consensus study to 

construct a UTI reference standard for research purposes. 
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Supplement 
Search strategy 

Search date: May 16th, 2022

Number of articles per electronic database:

•	 PubMed: 308 – after removal of comments, editorials and letter: 294 – after 

applying publication year filter (2019 and more recent): 190

•	 Embase: 327 – 161 unique articles – after applying publication year filter: 119

•	 Web of Science: 165 – 17 unique articles – after applying publication year 

filter: 15

•	 Cochrane library (published trials only): 241 – 40 unique – after applying 

publication year filter: 24

Search strategy per electronic database:

PubMed 

http://www.ncbi.nlm.nih.gov/pubmed?otool=leiden 

(("Anti-Bacterial Agents"[Mesh] OR "Anti-Bacterial Agents"[Pharmacological Action] OR 

"Anti-Bacterial Agents"[tw] OR "Anti-Bacterial Agent"[tw] OR "Antibacterial Agents"[tw] OR 

"Antibacterial Agent"[tw] OR "antibiotic"[tw] OR "antibiotics"[tw] OR "anti biotic"[tw] OR "anti 

biotics"[tw] OR "Fluoroquinolones"[Mesh] OR "Fluoroquinolones"[tw] OR "Fluoroquinolone"[tw] 

OR "Ciprofloxacin"[tw] OR "Enoxacin"[tw] OR "Enrofloxacin"[tw] OR "Fleroxacin"[tw] OR 

"Gatifloxacin"[tw] OR "Gemifloxacin"[tw] OR "Levofloxacin"[tw] OR "Moxifloxacin"[tw] 

OR "Norfloxacin"[tw] OR "Ofloxacin"[tw] OR "Pefloxacin"[tw] OR "Fosfomycin"[Mesh] OR 

"Fosfomycin"[tw] OR "Phosphomycin"[tw] OR "Phosphonomycin"[tw] OR "Monuril"[tw] OR 

"Cephalosporins"[Mesh] OR "Cephalosporins"[tw] OR "Cephalosporin"[tw] OR "Cefaclor"[tw] OR 

"Cefadroxil"[tw] OR "Cefamandole"[tw] OR "Cefatrizine"[tw] OR "Cefazolin"[tw] OR "Cefdinir"[tw] OR 

"Cefepime"[tw] OR "Cefixime"[tw] OR "Cefmenoxime"[tw] OR "Cefmetazole"[tw] OR "Cefonicid"[tw] 

OR "Cefoperazone"[tw] OR "Cefotaxime"[tw] OR "Cefotetan"[tw] OR "Cefotiam"[tw] OR 

"Cefoxitin"[tw] OR "Cefsulodin"[tw] OR "Ceftazidime"[tw] OR "Ceftibuten"[tw] OR "Ceftizoxime"[tw] 

OR "Ceftriaxone"[tw] OR "Cefuroxime"[tw] OR "Cephacetrile"[tw] OR "Cephalexin"[tw] OR 

"Cephaloglycin"[tw] OR "Cephaloridine"[tw] OR "Cephalothin"[tw] OR "Cephamycins"[tw] 

OR "Cephapirin"[tw] OR "Cephradine"[tw] OR "Carbapenems"[Mesh] OR "Carbapenems"[tw] 

OR "Carbapenem"[tw] OR "Doripenem"[tw] OR "Ertapenem"[tw] OR "Thienamycins"[tw] 

OR "Imipenem"[tw] OR "Meropenem"[tw] OR "Aminoglycosides"[mesh:noexp] OR 

"Gentamicins"[mesh] OR "Tobramycin"[Mesh] OR "Aminoglycosides"[tw] OR "aminoglycoside"[tw] 

OR "gentamycin"[tw] OR "Gentamycins"[tw] OR "Gentamicin"[tw] OR "Gentamicins"[tw] 

OR "Sisomicin"[tw] OR "Netilmicin"[tw] OR "tobramycin"[tw] OR "Tobramycins"[tw] OR 

"Vaccinium macrocarpon"[Mesh] OR "Vaccinium macrocarpon"[tw] OR "cranberry"[tw] OR 

"cranberries"[tw] OR "cranberr*"[tw] OR "Methenamine"[Mesh] OR "Methenamine"[tw] OR 

"Hexamine"[tw] OR "Hexamethylenetetramine"[tw] OR "Urotropin"[tw] OR "Aminoform"[tw] 
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OR "Mannose"[Mesh] OR "Mannose"[tw] OR "D-Mannose"[tw] OR "Mannopyranoside"[tw] OR 

"Mannopyranose"[tw] OR "vaginal oestrogen"[tw] OR "vaginal oestrogens"[tw] OR "vaginal 

estrogen"[tw] OR "vaginal estrogens"[tw] OR (("Administration, Intravaginal"[Mesh] OR 

"Vaginal Creams, Foams, and Jellies"[mesh] OR "Vaginal Absorption"[mesh] OR "vaginal"[tw] OR 

"vagina"[tw] OR "intravaginal"[tw]) AND ("Estrogens"[mesh] OR "Estrogens"[pharmacological 

action] OR "oestrogen"[tw] OR "oestrogens"[tw] OR "estrogen"[tw] OR "estrogens"[tw])) OR "drug 

therapy"[subheading] OR "drug therapy"[mesh]) AND ("Urinary Tract Infections"[majr:noexp] OR 

"Urinary Tract Infection"[ti] OR "Urinary Tract Infections"[ti] OR "Urinary Infection"[ti] OR "Urinary 

Infections"[ti] OR "Urogenital Tract Infection"[ti] OR "Urogenital Tract Infections"[ti] OR "Urogenital 

Infection"[ti] OR "Urogenital Infections"[ti] OR "Pyuria"[majr] OR "Pyuria"[ti] OR "Pyurias"[ti] 

OR (("Cystitis"[majr:noexp] OR "Cystitis"[ti] OR "Pyelocystitis"[majr] OR "Pyelocystitis"[ti]) 

NOT ("Cystitis, Interstitial"[majr] OR "Interstitial Cystitis"[ti])) OR (("Pyelonephritis"[majr] OR 

"pyelonephritis"[ti]) NOT ("Pyelonephritis, Xanthogranulomatous"[majr] OR "Xanthogranulomatous 

Pyelonephritis"[ti])) OR "urosepsis"[ti] OR "urinary sepsis"[ti] OR "urinary tract sepsis"[ti] OR 

"uroseptic"[ti]) NOT (("Infant"[mesh] OR "Child"[mesh] OR "Adolescent"[mesh] OR "Infant"[ti] 

OR "Infants"[ti] OR "Child"[ti] OR "Children"[ti] OR "Adolescent"[ti] OR "Adolescents"[ti] OR 

"pediatric"[ti] OR "paediatric"[ti] OR "pediatric*"[ti] OR "paediatric*"[ti]) NOT ("Adult"[mesh] 

OR "adult"[ti] OR "adults"[ti] OR "elderly"[ti])) AND ("2017/01/01"[PDAT] : "3000/12/31"[PDAT]) 

AND (randomized controlled trial[pt] OR controlled clinical trial[pt] OR clinical trial[pt] OR 

randomized[tiab] OR randomised[tiab] OR placebo[tiab] OR clinical trials as topic[mesh:noexp] OR 

randomly[tiab] OR trial[ti] OR "RCT"[ti]) NOT (animals[mh] NOT humans [mh]) NOT ((systematic[sb] 

OR "review"[pt]) NOT clinical trial[pt])) 

Broader search: 

(("Anti-Bacterial Agents"[Mesh] OR "Anti-Bacterial Agents"[Pharmacological Action] OR 

"Anti-Bacterial Agents"[tw] OR "Anti-Bacterial Agent"[tw] OR "Antibacterial Agents"[tw] OR 

"Antibacterial Agent"[tw] OR "antibiotic"[tw] OR "antibiotics"[tw] OR "anti biotic"[tw] OR "anti 

biotics"[tw] OR "Fluoroquinolones"[Mesh] OR "Fluoroquinolones"[tw] OR "Fluoroquinolone"[tw] 

OR "Ciprofloxacin"[tw] OR "Enoxacin"[tw] OR "Enrofloxacin"[tw] OR "Fleroxacin"[tw] OR 

"Gatifloxacin"[tw] OR "Gemifloxacin"[tw] OR "Levofloxacin"[tw] OR "Moxifloxacin"[tw] 

OR "Norfloxacin"[tw] OR "Ofloxacin"[tw] OR "Pefloxacin"[tw] OR "Fosfomycin"[Mesh] OR 

"Fosfomycin"[tw] OR "Phosphomycin"[tw] OR "Phosphonomycin"[tw] OR "Monuril"[tw] OR 

"Cephalosporins"[Mesh] OR "Cephalosporins"[tw] OR "Cephalosporin"[tw] OR "Cefaclor"[tw] 

OR "Cefadroxil"[tw] OR "Cefamandole"[tw] OR "Cefatrizine"[tw] OR "Cefazolin"[tw] 

OR "Cefdinir"[tw] OR "Cefepime"[tw] OR "Cefixime"[tw] OR "Cefmenoxime"[tw] OR 

"Cefmetazole"[tw] OR "Cefonicid"[tw] OR "Cefoperazone"[tw] OR "Cefotaxime"[tw] OR 

"Cefotetan"[tw] OR "Cefotiam"[tw] OR "Cefoxitin"[tw] OR "Cefsulodin"[tw] OR "Ceftazidime"[tw] 

OR "Ceftibuten"[tw] OR "Ceftizoxime"[tw] OR "Ceftriaxone"[tw] OR "Cefuroxime"[tw] OR 

"Cephacetrile"[tw] OR "Cephalexin"[tw] OR "Cephaloglycin"[tw] OR "Cephaloridine"[tw] 

OR "Cephalothin"[tw] OR "Cephamycins"[tw] OR "Cephapirin"[tw] OR "Cephradine"[tw] OR 

"Carbapenems"[Mesh] OR "Carbapenems"[tw] OR "Carbapenem"[tw] OR "Doripenem"[tw] 

OR "Ertapenem"[tw] OR "Thienamycins"[tw] OR "Imipenem"[tw] OR "Meropenem"[tw] OR 

"Vaccinium macrocarpon"[Mesh] OR "Vaccinium macrocarpon"[tw] OR "cranberry"[tw] OR 

"cranberries"[tw] OR "cranberr*"[tw] OR "Methenamine"[Mesh] OR "Methenamine"[tw] OR 

"Hexamine"[tw] OR "Hexamethylenetetramine"[tw] OR "Urotropin"[tw] OR "Aminoform"[tw] 
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OR "Mannose"[Mesh] OR "Mannose"[tw] OR "D-Mannose"[tw] OR "Mannopyranoside"[tw] OR 

"Mannopyranose"[tw] OR "vaginal oestrogen"[tw] OR "vaginal oestrogens"[tw] OR "vaginal 

estrogen"[tw] OR "vaginal estrogens"[tw] OR (("Administration, Intravaginal"[Mesh] OR 

"Vaginal Creams, Foams, and Jellies"[mesh] OR "Vaginal Absorption"[mesh] OR "vaginal"[tw] OR 

"vagina"[tw] OR "intravaginal"[tw]) AND ("Estrogens"[mesh] OR "Estrogens"[pharmacological 

action] OR "oestrogen"[tw] OR "oestrogens"[tw] OR "estrogen"[tw] OR "estrogens"[tw])) OR "drug 

therapy"[subheading] OR "drug therapy"[mesh]) AND ("Urinary Tract Infections"[Mesh:noexp] 

OR "Urinary Tract Infection"[tw] OR "Urinary Tract Infections"[tw] OR "Urinary Infection"[tw] 

OR "Urinary Infections"[tw] OR "Urogenital Tract Infection"[tw] OR "Urogenital Tract 

Infections"[tw] OR "Urogenital Infection"[tw] OR "Urogenital Infections"[tw] OR "Pyuria"[mesh] 

OR "Pyuria"[tw] OR "Pyurias"[tw] OR (("Cystitis"[mesh:noexp] OR "Cystitis"[tw] OR 

"Pyelocystitis"[mesh] OR "Pyelocystitis"[tw]) NOT ("Cystitis, Interstitial"[majr] OR "Interstitial 

Cystitis"[ti])) OR (("Pyelonephritis"[Mesh] OR "pyelonephritis"[tw]) NOT ("Pyelonephritis, 

Xanthogranulomatous"[majr] OR "Xanthogranulomatous Pyelonephritis"[ti])) OR "urosepsis"[tw] 

OR "urinary sepsis"[tw] OR "urinary tract sepsis"[tw] OR "uroseptic"[tw]) NOT (("Infant"[mesh] OR 

"Child"[mesh] OR "Adolescent"[mesh] OR "Infant"[ti] OR "Infants"[ti] OR "Child"[ti] OR "Children"[ti] 

OR "Adolescent"[ti] OR "Adolescents"[ti] OR "pediatric"[ti] OR "paediatric"[ti] OR "pediatric*"[ti] 

OR "paediatric*"[ti]) NOT ("Adult"[mesh] OR "adult"[ti] OR "adults"[ti] OR "elderly"[ti])) AND 

("2017/01/01"[PDAT] : "3000/12/31"[PDAT]) AND (randomized controlled trial[pt] OR controlled clinical 

trial[pt] OR clinical trial[pt] OR randomized[tiab] OR randomised[tiab] OR placebo[tiab] OR clinical 

trials as topic[mesh:noexp] OR randomly[tiab] OR trial[ti]) NOT (animals[mh] NOT humans [mh]) 

NOT (systematic[sb] NOT clinical trial[pt])) 

Embase 

http://ovidsp.ovid.com/ovidweb.cgi?T=JS&PAGE=main&MODE=ovid&D=oemezd 

((exp *"Antibiotic agent"/ OR "Anti-Bacterial Agents".ti,ab OR "Anti-Bacterial Agent".ti,ab OR 

"Antibacterial Agents".ti,ab OR "Antibacterial Agent".ti,ab OR "antibiotic".ti,ab OR "antibiotics".ti,ab 

OR "anti biotic".ti,ab OR "anti biotics".ti,ab OR exp *"quinolone derivative"/ OR "Fluoroquinolones".

ti,ab OR "Fluoroquinolone".ti,ab OR "Ciprofloxacin".ti,ab OR "Enoxacin".ti,ab OR "Enrofloxacin".

ti,ab OR "Fleroxacin".ti,ab OR "Gatifloxacin".ti,ab OR "Gemifloxacin".ti,ab OR "Levofloxacin".ti,ab 

OR "Moxifloxacin".ti,ab OR "Norfloxacin".ti,ab OR "Ofloxacin".ti,ab OR "Pefloxacin".ti,ab OR exp 

*"Fosfomycin"/ OR "Fosfomycin".ti,ab OR "Phosphomycin".ti,ab OR "Phosphonomycin".ti,ab OR 

"Monuril".ti,ab OR exp *"Cephalosporin Derivative"/ OR "Cephalosporins".ti,ab OR "Cephalosporin".

ti,ab OR "Cefaclor".ti,ab OR "Cefadroxil".ti,ab OR "Cefamandole".ti,ab OR "Cefatrizine".ti,ab OR 

"Cefazolin".ti,ab OR "Cefdinir".ti,ab OR "Cefepime".ti,ab OR "Cefixime".ti,ab OR "Cefmenoxime".

ti,ab OR "Cefmetazole".ti,ab OR "Cefonicid".ti,ab OR "Cefoperazone".ti,ab OR "Cefotaxime".ti,ab OR 

"Cefotetan".ti,ab OR "Cefotiam".ti,ab OR "Cefoxitin".ti,ab OR "Cefsulodin".ti,ab OR "Ceftazidime".

ti,ab OR "Ceftibuten".ti,ab OR "Ceftizoxime".ti,ab OR "Ceftriaxone".ti,ab OR "Cefuroxime".ti,ab 

OR "Cephacetrile".ti,ab OR "Cephalexin".ti,ab OR "Cephaloglycin".ti,ab OR "Cephaloridine".ti,ab 

OR "Cephalothin".ti,ab OR "Cephamycins".ti,ab OR "Cephapirin".ti,ab OR "Cephradine".ti,ab 

OR "Carbapenems"/ OR "Carbapenems".ti,ab OR "Carbapenem".ti,ab OR "Doripenem".ti,ab OR 

"Ertapenem".ti,ab OR "Thienamycins".ti,ab OR "Imipenem".ti,ab OR "Meropenem".ti,ab OR exp 

*"Aminoglycoside"/ OR exp *"Aminoglycoside Antibiotic agent"/ OR exp *"Gentamicin"/ OR exp 

*"Tobramycin"/ OR "Aminoglycosides".ti,ab OR "aminoglycoside".ti,ab OR "gentamycin".ti,ab 

OR "Gentamycins".ti,ab OR "Gentamicin".ti,ab OR "Gentamicins".ti,ab OR "Sisomicin".ti,ab OR 
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"Netilmicin".ti,ab OR "tobramycin".ti,ab OR "Tobramycins".ti,ab OR exp *"cranberry extract"/ 

OR *"cranberry"/ OR *"cranberry juice"/ OR "Vaccinium macrocarpon".ti,ab OR "cranberry".ti,ab 

OR "cranberries".ti,ab OR "cranberr*".ti,ab OR exp *"Methenamine"/ OR "Methenamine".ti,ab OR 

"Hexamine".ti,ab OR "Hexamethylenetetramine".ti,ab OR "Urotropin".ti,ab OR "Aminoform".ti,ab 

OR exp *"Mannose"/ OR "Mannose".ti,ab OR "D-Mannose".ti,ab OR "Mannopyranoside".ti,ab OR 

"Mannopyranose".ti,ab OR "vaginal oestrogen".ti,ab OR "vaginal oestrogens".ti,ab OR "vaginal 

estrogen".ti,ab OR "vaginal estrogens".ti,ab OR ((exp *"intravaginal drug administration"/ OR exp 

*"agents used intravaginally"/ OR "vaginal".ti,ab OR "vagina".ti,ab OR "intravaginal".ti,ab) AND 

(exp "Estrogen"/ OR "oestrogen".ti,ab OR "oestrogens".ti,ab OR "estrogen".ti,ab OR "estrogens".

ti,ab)) OR exp *"drug therapy"/) AND (*"Urinary Tract Infection"/ OR "Urinary Tract Infection".ti 

OR "Urinary Tract Infections".ti OR "Urinary Infection".ti OR "Urinary Infections".ti OR "Urogenital 

Tract Infection".ti OR "Urogenital Tract Infections".ti OR "Urogenital Infection".ti OR "Urogenital 

Infections".ti OR *"Pyuria"/ OR "Pyuria".ti OR "Pyurias".ti OR ((*"Cystitis"/ OR "Cystitis".ti OR 

"Pyelocystitis"/ OR "Pyelocystitis".ti) NOT (*"Interstitial Cystitis"/ OR "Interstitial Cystitis".ti)) 

OR ((exp *"Pyelonephritis"/ OR "pyelonephritis".ti) NOT (*"Xanthogranulomatous Pyelonephritis"/ 

OR "Xanthogranulomatous Pyelonephritis".ti)) OR exp *"urosepsis"/ OR "urosepsis".ti OR "urinary 

sepsis".ti OR "urinary tract sepsis".ti OR "uroseptic".ti) NOT ((exp "Infant"/ OR exp "Child"/ OR exp 

"Adolescent"/ OR "Infant".ti OR "Infants".ti OR "Child".ti OR "Children".ti OR "Adolescent".ti OR 

"Adolescents".ti OR "pediatric".ti OR "paediatric".ti OR "pediatric*".ti OR "paediatric*".ti) NOT (exp 

"Adult"/ OR "adult".ti OR "adults".ti OR "elderly".ti)) AND 2017:2023.(sa_year) AND (exp "randomized 

controlled trial"/ OR exp "controlled clinical trial"/ OR exp "clinical trial"/ OR randomized.ti OR 

randomised.ti OR placebo.ti OR randomly.ti OR trial.ti OR "RCT".ti) NOT (exp "animals"/ NOT exp 

"humans"/) NOT ((exp "systematic review"/ OR exp "review"/) NOT exp "clinical trial"/) NOT 

(conference review or conference abstract).pt) 

Web of Science 

http://isiknowledge.com/wos ((TI=("Antibiotic agent" OR "Anti-Bacterial Agents" OR "Anti-Bacterial 

Agent" OR "Antibacterial Agents" OR "Antibacterial Agent" OR "antibiotic" OR "antibiotics" OR "anti 

biotic" OR "anti biotics" OR "quinolone derivative" OR "Fluoroquinolones" OR "Fluoroquinolone" 

OR "Ciprofloxacin" OR "Enoxacin" OR "Enrofloxacin" OR "Fleroxacin" OR "Gatifloxacin" OR 

"Gemifloxacin" OR "Levofloxacin" OR "Moxifloxacin" OR "Norfloxacin" OR "Ofloxacin" OR 

"Pefloxacin" OR "Fosfomycin" OR "Fosfomycin" OR "Phosphomycin" OR "Phosphonomycin" OR 

"Monuril" OR "Cephalosporin Derivative" OR "Cephalosporins" OR "Cephalosporin" OR "Cefaclor" 

OR "Cefadroxil" OR "Cefamandole" OR "Cefatrizine" OR "Cefazolin" OR "Cefdinir" OR "Cefepime" 

OR "Cefixime" OR "Cefmenoxime" OR "Cefmetazole" OR "Cefonicid" OR "Cefoperazone" OR 

"Cefotaxime" OR "Cefotetan" OR "Cefotiam" OR "Cefoxitin" OR "Cefsulodin" OR "Ceftazidime" OR 

"Ceftibuten" OR "Ceftizoxime" OR "Ceftriaxone" OR "Cefuroxime" OR "Cephacetrile" OR 

"Cephalexin" OR "Cephaloglycin" OR "Cephaloridine" OR "Cephalothin" OR "Cephamycins" OR 

"Cephapirin" OR "Cephradine" OR "Carbapenems" OR "Carbapenems" OR "Carbapenem" OR 

"Doripenem" OR "Ertapenem" OR "Thienamycins" OR "Imipenem" OR "Meropenem" OR 

"Aminoglycoside" OR "Aminoglycoside Antibiotic agent" OR "Gentamicin" OR "Tobramycin" OR 

"Aminoglycosides" OR "aminoglycoside" OR "gentamycin" OR "Gentamycins" OR "Gentamicin" OR 

"Gentamicins" OR "Sisomicin" OR "Netilmicin" OR "tobramycin" OR "Tobramycins" OR "cranberry 

extract" OR "cranberry" OR "cranberry juice" OR "Vaccinium macrocarpon" OR "cranberry" OR 

"cranberries" OR "cranberr*" OR "Methenamine" OR "Methenamine" OR "Hexamine" OR 
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"Hexamethylenetetramine" OR "Urotropin" OR "Aminoform" OR "Mannose" OR "Mannose" OR 

"D-Mannose" OR "Mannopyranoside" OR "Mannopyranose" OR "vaginal oestrogen" OR "vaginal 

oestrogens" OR "vaginal estrogen" OR "vaginal estrogens" OR (("intravaginal drug administration" 

OR "agents used intravaginally" OR "vaginal" OR "vagina" OR "intravaginal") AND ("Estrogen" OR 

"oestrogen" OR "oestrogens" OR "estrogen" OR "estrogens")) OR "drug therapy") OR AK=("Antibiotic 

agent" OR "Anti-Bacterial Agents" OR "Anti-Bacterial Agent" OR "Antibacterial Agents" OR 

"Antibacterial Agent" OR "antibiotic" OR "antibiotics" OR "anti biotic" OR "anti biotics" OR 

"quinolone derivative" OR "Fluoroquinolones" OR "Fluoroquinolone" OR "Ciprofloxacin" OR 

"Enoxacin" OR "Enrofloxacin" OR "Fleroxacin" OR "Gatifloxacin" OR "Gemifloxacin" OR 

"Levofloxacin" OR "Moxifloxacin" OR "Norfloxacin" OR "Ofloxacin" OR "Pefloxacin" OR 

"Fosfomycin" OR "Fosfomycin" OR "Phosphomycin" OR "Phosphonomycin" OR "Monuril" OR 

"Cephalosporin Derivative" OR "Cephalosporins" OR "Cephalosporin" OR "Cefaclor" OR "Cefadroxil" 

OR "Cefamandole" OR "Cefatrizine" OR "Cefazolin" OR "Cefdinir" OR "Cefepime" OR "Cefixime" 

OR "Cefmenoxime" OR "Cefmetazole" OR "Cefonicid" OR "Cefoperazone" OR "Cefotaxime" OR 

"Cefotetan" OR "Cefotiam" OR "Cefoxitin" OR "Cefsulodin" OR "Ceftazidime" OR "Ceftibuten" OR 

"Ceftizoxime" OR "Ceftriaxone" OR "Cefuroxime" OR "Cephacetrile" OR "Cephalexin" OR 

"Cephaloglycin" OR "Cephaloridine" OR "Cephalothin" OR "Cephamycins" OR "Cephapirin" OR 

"Cephradine" OR "Carbapenems" OR "Carbapenems" OR "Carbapenem" OR "Doripenem" OR 

"Ertapenem" OR "Thienamycins" OR "Imipenem" OR "Meropenem" OR "Aminoglycoside" OR 

"Aminoglycoside Antibiotic agent" OR "Gentamicin" OR "Tobramycin" OR "Aminoglycosides" OR 

"aminoglycoside" OR "gentamycin" OR "Gentamycins" OR "Gentamicin" OR "Gentamicins" OR 

"Sisomicin" OR "Netilmicin" OR "tobramycin" OR "Tobramycins" OR "cranberry extract" OR 

"cranberry" OR "cranberry juice" OR "Vaccinium macrocarpon" OR "cranberry" OR "cranberries" 

OR "cranberr*" OR "Methenamine" OR "Methenamine" OR "Hexamine" OR 

"Hexamethylenetetramine" OR "Urotropin" OR "Aminoform" OR "Mannose" OR "Mannose" OR 

"D-Mannose" OR "Mannopyranoside" OR "Mannopyranose" OR "vaginal oestrogen" OR "vaginal 

oestrogens" OR "vaginal estrogen" OR "vaginal estrogens" OR (("intravaginal drug administration" 

OR "agents used intravaginally" OR "vaginal" OR "vagina" OR "intravaginal") AND ("Estrogen" OR 

"oestrogen" OR "oestrogens" OR "estrogen" OR "estrogens")) OR "drug therapy") OR AB=("Antibiotic 

agent" OR "Anti-Bacterial Agents" OR "Anti-Bacterial Agent" OR "Antibacterial Agents" OR 

"Antibacterial Agent" OR "antibiotic" OR "antibiotics" OR "anti biotic" OR "anti biotics" OR 

"quinolone derivative" OR "Fluoroquinolones" OR "Fluoroquinolone" OR "Ciprofloxacin" OR 

"Enoxacin" OR "Enrofloxacin" OR "Fleroxacin" OR "Gatifloxacin" OR "Gemifloxacin" OR 

"Levofloxacin" OR "Moxifloxacin" OR "Norfloxacin" OR "Ofloxacin" OR "Pefloxacin" OR 

"Fosfomycin" OR "Fosfomycin" OR "Phosphomycin" OR "Phosphonomycin" OR "Monuril" OR 

"Cephalosporin Derivative" OR "Cephalosporins" OR "Cephalosporin" OR "Cefaclor" OR "Cefadroxil" 

OR "Cefamandole" OR "Cefatrizine" OR "Cefazolin" OR "Cefdinir" OR "Cefepime" OR "Cefixime" 

OR "Cefmenoxime" OR "Cefmetazole" OR "Cefonicid" OR "Cefoperazone" OR "Cefotaxime" OR 

"Cefotetan" OR "Cefotiam" OR "Cefoxitin" OR "Cefsulodin" OR "Ceftazidime" OR "Ceftibuten" OR 

"Ceftizoxime" OR "Ceftriaxone" OR "Cefuroxime" OR "Cephacetrile" OR "Cephalexin" OR 

"Cephaloglycin" OR "Cephaloridine" OR "Cephalothin" OR "Cephamycins" OR "Cephapirin" OR 

"Cephradine" OR "Carbapenems" OR "Carbapenems" OR "Carbapenem" OR "Doripenem" OR 

"Ertapenem" OR "Thienamycins" OR "Imipenem" OR "Meropenem" OR "Aminoglycoside" OR 

"Aminoglycoside Antibiotic agent" OR "Gentamicin" OR "Tobramycin" OR "Aminoglycosides" OR 

"aminoglycoside" OR "gentamycin" OR "Gentamycins" OR "Gentamicin" OR "Gentamicins" OR 

"Sisomicin" OR "Netilmicin" OR "tobramycin" OR "Tobramycins" OR "cranberry extract" OR 
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"cranberry" OR "cranberry juice" OR "Vaccinium macrocarpon" OR "cranberry" OR "cranberries" 

OR "cranberr*" OR "Methenamine" OR "Methenamine" OR "Hexamine" OR 

"Hexamethylenetetramine" OR "Urotropin" OR "Aminoform" OR "Mannose" OR "Mannose" OR 

"D-Mannose" OR "Mannopyranoside" OR "Mannopyranose" OR "vaginal oestrogen" OR "vaginal 

oestrogens" OR "vaginal estrogen" OR "vaginal estrogens" OR (("intravaginal drug administration" 

OR "agents used intravaginally" OR "vaginal" OR "vagina" OR "intravaginal") AND ("Estrogen" OR 

"oestrogen" OR "oestrogens" OR "estrogen" OR "estrogens")))) AND TI=("Urinary Tract Infection" 

OR "Urinary Tract Infection" OR "Urinary Tract Infections" OR "Urinary Infection" OR "Urinary 

Infections" OR "Urogenital Tract Infection" OR "Urogenital Tract Infections" OR "Urogenital 

Infection" OR "Urogenital Infections" OR "Pyuria" OR "Pyuria" OR "Pyurias" OR (("Cystitis" OR 

"Cystitis" OR "Pyelocystitis" OR "Pyelocystitis") NOT ("Interstitial Cystitis" OR "Interstitial 

Cystitis")) OR (("Pyelonephritis" OR "pyelonephritis") NOT ("Xanthogranulomatous Pyelonephritis" 

OR "Xanthogranulomatous Pyelonephritis")) OR "urosepsis" OR "urosepsis" OR "urinary sepsis" OR 

"urinary tract sepsis" OR "uroseptic") NOT (TI=(("Infant" OR "Child" OR "Adolescent" OR "Infant" 

OR "Infants" OR "Child" OR "Children" OR "Adolescent" OR "Adolescents" OR "pediatric" OR 

"paediatric" OR "pediatric*" OR "paediatric*") NOT ("Adult" OR "adult" OR "adults" OR "elderly")) 

OR AK=(("Infant" OR "Child" OR "Adolescent" OR "Infant" OR "Infants" OR "Child" OR "Children" 

OR "Adolescent" OR "Adolescents" OR "pediatric" OR "paediatric" OR "pediatric*" OR "paediatric*") 

NOT ("Adult" OR "adult" OR "adults" OR "elderly"))) AND py=(2017 OR 2018 OR 2019 OR 2020 OR 2021 

OR 2022 OR 2023) AND (TI=("randomized controlled trial" OR "controlled clinical trial" OR "clinical 

trial" OR randomized OR randomised OR placebo OR randomly OR trial OR rct) OR AK=("randomized 

controlled trial" OR "controlled clinical trial" OR "clinical trial" OR randomized OR randomised OR 

placebo OR randomly OR trial OR rct) OR AB=("randomized controlled trial" OR "controlled clinical 

trial" OR "clinical trial" OR "randomized trial" OR "randomised trial" OR "placebo" OR "randomly" 

OR "rct")) NOT ti=("veterinary" OR "rabbit" OR "rabbits" OR "animal" OR "animals" OR "mouse" 

OR "mice" OR "rodent" OR "rodents" OR "rat" OR "rats" OR "pig" OR "pigs" OR "porcine" OR "horse" 

OR "horses" OR "equine" OR "cow" OR "cows" OR "bovine" OR "goat" OR "goats" OR "sheep" OR 

"ovine" OR "canine" OR "dog" OR "dogs" OR "feline" OR "cat" OR "cats") NOT TI=(("systematic 

reeview" OR "review") NOT "trial") NOT DT=(meeting abstract OR review OR editorial material)) 

Cochrane 

https://www.cochranelibrary.com/advanced-search/search-manager 

(("Antibiotic agent" OR "Anti Bacterial Agents" OR "Anti Bacterial Agent" OR "Antibacterial Agents" OR 

"Antibacterial Agent" OR "antibiotic" OR "antibiotics" OR "anti biotic" OR "anti biotics" OR "quinolone 

derivative" OR "Fluoroquinolones" OR "Fluoroquinolone" OR "Ciprofloxacin" OR "Enoxacin" OR 

"Enrofloxacin" OR "Fleroxacin" OR "Gatifloxacin" OR "Gemifloxacin" OR "Levofloxacin" OR 

"Moxifloxacin" OR "Norfloxacin" OR "Ofloxacin" OR "Pefloxacin" OR "Fosfomycin" OR "Fosfomycin" 

OR "Phosphomycin" OR "Phosphonomycin" OR "Monuril" OR "Cephalosporin Derivative" OR 

"Cephalosporins" OR "Cephalosporin" OR "Cefaclor" OR "Cefadroxil" OR "Cefamandole" OR 

"Cefatrizine" OR "Cefazolin" OR "Cefdinir" OR "Cefepime" OR "Cefixime" OR "Cefmenoxime" OR 

"Cefmetazole" OR "Cefonicid" OR "Cefoperazone" OR "Cefotaxime" OR "Cefotetan" OR "Cefotiam" OR 

"Cefoxitin" OR "Cefsulodin" OR "Ceftazidime" OR "Ceftibuten" OR "Ceftizoxime" OR "Ceftriaxone" 

OR "Cefuroxime" OR "Cephacetrile" OR "Cephalexin" OR "Cephaloglycin" OR "Cephaloridine" 

OR "Cephalothin" OR "Cephamycins" OR "Cephapirin" OR "Cephradine" OR "Carbapenems" OR 

"Carbapenems" OR "Carbapenem" OR "Doripenem" OR "Ertapenem" OR "Thienamycins" OR 
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"Imipenem" OR "Meropenem" OR "Aminoglycoside" OR "Aminoglycoside Antibiotic agent" OR 

"Gentamicin" OR "Tobramycin" OR "Aminoglycosides" OR "aminoglycoside" OR "gentamycin" 

OR "Gentamycins" OR "Gentamicin" OR "Gentamicins" OR "Sisomicin" OR "Netilmicin" OR 

"tobramycin" OR "Tobramycins" OR "cranberry extract" OR "cranberry" OR "cranberry juice" OR 

"Vaccinium macrocarpon" OR "cranberry" OR "cranberries" OR "cranberr*" OR "Methenamine" OR 

"Methenamine" OR "Hexamine" OR "Hexamethylenetetramine" OR "Urotropin" OR "Aminoform" 

OR "Mannose" OR "Mannose" OR "D Mannose" OR "Mannopyranoside" OR "Mannopyranose" OR 

"vaginal oestrogen" OR "vaginal oestrogens" OR "vaginal estrogen" OR "vaginal estrogens" OR 

(("intravaginal drug administration" OR "agents used intravaginally" OR "vaginal" OR "vagina" OR 

"intravaginal") AND ("Estrogen" OR "oestrogen" OR "oestrogens" OR "estrogen" OR "estrogens")) OR 

"drug therapy"):ti,ab,kw AND ("Urinary Tract Infection" OR "Urinary Tract Infection" OR "Urinary 

Tract Infections" OR "Urinary Infection" OR "Urinary Infections" OR "Urogenital Tract Infection" 

OR "Urogenital Tract Infections" OR "Urogenital Infection" OR "Urogenital Infections" OR "Pyuria" 

OR "Pyuria" OR "Pyurias" OR (("Cystitis" OR "Cystitis" OR "Pyelocystitis" OR "Pyelocystitis") NOT 

("Interstitial Cystitis" OR "Interstitial Cystitis")) OR (("Pyelonephritis" OR "pyelonephritis") NOT 

("Xanthogranulomatous Pyelonephritis" OR "Xanthogranulomatous Pyelonephritis")) OR "urosepsis" 

OR "urosepsis" OR "urinary sepsis" OR "urinary tract sepsis" OR "uroseptic"):ti NOT (("Infant" OR 

"Child" OR "Adolescent" OR "Infant" OR "Infants" OR "Child" OR "Children" OR "Adolescent" OR 

"Adolescents" OR "pediatric" OR "paediatric" OR "pediatric*" OR "paediatric*") NOT ("Adult" OR 

"adult" OR "adults" OR "elderly")):ti) 

AND py=(2017 OR 2018 OR 2019 OR 2020 OR 2021 OR 2022 OR 2023) 

NOT DT=(meeting abstract)) 
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Abstract 
The absence of a consensus-based reference standard for urinary tract infection 

(UTI) research adversely affects the internal and external validity of diagnostic 

and therapeutic studies. This hinders the accumulation of evidence for a disease 

that imposes a significant burden on patients and society, particularly in an 

era of increasing antimicrobial resistance. We conducted a three-round Delphi 

study involving an international, multidisciplinary panel of UTI experts (n = 46), 

and achieved a high degree of consensus (94%) on the final reference standard. 

New-onset dysuria, frequency and urgency were considered major symptoms, 

and non-specific symptoms in older patients were not deemed indicative of UTI. 

The reference standard distinguishes between UTI with and without systemic 

involvement, abandoning the term ‘complicated UTI’. Moreover, different levels of 

pyuria were incorporated in the reference standard, encouraging quantification of 

pyuria in studies conducted in all healthcare settings. The traditional bacteriuria 

threshold (105 colony-forming units (CFU)/mL) was lowered to 104 CFU/mL. 

This new reference standard can be used for UTI research across many patient 

populations and has the potential to increase homogeneity between studies.
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Introduction 
Urinary tract infection (UTI) is one of the most common bacterial infections in 

the community. [1] Its high incidence and recurrence rate lead to a decreased 

quality of life, excessive healthcare costs, and significant use of antimicrobials. 

[1, 2] UTI diagnosis is commonly based on a combination of symptoms and signs, 

pyuria, and culture results. Current UTI research primarily focuses on improving 

diagnostics and developing novel therapeutic and prophylactic modalities, such 

as new antimicrobials and vaccines. [3, 4] However, UTI studies are impeded 

by the lack of a consensus-based reference standard for UTI. The absence of 

a reference standard has several consequences. Firstly, it introduces bias into 

estimates of diagnostic accuracy and efficacy (also known as verification bias), 

affecting the internal validity of a study. [5] Secondly, if different criteria are used 

across studies, results cannot be readily compared, compromising the external 

validity of a study. These drawbacks are particularly relevant in the context of 

growing antimicrobial resistance, in which reliable efficacy and safety data on 

novel antimicrobials for UTI are crucial. Moreover, from an ethical standpoint, it 

is vital to ensure consistent treatment of study participants and patients, as well 

as accurate reporting of study findings.

Although several proposed definitions exist, they are limited in their ability 

to be used in the majority of UTI studies. Centers for Disease Control and 

Prevention guidelines were primarily formulated for surveillance of nosocomial 

and catheter-associated UTI, and the revised McGeer criteria were designed 

for studies in long-term care facilities, limiting their applicability. [6, 7] The 

European Medicines Agency (EMA) and Food and Drug Administration (FDA) have 

published guidelines for the development and approval of drugs for the treatment 

of uncomplicated and complicated UTI, including acute pyelonephritis. [8-10] 

However, these guidelines apply different symptom criteria, and definitions of 

complicated UTI are not uniform. Moreover, the EMA guideline does not specify a 

minimum number of symptoms, and the FDA guideline does not provide a pyuria 

threshold for uncomplicated UTI, leaving room for interpretation. Furthermore, 

it is unclear which research methodology was employed in the development of 

these guidelines. Prior to this study, we performed a systematic review evaluating 

recently published UTI studies, which demonstrated low adherence to FDA and 

EMA guidelines. [11] Researchers more frequently defined UTI based on their own 

criteria or clinical practice guidelines, leading to heterogeneous UTI definitions 

across studies. These findings underscore the necessity for a multidisciplinary-
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supported reference standard for UTI, developed specifically for research purposes. 

Consequently, the primary aim of this study was to achieve consensus on a 

reference standard for UTI, applicable to adult women and men, including older 

patients, who participate in studies focusing on bacterial UTI, excluding those 

related to indwelling catheters.

Methods 
Study design 

In order to gain consensus on a reference standard, a Delphi study was conducted 

and reported following CREDES recommendations. [12] The Delphi method has 

four main characteristics: an expert panel is questioned about the issue of interest, 

the process is anonymous to reduce the effect of dominant personalities, the 

questionnaires are iterative in nature, and the design of the subsequent rounds 

is informed by a summary of the group response of the previous round. [13] The 

Delphi method was chosen over other consensus methods (e.g. the nominal group 

technique) because it offers the advantage of not being limited by geographical 

and temporal constraints. [14] We planned a minimum of three rounds, with the 

possibility of additional rounds, depending on the level of consensus. Data was 

collected using REDCap. [15] An overview of the study design is provided in the 

Supplementary Material (see Supplementary Figure 1), which will be discussed 

in detail below. This study was registered at ClinicalTrials.gov (ID NCT05365906).

Core group and expert panel 

Based on their publication record and clinical expertise, UTI experts were invited 

by the principal investigators (M.P.B., S.P.C., M.M.C.L.) to be part of the research 

team, henceforth described as the core group. All core group members who 

were contacted (via email) agreed to participate. As the primary users of the 

research reference standard will include researchers from multiple specialties and 

countries, we ensured multidisciplinary and multinational representation in the 

core group. The core group consisted of 11 experts from the following countries: 

the Netherlands (n = 6), the United States (n = 2), the United Kingdom (n = 1), 

Germany (n = 1), and Hungary (n = 1) and a moderator (M.P.B.). Primary specialties 

represented in the core group were infectious diseases (n = 4), geriatric medicine 

(n = 2), urology (n = 2), primary care (n = 1), emergency medicine (n = 1), and 

microbiology (n = 1); some experts also had secondary specialties. Since the core 

group members were tasked with designing and interpreting the questionnaire 
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rounds, as well as constructing the reference standard, a separate expert panel was 

invited to participate in the Delphi questionnaire and feedback rounds. The core 

group proposed experts from their respective specialties, and geographical and 

gender equity were encouraged. There were no specific exclusion criteria for expert 

panellists. Experts were invited through an email containing an explanation of 

study objectives, the required effort, outputs, and rewards (an acknowledgement 

of study participation at publication). The identities of the expert panellists who 

participated were known exclusively to the core group. Consent to participate in 

the Delphi surveys was assumed if the surveys were completed and returned. 

Expert panellists could withdraw at any time. 

Expert panel size 

In the literature, Delphi panel size varies between ten to several hundred 

participants. [13] Small panels may not provide a representative range of judgments 

on the topic at hand, while large panels may lead to low response rates and a 

significant amount of missing data. In case of a homogenous background of Delphi 

panellists, around ten to fifteen subjects are usually sufficient. [16] Given the 

multidisciplinary nature of our expert panel, we aimed to include a minimum of 

40 expert panel participants.

Delphi round 1 (R1) 

Based on signs, symptoms, and diagnostic tests listed in two previous studies, the 

core group prepared a questionnaire for the expert panel containing 48 items (see 

Supplementary Figure 2). [11, 17] We clarified the purpose of the questionnaire and 

structured it into five categories: signs and symptoms (20 items), urinalysis (six 

items), microbiology (ten items), items focused on ruling out UTI (five items), and 

items addressing systemic involvement (seven items). We used the RAND/UCLA 

Appropriateness Method [18] to determine the expert panel's assessment of the 

degree to which each item indicated UTI, using a Likert scale ranging from 1 (‘not 

at all indicative’) to 9 (‘very indicative’). An item was deemed (1) indicative of UTI 

in case of a panel median ≥ 6·5, without disagreement, (2) not indicative of UTI 

in case of a panel median of ≤ 3·5, without disagreement, and (3) uncertain if the 

panel median lay in between indicative and not indicative, or any median with 

disagreement. Disagreement was considered to occur if both extremes of the Likert 

scale (1-3 and 7-9) contained more than a third of responses. [18] If disagreement 

occurred in > 20% of items, we planned to repeat this questionnaire round for 
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the items that met disagreement criteria, after which no further iterations were 

planned, as R1 primarily served to facilitate the core group in constructing the 

reference standard and differences in perspectives concerning the topic were 

considered valuable input.

The questionnaire explicitly stated that signs and symptoms should be graded 

based on recent onset, and that items should be graded for UTI in general, unless 

a specific patient population or anatomic site (i.e. cystitis or pyelonephritis) 

was mentioned. In the signs/symptoms, urinalysis, and microbiology categories, 

we included additional questions to inquire whether experts would modify their 

ratings based on the sex (assigned at birth) and age (≥ 65 years) of the patient 

in question. Per category, experts were given the opportunity to provide extra 

comments justifying their grading, but they could not add new items. Moreover, 

we collected data on specialty, country of practice and years working in the field 

post-training. This questionnaire was pilot tested for content and clarity by three 

independent infectious diseases specialists. 

Development of reference standard and case vignettes 

Median scores and expert panel comments (organised thematically by their 

content) were presented to the core group in an online meeting in June 2022. 

Based on R1 results and available literature, a reference standard was drafted by 

the principal investigators. A scoring system was incorporated into the reference 

standard to reflect that each individual item carried a different weight in its 

contribution to UTI diagnosis. This draft version was then discussed with all 

members of the core group in two additional online meetings in July 2022. All core 

group members participated in at least one online meeting to provide their input 

for the development of the reference standard. Minutes of group discussions and 

adjustments to the reference standard were sent to core group members so that 

additional comments could be provided via email. Disagreements were resolved 

through discussion and a draft version of the reference standard had to be agreed 

upon by all core group members before initiation of Delphi round 2 (R2). Rather 

than solely assessing consensus on the reference standard through expert panel 

grading in R2 and Delphi round 3 (R3), alignment between the reference standard 

(scoring system) and the expert panel's interpretation of a set of case vignettes 

was evaluated. The core group designed ten case vignettes, incorporating various 

combinations of lower urinary tract and systemic signs and symptoms, pyuria, 

and urine culture results. The case vignettes included different age groups, sexes, 
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and health care settings. Cases could be graded as ‘definite UTI’, ‘probable UTI’, 

‘possible UTI’, or ‘no UTI’, analogous to the four UTI categories of the reference 

standard (based on the scoring system). These categories were chosen to reflect 

the degrees of certainty in the diagnosis of UTI. To ensure clarity and proper 

wording, case descriptions were pilot tested by three independent physicians. 

Delphi round 2 and 3 (R2 and R3) 

In R2, the expert panel first graded the case vignettes, and for each case, experts 

were given the opportunity to justify their grading. Next, a draft version of the 

reference standard was presented to the expert panel. Per domain of the reference 

standard (symptoms and signs, systemic criteria, pyuria, and culture results), 

experts could indicate their agreement or disagreement with a ‘yes’ or ‘no’ 

answer. In case of disagreement, experts were requested to provide a rationale. 

Furthermore, overall agreement with the reference standard was assessed through 

a five-point Likert scale ranging from 1 (‘strongly disagree’) to 5 (‘strongly agree’), 

and additional comments were encouraged. R2 results were discussed in two online 

core group meetings in September and October 2022. Based on these results and 

an additional literature review, adjustments were made to the reference standard. 

Adjustments had to be agreed upon by all core group members before R3 could be 

initiated. In R3, a summary of the expert panel grading from R2 was presented, 

and experts were asked to regrade the same ten case vignettes. Subsequently, the 

experts regraded the adjusted reference standard, which was presented alongside 

a description of how the expert panel comments had been addressed. Consensus 

was defined a priori as a minimum of 80% of experts voting ‘agree’ or ‘strongly 

agree’ and none of the experts voting ‘disagree’. If consensus was not reached 

after R3, subsequent rounds were planned until consensus was reached.

Results 
Of the 62 experts who were invited to be a part of the expert panel, 46 (74%) 

agreed to partake. Two experts declined participation due to either retirement or 

time constraints, but both suggested alternates. Reasons for non-participation of 

the other invited experts were unknown. Expert panel characteristics are detailed 

in Table 1. Experts were located in various countries in Europe and North America 

and had been practicing as a specialist for a median of 13 years (IQR 8 – 20). Three 

Delphi questionnaire rounds were conducted between April 2022 and December 

2022. Response rates were 100%, 87%, and 80% for R1, R2, and R3, respectively. 
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Complete questionnaires for all three rounds can be found in the Supplementary 

Material. 

Table 1: Expert panel characteristics.

Expert panel characteristics n = 46

Primary specialty n (%)

Infectious diseases

Urology

Microbiology

Geriatrics

Family medicine

Emergency medicine

13 (28)

9 (20)

7 (15)

6 (13)

6 (13)

5 (11)

Country of practice n (%)

United States

The Netherlands

Germany

United Kingdom

Sweden

Belgium

Norway

Canada

Spain

Switzerland

14 (30)

13 (28)

5 (11)

3 (7)

3 (7)

3 (7)

2 (4)

1 (2)

1 (2)

1 (2)

Years working in the field post-training median (IQR) 13 (8 – 20)

One expert panellist was a primary care physician in training but had extensive research and 

clinical UTI experience and was thus included in the expert panel. Three of the included experts had 

secondary specialties: general surgery (n = 1), epidemiology (n = 1) and general internal medicine 

(n = 1).

Delphi round 1 

None of the 48 items in R1 met our predefined disagreement criterion. As such, this 

round was not repeated. Median expert panel ratings and respective interquartile 

ranges are shown in Supplementary Figure 2. In total, 19 of 48 items (40%) were 

deemed indicative of UTI, 9 of 48 items (19%) were rated ‘not indicative’, and 

20 of 48 items (42%) were of uncertain value. Regarding symptoms and signs, 

new-onset dysuria, urgency, frequency and symptom recognition (i.e. patient 

recognises symptoms as UTI) were voted most indicative of UTI, with a high 

degree of consensus (IQR ≤ 2). Twenty-one of 46 experts (46%) would change 

their grading if it concerned an older patient, for which the most cited reasons 
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were: altered symptom presentation (e.g. a higher rate of non-specific symptoms 

such as delirium and malaise) (n = 11), and decreased specificity of lower urinary 

tract symptoms due to pre-existing symptoms (n = 3). Thirty-six experts (78%) 

would not change their grading for male patients.

All pyuria and nitrite items related to older patients were deemed less indicative 

of UTI than for younger patients, although experts added that their grading would 

primarily depend on symptom presentation (n = 7), and quality of the urine 

sample (n = 4). For microbiology items, isolation of the same pathogen from blood 

and urine cultures received the highest panel median. Regarding the colony-

forming units per mL (CFU/mL) threshold for significant bacteriuria, ≥ 104 CFU/

mL was considered indicative of UTI. Half of the experts who provided additional 

comments suggested lower (102 to 104) thresholds for CFU/mL, particularly if 

Escherichia coli was isolated. Seventeen experts (37%) would lower the threshold for 

urine samples obtained through single ‘in-out’ urinary catheterisation. Moreover, 

median scores for items ruling out UTI were highest for the absence of symptoms 

(in cystitis), pyuria or bacteriuria (without pretreatment). All systemic items other 

than hypothermia were graded to be useful for differentiating upper from lower 

UTI, although their low specificity was noted.

Delphi round 2 and adjustments to reference standard 

Case vignette results and expert panel comments to each case are shown in the 

Supplementary Material (see Supplementary Tables 1 and 2). For all ten cases, 

the majority vote aligned with the UTI category as determined by the reference 

standard. Overall agreement with the drafted reference standard in R2 was 

78% (29/37) (see Supplementary Figure 3). Per domain, agreement was 82% for 

symptoms and signs, 70% for systemic criteria, and 68% each for pyuria and 

culture results. Based on expert panel feedback several changes were made to 

the reference standard after R2. In the symptoms and signs domain, suprapubic 

pain, perineal pain (or prostate tenderness on examination) and flank pain (or 

costovertebral angle tenderness) were moved from major to minor symptoms. 

Moreover, the option of two minor symptoms was added to the 2-point category. 

In the systemic criteria domain, an elevated white blood cell (WBC) count was 

added as a criterion and the C-reactive protein (CRP) cut-off was lowered. 

Leukocyte esterase was removed from the pyuria domain and new units (cells 

per high-power field) were added. In the culture domain, the CFU/mL threshold 

for Escherichia coli (102 CFU/mL) was adjusted to 103, the maximum number of 
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Is the patient able to express or experience lower urinary tract symptoms?

Does the patient have any new-onset symptoms or signs?

Does the patient have pyuria (≥10 leukocytes/µl or ≥ 5/hpf)?*

No UTI

Calculate the total UTI score by adding the scores of each domain.
Within each domain only the highest weighted criterion is counted toward the total score.

If multiple criteria within one cell are met, the patient does not receive points for both criteria.
Note: women ≥ 65 years score di�erently in several cells, indicated by the text box.

      UTI with systemic involvement if ≥ 1 criterion
• Fever without other cause
• Flank pain or costovertebral angle tenderness
• Systolic blood pressure < 90 mmHg without other cause
• Elevated in�ammatory levels (table) without other cause
• Bacteraemia (same pathogen as urine culture)
• Renal abscess
• Pyonephrosis

De�nite UTI

Probable UTI

Possible UTI

No UTI

Total UTI score

Add domain scores (symptoms + systemic criteria + pyuria + culture)

8 or more points

5 - 7 points

3 - 4 points

0 - 2 points

Figure 1: Research reference standard for urinary tract infections. *Pyuria must be quanti�ed, a leukocyte esterase result (urine dipstick) is insu�cient. 
In case of obstructive uropathy or absolute neutropenia, pyuria may be absent and the total UTI score may be calculated. Abbreviations: UTI = urinary tract
infection, CRP = C-reactive protein, PCT = procalcitonin, WBC = white blood cell, MSU = midstream urine, CFU = colony-forming units

Major
• Dysuria
• Urgency
• Frequency

Minor
• Suprapubic pain or tenderness
• Flank pain or tenderness
• Perineal pain or
  painful prostate exam
• Urinary incontinence
• Macroscopic haematuria
• Recognition of symptoms

• Fever (≥ 38.0C/100.4F)*
• CRP ≥ 50 mg/L*
• PCT ≥ 0.50 ng/mL*
• WBC count ≥ 12 x 109/L*
• Bacteraemia (same pathogen
  as urine culture)

*Without other plausible
source, based on at least
history and examination

• 1 new onset major symptom
or

• 2 new onset minor symptoms

• Mixed �ora
or

• Other pathogen
or

• No growth,
but pretreated

with antimicrobials

• No growth,
not pretreated

with antimicrobials
or

• Urine culture
not performed

• 1 or 2 uropathogens:
  MSU: ≥ 104 CFU/mL, for

  E.coli 103 CFU/mL is sufficient
  Single cath ≥ 103 CFU/mL

or
• Bacteraemia (same pathogen

  as urine culture)

• 1 new onset minor symptom
or

• Inability to express or
experience symptoms

(e.g., delirium, dementia,
spinal cord injury)

In either MSU
or single catheterised sample

Uropathogens:
Enterobacterales,

Pseudomonas aeruginosa,
Staphylococcus saprophyticus
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Domain 3 points 2 points 1 point 0 points

2 or more
new onset

major symtoms

1 or more
new onset

systemic criteria

10-200 leukocytes/µl
or 5-50/hpf

≥ 200 leukocytes/µl
or ≥ 50/hpf

No
systemic criteria

Add 1 point if woman ≥65 years

Subtract 1 pt if woman ≥65 years

Subtract 1 pt if woman ≥65 years

YES

no

no

no

YES

YES

Figure 1: Research reference standard for urinary tract infections. * Pyuria must be quantified, a 

leukocyte esterase result (urine dipstick) is insufficient. In case of obstructive uropathy or absolute 

neutropenia, pyuria may be absent and the total UTI score may be calculated. Abbreviations: UTI = 

urinary tract infection, CRP = C-reactive protein, PCT = procalcitonin, WBC = white blood cell, MSU 

= midstream urine, CFU = colony-forming units, hpf = high-power field.
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Figure 2: Summary of study findings. Abbreviations: UTI = urinary tract infection, CFU = colony-

forming units

uropathogens in the 3-point category was increased to two, nitrites were removed, 

and Staphylococcus aureus was removed from the list of typical uropathogens. Final 

UTI score categories remained the same.

Delphi round 3 

Displaying expert panel interpretation of the case vignettes from R2 led to an 

increased level of agreement among experts for all ten cases in R3, as shown in 

Supplementary Table 1. Consensus was reached regarding the adjusted reference 

standard, with 31/33 experts (94%) either agreeing or strongly agreeing with it, 

while no one disagreed (Supplementary Figure 3). The final reference standard 

is presented in Figure 1 and key recommendations are summarised in Figure 2.

Discussion 
In this international Delphi study, we systematically addressed all issues relating 

to UTI diagnosis and nomenclature and achieved consensus on a reference 

standard designed specifically for research purposes. By including a broad range 
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of stakeholders, we incorporated viewpoints from different medical specialties to 

increase applicability and endorsement across major specialties that frequently 

encounter UTI. 

Signs and symptoms 

In the symptoms and signs domain, dysuria, urgency and frequency were chosen 

as major symptoms, as these symptoms received the highest median scores in 

R1. This decision was supported by findings from a systematic review showing 

that these symptoms were most often used in study definitions for UTI. [11] 

Given that co-occurrence of two lower urinary tract symptoms increases the 

likelihood of UTI, and these symptoms are not 100% specific for UTI if present 

alone (e.g. overactive bladder, genitourinary syndrome of menopause), the core 

group decided to award most points if two or more major symptoms were present. 

[19] The value of symptom recognition was most debated, as some experts feared 

that (older) patients would wrongfully attribute symptoms to a UTI based on 

prior misdiagnosis. However, based on a high median score in R1 and findings 

by Gupta et al. [20] showing that premenopausal women can accurately self-

diagnose UTI, symptom recognition was left in as a minor criterion. Although 

some expert panellists commented that older patients more frequently present 

with non-specific symptoms, all non-specific symptoms in R1 received low 

median scores. This finding is in line with the clinical decision tool for suspected 

UTI in frail older adults developed through a consensus study by van Buul et 

al. [17], in which non-specific symptoms, regardless of urinalysis results, do 

not warrant empirical antimicrobial treatment. Furthermore, another Delphi 

study, which specifically addressed diagnostic stewardship in the context of 

ordering urine cultures, classified these nonspecific symptoms as inappropriate 

justifications for requesting such cultures. [21] The core group believed that older 

adults who are unable to reliably communicate symptoms (e.g. due to delirium or 

dementia) should not be excluded from the reference standard, as this population 

is disproportionately affected by UTI, and a reference standard is vital for research 

in this population. Considering R1 results and the high background prevalence of 

asymptomatic pyuria and bacteriuria in this population (especially in women ≥ 

65 years), the core group decided to deduct points in pyuria and culture domains 

for women in this age group. [22-24] Consequently, an older woman with pyuria 

and bacteriuria, who is unable to communicate symptoms, can only achieve a 
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classification of ‘possible UTI’ at best. To offset this deduction, women ≥ 65 years 

with two major symptoms are granted an additional point.

Systemic criteria 

Regarding systemic criteria, core group discussions and expert panel comments 

focused on the available evidence and cut-off values of the included inflammatory 

parameters (CRP ≥ 50 mg/L, procalcitonin ≥ 0·50 ng/mL and WBC count ≥ 12 

x 109/L). Although inflammatory parameter levels are dynamic and depend on 

the moment of measurement, and thresholds are chosen based on whether 

high specificity or sensitivity is preferred, the core group felt it was important 

to provide cut-off values to ensure uniformity. Acknowledging the limited 

evidence for the included inflammatory parameters regarding UTI with systemic 

involvement, we chose cut-offs by extrapolating data from studies investigating 

UTI-related bloodstream infection (BSI) and sepsis. Procalcitonin ≥ 0·50 ng/

mL had a sensitivity of 82% and specificity of 66% for BSI in a study with 581 

adults with febrile UTI. [25] In a recently published cohort study containing a 

subset of nearly 15000 adults with presumed UTI, procalcitonin ≥ 0·50 ng/mL 

showed a sensitivity of 78% and a specificity of 61% for BSI. [26] In an emergency 

department study involving 160 patients with acute pyelonephritis, sensitivity 

and specificity of WBC count > 12 x 109/L (threshold used in the Surviving Sepsis 

Campaign guideline) and CRP > 40 mg/L were 58% and 82%, and 76% and 95%, 

respectively. [27] To further increase specificity, we state that no other plausible 

source must be present, based on at least history and examination. The core 

group decided to abandon the term ‘complicated UTI’ and instead to make a 

distinction between UTI with and without systemic involvement. We recently 

showed that ‘complicated UTI’ definitions are heterogeneous (based on both host 

factors and systemic involvement), which leads to disparities between studies and 

hampers the interpretation of their results for different clinical phenotypes. [11] 

A distinction based solely on clinical phenotype would align more with clinical 

practice and would facilitate UTI studies evaluating new antimicrobials to include 

only patients from the target population.

Pyuria 

Given that the absence of pyuria, when quantified, rules out UTI (at least in 

symptomatic women with confirmed bacteriuria) and expert panel grading in R1, 

the core group agreed that pyuria, albeit with a low threshold, should be an ‘entry 
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criterion’ of the reference standard. [28, 29] An exception to this pyuria rule was 

made for patients with complete obstructive uropathy or absolute neutropenia, 

in whom pyuria may be absent. [30] Recently, we showed that the most widely 

used pyuria cut-off (> 10 leukocytes/µl) has a low specificity for UTI in women ≥ 

65 years, as asymptomatic bacteriuria is prevalent and is usually accompanied by 

intermediate degrees of pyuria. [31] As a cut-off of 200 leukocytes/µl increased 

the specificity to 86%, while maintaining a high sensitivity (89%), the core group 

incorporated these degrees of pyuria into the reference standard. An important 

modification to this domain after R2 was the removal of urine dipstick items 

(leukocyte esterase and nitrites) from the reference standard. Van den Broek 

et al. [32] show that leukocyte esterase results correlate poorly with absolute 

degrees of pyuria. Moreover, the core group believed that, at least in research 

studies, pyuria should be quantified to ensure the validity of the test results, 

improve comparability between studies and allow for better distinction from 

asymptomatic bacteriuria. However, quantification of pyuria may not be feasible 

in every research setting, such as primary and long-term care settings. Since UTI 

is frequently encountered in these healthcare settings and given the potential 

benefits of high-quality and standardised UTI research in primary and long-term 

care, the core group included a supplementary version of the reference standard, 

in which urine dipstick items are incorporated (see Supplementary Figure 4).

Culture results 

During expert panel rounds, there was clear support for a threshold of 104 CFU/

mL for ‘significant’ bacteriuria, which is lower than the threshold used in FDA 

and EMA guidelines.[8-10] The traditional threshold of 105 CFU/mL was also not 

supported in the aforementioned Delphi study on urine culture ordering, as it 

could lead to undertreatment of symptomatic patients with lower colony counts, 

and inappropriate treatment of asymptomatic patients with higher colony counts. 

[21] Moreover, the majority of current UTI studies included in our systematic 

review used thresholds below 105 CFU/mL. [11] Based on evidence supporting lower 

colony counts in symptomatic women with Escherichia coli bacteriuria, a threshold 

of 103 CFU/mL specifically for Escherichia coli was incorporated into the reference 

standard, as it is the causative pathogen in approximately 80% of cases. [28, 

29, 33] In both systemic criteria and culture domains, points are awarded for 

bacteraemia (if pathogen matches urine culture results), as the core group felt that 

this finding represented the strongest evidence of UTI, and a maximum number 
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of points (5 points) should be given. Based on the study by Hooton et al. [28], 

enterococci and group B streptococci were not included in the typical uropathogen 

list (and their score was limited to 1 point). However, if enterococci and group B 

streptococci grow alongside a typical uropathogen, 3 points are still awarded for 

the typical uropathogen.

Strengths and limitations 

Strengths of our study include using a well-described consensus methodology, 

the inclusion of experts from multiple relevant specialties and different countries, 

and requiring a high level of consensus (which was defined a priori). Decisions 

for the reference standard were not solely based on expert opinion, but also 

on best available evidence. Given that UTI diagnosis involves many factors, 

there is no single definitive test, and in clinical practice there are degrees of 

certainty when diagnosing UTI, we included a scoring system to reflect this, i.e. 

by including possible, probable, and definite UTI categories. There are several 

limitations to be noted. As a result of the multifaceted nature of UTI diagnosis, the 

reference standard does possess a certain level of complexity. However, accuracy 

was considered more important than simplicity, as the scoring system could be 

incorporated into a syntax, and this reference standard was not intended to be a 

clinical decision tool. Another limitation is that our reference standard does not 

apply to catheter-associated UTI. As symptom presentation and interpretation 

of urinalysis and culture results is even more challenging in this population, 

the core group believed that a separate reference standard should be developed 

for catheter-associated UTI studies. Moreover, a limitation of R1 specifically is 

that items were graded in isolation, while UTI diagnosis is usually based on 

many different factors, which might have influenced expert grading. Also, the 

expert panel consisted only of European and North American experts, and as such, 

the perspective of low-middle income countries is not represented. Finally, the 

question remains how a research reference standard can be validated in absence 

of an existing consensus-based reference standard for UTI. The partial validation 

that was carried out in our study by comparing case vignette interpretations 

to reference standard results could be repeated with a larger set of cases and 

blinded experts. [34] Ultimately, the true value of the reference standard will be 

determined by whether future UTI studies will adhere to the reference standard 

and whether this will lead to increased homogeneity between UTI studies.
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In conclusion, we have established a consensus-based reference standard for 

UTI studies, which is supported by experts from multiple countries and medical 

specialties. This reference standard addresses a significant gap in UTI-related 

research and has the potential to improve both the internal and external validity 

of future UTI studies and facilitate accumulation of knowledge and evidence for 

a disease that imposes a substantial burden on individual patients and society 

as a whole. 
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Supplement 

Supplementary Figure 1: Overview of the study design. The core group prepared a questionnaire 

for the expert group comprising 48 items related to urinary tract infection (UTI) diagnosis. In 

round 1, the expert panel assigned a value to each item on a Likert scale, ranging from 1 (‘not at all 

indicative of UTI’) to 9 (‘highly indicative of UTI’). If disagreement (definition according to RAND/

UCLA Appropriateness Method) occurred in more than 20% of the items, we planned to conduct 

another round. Based on the results of round 1 and the available evidence, the core group developed 

a reference standard. In round 2, consensus was assessed in two ways: experts were asked to rate a 

set of case vignettes (to evaluate alignment with the reference standard) and provide direct feedback 

on the initial version of the reference standard. In round 3, experts re-evaluated the same case 

vignettes and the revised reference standard. If consensus (defined as a minimum of 80% of experts 

voting ‘agree’ or ‘strongly agree’ and none of the experts voting ‘disagree’) was not reached after 

round 3, further rounds were planned until consensus was achieved.
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Supplementary Figure 2: Delphi round 1 results. Per item, median scores (represented by the dot) 

and interquartile ranges are shown. An item was deemed indicative of urinary tract infection (UTI) 

in case of a panel median ≥ 6·5 (blue panel) without disagreement, not indicative of UTI in case 
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of a panel median of ≤ 3·5 (white panel) without disagreement, and uncertain if the panel median 

lay in between indicative and not indicative (light blue panel), or any median with disagreement. 

Disagreement (both extremes of the Likert scale containing more than a third of responses) did 

not occur. For the ‘exclude UTI’ items, a high median score indicates that the item rules out UTI. 

Abbreviations: CFU = colony-forming units, LUTS = lower urinary tract symptoms; CRP = C-reactive 

protein; WBC = white blood cell

Supplementary Figure 3: Likert plot of reference standard consensus in Delphi rounds 2 and 3. 

The 5-point Likert scale ranged from ‘strongly disagree’ to ‘strongly agree’. None of the experts 

voted for ‘strongly disagree’. Experts who neither disagreed nor agreed with the reference standard 

are depicted as ‘neutral’. The proportion of experts voting for each Likert option is displayed in the 

corresponding bar. Consensus was defined a priori as a minimum of 80% of experts voting ‘agree’ 

or ‘strongly agree’ and none of the experts voting ‘disagree’
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Is the patient able to express or experience lower urinary tract symptoms?

Does the patient have any new-onset symptoms or signs?

Does the patient have pyuria(≥10 leukocytes/µl or ≥ 5/hpf or leukocyte esterase)?*

No UTI

Calculate the total UTI score by adding the scores of each domain.
Within each domain only the highest weighted criterion is counted toward the total score.

If multiple criteria within one cell are met, the patient does not receive points for both criteria.
Note: women ≥ 65 years score di�erently in several cells, indicated by the text box.

      UTI with systemic involvement if ≥ 1 criterion
• Fever without other cause
• Flank pain or costovertebral angle tenderness
• Systolic blood pressure < 90 mmHg without other cause
• Elevated in�ammatory levels (table) without other cause
• Bacteraemia (same pathogen as urine culture)
• Renal abscess
• Pyonephrosis

De�nite UTI

Probable UTI

Possible UTI

No UTI

Total UTI score

Add domain scores (symptoms + systemic criteria + pyuria + culture)

8 or more points

5 - 7 points

3 - 4 points

0 - 2 points

Research reference standard for urinary tract infections - supplement *In case of obstructive uropathy or absolute neutropenia, pyuria may be absent
and the total UTI score may be calculated. Of note: obtaining a urine sample is of utmost importance in all study populations and settings. If no urine can be
obtained (neither midstream nor through single catheterization) the total UTI score may be calculated, but this should be mentioned in your study limitations.
Abbreviations: UTI = urinary tract infection, CRP = C-reactive protein, PCT = procalcitonin, WBC = white blood cell, MSU = midstream urine, CFU =
colony-forming units

Major
• Dysuria
• Urgency
• Frequency

Minor
• Suprapubic pain or tenderness
• Flank pain or tenderness
• Perineal pain or
  painful prostate exam
• Urinary incontinence
• Macroscopic haematuria
• Recognition of symptoms

• Fever (≥ 38.0C/100.4F)*
• CRP ≥ 50 mg/L*
• PCT ≥ 0.50 ng/mL*
• WBC count ≥ 12 x 109/L*
• Bacteraemia (same pathogen
  as urine culture)

*Without other plausible
source, based on at least
history and examination

• 1 new onset major symptom
or

• 2 new onset minor symptoms

• Mixed �ora
or

• Other pathogen
or

• Nitrites
or

• Positive dipslide
or

• No growth, but pretreated
  with antimicrobials

• No growth,
  not pretreated

  with antimicrobials
or

• Urine culture
  not performed

• 1 or 2 uropathogens:
  MSU: ≥ 104 CFU/mL, for

  E.coli 103 CFU/mL is sufficient
  Single cath ≥ 103 CFU/mL

or
• Bacteraemia (same pathogen

  as urine culture)

• 1 new onset minor symptom
or

• Inability to express or
  experience symptoms

  (e.g., delirium, dementia,
  spinal cord injury)

In either MSU
or single catheterised sample

Uropathogens:
Enterobacterales,

Pseudomonas aeruginosa,
Staphylococcus saprophyticus
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Domain 3 points 2 points 1 point 0 points

2 or more
new onset

major symtoms

1 or more
new onset

systemic criteria

10-200 leukocytes/µl or 5-50/hpf
or leukocyte esterase 1+ or more≥ 200 leukocytes/µl

or ≥ 50/hpf

No
systemic criteria

Add 1 point if woman ≥65 years

Subtract 1 pt if woman ≥65 years

Subtract 1 pt if woman ≥65 years

YES

no

no

no

YES

YES

Supplementary Figure 4: Research reference standard for urinary tract infections – supplement. * 

In case of obstructive uropathy or absolute neutropenia, pyuria may be absent and the total UTI score 

may be calculated. Of note: obtaining a urine sample is of utmost importance in all study populations 

and settings. If no urine can be obtained (neither midstream nor through single catheterization) 

the total UTI score may be calculated, but this should be mentioned in your study limitations. 

Abbreviations: UTI = urinary tract infection, CRP = C-reactive protein, PCT = procalcitonin, WBC = 

white blood cell, MSU = midstream urine, CFU = colony-forming units.
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Supplementary Table 1: Concordance between case vignette results and reference standard. 

Case (abbreviated) Ref. 
standard

Round Definite Probable Possible No UTI

F25, at GP, new-onset dysuria and 

frequency, no fever, dipstick positive for LE 

and nitrites, no urine culture performed. 

Probable 2 19 (48) 20 (50) 1 (3) 0

3 16 (43) 21 (57) 0 0

F80, at LTCF, ADL dependent, refuses 

morning care because ‘she just does 

not feel like it’, no history of cognitive 

impairment, no signs of delirium, no flank 

pain, no LUTS, no fever, dipstick positive 

for LE and nitrites, urine culture E. coli > 

105 CFU/mL. 

No UTI 2 3 (8) 7 (18) 12 (30) 18 (45)

3 1 (3) 3 (8) 10 (27) 23 (62)

M70, at ED, history of BPH, new-onset 

urgency and frequency, fever, CRP 150 

mg/L, urine microscopy 800 leukocytes/

µl (> 50 leukocytes/hpf), urine and blood 

culture K. pneumoniae > 105 CFU/mL. 

Definite 2 37 (93) 2 (5) 1 (3) 0

3 37 (100) 0 0 0

M85, at home, history of MCI, signs of 

delirium over the last day, incoherent 

answers when questioned about LUTS, 

fever present, no apparent source of 

infection upon examination, no urine 

sample due to aggression 

Possible 2 0 5 (13) 34 (85) 1 (3)

3 1 (3) 1 (3) 35 (95) 0

F70, at outpatient clinic, new-onset 

urinary incontinence and urgency, no 

other LUTS, no flank pain, no fever, urine 

microscopy no leukocytes, urine culture 

mixed flora.

No UTI 2 0 1 (3) 11 (28) 28 

(70)

3 0 1 (3) 6 (16) 30 (81)

F20, at ED, new-onset flank pain and 

dysuria, no other LUTS, fever is present, 

CRP 100 mg/L, urine microscopy 500 

leukocytes/µl, urine culture E. coli > 104 

CFU/mL, blood culture no growth. 

Definite 2 31 (78) 6 (15) 2 (5) 1 (3)

3 35 (95) 1 (3) 1 (3) 0

F75, at GP, new-onset frequency, no 

other LUTS, no flank pain, no fever, urine 

dipstick positive for LE, no nitrites, urine 

culture E. faecalis > 104 CFU/mL.

Possible 2 5 (13) 9 (23) 19 (48) 7 (18)

3 3 (8) 3 (8) 25 (68) 6 (16)
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Case (abbreviated) Ref. 
standard

Round Definite Probable Possible No UTI

F45, calls GP, dysuria and suprapubic pain, 

started one day prior, no other LUTS, no 

fever, no flank pain, took one dose of oral 

fosfomycin a day ago as patient recognised 

symptoms, urine dipstick positive for LE, 

no nitrites, urine culture no growth.

Probable 2 6 (15) 28 (70) 5 (13) 1 (3)

3 1 (3) 31 (84) 4 (11) 1 (3)

F85, at outpatient clinic, new-onset gross 

haematuria, oral anticoagulant use, no 

other LUTS, no flank pain, no fever, urine 

microscopy 50 leukocytes/µl and 1500 

erythrocytes/µl, urine culture E. coli and P. 

aeruginosa both > 104 CFU/mL.

Possible 2 2 (5) 5 (13) 17 (43) 16 (40)

3 0 0 22 (60) 15 (41)

F75, at GP, new-onset dysuria, frequency 

and urgency, no flank pain, no fever, urine 

dipstick positive for LE and nitrites, urine 

culture shows mixed flora.

Probable 2 5 (13) 22 (55) 12 (30) 1 (3)

3 3 (8) 25 (68) 9 (24) 0

All values are n (%). In round 2, 40 experts answered all case vignettes, blinded to the reference 

standard and group results. In round 3, 37/40 experts (93%) regraded the same case vignettes after 

having seen group results of round 2. To evaluate alignment between the reference standard and 

case vignettes in which urine dipsticks were used, we applied the supplementary reference standard. 

Abbreviations: UTI = urinary tract infection, F = female, M = male, GP = general practitioner, LE 

= leukocyte esterase, LTCF = long-term care facility, ADL = activities of daily living, LUTS = lower 

urinary tract symptoms, CFU = colony-forming units, ED = emergency department, BPH = benign 

prostatic hyperplasia, CRP = C-reactive protein, MCI = mild cognitive impairment.

Supplementary Table 1: Continued
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Supplementary Table 2: Delphi round 2 expert panel comments. 

Case number Expert panel comments

1 •	 Urine culture result required for definite diagnosis (n = 6)

•	 Could also be sexually transmitted infection or Candidiasis (n = 5) 

2 •	 This is a clear case of asymptomatic bacteriuria (n = 9)

•	 I would wait and see how symptoms develop (n = 3)

•	 Non-specific symptoms are indicative of UTI (n = 3)

•	 Further testing is required/other infections should be ruled out (n = 2)

3 •	 No remarkable comments

4 •	 Evaluation of other causes is necessary/source unclear (n = 7)

•	 Delirium and fever are likely UTI (n = 6)

5 •	 No UTI because of absence of pyuria (n = 3)

•	 New-onset symptoms could be UTI (n = 3)

•	 Would repeat urine culture (n = 3)

6 •	 Likely pyelonephritis (n = 5)

•	 Further imaging is needed, renal stone (n = 2)

•	 Symptoms more important than bacterial count (n = 2)

7 •	 Could also be overactive bladder/rule out other cause (n = 5)

•	 Enterococci can be uropathogens (n = 2)

•	 Sample quality (epithelial cells) should be provided (n = 1)

8 •	 Urine culture probably negative due to pretreatment (n = 10)

•	 Symptom recognition is most important here (n = 2)

9 •	 Could be bladder cancer/stones, needs cystoscopy (n = 9)

•	 Probably ASB (n = 3)

•	 Would treat because of haematuria (n = 1)

10 •	 Contaminated specimen, new culture needed (n = 6)

Abbreviations: UTI = urinary tract infection, ASB = asymptomatic bacteriuria
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Abstract 
Background 

Pre-existing lower urinary tract symptoms (LUTS), cognitive impairment and 

the high prevalence of asymptomatic bacteriuria (ASB) complicate the diagnosis 

of urinary tract infection (UTI) in older women. The presence of pyuria remains 

the cornerstone of UTI diagnosis. However, over 90% of ASB patients have pyuria, 

prompting unnecessary treatment. We quantified pyuria by automated microscopy 

and flowcytometry to determine the diagnostic accuracy for UTI and to derive 

pyuria thresholds for UTI in older women. 

Methods 

Women ≥ 65 years with ≥ 2 new-onset LUTS and one uropathogen ≥ 104 colony-

forming units/mL (CFU/mL) were included in the UTI-group. Controls were 

asymptomatic and classified as ASB (one uropathogen ≥ 105 CFU/mL), negative 

culture or mixed flora. Patients with an indwelling catheter or antimicrobial 

pretreatment were excluded. Leukocyte medians were compared and sensitivity-

specificity pairs were derived from a receiver operating characteristic-curve.

Results 

We included 164 participants. UTI patients had higher median urinary leukocytes 

compared to control patients (microscopy: 900 versus 26 leukocytes/µl; 

flowcytometry 1575 versus 23 leukocytes/µl, p < 0.001). Area under the curve 

was 0.93 for both methods. At a cut-off of 264 leukocytes/µl, sensitivity and 

specificity of microscopy were 88% (positive and negative likelihood ratio 7.2 

and 0.1, respectively). The commonly used cut-off of 10 leukocytes/µl had a poor 

specificity (36%) and a sensitivity of 100%. 

Conclusion 

The degree of pyuria can help to distinguish UTI in older women from ASB and 

asymptomatic controls with pyuria. Current pyuria cut-offs are too low and 

promote inappropriate UTI diagnosis in older women. 
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Introduction
Urinary tract infection (UTI) incidence increases with age and is higher in women 

than in men. [1] In older women, diagnosing UTI is complicated for several reasons. 

Firstly, symptom communication may be affected by cognitive impairment. 

Secondly, pre-existing lower urinary tract symptoms (LUTS), such as urinary 

incontinence and urgency, are common and distinguishing acute from chronic 

LUTS can be challenging. [2] Finally, 20% of community-dwelling and 50% of 

institutionalised older women have asymptomatic bacteriuria (ASB), defined as the 

presence of one or more uropathogens ≥ 105 colony-forming units per millilitre 

(CFU/mL) in the absence of signs or symptoms attributable to UTI. [3-5] As a 

result, inappropriate antimicrobial treatment is common, leading to unnecessary 

side effects, drug interactions, Clostridioides difficile infection and the selection of 

antimicrobial resistant pathogens. [6, 7] Distinguishing ASB from UTI is further 

complicated by the fact that over 90% of older women with ASB have concomitant 

pyuria. [8, 9] Consequently, the positive predictive value of the presence of pyuria 

for UTI is low in older women. However, it is unclear whether the degree of pyuria 

differs between older women with UTI and ASB, partly because urine dipstick 

is the most ordered screening test, providing only semi-quantitative results of 

leukocyte esterase activity. Pyuria can be quantified in different ways. Initially, 

Mabeck et al. [10] found that a leukocyte excretion rate of 400,000 per hour 

could distinguish UTI from asymptomatic women. This rate corresponds with a 

cut-off value of 10 leukocytes/mm3 in unspun urine. [11] In clinical practice and 

research, pyuria is most often quantified by direct or automated microscopy of 

(un)spun urine, usually after initial dipstick screening. Automated microscopy 

reduces variability in centrifugation and resuspension of urine and is more 

efficient than direct microscopy. [12] In recent years, an increasing amount 

of laboratories are adopting urine flowcytometry for quantification of pyuria. 

Although cut-off values for ‘significant’ pyuria vary in the literature and depend 

on quantification methods, commonly accepted cut-offs include 10 leukocytes/µl 

and 5-10 leukocytes per high-powered field (hpf). These cut-off values are largely 

derived from studies involving non-pregnant premenopausal women, in whom 

ASB is uncommon. [13] The objective of this study was to determine sensitivity 

and specificity of automated microscopy and urine flowcytometry for diagnosing 

UTI in older women, with the ultimate goal to derive optimal cut-off values for 

pyuria for UTI in this population, taking ASB into account.
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Methods
This study is an exploratory analysis of an overarching, case-control study 

registered at the International Clinical Trials Registry Platform (NL9477). The study 

was conducted across five hospitals (four regional and one academic), four long-

term care facilities (LTCF), three primary care centres, one after-hours primary 

care clinic, and fourteen senior housing facilities. This study was approved by the 

regional medical ethics committee (METC-LDD) and was conducted in accordance 

with the declaration of Helsinki. [14] Written informed consent was obtained from 

all participants.

Study population

Women aged ≥ 65 years were eligible for inclusion. Exclusion criteria included 

inability to express symptoms (e.g. due to delirium or cognitive impairment), the 

presence of an indwelling catheter, immunosuppressive use, antimicrobial use 

(< 48 hours prior to inclusion), current urolithiasis, and a UTI in the previous 

month. Stringent criteria were applied to both UTI and control patients, as a 

consensus-based reference standard for UTI is currently missing. To be eligible 

for the UTI group, patients were required to have at least two new-onset LUTS 

(dysuria, frequency, urgency, or suprapubic pain). Furthermore, patients were 

required to have pyuria, defined as ≥ 10 leukocytes/µl or ≥ 5 leukocytes/hpf or 

presence of leukocyte esterase, and a monoculture, i.e. one uropathogen ≥ 104 

CFU/mL for the primary analysis. Enterobacterales, enterococci, Pseudomonas 

aeruginosa, Staphylococcus saprophyticus, and group B streptococci were considered 

uropathogens. In case of a temperature ≥ 38.0 °C, patients were classified as having 

an upper UTI. Community-dwelling women and LTCF residents who did not have 

any LUTS or fever were eligible as controls. Patients were eligible regardless of 

urine culture results and they were subdivided into three subgroups: ASB, negative 

culture and mixed flora. ASB was defined as at least two consecutive urine cultures 

(2 – 4 weeks apart) with the same uropathogen ≥ 105 CFU/mL, and a negative 

culture was defined as no growth or growth of non-pathogenic micro-organisms 

≤ 103 CFU/mL. Cases and controls were not matched for age or comorbidities.

Study procedures and methods of measurement

The study team was contacted by the treating physician in case of a potential 

participant at the emergency department, LTCF or primary care office. 

Asymptomatic LTCF residents were asked to participate by their elderly-care 
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physician; community-dwelling older women were recruited through flyers. 

If eligibility criteria were met, participants were visited by the study team 

within 1 hour. Baseline data included: age, prior medical history (hypertension, 

chronic kidney disease, diabetes mellitus and urological history), new-onset 

LUTS and fever. All patients underwent a delirium screening and assessment of 

dependency in activities of daily living (ADL) through 4AT and Katz questionnaires 

respectively, and measurement of vital signs. [15, 16]

Urinalysis

Midstream urine was collected in a 100 mL sterile urine container. Urine obtained 

via single catheterisation was accepted, urine collected from a bedpan was not. 

After collection, the urine was divided into two V-monovette 10 mL urine tubes 

(Sarstedt, Nümbrecht, Germany), one for automated microscopy and one for 

urine flowcytometry. Automated microscopy was performed using the Cobas 

U701 (Roche, Rotkreuz, Switzerland). [17] After mixing by the analyser, 170 µl of 

urine was injected into a polycarbonate cuvette. Next, a monolayer of cells was 

created by centrifuging the cuvette for 10 seconds at 260 g. Cobas U701 output 

included quantitative measures of leukocytes in cells/µl with a lower limit of 

detection (LLD) of 1 cell/µl and an upper limit of detection (ULD) of 900 cells/µl. 

Urine flowcytometry was carried out with the Sysmex UF-4000 (Sysmex, Kobe, 

Japan). Within the analyser, fluorescent dyes were added to 450 µl of urine, after 

which urine particles were quantified and classified by analysis of scattered light 

patterns. LLD was 1 leukocyte/µl and ULD was 10,000 leukocytes/µl. All urine 

samples were analysed in the Leiden University Medical Center, except for urine 

samples of the participants who were included in regional hospitals. In the latter 

case, urine was analysed in the corresponding regional hospital by automated 

microscopy, as urine flowcytometry was not available. All urine samples were 

kept at room temperature and analysed within 4 hours of micturition to ensure 

stability of all urine components.

Microbiological assessments 

The remaining urine in the sterile container was used for bacteriological culture 

at the microbiology department. For all included UTI and control patients, 10 

µL of non-centrifuged urine was placed on routine culture media and incubated 

for one day. A culture result was deemed positive in case of growth ≥ 104 CFU/
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mL and defined as a monoculture if ≥ 90% of the cultured colonies were of one 

micro-organism.

Statistical analysis

Statistical analysis was performed using SPSS version 27.0 (IBM, Armonk, USA). 

Data are presented as percentages, means with standard deviations, or medians 

with interquartile ranges as appropriate. A Mann-Whitney U test was performed 

to compare leukocyte medians between UTI patients and controls. As a pyuria 

threshold for UTI in older women is not known, sensitivity-specificity pairs with 

associated 95% confidence intervals (95% CI) were calculated for all possible cut-

offs and plotted in a receiver operating characteristic (ROC) curve using GraphPad 

Prism version 9.3.1 (GraphPad Software, San Diego, California USA). The area under 

the curve (AUC) was calculated to determine the discriminative ability of the index 

tests (automated microscopy and urine flowcytometry). Youden’s index was used 

to determine the cut-off value with the optimal trade-off between sensitivity 

and specificity. In a fraction of UTI cases automated microscopy results were 

missing, e.g. only semi-quantitative results were available (leukocyte esterase or 

leukocytes/hpf). The impact of missing automated microscopy results on estimates 

of accuracy was evaluated by a sensitivity analysis consisting of best- and worst-

case scenarios (all missing pyuria results were either considered true positive 

and negative or false positive and negative respectively). Twenty-seven patients 

presenting with LUTS were not included in the primary analysis because they did 

not meet the urine culture criteria for the UTI group. Their urine leukocyte counts 

were evaluated separately, in the secondary analysis. 

Results
Of the 213 screened participants, 199 were eligible for inclusion, of which 164 

were included in the primary analysis (Figure 1). Baseline characteristics are 

summarised in Table 1. UTI and control groups were comparable in terms of age 

(overall mean 78.3 years) and comorbidities. Inclusion sites differed between UTI 

and control groups, e.g. 11% of UTI patients versus 43% of controls were included 

in a LTCF. ADL dependency scores were comparable. Within the UTI group, the 

most common new-onset symptom was frequency, followed by urgency and 

dysuria; 13/63 patients (21%) had an upper UTI.
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Table 1: Baseline characteristics of UTI patients and controls. 

Baseline characteristics UTI (n = 63) Controls (n = 101)

Age in years 77.1 (8.0) 79.0 (8.0)

Setting

Hospital

LTCF

Primary care office

At home

18 (28.6)

7 (11.1)

38 (60.3)

0

0

43 (42.6)

0

58 (57.4)

Urological history

Cystocele/rectocele

Previous urolithiasis

Previous kidney/bladder malignancy

Urinary incontinence procedure

Bladder sphincterotomy

3 (4.7)

2 (3.2)

1 (1.6)

1 (1.6)

0

3 (3.0)

1 (1.0)

1 (1.0)

2 (2.0)

1 (1.0)

Other comorbidity

Diabetes mellitus

Hypertension

History of CKD

14 (22.2)

30 (47.6)

12 (19.0)

14 (13.9)

47 (46.5)

11 (10.9)

UTI history

Ever had UTI

Ever hospitalised for UTI

Number of UTI in past year

57 (90.5)

2 (3.2)

1 (0 – 2)

77 (76.2)

1 (1.0)

0 (0 – 0)

Antibiotics in previous month 16 (25.4) 20 (19.8)

New-onset symptoms

Dysuria

Frequency

Urgency

Suprapubic pain

Urethral pain

Flank pain

New/worsening urinary incontinence

Recognition of symptoms

Fever (≥ 38.0)

63 (100)

49 (77.8)

57 (90.5)

53 (84.1)

43 (68.3)

33 (52.4)

12 (19.0)

31 (49.2)

46 (73.0)

13 (20.6)

0

-

-

-

-

-

-

-

-

-

ADL-dependency ≥ 2 Katz-items 14 (22.2) 23 (23.8)

Age is expressed as mean (SD), number of UTI in past year as median (IQR), and all other variables 

are expressed as n (%). The living situation of hospitalised UTI patients was unknown. History of 

CKD was self-reported. One UTI patient had had renal cell carcinoma twelve years prior, and one 

control patient had had non-muscle-invasive bladder cancer two years prior. In both patients, 

there was no evidence of active malignancy. Fever was objectified, 13 patients had an upper UTI. 

Abbreviations: UTI = urinary tract infection, LTCF = long-term care facility, CKD = chronic kidney 

disease, ADL = activities of daily living
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Nearly all urine samples were midstream samples (162/164 (98.8%)). ASB prevalence 

in our control group was 18%. Within the UTI group, E. coli was the most common 

causative pathogen (81%), followed by Klebsiella spp. (4.8%), and Proteus mirabilis 

(4.8%). Two episodes were caused by extended-spectrum beta-lactamase-

producing E. coli. In 78% of UTI episodes colony counts were ≥ 105 CFU/mL. 

ASB was caused by E. coli in 14 cases (78%), other pathogens included Klebsiella 

spp., Enterococcus faecalis and streptococci.

Median urine leukocyte values

Median urine leukocyte values in UTI patients and controls are displayed in 

Table 2. UTI patients had higher median leukocyte levels compared to control 

patients with both quantification methods (automated microscopy: 900 versus 

26 leukocytes/µl (p < 0.001), and urine flowcytometry 1575 versus 23 leukocytes/

µl (p < 0.001)). Moreover, median leukocyte values were higher for UTI patients 

than for ASB patients (automated microscopy: 900 versus 296 leukocytes/µl (p = 

0.002), urine flowcytometry 1575 versus 197 leukocytes/µl (p = 0.004)), although 

interquartile ranges of these groups overlap. 

Table 2: Median urine leukocyte values of UTI patients and controls (with subgroups), measured 

by automated microscopy and urine flowcytometry.

UTI group Control group

UTI  

(n = 56)

ASB 

(n = 18)

Neg. culture 

(n = 24)

Mixed flora 

(n = 57)

Automated microscopy 

in cells/µl, median (IQR)

900 (430 – 900) 296 (49 – 773) 4 (1 – 30) 18 (5 – 57)

UTI 

(n = 35)

ASB 

(n = 17)

Neg. culture 

(n = 24)

Mixed flora 

(n = 58)

Urine flowcytometry  

in cells/µl, median (IQR)

1575 (581 – 4673) 197 (43 – 1368) 6 (1 – 35) 20 (4 – 88)

All values are expressed as median (IQR) as leukocyte values did not follow a normal distribution. 

The UTI column contains both lower and upper UTI patients. Urine flowcytometry data was missing 

for 28 UTI patients as they were included in regional hospitals in which urine flowcytometry was 

not available. For automated microscopy values, 900 cells/µl was the upper limit of detection. 

Abbreviations: UTI = urinary tract infection, ASB = asymptomatic bacteriuria
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Diagnostic accuracy

ROC curves for automated microscopy and urine flowcytometry are displayed in 

Figure 2A and Figure 2B and contingency tables for sensitivity and specificity 

calculations are shown in Supplementary Tables 1A and 1B. AUC was 0.93 for 

both diagnostic methods. At a threshold of 264 leukocytes/µl, sensitivity of 

automated microscopy was 88% (95% CI 77% - 94%) and specificity was 88% 

(95% CI 80% - 93%), corresponding with a positive likelihood ratio (LR) of 7.2 

and a negative LR of 0.1. For urine flowcytometry, sensitivity was 91% (95% CI 

79% - 98%) and specificity was 86% (95% CI 78% - 92%) at a cut-off value of 

231 leukocytes/µl, with a positive LR of 6.5 and a negative LR of 0.1. Diagnostic 

accuracy parameters for several theoretical pyuria thresholds are shown in Table 

3. Applying the currently used cut-off of 10 leukocytes/µl resulted in a sensitivity 

of 100% (95% CI 94% - 100%) and specificity of 36% (95% CI 28% - 48%). 

Diagnostic accuracy remained adequate in the sensitivity analysis (Supplement 

2). The secondary analysis showed that symptomatic patients with mixed flora 

or ≥ 2 uropathogens all had urine leukocyte counts above our ‘optimal’ pyuria 

threshold (264 leukocytes/µl), and all but two patients with negative cultures had 

counts below this threshold (Supplement 2).

Figure 2: Receiver operating characteristic curves for automated microscopy (A) and urine 

flowcytometry (B). For both diagnostic methods, the number of leukocytes (per µl) was used 

as the test variable, and our stringent UTI definition was used for determining disease status. 

The true positive rate (sensitivity) was plotted against the false positive rate (1 – specificity) for 

different pyuria cut-offs. The area under the curve was 0.93 for both methods. The reference line 

is represented by the dotted line.
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Table 3: Sensitivity, specificity, and positive and negative likelihood ratios of theoretical pyuria 

thresholds for diagnosing UTI in older women. 

10 cells/µl 50 cells/µl 100 cells/µl 200 cells/µl 300 cells/µl 400 cells/µl

Sensitivity  

% (95% CI)

100 (94 – 100) 98 (92 – 100) 93 (84 – 98) 89 (80 – 96) 84 (73 – 92) 77 (65 – 87)

Specificity  

% (95% CI)

36 (28 – 48) 66 (56 – 75) 71 (61 – 79) 86 (78 – 92) 88 (81 – 93) 92 (86 – 96)

LRpos 

(95% CI)

1.6 (1.4 – 1.9) 2.9 (2.2 – 3.8) 3.2 (2.3 – 4.3) 6.3 (3.9 – 10.3) 6.9 (4.0 – 11.9) 9.5 (4.8 – 18.7)

LRneg 

(95% CI)

0.0 (0.0 – 0.1) 0.03 (0.004 – 0.2) 0.1 (0.04 – 0.3) 0.1 (0.06 – 0.3) 0.2 (0.1 – 0.3) 0.3 (0.2 – 0.4)

Diagnostic accuracy parameters are based on automated microscopy results. The currently used 

cut-off value for pyuria is 10 leukocytes/µl. Abbreviations: LRpos = positive likelihood ratio, LRneg = 

negative likelihood ratio, CI = confidence interval

Discussion
This explorative study has two important findings. Firstly, we show that the 

degree of pyuria – quantified by automated microscopy or urine flowcytometry – 

can help to distinguish UTI in older women from asymptomatic controls, including 

ASB. Secondly, we demonstrate that the currently used cut-off for pyuria (10 

leukocytes/µl) has a very low specificity for UTI in older women, and therefore 

should not be applied to this population. 

Leukocyte counts in UTI 

Thus far, the degree of pyuria in UTI and ASB has not been assessed specifically 

in women aged 65 and over, while a discriminative biomarker is arguably most 

needed in this population, due to the high prevalence of ASB. In our study, older 

women with symptomatic UTI had high median urine leukocyte counts (900 

and 1575 leukocytes/µl with automated microscopy and urine flowcytometry, 

respectively). Both Pieretti et al. [18] and Kim et al. [19] quantified pyuria with 

urine flowcytometry in men and women of all ages, although no separate 

leukocyte values were given for older patients. Among patients with positive urine 

cultures, they found median urine leukocyte values of 117 leukocytes/µl and 189 

leukocytes/µl, respectively. However, neither of these studies collected clinical 

data, so misclassification is likely. The discrepancy between urine leukocyte 

values between these studies and our cohort is likely explained by the fact that 

we only included cases that met our strict UTI criteria.



114

Chapter 4 

Leukocyte counts in ASB 

In our study, women with ASB had median counts of 296 leukocytes/µl. Cai et al. 

[20] included premenopausal women with ASB and a history of recurrent UTI and 

quantified pyuria with direct microscopy. At baseline, these patients had median 

urine leukocyte values of 19 per hpf, which corresponds to approximately 100 

leukocytes/µl. [21, 22]. This study suggests that higher degrees of pyuria, well 

above 10 leukocytes/µl, do not necessarily mean that a patient has a UTI, even in 

premenopausal women. Moreover, urine leukocyte values increased to 54 per hpf 

(approximately 250 leukocytes/µl) if women developed LUTS during the study and 

had a positive urine culture. This is in line with our findings that the degree of 

pyuria is higher in symptomatic patients with positive urine cultures.

Diagnostic accuracy of microscopy and flowcytometry 

The majority of UTI studies investigating the discriminative ability of automated 

microscopy and urine flowcytometry are limited by the absence of a reference 

standard for UTI. As a consequence, these studies choose a positive urine culture 

as the reference test, while this does not discriminate between UTI and ASB. 

Instead, Foudraine et al. [23] defined UTI with an expert panel, taking symptoms 

and urine culture results into account. They found that automated microscopy had 

a sensitivity of 86% and a specificity of 82% at a cut-off value of 74 leukocytes/µl. 

As their study population was younger and antibiotic pretreatment was common, 

possibly explaining lower pyuria levels, results may not be directly comparable 

to our study. Diagnostic accuracy parameters are influenced by the studied 

population, more specifically, how cases and controls are defined. Our control 

group did not only consist of asymptomatic women with negative urine cultures 

but rather represents the distribution of urine culture results in asymptomatic 

older women. For example, the prevalence of ASB in our control group (18%) is very 

similar to the prevalence of ASB in community-dwelling older women. [4]

Leukocyte counts in symptomatic patients with mixed flora 

Our case group only consisted of clear-cut UTI patients fulfilling our stringent 

criteria. However, urine leukocyte levels were also determined in the ‘suspected 

UTI’ patients that had new-onset LUTS, but were excluded from the primary 

analysis because they did not meet our culture criteria. Intriguingly, all excluded 

patients with either mixed flora or two uropathogens had leukocyte levels above 

our ‘optimal’ pyuria threshold and all but two patients with negative urine 
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cultures had levels below that threshold. The finding that all symptomatic 

patients with mixed flora had high degrees of pyuria, suggests that these patients 

might have had a true UTI. This is supported by a study showing that over 90% 

of symptomatic women with E. coli as part of mixed flora in their midstream 

urine cultures actually had E. coli bladder bacteriuria as demonstrated by single 

catheterisation. [9]

Clinical implications 

In asymptomatic controls, median urine leukocyte values were higher than the 

most commonly used cut-off value of 10 leukocytes/µl. Therefore, applying the 

current pyuria threshold to older women leads to misclassification of many of 

these women, both with and without ASB. This has several consequences. Firstly, 

the true cause of the symptoms (e.g. vaginal atrophy, Candida vulvovaginitis, 

and overactive bladder) remains unidentified and thus untreated if symptoms 

are wrongfully attributed to UTI. Secondly, it leads to overprescription of 

antimicrobials, contributing to gut dysbiosis, side effects and selection of 

resistant pathogens. Gupta et al. [24] show that 25% of asymptomatic patients 

with pyuria on routine preoperative urinalysis (without urine cultures) were 

treated with antimicrobials, and that the degree of pyuria predicted prescribing 

of antimicrobials. These findings, combined with our own data, imply that 

separate, higher reference values are needed for older women with regards to 

pyuria. For instance, a threshold of 300 leukocytes/µl would be a considerable 

improvement, increasing specificity to avoid overtreatment, while still 

maintaining a fair sensitivity. As in any diagnostic test, pyuria levels should be 

interpreted within the clinical context of individual patients and should not be 

the only deciding factor when diagnosing UTI. Since both older women with UTI 

and asymptomatic older women have a high pretest probability of pyuria, and 

leukocyte esterase activity is a very rough estimate of the absolute number of 

leukocytes in the urine [21], the role of urine dipsticks in older patients should, 

at best, be limited to ruling out UTI. Besides clinical implications, there are also 

implications for research, as misclassification influences the validity of UTI 

studies.

Strengths and limitations 

Strengths of our study include the use of a stringent UTI definition instead of urine 

culture as a reference standard, the consistency of results across two quantification 
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methods (identical AUCs), inclusion of participations from multiple settings, and 

the rapid analysis of urine samples, increasing reliability of results. Our study 

has several limitations. Results may not be generalisable to institutionalised older 

people with high frailty and/or advanced dementia. However, our population was 

chosen to prove a concept for which a clear definition and reliable assessment 

of UTI and ASB was deemed necessary. Moreover, our control group contained 

a higher proportion of LTCF residents than our UTI group. Nonetheless, ADL 

dependency scores were similar between the UTI and control groups, and median 

leukocyte values within the LTCF subgroup were comparable to the values of the 

overall group. 

Conclusion 

In conclusion, the degree of pyuria should be taken into account when 

evaluating older women for UTI. Current pyuria cut-offs for UTI are too low 

and promote inappropriate UTI diagnosis in this population, affecting patient 

care, antimicrobial stewardship efforts and research. The impact of higher cut-

off values on prescription behaviour and UTI related outcomes in older women 

deserves further study. 
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Supplement 

Supplementary Table 1A: Cross tabulation of automated microscopy results against reference 

standard.

UTI Control Total

Positive (≥ 264 leukocytes/µl) 49 12 61

Negative (< 264 leukocytes/µl) 7 87 94

Total 56 99 155

Index test results (automated microscopy) are displayed in the left column. For calculation of 

sensitivity/specificity and likelihood ratios, all values below 264 leukocytes/µl were considered 

negative, and all values of 264 leukocytes/µl and higher were considered positive

Supplementary Table 1B: Cross tabulation of urine flowcytometry results against reference 

standard.

UTI Control Total

Positive (≥ 231 leukocytes/µl) 32 14 46

Negative (< 231 leukocytes/µl) 3 85 88

Total 35 99 134

Index test results (urine flowcytometry) are displayed in the left column. For calculation of 

sensitivity/specificity and likelihood ratios, all values below 231 leukocytes/µl were considered 

negative, and all values of 231 leukocytes/µl and higher were considered positive.
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Supplement 2 

Sensitivity analysis 

In the best-case scenario, i.e. missing automated microscopy data being either true 

positive or true negative, sensitivity and specificity were 89% (95% CI 80% – 95%) 

and 88% (95% CI 81% - 94%) respectively. In the worst-case scenario, sensitivity 

and specificity were 78% (95% CI 67% - 87%) and 86% (95% CI 79% - 92%). 

Secondary analysis of cases not meeting culture criteria 

Of the 27 patients who were not included in the primary analysis, four patients did 

not have pyuria. All four of these patients had negative urine cultures, strongly 

suggesting that their symptoms were caused by a condition other than UTI. 

The remaining 23 patients did have pyuria but had either mixed flora or ≥ 2 

uropathogens (n = 9), or negative cultures (no growth or growth of non-pathogenic 

micro-organisms, n = 14). Urine leukocyte levels were available for 20/23 (87%) 

patients. The remaining three patients either had only dipstick results available 

(leukocyte esterase positive) or pyuria could not be reliably quantified due to 

macroscopic haematuria. Median urine leukocyte values were 900 leukocytes/

µl (IQR 745 -900) in patients with mixed flora or ≥ 2 uropathogens, and 89 

leukocytes/µl (IQR 42 – 187) in patients with negative cultures. All patients with 

mixed flora or ≥ 2 uropathogens had leukocyte counts above our ‘optimal’ pyuria 

threshold of 264 leukocytes/µl, and all but two patients with negative cultures 

had leukocyte counts below the optimal pyuria threshold. 
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Abstract 
Objectives 

Urinary tract infection (UTI) is common among older women. However, diagnosis 

is challenging due to frequent chronic lower urinary tract symptoms (LUTS), 

cognitive impairment, and a high prevalence of asymptomatic bacteriuria (ASB). 

Current urine diagnostics lack specificity, leading to unnecessary treatment and 

antimicrobial resistance. This study aimed to evaluate the diagnostic accuracy of 

twelve urine biomarkers for diagnosing UTI in older women. 

Methods 

In this case-control study, cases were women ≥ 65 years with ≥ 2 new-onset 

LUTS, pyuria and one uropathogen ≥ 104 CFU/mL. Controls were asymptomatic and 

classified as ASB (one uropathogen ≥ 105 CFU/mL), negative culture or mixed flora. 

Urine biomarker concentrations were measured through liquid chromatography-

mass spectrometry and ELISA. Diagnostic accuracy parameters of individual 

biomarkers and a biomarker model were derived from ROC curves.

Results 

We included 162 community-dwelling and institutionalised older women. Five 

urine inflammatory biomarkers demonstrated high discriminative ability (AUC ≥ 

0.80): interleukin 6 (IL-6), azurocidin, neutrophil gelatinase-associated lipocalin 

(NGAL), tissue inhibitor of metalloproteinases 2 (TIMP-2), and C-X-C motif 

chemokine 9 (CXCL-9). Azurocidin exhibited the highest diagnostic accuracy 

(sensitivity 86% (95% confidence interval (CI) 75-93%) and specificity 89% (95% 

CI 82-94%) at 16.7 ng/mmol creatinine). A combined biomarker and pyuria model 

showed improved diagnostic accuracy in UTI and ASB patients, compared to pyuria 

alone. 

Conclusions 

We identified several urine biomarkers that accurately differentiated older women 

with UTI from asymptomatic women, including ASB. These findings represent a 

potential advancement towards improved diagnostics for UTI in older women and 

warrant validation in a diverse population. 
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Introduction 
Urinary tract infection (UTI) is the second most common infection requiring 

hospitalisation among older adults and the most common infection in long-term 

care facility (LTCF) residents. [1, 2] In older women particularly, diagnosing UTI 

is challenging for various reasons. Firstly, symptom assessment is hampered by 

a higher prevalence of cognitive impairment and indwelling catheters. Secondly, 

chronic lower urinary tract symptoms (LUTS), e.g. urgency, frequency and urinary 

incontinence, are common and are difficult to distinguish from non-infectious 

causes, such as genitourinary syndrome of menopause, and overactive bladder. 

[3] Furthermore, up to 50% of non-catheterised older women have asymptomatic 

bacteriuria (ASB), of which 90% have concomitant pyuria. [4-8] Hence, the 

specificity of the most commonly used diagnostics for UTI (leukocyte esterase or 

nitrite on dipstick and urine cultures) is low in this population. [9] Especially in 

patients with non-specific symptoms, clinicians are inclined to test for and treat 

bacteriuria and pyuria, which are easily misclassified as UTI. [10] This potentially 

inappropriate treatment can contribute to antimicrobial resistance, unnecessary 

side effects and drug interactions in a population with already high rates of 

polypharmacy. Moreover, it may promote gut dysbiosis and Clostridioides difficile 

infections. [10-14]

As highlighted by the Infectious Diseases Society of America (IDSA), antimicrobial 

stewardship begins with diagnostic stewardship, and novel biomarkers with high 

specificity for UTI are urgently needed to endorse prudent use of antibiotics for 

UTI in older women. [4] Beyond improving individual patient management, an 

accurate urine biomarker or biomarker panel would also have implications for 

clinical trial design, drug development, infection surveillance and infection control 

efforts. A number of studies have evaluated the diagnostic accuracy of several 

urine inflammatory markers in patients with UTI and ASB, as summarised in a 

recent systematic review. [15] However, the majority of the included studies either 

involved younger patients or defined UTI based on dipstick or urine culture results, 

and are likely affected by misclassification bias. The primary aim of this study 

was to assess the diagnostic accuracy of twelve urine biomarkers associated with 

inflammation and tissue injury, for diagnosing UTI in older women. The selection 

of these biomarkers was based on a review of the available literature and their 

theoretical potential if no prior evidence was available. [15-21]
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Methods 
Study design 

This multicentre, prospective, case-control study was conducted across four 

primary care offices, five emergency departments (one academic and four regional 

hospitals), four LTCFs, and 14 independent and assisted living facilities in the 

Leiden and The Hague area in the Netherlands. Details of the study design have 

been published previously. [8] The study protocol was approved by the regional 

medical ethics committee and written informed consent was obtained from all 

participants. This study was registered at the International Clinical Trials Registry 

Platform (trial ID: NL9477) and is reported in accordance with STARD guidelines. 

[22]

Participants 

Cases consisted of women ≥ 65 years meeting all of the following criteria: ≥ 2 

new-onset LUTS (dysuria, frequency, urgency, or suprapubic pain), and pyuria 

(either ≥ 10 leukocytes/µl or the presence of leukocyte esterase on dipstick), 

and a urine culture with growth of one uropathogen ≥ 104 colony-forming units 

per millilitre (CFU/mL). Uropathogens included Enterobacterales, enterococci, 

Pseudomonas aeruginosa, Staphylococcus saprophyticus, and streptococci. Cases with 

growth of two or more pathogens were excluded. If fever was present (temperature 

≥ 38.0 °C), cases were categorised as having an upper UTI. Controls were women 

≥ 65 years without new-onset LUTS or fever. Based on urine culture results, they 

were subdivided into an ASB group (two consecutive urine cultures, obtained 2-4 

weeks apart, with identical uropathogens ≥ 105 CFU/mL [4]), a ‘negative culture’ 

group (no growth or growth of non-pathogenic micro-organisms < 103 CFU/mL), 

or a ‘mixed flora’ group (≥ 2 pathogens ≥ 103 CFU/mL). Exclusion criteria for both 

cases and controls included: inability to express symptoms (e.g. due to advanced 

cognitive impairment), the presence of an indwelling catheter, immunosuppressive 

drug use, antimicrobial use within 48 hours prior to inclusion, current urolithiasis, 

and a UTI in the previous month.

Procedures 

The research team was notified by the attending physician upon identifying a 

prospective participant. Asymptomatic LTCF residents were invited to participate 

by their attending physician, while flyers were used to recruit community-

dwelling controls. Eligible cases were visited by the research team within one 
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hour of identification. During the baseline assessment, data on age, previous 

medical history, new-onset symptoms, and fever were collected. All participants 

underwent delirium screening and activities of daily living (ADL) assessment using 

4AT and Katz questionnaires, and measurement of vital signs. 

Midstream urine (or urine obtained through single in-out catheterisation) 

was collected in a sterile urine container and transported to the laboratory of the 

Leiden University Medical Center. Samples were transported at room temperature 

and processed within 4 hours of micturition. (Pre)analytical procedures of 

urinalysis and microbiological assessments are described elsewhere. [8] In 

preparation of biomarker analysis, urine was transferred into a 15 mL collection 

tube and centrifuged (3000 g for 8 minutes). The supernatant was transferred 

into another collection tube and vortexed. Finally, the urine was divided into six 

aliquots (300 µl per aliquot) and stored at -80 °C until in-batch analysis. Samples 

underwent no more than a single freeze-thaw cycle.

Biomarker measurements 

Biomarker measurements were performed by our in-house developed and validated 

multiplex liquid chromatography mass spectrometry (LC-MS) with modifications 

[23] and enzyme-linked immunosorbent assay (ELISA). The following biomarkers 

were measured using LC-MS: neutrophil gelatinase-associated lipocalin (NGAL), 

insulin-like growth factor-binding protein 7 (IGFBP-7), tissue inhibitor of 

metalloproteinases 2 (TIMP-2), kidney injury molecule 1 (KIM-1), C-X-C motif 

chemokine 9 (CXCL-9), nephrin, solute carrier family 22 member 2 (SLC22A2), 

calbindin, and transforming growth factor beta-1 (TGF-β1). ELISA was used to 

measure interleukin 6 (IL-6), xanthine oxidase (XO), and azurocidin (also known 

as heparin-binding protein). Details on the LC-MS and ELISA analyses are 

described in the Supplementary Material.

Sample size calculation 

As sensitivity and specificity values of urine biomarkers were either conflicting 

or unknown for our population, we assumed sensitivity and specificity values 

for our sample size calculation. To assess specificity, with an α of 0.05, and with 

maximum marginal error of estimate of 0.10 (δ) for constructing the confidence 

interval (CI) of the true value of specificity, assuming a value of 80% and using 

the normal approximation, the control group needed to consist of 62 participants. 
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Using the same sample size for the case group resulted in a marginal error (δ) 

of sensitivity, assuming a true value of 70%, of 0.12. 

Statistical analysis 

Statistical analysis was performed using SPSS version 27.0 (IBM, Armonk, 

USA) and R version 4.0.3 (R Foundation for Statistical Computing, Vienna, 

Austria). A Mann-Whitney U test was performed to compare median biomarker 

concentrations between cases and controls, and a Bonferroni-corrected significance 

level (α) of 0.005 was applied. Sensitivity-specificity pairs were computed for all 

possible thresholds and plotted in a receiver operating characteristic (ROC) curve 

using GraphPad Prism version 9.3.1 (GraphPad Software, San Diego, California). 

To determine the discriminative ability of each urine biomarker, we calculated 

the area under the curve (AUC) for the individual biomarkers. The continuous 

variable CXCL9 was dichotomised as it was undetectable in many participants. 

‘Optimal’ cut-offs for each biomarker were based on Youden’s J statistic, and two 

additional cut-offs were calculated for scenarios in which either a sensitivity of 

90% or a specificity of 90% was desired. To investigate whether these biomarkers 

performed better in combination, we fitted a logistic regression model using 

backward selection which included all (logarithmically transformed) biomarkers, 

selected on Akaike’s Information Criterion. The AUC of this regression model 

was compared with the AUC of the best performing individual biomarker using 

DeLong's test.

We recently published data demonstrating that the degree of pyuria can be helpful 

in distinguishing UTI in older women from asymptomatic controls, including those 

with ASB. [8] To investigate the additional value of the biomarkers, we conducted a 

post hoc analysis comparing the discriminative ability of a model containing both 

urinary leukocytes and the biomarker panel with urinary leukocytes alone, using 

DeLong’s test. Given that controls in the ASB subgroup showed intermediate levels 

of pyuria in our previous study (interquartile ranges overlapped with UTI cases) 

[8], the same comparison was made in a subset of patients with either UTI or ASB.

Results 
Between June 2021 and July 2022, 162 participants were enrolled (screening process 

summarised in Figure 1). Participant characteristics are outlined in Table 1. Cases 

and controls were similar in age, comorbidities and ADL-dependency (38/162 
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participants (23%) were dependent for ≥ 2 Katz-items). Controls were recruited 

more often in a LTCF (43/100, 43%) compared with cases (7/62, 11%). Twenty-one 

percent (13/62) of cases had an upper UTI and 18% (18/100) of controls had ASB. 

Causative pathogens are summarised in Supplementary Table 1; E. coli was the 

most common pathogen in both cases (50/62, 81%) and controls with ASB (14/18, 

78%).

Table 1: Baseline characteristics of cases and controls. 

Baseline characteristics UTI (n = 62) Controls (n = 100)

Age in years, mean (SD) 77.2 (8.0) 79.0 (8.1)

Setting

Emergency department

LTCF

Primary care office

At home

18 (29.0)

7 (11.3)

37 (60.0)

0

0

43 (43.0)

0

57 (57.0)

Comorbidity

Urological comorbidity

Diabetes mellitus

History of CKD (self-reported)

ADL-dependency ≥ 2 Katz-items

8 (12.9)

14 (22.6)

12 (19.4)

14 (22.6)

8 (8.0)

14 (14.0)

11 (11.0)

24 (24.0)

UTI history

Ever had UTI

Ever hospitalised for UTI

No. of UTI in past year, median (IQR)

56 (90.3)

2 (3.2)

1 (0 – 2)

76 (76.0)

1 (1.0)

0 (0 – 0)

Antibiotics in previous month 16 (25.8) 20 (20.0)

Catheter in week prior to inclusion 2 (3.2) 2 (2.0)

New-onset symptoms

Dysuria

Frequency

Urgency

Suprapubic pain

Fever (≥ 38.0)

62 (100)

48 (77.4)

56 (90.3)

52 (83.9)

42 (67.7)

13 (21.0)

0

-

-

-

-

-

4AT score ≥ 2 4 (6.5) 1 (1.0)

Variables are expressed as n (%) unless otherwise specified. Urological comorbidity included pelvic 

organ prolapse, previous procedures for urinary incontinence and previous malignancies (n = 1 

renal cell carcinoma, n = 1 non-muscle-invasive bladder cancer; no evidence of active malignancy 

in either patient). All participants with a 4AT score ≥ 2 were able to communicate their symptoms 

clearly. UTI = urinary tract infection, LTCF = long-term care facility, CKD = chronic kidney disease, 

ADL = activities of daily living
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Biomarker concentrations and diagnostic accuracy 

Median urine biomarker concentrations for cases and controls are shown in 

Figure 2 and Supplementary Table 2. LC-MS biomarkers nephrin, SLC22A2, and 

TGF-β1 were not detected in any participant. Except for uromodulin and calbindin, 

all biomarkers differed significantly between cases and controls. CXCL-9 was 

detected in 40/62 (65%) cases and 5/100 (5%) controls (χ2 67.6, p < 0001).

Figure 2: Scatter dot plots of biomarker concentrations for cases and controls. The horizontal 

line drawn in the middle denotes the median, and the whiskers represent the interquartile range. 

Significance levels are indicated by: ns = not significant, * = p < 0.05, ** = p < 0.01, *** = p < 

0.001. Abbreviations: IL-6 = interleukin 6, XO = xanthine oxidase, NGAL = neutrophil gelatinase-

associated lipocalin, IGFBP-7 = insulin-like growth factor-binding protein 7 (IGFBP-7), TIMP-2 = 

tissue inhibitor of metalloproteinases 2, KIM-1 = kidney injury molecule 1 CXCL-9 = C-X-C motif 

chemokine 9.

ROC curves and corresponding AUCs are displayed in Figure 3. IL-6, azurocidin, 

NGAL, TIMP-2 and CXCL-9 all had excellent discriminative ability (AUC ≥ 0.80). 

Sensitivity, specificity and likelihood ratios for various cut-offs are shown in 
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Table 2. IL-6 (cut-off 1.88 ng/mmol creatinine) and azurocidin (cut-off 16.7 ng/

mmol creatinine) had high specificity (90% (95% CI 83-95%) and 89% (95% CI 

82-94%), respectively), while maintaining fair sensitivity (76% (95% CI 64-85%) 

and 86% (95% CI 75-93%), respectively). After backward selection, our logistic 

regression model (ROC curve in Figure 3 and model summary in Supplementary 

Table 5) contained the following biomarkers: IL-6, XO, azurocidin, NGAL, TIMP-2, 

CXCL-9 and uromodulin. This model had better discriminative ability (AUC 0.95) 

than the biomarker with the highest AUC in the univariate analysis (azurocidin, 

AUC 0.92), albeit not statistically significant (p = 0.06).

Figure 3: Receiver operating characteristic curves for IL-6, azurocidin, NGAL, TIMP-2, CXCL-9 

and a combined biomarker model. Biomarker concentrations were used as test variables, and our 

UTI definition was used for determining disease status. The true positive rate (sensitivity) was 

plotted against the false positive rate (1 – specificity) for different biomarker cut-offs. Our combined 

logistic regression model contained the following logarithmically transformed biomarkers: IL-6, 

XO, azurocidin, NGAL, TIMP-2, CXCL-9 and uromodulin. Areas under the curve were: IL-6 (0.88), 

azurocidin (0.92), NGAL (0.86), TIMP-2 (0.86), CXCL-9 (0.80), combined biomarker model (0.95). The 

ROC curve of CXCL-9 is diagonal due to ties between cases and controls, i.e. CXCL-9 concentration was 

0 in some of cases and controls. The reference line is represented by the dotted line. Abbreviations: IL-6 

= interleukin 6, XO = xanthine oxidase, NGAL = neutrophil gelatinase-associated lipocalin, TIMP-2 = 

tissue inhibitor of metalloproteinases 2, CXCL-9 = C-X-C motif chemokine 9.



5

133

Diagnostic accuracy of urine biomarkers for urinary tract infection in older women: a case-control study  

Table 2: Diagnostic accuracy parameters of IL-6, azurocidin, NGAL, TIMP-2 and CXCL-9 for 

various cut-offs. 

Cut-off Sensitivity % 
(95%CI)

Specificity % 
(95%CI)

LRpos (95% CI) LRneg (95% CI)

IL-6 (ng/mmol 

creatinine) optimal

1.88 76 (64 – 85) 90 (83 – 95) 7.6 (4.1 – 13.9) 0.3 (0.2 – 0.4)

High sensitivity 

preferred

0.28 90 (81 – 96) 43 (34 – 53) 1.6 (1.3 – 1.9) 0.2 (0.1 – 0.5)

High specificity 

preferred

1.88 76 (64 – 85) 90 (83 – 95) 7.6 (4.1 – 13.9) 0.3 (0.2 – 0.4)

Azurocidin (ng/

mmol creatinine) 

optimal

16.7 86 (75 – 93) 89 (82 – 94) 7.8 (4.4 – 13.7) 0.2 (0.09 – 0.3)

High sensitivity 

preferred

8.7 90 (81 – 96) 80 (72 – 97) 4.5 (3.0 – 6.7) 0.1 (0.05 – 0.3)

High specificity 

preferred

17.0 84 (73 – 92) 90 (83 – 95) 8.4 (4.6 – 15.3) 0.2 (0.1 – 0.3)

NGAL (pmol/mmol 

creatinine) optimal

201 87 (77 – 94) 72 (63 – 80) 3.1 (2.2 – 4.3) 0.2 (0.09 – 0.3)

High sensitivity 

preferred

115 90 (81 – 96) 63 (53 – 72) 2.4 (1.9 – 3.2) 0.2 (0.07 – 0.3)

High specificity 

preferred

598 50 (38 – 62) 90 (83 – 95) 5.0 (2.6 – 9.5) 0.6 (0.4 – 0.7)

TIMP-2 (pmol/

mmol creatinine) 

optimal

69.7 76 (64 – 85) 83 (75 – 89) 4.4 (2.8 – 7.0) 0.3 (0.2 – 0.5)

High sensitivity 

preferred

47.1 90 (81 – 96) 64 (54 – 73) 2.5 (1.9 – 3.3) 0.2 (0.07 – 0.3)

High specificity 

preferred

89.4 60 (47 – 71) 90 (83 – 95) 6.0 (3.2 – 11.1) 0.4 (0.3 – 0.6)

CXCL-9 (pmol/

mmol creatinine)

Present 

or absent

65 (52 – 75) 95 (90 – 98) 12.9 (5.4 – 

30.9)

0.4 (0.3 – 0.5)

The optimal cut-off value was based on Youden’s J statistic, and two additional cut-offs were 

calculated for scenarios in which either a sensitivity of 90% or a specificity of 90% was desired. 

CXCL9 was dichotomised as it was undetectable in a large number of patients. IL-6 = interleukin 6, 

NGAL = neutrophil gelatinase-associated lipocalin, TIMP-2 = tissue inhibitor of metalloproteinases 

2, CXCL-9 = C-X-C motif chemokine 9.
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Post hoc and subgroup analyses 

Overall, the model combining the biomarker panel and urinary leukocytes did 

not perform significantly better than urinary leukocytes alone; both showed high 

diagnostic accuracy (AUC 0.95 vs. 0.92). In the subset of patients with either UTI or 

ASB, the combined biomarker and leukocyte model demonstrated higher diagnostic 

accuracy (AUC 0.89) compared with urinary leukocytes alone (AUC 0.73), p = 0.01. 

This effect was also observed for the combination of CXCL9 and leukocytes (AUC 

0.86, p = 0.04), but not for other biomarker-leukocyte combinations. Median 

urine biomarker concentrations for case and control subgroups are detailed in 

Supplementary Tables 3 and 4.

Discussion 
In this study, we identified five urine biomarkers with high diagnostic accuracy 

for UTI in older women. Urinary IL-6, azurocidin, NGAL, TIMP-2 and CXCL-9 

accurately differentiated older women with UTI from asymptomatic women, 

including those with ASB. These findings advance the development of better 

diagnostics for UTI in older women. 

Comparison with previous studies 

Most urine biomarker research has been performed in children. [16, 24] A few 

studies have investigated the diagnostic performance of IL-6, azurocidin and 

NGAL in (older) adults. IL-6 is secreted by urothelial cells following pathogen 

exposure, and induces an acute phase response. [25] Azurocidin and NGAL are 

neutrophil-granule derived proteins that exhibit their antibacterial effect through 

monocyte chemotaxis and sequestration of siderophore-bound iron, respectively. 

[26, 27] Our findings regarding IL-6 and azurocidin are consistent with findings 

from previous studies. Kjölvmark et al. [18] observed significantly higher levels of 

IL-6 and azurocidin in community-dwelling and institutionalised patients with 

UTI compared with LTCF residents with ASB. Median urinary IL-6 and azurocidin 

concentrations were similar to concentrations found in our study, although IL-6 

concentrations were even higher in their UTI group, possibly due to a higher 

proportion of upper UTI patients. Rodhe et al. [19] also found significantly higher 

urinary IL-6 levels in older patients with UTI compared to those with ASB. Both 

studies only compared UTI and ASB. We deliberately compared patients with UTI 

to asymptomatic controls (including ASB), as this is the primary distinction to 

be made in clinical practice, given that urine culture results are not available 
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at the time of presentation. The diagnostic accuracy of NGAL was previously 

demonstrated by Price et al. [20], who reported an even higher AUC, likely due 

to their control group being younger and lacking patients with ASB. CXCL-9, a 

chemokine that differentiates pyelonephritis from cystitis in children [21], was 

detected in the majority of UTI patients but only in 5% of controls. Notably, 

CXCL-9 was undetectable in all 1443 middle-aged participants in a prior LC-MS 

reference value study [23], supporting the biomarker’s high specificity. We did not 

find any study evaluating the diagnostic accuracy of TIMP-2 for UTI.

Biomarker panel 

In clinical practice, pyuria is often assessed when diagnosing UTI. Our recent 

study showcased that the degree of pyuria can aid in differentiating UTI from 

asymptomatic controls. [8] The biomarkers evaluated in our current study displayed 

comparably high diagnostic accuracy. An additional value of the biomarker 

panel lies in the distinction between UTI and ASB, as urinary leukocyte counts 

showed some overlap in our previous study. [8] Our post hoc analysis showed 

that a combination of urine biomarkers and leukocytes had a significantly higher 

diagnostic accuracy in this subgroup than urine leukocytes alone. Particularly in 

cases with intermediate degrees of pyuria, this panel could assist the clinician in 

deciding whether to initiate empirical treatment or not.

Strengths and limitations 

The strengths of this study include the implementation of robust and standardised 

(pre)analytical procedures, ensuring reliable biomarker results. Additionally, 

we employed strict criteria to define UTI, included three control subgroups, and 

recruited older women from diverse healthcare settings. However, there are certain 

limitations to acknowledge. Firstly, the study primarily involved a relatively 

healthy older population, which may restrict the generalisability of our findings to 

a more frail population. However, given the absence of an agreed-upon reference 

standard for UTI, the selection of distinct cases and controls was necessary to 

identify promising biomarkers warranting further validation. Secondly, we did not 

measure serum creatinine levels, which prevented us from exploring this potential 

relationship in our study. [17] As with any case-control study, there is a possibility 

of overestimated diagnostic accuracy parameters and unmeasured confounding. 

Lastly, we acknowledge minor differences between cases and controls regarding 

baseline characteristics. However, additional regression analysis (not shown) did not 
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demonstrate an effect of age, diabetes mellitus or ADL-dependency on biomarker 

concentrations.

Conclusions 

In conclusion, we have identified five urine biomarkers that exhibit high diagnostic 

accuracy for UTI in older women: IL-6, azurocidin, NGAL, TIMP-2 and CXCL-

9. Moreover, a biomarker panel showed additional value, on top of pyuria, for 

discriminating UTI from ASB. The performance of these biomarkers needs to be 

prospectively validated in a broader population with various clinical presentations 

(including non-specific symptoms), comorbidities and levels of frailty. Future 

research should then focus on whether the implementation of this diagnostic tool, 

for instance as a point-of-care test, improves individual patient management, 

infection surveillance and control efforts, combats antimicrobial resistance, and 

reduces misclassification bias in UTI studies. 
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Supplement 
Supplementary methods: biomarker analysis and quality control 

ELISA

ELISA analyses were carried out using the Quantikine™ human IL-6 kit (R&D 

Systems, Minneapolis, MN, Art. No. HS600C), the XO kit (Cusabio, Houston, TX, 

Art. No. CSB-E13124h), and the human azurocidin kit (Cusabio, Houston, TX, Art. 

No. CSB-E09698h). All analyses were executed in accordance with the provided 

manuals and quality controls were performed for each kit. The IL-6 ELISA kit 

performance was tested with low, medium and high concentration quantitative 

controls purchased from R&D systems (Quantikine™, Immunoassay Control Group 

246, Cat. No. QC246). All quantitative controls passed the predefined criteria 

provided by the manufacturer. In addition, an in-house prepared urine pool of 

healthy individuals was used as an internal quality control. Finally, two in-house 

prepared single-donor (kidney transplantation patient) samples were used for 

quality assurance, as no quality controls were provided by the manufacturer. 

Average coefficients of variation (CV) were 6.3% (IL-6), 20.1% (XO), and 13.9% 

(AZU). Lower limits of detection were 0.03 pg/mL (IL-6), 0.04 ng/mL (XO) and 2.0 

pg/mL (azurocidin), respectively. If the upper limit of detection was reached, 

samples were diluted as prescribed by the manual. Final biomarker concentrations 

were normalised for urinary dilution using creatinine (mmol/L) and reported in 

ng/mmol creatinine. Creatinine concentrations were determined for each sample 

with an enzymatic assay using a Cobas C502 (Roche Diagnostics, Rotkreuz, 

Switzerland).

LC-MS

The other nine biomarkers were analysed with our in-house developed and 

validated multiplex LC-MS test with modifications. The use of alternative 

antibodies for calbindin (R&D systems AF3320; Polyclonal Goat IgG) and TGF-β1 

(R&D systems BAF240; Polyclonal Chicken IgY) improved the measuring range and 

increased sensitivity by 10-fold. For KIM-1, TIMP-2, CXCL-9 and TGF-β1 optimised 

LC-MS settings were used. The optimised method was employed to measure the 

samples in a total of three batches in 96-well format including five urine-based 

calibrators and two urine-based internal quality controls in duplicate per batch, for 

the purpose of quantification and quality assurance, respectively. The performance 

of the LC-MS instrument passed the criteria of the system suitability test that was 

run prior to and after each sample batch. Internal quality controls for all three 
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batches passed the predefined criteria. Specifically, the average CVs for QC1 and 

QC2 were 13.7% and 15.4%, respectively. LC-MS biomarker concentrations (pmol/L) 

were normalised for urinary dilution and reported in pmol/mmol creatinine.

Supplementary Table 1: List of causative pathogens in cases and controls with asymptomatic 

bacteriuria (ASB).

Cases  
(n = 62)

Controls with ASB 
(n = 18)

Escherichia coli n (%) 50 (81) 14 (79)

Klebsiella spp. n (%) 3 (5) 2 (11)

Proteus mirabilis n (%) 3 (5) 0

Citrobacter (non) koseri n (%) 2 (3) 0

Enterococcus faecalis/faecium n (%) 2 (3) 1 (6)

Pseudomonas aeruginosa n (%) 2 (3) 0

Group C Streptococcus n (%) 0 1 (6)

In two cases, Escherichia coli isolates produced extended-spectrum beta-lactamase. In all controls 

with ASB, we required growth of identical pathogens in two consecutive urine cultures, obtained 

two to four weeks apart, with at least 105 colony-forming units per millilitre. Klebsiella spp. included 

Klebsiella pneumoniae (n = 4) and Klebsiella oxytoca (n = 1).
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Supplementary Table 2: Median urine biomarker concentrations for cases and controls. 

Cases  
(n = 62)

Controls 
(n = 100)

Unadjusted  
P-value

AUC (95%CI)

IL-6 ng/mmol 

creatinine, median 

(IQR)

9.0 (1.9 – 31.4) 0.34 (0.16 – 0.83) < 0.001 0.88 (0.82 – 

0.94)

XO ng/mmol 

creatinine, median 

(IQR)

44.3 (19.6 – 164.6) 30.8 (11.2 – 92.7) 0.04 0.60 (0.51 – 0.69)

Azurocidin ng/mmol 

creatinine, median 

(IQR)

48.4 (27.1 – 126.5) 2.6 (0.90 – 6.9) < 0.001 0.92 (0.87 – 

0.96)

NGAL pmol/mmol 

creatinine, median 

(IQR)

594 (289 – 1772) 59 (20 – 234) < 0.001 0.86 (0.80 – 0.91)

IGFBP-7 pmol/mmol 

creatinine, median 

(IQR)

51.3 (8.7 – 94.6) 72.4 (39.2 – 117.0) 0.002 0.65 (0.56 – 0.74)

TIMP-2 pmol/mmol 

creatinine, median 

(IQR)

120 (69 – 209) 42 (29 – 63) < 0.001 0.86 (0.80 – 

0.92)

KIM-1 pmol/mmol 

creatinine, median 

(IQR)

11.7 (5.3 – 19.1) 5.2 (3.0 – 9.0) < 0.001 0.72 (0.64 – 0.80)

CXCL-9 pmol/mmol 

creatinine, median 

(IQR)

0.98 (0 – 3.5) 0 (0 – 0) < 0.001 0.80 (0.72 – 0.88)

Uromodulin mg/

mmol creatinine, 

median (IQR)

0.82 (0.35 – 2.27) 1.06 (0.52 – 1.98) 0.38 0.54 (0.45 – 0.64)

Calbindin pmol/mmol 

creatinine, median 

(IQR)

9.8 (6.7 – 20.3) 10.5 (7.3 – 18.9) 0.65 0.52 (0.43 – 0.62)

All values are normalised for urinary dilution. A Mann-Whitney U test was performed to compare 

median biomarker concentrations between cases and controls. Uncorrected p-values are shown, 

we applied a Bonferroni-corrected significance level (α) of 0.005. The area under the curve (AUC) 

of each individual biomarker was derived from the receiver operating characteristic curve of each 

biomarker. Abbreviations: IQR = interquartile range, IL-6 = interleukin 6, XO = xanthine oxidase, 

NGAL = neutrophil gelatinase-associated lipocalin, IGFBP-7 = insulin-like growth factor-binding 

protein 7, TIMP-2 = tissue inhibitor of metalloproteinases 2, KIM-1 = kidney injury molecule 1, 

CXCL-9 = C-X-C motif chemokine 9.
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Supplementary Table 3: Summary of the logistic regression model with a combination of 

biomarkers obtained through backward selection.

Beta Odds ratio (95%CI) P-value

XO -1.11 0.33 (0.09 – 1.13) 0.09

Azurocidin 1.38 3.96 (1.22 – 15.23) 0.03

NGAL 1.16 3.19 (0.75 – 16.07) 0.13

TIMP-2 -2.38 0.09 (0.004 – 1.88) 0.13

IL-6 1.97 7.19 (1.78 – 35.14) 0.009

CXCL-9 1.66 5.27 (1.61 – 20.53) 0.01

Uromodulin -1.30 0.27 (0.05 – 1.45) 0.14

The R package MASS was used for backwards variable selection. All variables in this model were 

logarithmically transformed, due to the large variance observed in some of these biomarkers. 

Abbreviations: XO = xanthine oxidase, NGAL = neutrophil gelatinase-associated lipocalin, TIMP-2 

= tissue inhibitor of metalloproteinases 2, IL-6 = interleukin 6, CXCL-9 = C-X-C motif chemokine 9.
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Supplementary Table 4: Median urine biomarker concentrations for lower versus upper UTI. 

Lower UTI 
(n = 49)

Upper UTI 
(n = 13)

Unadjusted  
P-value

IL-6 ng/mmol creatinine, 

median (IQR)

5.2 (1.1 – 27.2) 23.3 (13.6 – 50.1) 0.046

XO ng/mmol creatinine, 

median (IQR)

32.6 (17.7 – 98.0) 192.0 (35.6 – 560.8) 0.02

Azurocidin ng/mmol 

creatinine, median (IQR)

47.5 (28.3 – 127.9) 49.3 (16.0 – 163.4) 0.72

NGAL pmol/mmol 

creatinine, median (IQR)

576 (287 – 1790) 610 (265 – 2990) 0.94

IGFBP-7 pmol/mmol 

creatinine, median (IQR)

34.3 (8.1 – 84.8) 82.0 (37.8 – 146.6) 0.03

TIMP-2 pmol/mmol 

creatinine, median (IQR)

115 (62 – 202) 151 (73 – 271) 0.30

KIM-1 pmol/mmol 

creatinine, median (IQR)

11.7 (4.8 – 19.8) 13.4 (6.8 – 16.2) 0.97

CXCL-9 pmol/mmol 

creatinine, median (IQR)

1.08 (0 – 3.56) 0.82 (0.21 – 4.97) 0.79

Uromodulin mg/mmol 

creatinine, median (IQR)

0.75 (0.39 – 2.08) 0.91 (0.19 – 2.67) 0.95

Calbindin pmol/mmol 

creatinine, median (IQR)

8.8 (6.0 – 12.3) 26.0 (9.9 – 45.4) 0.001

All values are normalised for urinary dilution. A Mann-Whitney U test was performed to compare 

median biomarker concentrations between lower and upper UTI patients. P-values not corrected 

for multiple testing are shown. Abbreviations: UTI = urinary tract infection, IQR = interquartile 

range, IL-6 = interleukin 6, XO = xanthine oxidase, NGAL = neutrophil gelatinase-associated 

lipocalin, IGFBP-7 = insulin-like growth factor-binding protein 7, TIMP-2 = tissue inhibitor of 

metalloproteinases 2, KIM-1 = kidney injury molecule 1, CXCL-9 = C-X-C motif chemokine 9.
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Supplementary Table 5: Median biomarker concentrations for control subgroups.

UTI group Control group

UTI  
(n = 62)

ASB 
(n = 18)

Neg. culture 
(n = 25)

Mixed flora 
(n = 57)

P-value* AUC**

IL-6 ng/mmol 
creatinine, median 
(IQR)

9.0 (1.9 – 31.4) 0.65 (0.18 – 2.19) 0.20 (0.15 – 0.49) 0.39 (0.15 – 0.82) < 0.001 0.82

XO ng/mmol 
creatinine, median 
(IQR)

44.3 (19.6 – 164.6) 27.5 (9.2 – 63.4) 39.1 (15.6 – 82.5) 34.9 (11.8 – 99.0) 0.054 0.65

Azurocidin ng/mmol 
creatinine, median 
(IQR)

48.4 (27.1 – 126.5) 6.4 (2.3 – 20.2) 1.3 (0.8 – 3.4) 2.8 (0.8 – 6.4) < 0.001 0.82

NGAL pmol/mmol 
creatinine, median 
(IQR)

594 (289 – 1772) 320 (129 – 699) 23 (11 – 73) 55 (21 – 219) 0.03 0.67

IGFBP-7 pmol/mmol 
creatinine, median 
(IQR)

51.3 (8.7 – 94.6) 54.1 (28.6 – 72.8) 95.8 (50.2 – 152.4) 79.6 (39.8 – 115.8) 0.92 0.51

TIMP-2 pmol/mmol 
creatinine, median 
(IQR)

120 (69 – 209) 44 (35 – 131) 42 (28 – 58) 41 (27 – 59) 0.002 0.74

KIM-1 pmol/mmol 
creatinine, median 
(IQR)

11.7 (5.3 – 19.1) 7.0 (3.7 – 12.5) 3.5 (1.6 – 6.7) 5.3 (3.0 – 8.7) 0.13 0.62

CXCL-9 pmol/mmol 
creatinine, median 
(IQR)

0.98 (0 – 3.5) 0 (0 – 0) 0 (0 – 0) 0 (0 – 0) < 0.001 0.80

Uromodulin mg/
mmol creatinine, 
median (IQR)

0.82 (0.35 – 2.27) 1.05 (0.32 – 1.39) 0.84 (0.38 – 2.72) 1.13 (0.65 – 2.00) 0.85 0.51

Calbindin pmol/mmol 
creatinine, median 
(IQR)

9.8 (6.7 – 20.3) 13.7 (7.0 – 24.6) 9.4 (7.2 – 17.1) 10.8 (7.2 – 19.1) 0.43 0.56

 *P-value is shown for comparison UTI versus ASB, using a Mann-Whitney U test. **Area under 

the receiver operating characteristic curve is shown for discriminating UTI from ASB. All values are 

normalised for urinary dilution. Abbreviations: UTI = urinary tract infection, ASB = asymptomatic 

bacteriuria, AUC = area under the curve, IL-6 = interleukin 6, XO = xanthine oxidase, NGAL = 

neutrophil gelatinase-associated lipocalin, IGFBP-7 = insulin-like growth factor-binding protein 

7, TIMP-2 = tissue inhibitor of metalloproteinases 2, KIM-1 = kidney injury molecule 1, CXCL-9 = 

C-X-C motif chemokine 9.
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Abstract 
Background 

Recurrent urinary tract infections (UTI) are common, especially in women. When 

oral antimicrobial prophylaxis is ineffective or not possible due to allergies or 

antimicrobial resistance, intravesical aminoglycoside instillations (IAI) are a non-

systemic alternative. 

Objectives 

To assess treatment satisfaction, long-term safety and efficacy of IAI for recurrent 

UTI. 

Methods 

We conducted a cohort study using data collected between January 2013 and June 

2022 at the Leiden University Medical Center. Adult patients with recurrent UTI 

who received prophylactic IAI were eligible for inclusion. Treatment satisfaction 

was assessed through a survey. Data on serum aminoglycoside concentrations, 

cystoscopy results, and number of recurrences were obtained through chart 

review. Number of recurrences and UTI characteristics were compared between 

patients on and off IAI using Poisson and logistic mixed effects models. 

Results 

Forty-four patients were included (median follow-up time 976 days) and 323 

UTIs occurred during follow-up. Overall treatment satisfaction was high (median 

79.2/100). All but one patient had undetectable serum aminoglycoside levels and no 

malignancies were found on follow-up cystoscopy. IAI increased the time to first 

recurrence (102 days versus 36 days, p = 0.02), reduced the number of recurrences 

(RR 0.75, 95%CI 0.56 – 0.99, p = 0.04), and the necessity for systemic antibiotics 

(OR 0.33, 95%CI 0.13 – 0.86, p = 0.02). 

Conclusions 

In patients with recurrent UTI, IAI was associated with high treatment satisfaction, 

and was found to be a safe and effective alternative to oral antimicrobial 

prophylaxis.
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Introduction 
Recurrent urinary tract infection (UTI) refers to at least three episodes per year 

or two episodes per 6 months. [1] While morbidity of a single UTI is low, the high 

incidence and recurrence risk lead to considerable healthcare costs and a reduced 

quality of life. [2, 3] In patients with high recurrence rates despite behavioural 

modifications and non-antimicrobial prophylaxis, oral antimicrobial prophylaxis 

is often initiated. Continuous antimicrobial prophylaxis reduces recurrence risk, 

including in patients who perform clean intermittent catheterisation (CIC). [4, 5] 

However, an important disadvantage of continuous oral antimicrobial prophylaxis 

is the emergence of resistant pathogens, limiting treatment options. [5, 6] This is 

especially relevant for patients with an increased risk of infections with multidrug 

resistant organisms (MDRO), e.g. patients with neurogenic bladder and kidney 

transplant recipients. [7, 8] In addition to antimicrobial resistance (AMR), allergies 

and side effects may preclude oral antimicrobial prophylaxis as a viable treatment 

strategy for recurrent UTI. [9]

In an era where AMR is a rising threat to global health, direct instillation of 

antibiotics in the bladder may be an appealing alternative to systemic antimicrobial 

prophylaxis. [10] With intravesical aminoglycoside instillations (IAI), high 

concentrations of aminoglycosides – which exhibit concentration-dependent 

killing – are achieved in the bladder. Consequently, uropathogens without high-

level aminoglycoside resistance can still be treated with IAI as concentrations 

in the bladder exceed MIC breakpoints. [11] Systemic uptake of aminoglycosides 

is rare, diminishing the concern for nephrotoxicity and ototoxicity. [11] As 

aminoglycosides stay in the bladder, it is hypothesised that the commensal flora 

of the gut, perineum and vagina may remain unaffected. In fact, Stalenhoef et 

al. [11] showed a reduction in MDRO UTIs, possibly also explained by a decrease 

in overall systemic antibiotic use. [12] Treatment satisfaction has not yet been 

assessed with validated tools. Evaluating treatment satisfaction is particularly 

relevant for patients receiving IAI, as it is more invasive than other prophylactic 

alternatives, and treatment satisfaction influences treatment-related behaviour 

(adherence and persistence), ultimately affecting treatment success. [13] Since 

the study by Stalenhoef et al. [11], the Leiden University Medical Center (LUMC) 

has implemented IAI in an increasing number of outpatients with recurrent 

UTI, most of them continuing IAI after 6 months. As a consequence, more long-

term data have become available. The aim of this study is to assess treatment 

satisfaction, long-term safety and efficacy of IAI in patients with recurrent UTI.
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Methods 
We conducted a cohort study using data collected between January 2013 and June 

2022 in our tertiary care hospital for assessment of long-term safety and efficacy. 

Treatment satisfaction was assessed through a cross-sectional survey (May 2022). 

This study was approved by the regional ethics committee (METC-LDD) and all 

patients provided written informed consent for the use of their data and survey 

participation. This study was registered at clinicaltrials.gov (NCT05376670). 

Study population 

Adult recurrent UTI patients who were on continuous or postcoital IAI were 

eligible for inclusion. Patients exclusively using IAI for on-demand treatment 

of recurrences (no prophylaxis) were excluded. Moreover, we excluded patients 

receiving IAI for chronic prostatitis and patients with an indwelling catheter. 

Patients with multiple treatment cycles (on and off IAI) acted as their own 

controls. 

IAI treatment protocol 

Patients received training for CIC and the preparation of the solution by a 

specialised nurse. They were instructed to mix 80 mg of gentamicin with 20 mL 

of 0.9% sodium chloride (tobramycin 80 mg or amikacin 250 mg were chosen in 

case of infections with a gentamicin-resistant pathogen within the preceding 6 

months). To increase bladder time, patients were advised to administer the solution 

before bedtime. The standard treatment regimen consisted of daily instillations 

for 2 weeks, every other day for 10 weeks, and twice weekly for 12 weeks. 

In case of new-onset lower urinary tract symptoms (LUTS), daily instillations 

were reinitiated for 5-7 days if signs of systemic infection were absent. If LUTS 

persisted or systemic signs were present, oral or intravenous antibiotics were 

started. Patients were instructed to directly contact the outpatient clinic instead 

of their general practitioner for all new-onset symptoms, regardless of whether 

they were on IAI at that time. After 6 months of IAI, discontinuation of treatment 

was discussed with all patients. If treatment was continued, IAI frequency was 

individualised and based on recurrence rate. Serum aminoglycoside levels were 

measured in the first month, after an overnight instillation. Cystoscopy was 

performed every two years. 
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Data collection 

Clinical data were collected from electronic records and included baseline 

demographics, comorbidities, other prophylactic measures, and previous MDRO 

UTIs. For safety endpoints we collected cystoscopy and serum aminoglycoside 

data. To establish efficacy, we recorded the number of recurrences during follow-

up. For each UTI, additional information was collected on LUTS, fever (temperature 

≥ 38.0 ºC), microbiological results, hospital admission and treatment. 

We defined UTI as an episode with new-onset symptoms that was diagnosed as a 

UTI by a physician and was treated with an antimicrobial agent. Dysuria, frequency, 

urgency and suprapubic pain were classified as LUTS, other non-genitourinary 

symptoms were classified as ‘non-specific symptoms’. Both conversion to daily 

IAI and oral/intravenous antibiotics were considered treatment. We considered 

ESBL and carbapenemase-producing Enterobacterales, Enterobacterales with 

combined fluoroquinolone and aminoglycoside resistance, and vancomycin-

resistant enterococci as MDRO. MIC-breakpoints for resistance and intermediate 

sensitivity were based on EUCAST-criteria. [14]

Treatment satisfaction 

Treatment satisfaction was only assessed in patients who were on IAI at the time 

of data collection or had been using IAI no longer than one year before the start 

of data collection. Treatment satisfaction was assessed through a linguistically-

validated Dutch version of the Treatment Satisfaction Questionnaire for 

Medication-version II (TSQM-II) in a paper format. [15] Permission was obtained 

from IQVIA Inc. (One IMS Drive, Plymouth Meeting, PA-19462). The TSQM-II 

consists of 11 questions, divided into four domains: effectiveness, side effects, 

convenience, and global satisfaction. Scores are calculated by adding items in 

each domain and transforming the composite score into a value ranging from 0 

to 100, where a score of 100 corresponds with the highest degree of satisfaction. 

For the side effects domain, a score of 100 indicates an absence of side effects.

Statistical analysis 

Statistical analysis was performed using SPSS version 27.0 (IBM, Armonk, USA) 

and R version 4.0.3 (R Foundation for Statistical Computing, Vienna, Austria). Data 

are presented as percentages, means with standard deviations, or medians with 

IQR based on the type and distribution of the data. To compare UTI characteristics 
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between patients on and off IAI, a logistic mixed effects model with a varying 

intercept per patient was used, to take dependencies between observations 

(recurrences) per patient into account. The Kaplan-Meier method was used to 

estimate time to first UTI recurrence; results were graphically displayed and 

compared between patients on IAI and after cessation of IAI using a log-rank 

test. In case of multiple IAI cycles, only the first IAI cycle was included in the 

Kaplan-Meier analysis. To compare the incidence of UTI episodes between patients 

on and off IAI, a Poisson mixed effects model was used (with random intercept 

per patient). As the duration of treatment cycles markedly varied, ‘duration’ 

was log-transformed and included as an offset in the model. For the Poisson 

model, we assumed that risk of recurrence was constant over time. Since this 

assumption may not hold true, we performed a sensitivity analysis in which these 

data were analysed using a Cox frailty model. Prior to data analysis, sample size 

was calculated for treatment satisfaction. To estimate the mean overall score on 

the TSQM-II questionnaire with a margin of error indicated by a 95% CI not wider 

than 20, a sample size of 25 patients was required, given the expected population 

standard deviation of 25.4. [5] Subgroup analyses were performed based on gender, 

menopausal status, history of kidney transplantation, and history of CIC prior to 

IAI. To determine whether effects of IAI treatment differed between subgroups, 

Poisson mixed effects models with interaction terms were applied.

Results 
Patient characteristics 

In total, 44 patients were included (inclusion flowchart in Supplementary Figure 

1). Patient characteristics are outlined in Table 1. Most patients in our cohort 

were postmenopausal women receiving IAI due to failure of oral antimicrobial 

prophylaxis (57%) or the lack of oral options due to AMR (36%). Twenty-eight 

patients (68%) were already performing CIC prior to the initiation of IAI and 11 

patients (25%) had a history of kidney transplantation. Median follow-up duration 

was 976 days (IQR 468 – 1637) and median number of IAI days was 602 (IQR 402 

– 1212).

Treatment satisfaction and (dis)continuation 

At 6 months, 80% of patients wished to continue IAI, because of fewer recurrences 

and an increased quality of life (self-reported). Two patients discontinued after 

6-months due to insufficient efficacy, and one patient was switched to oral 
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Table 1: Baseline characteristics of patients with recurrent UTI starting IAI. 

Baseline characteristics n = 44

Age in years 61.9 (14)

Female

Postmenopausal 

Sexually active

31 (71)

25/31 (81) 

13/21 (62)

Comorbidity

Previous CIC 

Underactive/neurogenic bladder (including spina bifida) 

Kidney transplantation 

Urethral dilation/meatal dilation/urethrotomy 

Diabetes mellitus 

Cystocele/rectocele 

Nephrectomy 

TURP 

ADPKD 

Urolithiasis 

Urological malignancy

28 (68) 

27 (61) 

11 (25) 

10 (23) 

8 (18) 

7 (16) 

5 (11) 

5 (11) 

3 (7) 

3 (7) 

0

eGFR mL/min/1.73 m2 prior to start of IAI

≥ 90 

60 – 89 

45 – 59 

30 – 44 

15 – 29

12 (27) 

21 (48) 

4 (9) 

3 (7) 

4 (9)

Non-antimicrobial prophylaxis

Vaginal oestrogen 

D-mannose 

Non-antibiotic irrigations

22/31 (71) 

13 (30) 

11 (25)

UTI caused by MDRO in 6 months before IAI 17 (39)

Indication for IAI

Oral prophylaxis not efficacious

No oral options due to resistance

No oral options due to intolerance

No oral options due to allergy

Other reason

 

25 (57) 

16 (36) 

15 (34) 

4 (9) 

6 (14)

Frequency of IAI at last follow-up 

Daily 

Every other day 

Twice weekly 

No IAI at last follow-up

 

7 (16) 

10 (23) 

13 (30) 

14 (32)

Age is expressed as mean (SD); all other variables are expressed as n (%). Sexual activity was not 

reported for 10 women. Other reasons for initiation of IAI: patient preferred IAI over oral prophylaxis, 

patient already did CIC and had recurrent urinary tract infections. Abbreviations: IAI = intravesical 

aminoglycoside instillations, CIC = clean intermittent catheterisation, TURP = transurethral 

resection of the prostate, ADPKD = autosomal dominant polycystic kidney disease, eGFR = estimated 

glomerular filtration rate, MDRO = multidrug resistant organism.
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prophylaxis because resistance to oral antimicrobial therapy was lost. Of the 26 

patients that discontinued IAI at some point during follow-up, 18 (69%) restarted 

IAI. The TSQM-II was filled out by 32 patients (73%), and results are summarised 

in Figure 1. Median scores of the four domains were: global satisfaction 79.2 

(IQR 66.7 – 100.0), effectiveness 83.3 (IQR 66.7 – 97.9), side effects 100.0 (IQR 

100.0 – 100.0), and convenience 69.4 (IQR 61.1 – 83.3). Two patients completing 

the questionnaire reported side effects, being painful CIC. Global satisfaction 

was higher for patients who were already performing CIC before initiation of IAI 

compared to patients who did not have prior experience with CIC (median score 

83.3 versus 58.3, p = 0.03). Discontinuation rates and TSQM-scores did not differ 

for the specified subgroups (data not shown).

Figure 1: Box and whiskers plot of Treatment Satisfaction Questionnaire for Medication version 

II (TSQM-II) scores in patients with current or recent IAI treatment (n = 32). Median values are 

represented by the black line within the boxes; the median value of the side effects domain was 100.

Safety 

Cystoscopy was performed in 29 patients (66%) after a median of 768 days (IQR 

363 – 1327) since the start of IAI. No malignancies were found. Other cystoscopy 

findings included bladder trabeculation (n = 6), diverticula (n = 3) and cystitis 

cystica/glandularis (n = 2). Serum aminoglycoside levels were available for 40 

patients (91%). All but one patient had undetectable serum aminoglycoside levels. 

The patient with a detectable aminoglycoside level (serum tobramycin 0.5 mg/L) 

had macroscopic haematuria (due to a recent bladder biopsy for a suspected fungal 

cystitis) at the time of measurement. 
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Efficacy 

Recurrences and antimicrobial consumption 

In total, 323 UTIs (207 during IAI prophylaxis, 116 after IAI prophylaxis) were 

reported in 44 patients. UTI characteristics are outlined in Table 2. LUTS were 

present in 209/268 (78.0%) episodes and fever in 44/323 (13.6%) episodes. Median 

time to first recurrence was longer for patients on IAI compared to after cessation 

of IAI (102 days versus 36 days, p = 0.02), as summarised in Figure 2. Moreover, 

IAI significantly decreased the number of recurrences (rate ratio 0.75, 95%CI 0.56 

– 0.99, p = 0.04). A positive effect of IAI was also consistently seen in various Cox 

frailty models (Supplementary Table 1). In patients on IAI, 75.2% of recurrences 

were treated with systemic (oral or intravenous) antibiotics, compared to 92.2% 

of recurrences after cessation of IAI (OR 0.33, 95%CI 0.13 – 0.86, p = 0.02).

Table 2: Characteristics and treatment of UTIs in patients with IAI and after cessation of IAI.

IAI n (%) No IAI n (%) OR (95%CI) p-value

New-onset LUTS 122/169 (72.2) 87/99 (87.9) 0.43 (0.16 – 1.18) 0.10

Fever 30/207 (14.5) 14/116 (12.1) 1.23 (0.45 – 3.34) 0.68

UTI caused by classic GNR 101/164 (61.6) 75/102 (73.5) 0.66 (0.31 – 1.43) 0.29

UTI caused by enterococci 26/164 (15.9) 5/102 (4.9) 4.45 (1.40 – 12.88) 0.01

MDRO (including ESBL) 22/155 (14.2) 18/99 (18.2) 0.78 (0.28 – 2.19) 0.64

Hospital admission 30/206 (14.6) 10/116 (8.6) 1.09 (0.34 – 3.56) 0.88

Necessity for systemic (oral/

intravenous) antibiotics

155/206 (75.2) 107/116 (92.2) 0.33 (0.13 – 0.86) 0.02

E. coli, Proteus mirabilis and Klebsiella pneumoniae were defined as classic Gram-negative rods. Missing 

data: new-onset LUTS (n = 55), hospital admission (n = 1), necessity for systemic antibiotics (n = 

1). In 54 UTI episodes, no urine culture was performed. Odds ratios were calculated using a logistic 

mixed effects model with a varying intercept per patient. Abbreviations: OR = odds ratio, 95%CI 

= 95% confidence interval, UTI = urinary tract infection, LUTS = lower urinary tract symptoms, 

GNR = Gram-negative rods, MDRO = multi-drug resistant organism, ESBL = extended spectrum 

beta-lactamase.

The results of the subgroup analyses are provided in Supplementary Table 2. 

In the subgroup of women, the time to first recurrence was 98 versus 23 days, p 

= 0.02 and the rate ratio of recurrences was 0.59 (95%CI 0.43 – 0.81, p = 0.001).
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Figure 2: Kaplan-Meier curve of time to first recurrence (UTI) in patients with IAI and after 

cessation of IAI. Patients on IAI treatment are indicated by the solid line, and patients that have 

stopped IAI by the dotted line. Abbreviations: IAI = intravesical aminoglycoside instillations.

Microbiological characteristics 

A urine culture was performed in 267 episodes (82.7%). In 216 cases (80.9%) 

a single uropathogen was found, while in 20 cases (7.5%) two uropathogens, in 

21 cases (7.9%) mixed flora, and in 10 cases (3.7%) no uropathogens were found. 

Recurrences that occurred during IAI were more often caused by enterococci than 

recurrences that occurred after cessation of IAI (OR 4.45, 95%CI 1.40 – 12.88, p = 

0.01). No differences were found in the same comparison for classic Gram-negative 

rods (E. coli, Klebsiella pneumoniae, and Proteus mirabilis). In the 6 months before 

initiation of IAI, 17 patients had a UTI caused by an MDRO (5 were aminoglycoside 
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resistant). Three of these 17 patients experienced a recurrence with the same 

MDRO in the 6 months after initiation of IAI.

Sensitivity analysis 

Eight patients (18%) in our study had also participated in the study by Stalenhoef 

et al.[11] Including only the remaining 36 patients (82%) in our Poisson model 

produced a rate ratio of 0.75 (95%CI 0.53 – 1.05). Furthermore, results of our logistic 

mixed effects model were not affected by missing clinical and microbiological data 

(Supplementary Table 3).

Discussion 
In patients with recurrent UTI, IAI is associated with high treatment satisfaction 

and continuation rates, and it appears to be a safe and effective alternative to oral 

antimicrobial prophylaxis. 

Treatment satisfaction 

Thus far, treatment satisfaction for IAI has not been assessed with a validated 

questionnaire. Stalenhoef et al. [11] requested patients to grade their satisfaction 

by providing a score between 0 and 10 and found a mean score of 8 (SD 1.2) after 

24 weeks of IAI. This score is similar to the overall satisfaction score that was 

found in our study (median 79.2 out of 100). However, an overall score does not 

give insight into the different domains of treatment satisfaction. The highest 

satisfaction scores were observed in the ‘effectiveness’ and ‘side-effects’ domains. 

In fact, only two patients reported any side effects (painful catheterisation). 

Contrary to previous studies, no gastro-intestinal complaints or vaginal infections 

were reported. [11, 12] The validated questionnaire that we used in our study 

was also used in a randomised trial evaluating oral antimicrobial prophylaxis 

in patients with recurrent UTI and CIC use. [5] Scores for effectiveness were 

comparable to our IAI cohort. However, convenience scores were lower in our 

patients with IAI (mean 71.2, SD 16.1) compared to patients in the oral prophylaxis 

study (mean 88.9, SD 13.9). Lower convenience scores for IAI are unsurprising as 

CIC is necessary for administration of the drug. In the oral prophylaxis study, all 

patients were already performing CIC and questions focused on convenience of 

oral therapy alone.
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Safety 

Serum aminoglycoside levels were undetectable in all but one patient, 

confirming results of previous studies that systemic uptake is very rare. [11, 

16-18] In treatment of non-muscle-invasive bladder cancer, systemic uptake of 

intravesical agents occurs more frequently in case of mucosal damage, due to 

recent transurethral resection, traumatic catheterisation or an active UTI. [19] In 

an infected rat bladder model, systemic aminoglycoside absorption was observed 

in 3/7 rats, but serum aminoglycoside levels were all in the non-toxic range. [20] 

The serum concentration that was found in one patient (0.5 mg/L) was likely 

related to disruption of the epithelial barrier due to recent bladder biopsies. This 

concentration is considered non-toxic as it falls below the usual trough levels for 

systemic aminoglycoside treatment. [21] We propose that routine measurement of 

serum aminoglycoside concentration should no longer be performed in patients 

using IAI, except in patients with macroscopic haematuria.

Neither in our study, nor in the study by Stalenhoef et al. [11] were malignancies 

found on follow-up cystoscopy. Our study had markedly longer follow-up times, 

with a quarter of patients having a follow-up cystoscopy more than 3.5 years after 

initiation of IAI. However, caution is warranted when interpreting these findings, 

as our sample size was relatively small, bladder cancer incidence is generally low, 

and the median age of our cohort lies below the median age at bladder cancer 

diagnosis.

Efficacy 

In our study, IAI significantly reduced the number of recurrences and necessity 

for systemic (oral/intravenous) antibiotics. These findings are consistent with 

previous studies, most of them including patients with neurogenic bladder. [11, 12, 

17, 22, 23] In subgroup analyses the effect of IAI seemed to be most pronounced 

in women, which is in contrast with the results of two previous studies that also 

investigated the effect of gender. [11, 22] However, caution should be applied when 

interpreting results of subgroup analyses, as the subgroups were small and other 

determinants had a skewed distribution. For instance, 54% of men were kidney 

transplant recipients, compared to 13% of women.

The majority of studies compared the number of recurrences in the 6 months 

prior to IAI to the number of recurrences in the 6 months after initiation of IAI. 

However, Stalenhoef et al. [11] showed that recurrence rates in the 6 months after 
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cessation of IAI remained low. In this study, follow-up started at the initiation of 

IAI and recurrence rates were compared between on and off IAI cycles, meaning 

that patients off IAI had already used IAI in the past. It is possible that the 

reduction in recurrence rate would have been even more pronounced had we 

compared recurrence rates between patients on IAI and prior to initiation of IAI. 

A comparison between self-reported recurrence rate (before IAI) to physician-

reported recurrence rate was not deemed ideal. In patients receiving IAI, we 

observed that fewer recurrences had to be treated with systemic antibiotics. 

This observation underestimates the reduction of the total antibiotic burden, as 

recurrence rates are also lower in patients with IAI use.

It is incompletely understood which mechanisms contribute to the efficacy of 

IAI. Worby et al. [24] have shown that gut microbial richness is significantly 

lower in women with recurrent UTI. In this study, 1 in 4 recurrences were treated 

with daily IAI only. We hypothesise that a reduction in systemic antibiotic use 

(due to a decrease in recurrence rate as well as treating recurrences with IAI 

only) may promote a recovery of a dysbiotic gut microbiome, thereby potentially 

reducing recurrence risk. Another hypothesis is that IAI may eradicate intracellular 

bacterial reservoirs that can seed recurrent infection. [25]

Implications for clinical practice 

Despite a lower recurrence rate on IAI, breakthrough infections do occur. If signs 

of systemic infection are absent, primary management with daily IAI is preferable, 

to avoid the drawbacks of systemic antimicrobials. If symptoms persist despite 

daily IAI, and systemic antimicrobial therapy is necessary, the different pathogen 

distribution among IAI-users is relevant for empirical therapy. We observed that 

most patients who had had a UTI caused by an MDRO in the 6 months prior to IAI 

did not have a recurrence with that same pathogen. Moreover, recurrences that 

developed during IAI prophylaxis were more frequently caused by enterococci, 

which is likely explained by the fact that enterococci are frequently intrinsically 

resistant to high levels of aminoglycosides. 

Strengths and limitations 

Strengths of our study include the long follow-up time, the use of a validated 

questionnaire to assess treatment satisfaction, and the inclusion of subgroup 

analyses. Furthermore, the results regarding efficacy were consistent across 
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different statistical approaches. Our study has several limitations. Firstly, the 

TSQM-II questionnaire was administered at the same time for all patients, which 

led to a variable timing of the questionnaire in relation to treatment duration. 

Most respondents were on IAI at the time of the survey, which might have led to 

an overestimation of treatment satisfaction. Secondly, due to the observational 

nature of this study we did not use an existing reference standard for UTI, which 

might have contributed to misclassification of UTI. However, this effect will have 

occurred in both ‘groups’ (on and off IAI) and biased results are therefore unlikely. 

Another limitation is the unblinded nature of this study. Finally, a limitation that 

is inherent to observational studies is unmeasured confounding.

Conclusion 

In conclusion, IAI is a safe and effective non-systemic alternative for UTI 

prophylaxis with a high degree of treatment satisfaction. It should be considered 

in patients who fail oral antimicrobial prophylaxis or have allergies and resistance 

patterns that preclude oral prophylaxis as a viable strategy. Future studies should 

focus on elucidating the best regimen in terms of dosage and frequency. 
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Supplement 

Supplementary Figure 1: Flow chart of screening and inclusion process
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Supplementary Table 1: Cox regression analysis. 

Hazard ratio (95%CI) p-value

Cox ME model (no other variables) 0.52 (0.33 – 0.82) 0.005

Cox ME model (including age, gender, and oral prophylaxis) 0.50 (0.31 – 0.79) 0.003

Cox ME model (only first on and off IAI cycle) 0.36 (0.18 – 0.70) 0.003

Cox ME model (extra variable: time between second/third/

fourth IAI cycle and start of first cycle)

0.47 (0.29 – 0.77) 0.002

A mixed-effects model was used to account for multiple (dependent) observations within a patient. 

Cycle = one ‘on’ or ‘off’ treatment period. Abbreviations: ME = mixed effects, IAI = intravesical 

aminoglycoside instillations

Supplementary Table 2: Subgroup analysis for gender, menopausal status, kidney transplantation 

and prior CIC. 

Subgroup N Median time to first 
recurrence (days)

Number of recurrences
on IAI versus off IAI 

Interaction 
term*

On IAI Off IAI p-value RR (95% CI) p-value p-value

Female 31 98 23 0.02 0.59 (0.43 – 0.81) 0.001 0.007

Male 13 114 74 0.90 1.66 (0.87 – 3.18) 0.13 -

Premenopausal 5 89 14 0.06 0.53 (0.25 – 1.11) 0.09 0.85

Postmenopausal 26 98 23 0.04 0.62 (0.44 – 0.87) 0.006 -

Kidney transplant 11 45 82 0.40 1.71 (0.91 – 3.19) 0.10 0.002

Prior CIC 28 104 39.5 0.10 0.82 (0.55 – 1.24) 0.35 0.59

The Kaplan-Meier method was used to estimate time to first recurrence. To compare the incidence 

of UTI episodes between patients on and off IAI within the stratum, a Poisson mixed effects model 

was used (with random intercept per patient). * Poisson mixed effects models were made with 

an interaction term for gender, menopausal status, kidney transplant status and prior CIC status. 

Menopausal status was evaluated in the stratum of women, all other interaction terms were evaluated 

in the entire population. Abbreviations: IAI = intravesical aminoglycoside instillations. CIC = clean 

intermittent catheterisation.
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Supplementary Table 3: Sensitivity analysis. 

IAI n (%) No IAI n (%) OR (95%CI) p-value

New-onset LUTS n (%)

Not reported = LUTS

160/207 (77.3) 104/116 (89.7) 0.43 (0.18 – 1.06) 0.07

New-onset LUTS n (%)

Not reported = no LUTS

122/207 (58.9) 87/116 (75.0) 0.65 (0.32 – 1.32) 0.23

UTI caused by classic gram-

negative rods n (%)

No culture performed, mixed flora 

or not reported = gram-negative 

rods 

157/220 (71.4) 96/123(78.0) 0.82 (0.41 – 1.65) 0.58

UTI caused by classic gram-

negative rods n (%)

No culture performed, mixed flora 

or not reported = gram-negative 

rods

101/220 (45.9) 75/123 (61.0) 0.76 (0.41 – 1.42) 0.39

UTI caused by enterococci n (%)

No culture performed, mixed flora 

or not reported = enterococci

82/220 (37.3) 26/123 (21.1) 2.04 (1.11 – 3.75) 0.02

UTI caused by enterococci n (%)

No culture performed, mixed flora 

or not reported = no enterococci

26/220 (11.8) 5/123 (4.1) 3.76 (1.24 – 11.38) 0.02

MDRO/ESBL resistance n (%)

No culture performed, mixed flora 

or not reported = resistance

78/211 (37.0) 39/120 (32.5) 1.06 (0.57 – 1.97) 0.86

MDRO/ESBL resistance n (%)

No culture performed, mixed flora 

or not reported = no resistance

22/211 (10.4) 18/120 (15.0) 0.82 (0.30 – 2.22) 0.69

Hospital admission n (%)

Not reported = hospital admission

31/207 (15.0) 10/116 (8.6) 1.13 (0.35 – 3.65) 0.84

Hospital admission n (%)

Not reported = no hospital 

admission

30/207 (14.5) 10/116 (8.6) 1.08 (0.33 – 3.52) 0.90

Number of systemic (oral/

intravenous) antibiotics n (%)

Not reported = systemic antibiotics

156/207 (75.3) 107/116 (92.2) 0.33 (0.13 – 0.86) 0.02

Number of systemic (oral/

intravenous) antibiotics n (%)

Not reported = no systemic 

antibiotics

155/207 (74.9) 107/116 (92.2) 0.32 (0.13 – 0.83) 0.02

Abbreviations: LUTS = lower urinary tract symptoms, UTI = urinary tract infection, MDRO = 

multidrug resistant organism, ESBL = extended spectrum beta-lactamase, IAI = intravesical 

aminoglycoside instillations, OR = odds ratio, 95%CI = 95% confidence interval
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Abstract 
Purpose of review 

Antimicrobial resistance (AMR) is a rising threat to global health and is associated 

with increased mortality. Intestinal colonisation with multidrug-resistant 

organisms (MDRO) can precede invasive infection and facilitates spread within 

communities and hospitals. Novel decolonisation strategies, such as faecal 

microbiota transplantation (FMT), are being explored. The purpose of this review 

is to provide an update on how the field of FMT for MDRO decolonisation has 

developed during the past year, and to assess the efficacy of FMT for intestinal 

MDRO decolonisation. 

Recent findings 

Since 2020, seven highly heterogenous, small, non-randomised cohort studies 

and five case reports have been published. In line with previous literature, 

decolonisation rates ranged from 20-90% between studies, and were slightly 

higher for CRE than VRE. Despite moderate decolonisation rates in two studies, a 

reduction in MDRO bloodstream and urinary tract infections was observed. 

Summary and implications 

Although a number of smaller cohort studies show some effect of FMT for MDRO 

decolonisation, questions remain regarding the true efficacy of FMT (taking 

spontaneous decolonisation into account), the optimal route of administration, 

the role of antibiotics pre- and post-FMT and the efficacy in different patient 

populations. The observed decrease in MDRO infections post-FMT warrants 

further research. 



7

175

Faecal microbiota replacement to eradicate antimicrobial resistant bacteria in the intestinal tract 

Introduction 
Antimicrobial resistance (AMR) is a rising and significant threat to global 

health. [1] In addition to the considerable economic burden, AMR is associated 

with increased morbidity and mortality. [2] In Europe, more than half of E. coli 

isolates are resistant to at least one antimicrobial group and 7.9% of Klebsiella 

pneumoniae isolates are carbapenem resistant. Moreover, there is a worrisome 

increase in vancomycin-resistant Enterococcus (VRE) (18.3%) and infections with 

extended-spectrum beta-lactamase producing Enterobacteriaceae (ESBL-E). [3, 4] 

Intestinal colonisation with multidrug-resistant organisms (MDRO) facilitates 

spread of MDRO within communities and hospitals. In both immunocompetent 

and immunocompromised hosts, gut colonisation can result in invasive infections, 

with high morbidity and mortality. [5, 6] In a retrospective, single-centre study 

including 107 patients undergoing allogeneic stem cell transplantation (allo-SCT), 

31% of patients were colonised with at least one MDRO. Compared to non-colonised 

patients, colonised patients more frequently experienced bacteraemia post-SCT 

(48% versus 24%) and had a significantly worse two-year overall survival (34% 

versus 74%), with infection being the leading cause of death. [7]

To prevent infections with MDRO, strategies to combat MDRO colonisation must 

be explored. The current ESCMID guideline does not recommend the use of non-

absorbable antibiotics for MDRO decolonisation, as the available evidence on its 

efficacy is insufficient. [8] More importantly, non-absorbable antibiotics can 

contribute to selection of AMR bacteria with subsequent spread to the environment 

and other individuals. [9]

Faecal microbiota transplantation (FMT) has been shown to be an effective 

treatment for patients with recurrent Clostridioides difficile infection (rCDI), a 

condition that is characterised by an antibiotic-induced disruption of commensal 

gut microbiota, i.e. dysbiosis. [10] Compared to healthy stool donors, rCDI patients 

have decreased microbiota diversity and increased numbers of antibiotic resistant 

genes. In these patients, FMT increases microbiota diversity, while decreasing 

the number of antibiotic resistance genes. [11, 12] Contrary to rCDI, less is known 

about the degree of dysbiosis in individuals with MDRO colonisation, though 

some studies report decreased species richness in this population as well. [13, 14] 

Several small studies, including one randomised controlled trial (RCT) [15], have 

explored whether FMT is an effective modality to decolonise patients with MDRO, 

as summarised by several recent reviews. [16-18] These reviews conclude that 
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FMT is a promising treatment strategy for MDRO decolonisation, although the 

RCT by Huttner et al. [15] did not find a significant difference, but was terminated 

early. Conclusions are hampered by the major heterogeneity of studies regarding 

definition of (de)colonisation, type of MDRO, route of administration, number 

of transplantations, periprocedural treatment with antibiotics, and duration of 

follow-up.

The objective of this review is to provide an update on how the field of FMT 

for MDRO decolonisation has developed during the past year, by highlighting 

recently published and ongoing studies, ultimately to assess whether FMT is an 

effective treatment strategy for intestinal MDRO decolonisation. Adding to the 

recent overview provided by Dharmaratne et al. [18], this review includes several 

newer studies, as well as studies with paediatric patients.

Methods 
This systematic review was conducted in accordance with the Preferred Reporting 

Items for Systematic reviews and Meta-analyses (PRISMA) 2020 guidelines. [19] Details 

of the protocol for this systematic review were registered in PROSPERO. [20]

Eligibility criteria 

We included all studies investigating the efficacy of FMT for intestinal MDRO 

decolonisation. This included clinical trials, cohort studies and case reports 

in adult and paediatric patients with intestinal MDRO colonisation, including 

carbapenem-resistant Enterobacteriaceae (CRE), carbapenem resistant non-

fermenters (Pseudomonas and Acinetobacter spp.), VRE and ESBL-E, confirmed 

by at least one positive stool sample or rectal/perianal swab. Studies involving 

immunocompromised patients were eligible for inclusion. We excluded studies 

only investigating patients colonised with both Clostridioides difficile and MDRO, 

since extreme dysbiosis would be likely in this population. For our intervention 

(FMT) we considered all routes of administration: oral (capsule), nasogastric/

duodenal, via colonoscopy or enema. We applied no restrictions to pretreatment 

(antibiotics, proton pump inhibitor (PPI) and bowel lavage), stool volume, fresh 

or frozen stool, donor relationship or number of transplantations. Studies only 

investigating other microbiota-altering treatments, such as probiotics and non-

absorbable antibiotics, were ineligible.
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To be included, a study had to report the number of decolonised patients, 

confirmed by at least one stool sample or rectal/perianal swab post-FMT. 

Studies reporting the number of MDRO infections post-FMT, e.g. in patients 

with recurrent urinary tract infections, were only included if they also reported 

intestinal (de)colonisation. We also included unpublished manuscripts, conference 

abstracts and ongoing trials. To avoid language bias, studies published in non-

English language journals were eligible for inclusion if one of the team members 

could read the foreign language (French, Spanish, German and Dutch). All study 

settings (community, outpatient and inpatient) were allowed. We excluded studies 

published before 2020, since a recent meta-analysis has been performed with 

studies published before 2020. [18] Finally, we excluded murine (or other animal) 

studies, reviews and meta-analyses.

Search strategy 

Multiple electronic databases were searched May 19th 2021; these included PubMed, 

Embase, Web of Science, the Cochrane Library, and Academic Search Premier [21]. 

The search strategy, based on a PICO-style approach, was constructed by librarian 

specialised in literature searches and is provided in the Supplement. Next, a 

‘snowball’ search was performed to identify additional studies by searching 

reference lists of study reports included in this systematic review or earlier 

reviews on the same topic. For ongoing trials clinicaltrials.gov was searched 

July 1st 2021, using the following keywords: ‘faecal microbiota transplantation’ 

and ‘resistance’. No filters regarding start date were applied, as we did not want 

to miss ongoing trials that had started before 2020. The entire search was updated 

in August 2021.

Data extraction and analysis 

After removal of duplications in EndNote, references were imported into Covidence 

software. Title/abstract and full-text screening was performed independently 

by two reviewers (M.P.B., M.M.C.L.). In case of disagreement, a third researcher 

was consulted (E.J.K.). A data extraction form was designed, after which one 

reviewer (M.P.B.) carried out the data extraction using Covidence. For each study, 

the following data was collected: study design, eligibility criteria, population 

characteristics, number of participants, type of pathogen, definition of (de)

colonisation, detection technique, FMT route of administration, pretreatment, 

stool volume and type, donor type, decolonisation rate, MDRO infection rate, 
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microbiota composition and duration of follow-up. The Newcastle Ottawa Scale, 

addressing three specific domains (i.e. selection, comparability and outcome), was 

used for assessing risk of bias in cohort studies. [22] Risk of bias was assessed by 

one reviewer (M.P.B.), but in case of uncertainty, a second reviewer was consulted 

(M.M.C.L.). A meta-analysis was not undertaken due to significant heterogeneity 

regarding study design, population and intervention, and a paucity of included 

studies. A narrative summary of the data is provided below.

Results 
Study selection process 

The study selection process is summarised in a PRISMA flowchart (Figure 1). Most 

records that were excluded during title and abstract screening involved patients 

with rCDI. During full-text screening, 35 reports were excluded that either did not 

include our target population, e.g. patients not colonised with MDRO and receiving 

FMT for different indications, or did not report intestinal decolonisation rate, e.g. 

investigating post-FMT faecal composition or decolonisation of extra-intestinal 

sites instead. Finally, a total of 36 studies were included: seven cohort studies 

[23-29], five case reports [30-34], and 24 ongoing trials.

Study characteristics 

A complete overview of the included cohort studies and case reports is provided 

in Table 1, and ongoing trials are summarised in Supplementary Table 1. A total 

of 254 patients were assessed in the included cohort studies and case reports, 

with only one study investigating paediatric patients. [28] Eight studies included 

immunocompromised patients, mostly undergoing allo-SCT [24, 25, 28, 30-34], 

and three studies included a total of 14 patients with concurrent rCDI. [25, 27, 29] 

While most studies required one positive stool culture or rectal/perianal swab 

for the definition of colonisation, decolonisation was often confirmed by serial 

cultures or swabs. Most patients were colonised with CRE (n = 119), followed by 

VRE (n = 61), both CRE and VRE (n = 21), ESBL-E (n = 14), and multidrug resistant 

Pseudomonas aeruginosa (n = 1). Ghani et al. [25]* did not specify the type of MDRO 

for their control group. To the best of our knowledge, the study by Wang et al. 

[34] is the first study investigating the efficacy of FMT for gut eradication of a 

hypervirulent Klebsiella pneumoniae strain.
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Figure 1: PRISMA flowchart of study selection process. *Large number of records involved patients 

with recurrent C. difficile. **In case of ongoing trials, we assessed the study protocol for eligibility.
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FMT procedure 

The primary route of administration for FMT was upper endoscopy; a minority of 

studies used capsules, enemas or colonoscopy. Whereas stool volume varied (from 

25-100 gram), all stool samples were obtained from healthy, unrelated donors, 

and were mostly frozen. One study [28] pretreated patients with non-absorbable 

antibiotics (oral colistin), and in seven studies patients had used antibiotics 

in the week prior to FMT. [25-27, 29, 30, 32, 34] Patients were pretreated with 

PPI in seven studies, and bowel lavage in six studies. Moreover, the number of 

transplantations varied, with six studies performing multiple transplantations 

per patient.

FMT efficacy: decolonisation and infection rate 

In the seven included cohort studies investigating any MDRO, decolonisation 

rates ranged from 20-90% for patients treated with FMT and 11-66% for 

controls. Duration of follow-up varied from 1-24 months. The largest between 

group difference was seen in the prospective cohort study by Lee et al. [23], 

i.e. a decolonisation rate of 71.4% versus 11.1% for FMT patients and controls 

respectively. Of note, duration of follow-up was only 3 months, while spontaneous 

decolonisation usually occurs at a later time point. [9] In the largest study 

performed thus far [26]**, decolonisation rates were 65.7% (FMT) versus 25.0% 

(controls) at 6 months, and remained similar at 12 months (68.6% versus 27.1% 

for FMT patients and controls respectively).

Four of seven cohort studies included both CRE and VRE patients. Of these, two 

reported decolonisation rates for CRE and VRE patients separately. [23, 26] In 

the study by Lee et al. [23] CRE decolonisation rate at 3 months was 88.9% (8/9 

patients) for the FMT group and 25% (1/4 patients) for the control group. For VRE 

patients, decolonisation was only reported for 1 month post-FMT, being 60% (3/5 

patients) for the FMT group and 0% (number of patients not specified) for the 

control group. In the study by Seong et al. [26]**, the 12-month decolonisation 

rate for CRE patients was 75% (3/4 patients) and 45% (9/20 patients) for the FMT 

and control group respectively. For VRE patients, a 12-month decolonisation rate of 

52.6% (10/19 patients) for the FMT group and 12.5% (3/12 patients) for the control 

group was observed.

In the study by Merli et al. [28] decolonisation was achieved for four out of five 

paediatric recipients after 1 week, but all four patients were recolonised after 1 
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month. All patients received antibiotic prophylaxis after a minimum of 3 days 

post-FMT, as part of the conditioning regimen for allo-SCT. Recolonisation also 

occurred during antibiotic prophylaxis (for allo-SCT) in an adult patient. [31] 

Silva et al. [29], Su et al. [33] and Wang et al. [34] were the only studies in which 

patients did not receive antibiotics after FMT. Prolonged decolonisation was 

achieved in four out of five CRE patients in the first study, and in both patients 

in the case reports.

The occurrence of MDRO infections was reported in four out of seven cohort 

studies. In the two studies with a control group [24, 25], MDRO infections were 

less frequent in the intervention group. While Bar-Yoseph et al. [24] showed a 

modest decolonisation rate 6 months post-FMT (66.7%), no MDRO infections 

occurred in the FMT group. In contrast, 37.5% of patients in the control group 

experienced MDRO infections. A similar effect was reported by Ghani et al. [25], 

where only 41% of patients achieved decolonisation, but there was a significant 

reduction in bloodstream infections (BSI) (no haematology patient developed 

bacteraemia with their pre-FMT MDRO) and MDRO UTIs (pre-FMT median = 4 ± 

2 episodes, post-FMT median = 1 ± 2 episodes), compared to controls.

Microbiota composition pre- and post-FMT 

Three case reports [32-34] and two cohort studies [26, 28] reported pre-FMT 

microbiota composition of patients with MDRO colonisation. Dysbiosis was seen 

in all patients of the case reports, with Proteobacteria making up more than 

a third of their gut microbiota, most likely due to prolonged broad-spectrum 

antimicrobial therapy prior to FMT. Low species richness was also seen in several 

patients in the study by Merli et al. [28], with one patient having a microbiota 

profile that was almost exclusively comprised of Enterobacteriaceae (97%). 

Moreover, Seong et al. [26] showed that patients colonised with VRE had higher 

counts of Proteobacteria en Verrucomicrobia than healthy stool donors. Seven 

studies reported faecal microbiota composition after FMT. [24, 26-28, 32-34] Bar-

Yoseph [24] showed that post-FMT stool samples of responders, i.e. successfully 

decolonised patients, resembled those of donors, which was not seen for non-

responders. While abundance of Enterobacteriaceae decreased in post-FMT stool 

samples of responders, it increased for non-responders. After FMT, significantly 

higher counts of Bifidobacterium bifidum were observed in samples of responders, 

compared to non-responders. Lee et al. [27] showed greater microbiota diversity 



7

189

Faecal microbiota replacement to eradicate antimicrobial resistant bacteria in the intestinal tract 

post-FMT, with a significantly increased abundance of Bacteroidetes, which was 

also observed in three case reports. [32-34]

Ongoing trials 

Currently, there are 24 ongoing trials investigating FMT for MDRO decolonisation, 

including 13 RCTs and 11 prospective cohort studies. The largest RCT (NCT04431934) 

is aiming to enrol 437 patients and is expected to be completed December 2022. 

Very few studies have posted preliminary results, as shown in Supplementary 

Table 1.

Risk of bias assessment 

A summary of the risk of bias assessments for the included cohort studies is 

presented in Supplementary Table 2. Overall, there were concerns about risk of 

bias for two out of seven cohort studies [23, 25], mainly due to dropouts (without 

description of those lost), and inadequate descriptions of the study population 

and outcomes.

Discussion 
In this narrative review, we provide an overview of recent studies investigating 

the efficacy of FMT for MDRO decolonisation. Only a few studies have addressed 

this question since 2020. In line with earlier reviews on the same topic [16, 17, 

35, 36], decolonisation rates varied greatly. Although only two studies reported 

decolonisation rates for CRE and VRE separately and sample sizes were small, 

decolonisation rates were higher for CRE patients, with a large effect size compared 

to controls. To date, only one RCT investigating the efficacy of FMT for MDRO 

decolonisation has been published. [15] In this study, 39 immunocompetent ESBL-E 

or CRE carriers were randomised to either no intervention or a 5 day course of oral 

colistin and neomycin followed by FMT. After 35-48 days, there was no significant 

difference regarding decolonisation rate between the two groups (41% versus 29% 

for FMT patients and controls respectively). However, the study was limited by 

not reaching the calculated sample size, using different routes of administration 

(nasogastric tube and capsules) and pretreating patients with antibiotics in the 

intervention arm. Furthermore, control subjects were not treated with antibiotics, 

further complicating assessment of the true efficacy of FMT.
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A previous review by Yoon et al. [16] showed that post-FMT antibiotic use led to 

lower decolonisation rates. While we could not draw any firm conclusions from 

our included studies, we did observe that recolonisation and a high number of 

MDRO infections occurred in patients that had received antibiotics post-FMT. This 

could be explained by the finding that post-FMT antibiotic use can blunt FMT 

engraftment, as shown by metagenomic analysis in another study. [24]* Another 

phenomenon that needs to be taken into consideration when interpreting results 

is spontaneous decolonisation. A systematic review and meta-analysis by Bar-

Yoseph et al. [9] showed that, in health care settings, ESBL-E and CRE colonisation 

rates spontaneously decreased from 80.2% and 73.9% at 1 month to 35.7% and 

34.6% at 12 months respectively. In another systematic review including thirteen 

studies (n = 1936 patients) 80% of VRE patients were decolonised after 40 weeks, 

however not all studies confirmed decolonisation with three separate swabs. [37] 

These findings raise the possibility that decolonisation may be falsely attributed 

to FMT and underline the necessity of a control group when trying to establish the 

true efficacy of FMT for MDRO decolonisation. Despite this fact, only four of our 

included studies had a control group, considerably limiting the evidence included 

in our review. Notably, only two other controlled studies have been conducted 

prior to 2020. [15, 38]

Intriguingly, while decolonisation rates in two of the larger included cohort 

studies were moderate, a major reduction in MDRO infections was observed. [24, 

25] In another prospective cohort study assessing the incidence of BSI in rCDI 

patients treated with either FMT or antibiotics, FMT patients had significantly 

fewer BSI than patients treated with antibiotics (4% versus 26%). [39] The authors 

hypothesise that FMT may have aided in increasing colonisation resistance 

by restoring a disturbed microbiota. This may be accompanied by decreasing 

intestinal permeability (by treating CDI) and thus preventing translocation of 

Gram negative bacteria into the bloodstream. Other possible explanations include 

that FMT can reduce inflammation (and thereby translocation) as is observed in 

patients with inflammatory bowel disease or graft-versus-host disease, similar 

to patients in the study by Ghani et al. [25, 40, 41] Lastly, even though FMT might 

not have eradicated the MDRO from the gut completely, it may have reduced the 

abundance of Enterobacteriaceae, and thereby reduced the likelihood of BSI.

Next to the low number of controlled studies, the evidence included in our review 

is limited by small samples sizes. Two studies reported dropouts, but did not 

provide a description of those lost. In addition, most studies defined colonisation 
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as one positive stool culture (or PCR) or rectal/perianal swab, while colonisation is 

usually defined as at least two consecutive (positive) samples with the most recent 

confirmation one week prior to FMT. We chose not to exclude studies that only 

used one culture or PCR to define colonisation, since this would have significantly 

reduced the number of eligible studies. Moreover, we observed considerable 

heterogeneity between studies regarding study population (e.g. including 

immunocompromised patients), type of pathogens, FMT procedure and post-FMT 

antibiotic use. Therefore, we need to exercise caution in interpreting the results 

mentioned in Table 1. Since eight studies included immunocompromised patients, 

one might question the generalisability of the results. Although based on small 

numbers, the systematic review by Yoon et al. [16] showed higher decolonisation 

rates for immunocompromised patients, compared to immunocompetent 

patients. For rCDI, FMT is as effective in immunocompromised patients as in 

immunocompetent patients. [42] Nevertheless, invasive MDRO infections are 

a considerable problem in immunocompromised patients, highlighting the 

importance of researching the role of FMT in this specific population.

Our review process had some methodological limitations. While title/abstract and 

full-text screening was done by two reviewers independently, data extraction and 

risk of bias assessment was done by one reviewer. However, a second reviewer 

was always consulted in case of doubt. In case of missing data, we did not contact 

study authors. Strengths of our review include our comprehensive search strategy, 

including many databases, searching for meeting abstracts, and repeating the 

search before submission of our manuscript. 

Future research should include sufficiently powered RCTs with an adequate 

duration of follow-up to account for spontaneous decolonisation. The protocol 

for FMT should be standardised with one or more treatments, including the use 

of different donors to study donor effects. It is possible that different strategies 

should be applied to CRE and VRE gut eradication. Moreover, more stringent 

definitions of (de)colonisation should be applied and different pre- and post-

treatments and routes of administration should be compared to optimise efficacy. 

Next to decolonisation, the number of MDRO infections post-FMT should be 

assessed. As shown in Supplementary Table 1, several large RCTs, including 

both immunocompromised and immunocompetent patients, are currently 

recruiting. At least one RCT (NCT04188743) is using a more stringent definition 

of colonisation, requiring at least two positive rectal swabs prior to FMT. The same 

RCT is comparing the efficacy of donor stool to autologous FMT. Another RCT 
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(NCT04181112) is pretreating one group with antibiotics, while not pretreating the 

other group. Different routes of administration are being investigated, though they 

are not being compared head-to-head within a single upcoming trial.

Conclusion 

Since 2020, only a handful of smaller, non-controlled studies investigating 

the efficacy of FMT for MDRO decolonisation have been published. Although a 

number of these cohort studies show some effect of FMT for MDRO decolonisation, 

questions remain regarding the true efficacy of FMT (taking spontaneous 

decolonisation into account), the optimal route of administration, the role of pre- 

and post-FMT antibiotic use, and the efficacy in different patient populations. 

Interestingly, despite modest decolonisation rates, FMT reduced the number of 

MDRO infections, a finding warranting further exploration. 
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Supplement 
Search strategy 

Databases: 

PubMed 

http://www.ncbi.nlm.nih.gov/pubmed?otool=leiden 

(("Fecal Microbiota Transplantation"[Mesh] OR "fecal microbiota transplantation"[tw] OR "fecal 

microbiota transplantations"[tw] OR "fecal microbiota transplant"[tw] OR "fecal microbiota 

transplant*"[tw] OR "fecal microbiota transfer"[tw] OR "fecal microbiota transfer*"[tw] OR "faecal 

microbiota transplantation"[tw] OR "faecal microbiota transplant"[tw] OR "faecal microbiota 

transplant*"[tw] OR "faecal microbiota transfer"[tw] OR "faecal microbiota transfer*"[tw] 

OR "Intestinal Microbiota Transfer"[tw] OR "Intestinal Microbiota Transplantation"[tw] OR 

"Intestinal Microbiota transplant"[tw] OR "Intestinal Microbiota transplant*"[tw] OR "Donor 

Feces Infusion"[tw] OR "Donor Feces"[tw] OR "Donor Faeces"[tw] OR "Donor Fecal"[tw] OR "Donor 

Faecal"[tw] OR "fecal microbial transplantation"[tw] OR "fecal microbial transplant"[tw] OR "fecal 

microbial transplant*"[tw] OR "fecal microbial transfer"[tw] OR "fecal microbial transfer*"[tw] OR 

"faecal microbial transplantation"[tw] OR "faecal microbial transplant"[tw] OR "faecal microbial 

transplant*"[tw] OR "fecal transplantation"[tw] OR "fecal transplant"[tw] OR "fecal transplant*"[tw] 

OR "fecal transfer"[tw] OR "fecal transfer*"[tw] OR "faecal transplantation"[tw] OR "faecal 

transplant"[tw] OR "faecal transplant*"[tw] OR "fecal microbiome transplantation"[tw] OR "fecal 

microbiome transplantations"[tw] OR "fecal microbiome transplant"[tw] OR "fecal microbiome 

transplant*"[tw] OR "fecal microbiome transfer"[tw] OR "fecal microbiome transfer*"[tw] OR 

"faecal microbiome transplantation"[tw] OR "faecal microbiome transplant*"[tw] OR (("fecal 

microbiota"[tw] OR "feces microbiota"[tw] OR "faecal microbiota"[tw] OR "faeces microbiota"[tw] 

OR "fecal microb*"[tw] OR "feces microb*"[tw] OR "faecal microb*"[tw] OR "faeces microb*"[tw]) 

AND ("transplant*"[tw]))) AND ("colonization"[tw] OR "colonisation"[tw] OR "decolonization"[tw] OR 

"decolonisation"[tw] OR "coloniz*"[tw] OR "colonis*"[tw] OR "decoloniz*"[tw] OR "decolonis*"[tw] 

OR "antibiotic resistance"[tw] OR "Drug Resistance, Microbial"[Mesh] OR "multi-drug resistant"[tw] 

OR "multi-drug resistance"[tw] OR "multidrug resistant"[tw] OR "multidrug resistance"[tw] 

OR "carbapenem"[tw] OR "Carbapenems"[Mesh] OR "Carbapenem*"[tw] OR "Doripenem"[tw] 

OR "Ertapenem"[tw] OR "Thienamycins"[tw] OR "Thienamycin"[tw] OR "Imipenem"[tw] OR 

"Meropenem"[tw] OR "vancomycin"[tw] OR "Vancomycin"[Mesh] OR "Vancomycin*"[tw] OR 

"ESBL"[tw] OR "extended spectrum"[tw] OR "extendedspectrum"[tw] OR "extended spectr*"[tw] OR 

"extendedspectr*"[tw] OR "multi-resistant"[tw] OR "drug resistant"[tw] OR "multi-resistance"[tw] 

OR "drug resistance"[tw] OR "multi-resistan*"[tw] OR "drug resistan*"[tw]) AND ("2019/01/01"[PDAT] 

: "3000/12/31"[PDAT])) 

Embase 

http://ovidsp.ovid.com/ovidweb.cgi?T=JS&PAGE=main&MODE=ovid&D=oemezd 

((*"Fecal Microbiota Transplantation"/ OR "fecal microbiota transplantation".ti,ab OR "fecal 

microbiota transplantations".ti,ab OR "fecal microbiota transplant".ti,ab OR "fecal microbiota 

transplant*".ti,ab OR "fecal microbiota transfer".ti,ab OR "fecal microbiota transfer*".ti,ab OR 

"faecal microbiota transplantation".ti,ab OR "faecal microbiota transplant".ti,ab OR "faecal 

microbiota transplant*".ti,ab OR "faecal microbiota transfer".ti,ab OR "faecal microbiota transfer*".
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ti,ab OR "Intestinal Microbiota Transfer".ti,ab OR "Intestinal Microbiota Transplantation".ti,ab OR 

"Intestinal Microbiota transplant".ti,ab OR "Intestinal Microbiota transplant*".ti,ab OR "Donor Feces 

Infusion".ti,ab OR "Donor Feces".ti,ab OR "Donor Faeces".ti,ab OR "Donor Fecal".ti,ab OR "Donor 

Faecal".ti,ab OR "fecal microbial transplantation".ti,ab OR "fecal microbial transplant".ti,ab OR 

"fecal microbial transplant*".ti,ab OR "fecal microbial transfer".ti,ab OR "fecal microbial transfer*".

ti,ab OR "faecal microbial transplantation".ti,ab OR "faecal microbial transplant".ti,ab OR "faecal 

microbial transplant*".ti,ab OR "fecal transplantation".ti,ab OR "fecal transplant".ti,ab OR "fecal 

transplant*".ti,ab OR "fecal transfer".ti,ab OR "fecal transfer*".ti,ab OR "faecal transplantation".ti,ab 

OR "faecal transplant".ti,ab OR "faecal transplant*".ti,ab OR "fecal microbiome transplantation".

ti,ab OR "fecal microbiome transplantations".ti,ab OR "fecal microbiome transplant".ti,ab OR 

"fecal microbiome transplant*".ti,ab OR "fecal microbiome transfer".ti,ab OR "fecal microbiome 

transfer*".ti,ab OR "faecal microbiome transplantation".ti,ab OR "faecal microbiome transplant*".

ti,ab OR (("fecal microbiota".ti,ab OR "feces microbiota".ti,ab OR "faecal microbiota".ti,ab OR 

"faeces microbiota".ti,ab OR "fecal microb*".ti,ab OR "feces microb*".ti,ab OR "faecal microb*".

ti,ab OR "faeces microb*".ti,ab) ADJ6 ("transplant*".ti,ab))) AND (exp *"microbial colonization"/ OR 

"colonization".ti,ab OR "colonisation".ti,ab OR "decolonization".ti,ab OR "decolonisation".ti,ab OR 

"coloniz*".ti,ab OR "colonis*".ti,ab OR "decoloniz*".ti,ab OR "decolonis*".ti,ab OR exp *"antibiotic 

resistance"/ OR "antibiotic resistance".ti,ab OR *"multidrug resistance"/ OR "multi-drug resistant".

ti,ab OR "multi-drug resistance".ti,ab OR "multidrug resistant".ti,ab OR "multidrug resistance".

ti,ab OR *"carbapenem"/ OR *"carbapenem derivative"/ OR "carbapenem".ti,ab OR "Carbapenem*".

ti,ab OR *"Doripenem"/ OR *"Ertapenem"/ OR *"Thienamycins"/ OR *"Thienamycin"/ OR 

*"Imipenem"/ OR *"Meropenem"/ OR "Doripenem".ti,ab OR "Ertapenem".ti,ab OR "Thienamycins".

ti,ab OR "Thienamycin".ti,ab OR "Imipenem".ti,ab OR "Meropenem".ti,ab OR "vancomycin".ti,ab OR 

*"Vancomycin"/ OR *"Vancomycin derivative"/ OR "Vancomycin*".ti,ab OR *"extended spectrum 

beta lactamase"/ OR "ESBL".ti,ab OR "extended spectrum".ti,ab OR "extendedspectrum".ti,ab OR 

"extended spectr*".ti,ab OR "extendedspectr*".ti,ab OR "multi-resistant".ti,ab OR "drug resistant".

ti,ab OR "multi-resistance".ti,ab OR "drug resistance".ti,ab OR "multi-resistan*".ti,ab OR "drug 

resistan*".ti,ab) AND (2019 OR 2020 OR 2021 OR 2022).yr) 

NOT conference review.pt 

NOT (conference review or conference abstract).pt 

AND (conference abstract).pt 

Web of Science 

http://isiknowledge.com/wos 

((ti=("Fecal Microbiota Transplantation" OR "fecal microbiota transplantation" OR "fecal microbiota 

transplantations" OR "fecal microbiota transplant" OR "fecal microbiota transplant*" OR "fecal 

microbiota transfer" OR "fecal microbiota transfer*" OR "faecal microbiota transplantation" OR 

"faecal microbiota transplant" OR "faecal microbiota transplant*" OR "faecal microbiota transfer" 

OR "faecal microbiota transfer*" OR "Intestinal Microbiota Transfer" OR "Intestinal Microbiota 

Transplantation" OR "Intestinal Microbiota transplant" OR "Intestinal Microbiota transplant*" OR 

"Donor Feces Infusion" OR "Donor Feces" OR "Donor Faeces" OR "Donor Fecal" OR "Donor Faecal" OR 

"fecal microbial transplantation" OR "fecal microbial transplant" OR "fecal microbial transplant*" 

OR "fecal microbial transfer" OR "fecal microbial transfer*" OR "faecal microbial transplantation" 

OR "faecal microbial transplant" OR "faecal microbial transplant*" OR "fecal transplantation" 
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OR "fecal transplant" OR "fecal transplant*" OR "fecal transfer" OR "fecal transfer*" OR 

"faecal transplantation" OR "faecal transplant" OR "faecal transplant*" OR "fecal microbiome 

transplantation" OR "fecal microbiome transplantations" OR "fecal microbiome transplant" OR 

"fecal microbiome transplant*" OR "fecal microbiome transfer" OR "fecal microbiome transfer*" 

OR "faecal microbiome transplantation" OR "faecal microbiome transplant*" OR (("fecal microbiota" 

OR "feces microbiota" OR "faecal microbiota" OR "faeces microbiota" OR "fecal microb*" OR "feces 

microb*" OR "faecal microb*" OR "faeces microb*") AND ("transplant*"))) OR ab=("Fecal Microbiota 

Transplantation" OR "fecal microbiota transplantation" OR "fecal microbiota transplantations" OR 

"fecal microbiota transplant" OR "fecal microbiota transplant*" OR "fecal microbiota transfer" 

OR "fecal microbiota transfer*" OR "faecal microbiota transplantation" OR "faecal microbiota 

transplant" OR "faecal microbiota transplant*" OR "faecal microbiota transfer" OR "faecal microbiota 

transfer*" OR "Intestinal Microbiota Transfer" OR "Intestinal Microbiota Transplantation" OR 

"Intestinal Microbiota transplant" OR "Intestinal Microbiota transplant*" OR "Donor Feces Infusion" 

OR "Donor Feces" OR "Donor Faeces" OR "Donor Fecal" OR "Donor Faecal" OR "fecal microbial 

transplantation" OR "fecal microbial transplant" OR "fecal microbial transplant*" OR "fecal microbial 

transfer" OR "fecal microbial transfer*" OR "faecal microbial transplantation" OR "faecal microbial 

transplant" OR "faecal microbial transplant*" OR "fecal transplantation" OR "fecal transplant" OR 

"fecal transplant*" OR "fecal transfer" OR "fecal transfer*" OR "faecal transplantation" OR "faecal 

transplant" OR "faecal transplant*" OR "fecal microbiome transplantation" OR "fecal microbiome 

transplantations" OR "fecal microbiome transplant" OR "fecal microbiome transplant*" OR "fecal 

microbiome transfer" OR "fecal microbiome transfer*" OR "faecal microbiome transplantation" 

OR "faecal microbiome transplant*" OR (("fecal microbiota" OR "feces microbiota" OR "faecal 

microbiota" OR "faeces microbiota" OR "fecal microb*" OR "feces microb*" OR "faecal microb*" 

OR "faeces microb*") NEAR/6 ("transplant*"))) OR ak=("Fecal Microbiota Transplantation" OR "fecal 

microbiota transplantation" OR "fecal microbiota transplantations" OR "fecal microbiota transplant" 

OR "fecal microbiota transplant*" OR "fecal microbiota transfer" OR "fecal microbiota transfer*" 

OR "faecal microbiota transplantation" OR "faecal microbiota transplant" OR "faecal microbiota 

transplant*" OR "faecal microbiota transfer" OR "faecal microbiota transfer*" OR "Intestinal 

Microbiota Transfer" OR "Intestinal Microbiota Transplantation" OR "Intestinal Microbiota 

transplant" OR "Intestinal Microbiota transplant*" OR "Donor Feces Infusion" OR "Donor Feces" 

OR "Donor Faeces" OR "Donor Fecal" OR "Donor Faecal" OR "fecal microbial transplantation" OR 

"fecal microbial transplant" OR "fecal microbial transplant*" OR "fecal microbial transfer" OR 

"fecal microbial transfer*" OR "faecal microbial transplantation" OR "faecal microbial transplant" 

OR "faecal microbial transplant*" OR "fecal transplantation" OR "fecal transplant" OR "fecal 

transplant*" OR "fecal transfer" OR "fecal transfer*" OR "faecal transplantation" OR "faecal 

transplant" OR "faecal transplant*" OR "fecal microbiome transplantation" OR "fecal microbiome 

transplantations" OR "fecal microbiome transplant" OR "fecal microbiome transplant*" OR "fecal 

microbiome transfer" OR "fecal microbiome transfer*" OR "faecal microbiome transplantation" 

OR "faecal microbiome transplant*" OR (("fecal microbiota" OR "feces microbiota" OR "faecal 

microbiota" OR "faeces microbiota" OR "fecal microb*" OR "feces microb*" OR "faecal microb*" OR 

"faeces microb*") NEAR/6 ("transplant*")))) AND (ti=("microbial colonization" OR "colonization" OR 

"colonisation" OR "decolonization" OR "decolonisation" OR "coloniz*" OR "colonis*" OR "decoloniz*" 

OR "decolonis*" OR "antibiotic resistance" OR "antibiotic resistance" OR "multidrug resistance" 

OR "multi-drug resistant" OR "multi-drug resistance" OR "multidrug resistant" OR "multidrug 

resistance" OR "carbapenem" OR "carbapenem derivative" OR "carbapenem" OR "Carbapenem*" 

OR "Doripenem" OR "Ertapenem" OR "Thienamycins" OR "Thienamycin" OR "Imipenem" OR 
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"Meropenem" OR "Doripenem" OR "Ertapenem" OR "Thienamycins" OR "Thienamycin" OR 

"Imipenem" OR "Meropenem" OR "vancomycin" OR "Vancomycin" OR "Vancomycin derivative" 

OR "Vancomycin*" OR "extended spectrum beta lactamase" OR "ESBL" OR "extended spectrum" OR 

"extendedspectrum" OR "extended spectr*" OR "extendedspectr*" OR "multi-resistant" OR "drug 

resistant" OR "multi-resistance" OR "drug resistance" OR "multi-resistan*" OR "drug resistan*") 

OR ab=("microbial colonization" OR "colonization" OR "colonisation" OR "decolonization" OR 

"decolonisation" OR "coloniz*" OR "colonis*" OR "decoloniz*" OR "decolonis*" OR "antibiotic 

resistance" OR "antibiotic resistance" OR "multidrug resistance" OR "multi-drug resistant" OR 

"multi-drug resistance" OR "multidrug resistant" OR "multidrug resistance" OR "carbapenem" OR 

"carbapenem derivative" OR "carbapenem" OR "Carbapenem*" OR "Doripenem" OR "Ertapenem" 

OR "Thienamycins" OR "Thienamycin" OR "Imipenem" OR "Meropenem" OR "Doripenem" OR 

"Ertapenem" OR "Thienamycins" OR "Thienamycin" OR "Imipenem" OR "Meropenem" OR 

"vancomycin" OR "Vancomycin" OR "Vancomycin derivative" OR "Vancomycin*" OR "extended 

spectrum beta lactamase" OR "ESBL" OR "extended spectrum" OR "extendedspectrum" OR 

"extended spectr*" OR "extendedspectr*" OR "multi-resistant" OR "drug resistant" OR "multi-

resistance" OR "drug resistance" OR "multi-resistan*" OR "drug resistan*") OR ak=("microbial 

colonization" OR "colonization" OR "colonisation" OR "decolonization" OR "decolonisation" OR 

"coloniz*" OR "colonis*" OR "decoloniz*" OR "decolonis*" OR "antibiotic resistance" OR "antibiotic 

resistance" OR "multidrug resistance" OR "multi-drug resistant" OR "multi-drug resistance" OR 

"multidrug resistant" OR "multidrug resistance" OR "carbapenem" OR "carbapenem derivative" 

OR "carbapenem" OR "Carbapenem*" OR "Doripenem" OR "Ertapenem" OR "Thienamycins" 

OR "Thienamycin" OR "Imipenem" OR "Meropenem" OR "Doripenem" OR "Ertapenem" OR 

"Thienamycins" OR "Thienamycin" OR "Imipenem" OR "Meropenem" OR "vancomycin" OR 

"Vancomycin" OR "Vancomycin derivative" OR "Vancomycin*" OR "extended spectrum beta 

lactamase" OR "ESBL" OR "extended spectrum" OR "extendedspectrum" OR "extended spectr*" 

OR "extendedspectr*" OR "multi-resistant" OR "drug resistant" OR "multi-resistance" OR "drug 

resistance" OR "multi-resistan*" OR "drug resistan*")) AND py=(2019 OR 2020 OR 2021 OR 2022)) 

Cochrane 

https://www.cochranelibrary.com/advanced-search/search-manager 

(("Fecal Microbiota Transplantation" OR "fecal microbiota transplantation" OR "fecal microbiota 

transplantations" OR "fecal microbiota transplant" OR "fecal microbiota transplant*" OR "fecal 

microbiota transfer" OR "fecal microbiota transfer*" OR "faecal microbiota transplantation" OR 

"faecal microbiota transplant" OR "faecal microbiota transplant*" OR "faecal microbiota transfer" 

OR "faecal microbiota transfer*" OR "Intestinal Microbiota Transfer" OR "Intestinal Microbiota 

Transplantation" OR "Intestinal Microbiota transplant" OR "Intestinal Microbiota transplant*" OR 

"Donor Feces Infusion" OR "Donor Feces" OR "Donor Faeces" OR "Donor Fecal" OR "Donor Faecal" OR 

"fecal microbial transplantation" OR "fecal microbial transplant" OR "fecal microbial transplant*" 

OR "fecal microbial transfer" OR "fecal microbial transfer*" OR "faecal microbial transplantation" 

OR "faecal microbial transplant" OR "faecal microbial transplant*" OR "fecal transplantation" 

OR "fecal transplant" OR "fecal transplant*" OR "fecal transfer" OR "fecal transfer*" OR 

"faecal transplantation" OR "faecal transplant" OR "faecal transplant*" OR "fecal microbiome 

transplantation" OR "fecal microbiome transplantations" OR "fecal microbiome transplant" OR 

"fecal microbiome transplant*" OR "fecal microbiome transfer" OR "fecal microbiome transfer*" 
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OR "faecal microbiome transplantation" OR "faecal microbiome transplant*" OR (("fecal microbiota" 

OR "feces microbiota" OR "faecal microbiota" OR "faeces microbiota" OR "fecal microb*" OR 

"feces microb*" OR "faecal microb*" OR "faeces microb*") AND ("transplant*"))) AND ("microbial 

colonization" OR "colonization" OR "colonisation" OR "decolonization" OR "decolonisation" OR 

"coloniz*" OR "colonis*" OR "decoloniz*" OR "decolonis*" OR "antibiotic resistance" OR "antibiotic 

resistance" OR "multidrug resistance" OR "multi drug resistant" OR "multi drug resistance" OR 

"multidrug resistant" OR "multidrug resistance" OR "carbapenem" OR "carbapenem derivative" 

OR "carbapenem" OR "Carbapenem*" OR "Doripenem" OR "Ertapenem" OR "Thienamycins" 

OR "Thienamycin" OR "Imipenem" OR "Meropenem" OR "Doripenem" OR "Ertapenem" OR 

"Thienamycins" OR "Thienamycin" OR "Imipenem" OR "Meropenem" OR "vancomycin" OR 

"Vancomycin" OR "Vancomycin derivative" OR "Vancomycin*" OR "extended spectrum beta 

lactamase" OR "ESBL" OR "extended spectrum" OR "extendedspectrum" OR "extended spectr*" 

OR "extendedspectr*" OR "multi-resistant" OR "drug resistant" OR "multi-resistance" OR "drug 

resistance" OR "multi-resistan*" OR "drug resistan*")):ti,ab,kw 

AND py=(2019 OR 2020 OR 2021 OR 2022) 

Emcare 

http://ovidsp.ovid.com/ovidweb.cgi?T=JS&NEWS=n&CSC=Y&PAGE=main&D=emcr 

((*"Fecal Microbiota Transplantation"/ OR "fecal microbiota transplantation".ti,ab OR "fecal 

microbiota transplantations".ti,ab OR "fecal microbiota transplant".ti,ab OR "fecal microbiota 

transplant*".ti,ab OR "fecal microbiota transfer".ti,ab OR "fecal microbiota transfer*".ti,ab OR 

"faecal microbiota transplantation".ti,ab OR "faecal microbiota transplant".ti,ab OR "faecal 

microbiota transplant*".ti,ab OR "faecal microbiota transfer".ti,ab OR "faecal microbiota transfer*".

ti,ab OR "Intestinal Microbiota Transfer".ti,ab OR "Intestinal Microbiota Transplantation".ti,ab OR 

"Intestinal Microbiota transplant".ti,ab OR "Intestinal Microbiota transplant*".ti,ab OR "Donor Feces 

Infusion".ti,ab OR "Donor Feces".ti,ab OR "Donor Faeces".ti,ab OR "Donor Fecal".ti,ab OR "Donor 

Faecal".ti,ab OR "fecal microbial transplantation".ti,ab OR "fecal microbial transplant".ti,ab OR 

"fecal microbial transplant*".ti,ab OR "fecal microbial transfer".ti,ab OR "fecal microbial transfer*".

ti,ab OR "faecal microbial transplantation".ti,ab OR "faecal microbial transplant".ti,ab OR "faecal 

microbial transplant*".ti,ab OR "fecal transplantation".ti,ab OR "fecal transplant".ti,ab OR "fecal 

transplant*".ti,ab OR "fecal transfer".ti,ab OR "fecal transfer*".ti,ab OR "faecal transplantation".ti,ab 

OR "faecal transplant".ti,ab OR "faecal transplant*".ti,ab OR "fecal microbiome transplantation".

ti,ab OR "fecal microbiome transplantations".ti,ab OR "fecal microbiome transplant".ti,ab OR 

"fecal microbiome transplant*".ti,ab OR "fecal microbiome transfer".ti,ab OR "fecal microbiome 

transfer*".ti,ab OR "faecal microbiome transplantation".ti,ab OR "faecal microbiome transplant*".

ti,ab OR (("fecal microbiota".ti,ab OR "feces microbiota".ti,ab OR "faecal microbiota".ti,ab OR 

"faeces microbiota".ti,ab OR "fecal microb*".ti,ab OR "feces microb*".ti,ab OR "faecal microb*".

ti,ab OR "faeces microb*".ti,ab) ADJ6 ("transplant*".ti,ab))) AND (exp *"microbial colonization"/ OR 

"colonization".ti,ab OR "colonisation".ti,ab OR "decolonization".ti,ab OR "decolonisation".ti,ab OR 

"coloniz*".ti,ab OR "colonis*".ti,ab OR "decoloniz*".ti,ab OR "decolonis*".ti,ab OR exp *"antibiotic 

resistance"/ OR "antibiotic resistance".ti,ab OR *"multidrug resistance"/ OR "multi-drug resistant".

ti,ab OR "multi-drug resistance".ti,ab OR "multidrug resistant".ti,ab OR "multidrug resistance".

ti,ab OR *"carbapenem"/ OR *"carbapenem derivative"/ OR "carbapenem".ti,ab OR "Carbapenem*".

ti,ab OR *"Doripenem"/ OR *"Ertapenem"/ OR *"Thienamycins"/ OR *"Thienamycin"/ OR 



202

Chapter 7 

*"Imipenem"/ OR *"Meropenem"/ OR "Doripenem".ti,ab OR "Ertapenem".ti,ab OR "Thienamycins".

ti,ab OR "Thienamycin".ti,ab OR "Imipenem".ti,ab OR "Meropenem".ti,ab OR "vancomycin".ti,ab OR 

*"Vancomycin"/ OR *"Vancomycin derivative"/ OR "Vancomycin*".ti,ab OR *"extended spectrum 

beta lactamase"/ OR "ESBL".ti,ab OR "extended spectrum".ti,ab OR "extendedspectrum".ti,ab OR 

"extended spectr*".ti,ab OR "extendedspectr*".ti,ab OR "multi-resistant".ti,ab OR "drug resistant".

ti,ab OR "multi-resistance".ti,ab OR "drug resistance".ti,ab OR "multi-resistan*".ti,ab OR "drug 

resistan*".ti,ab) AND (2019 OR 2020 OR 2021 OR 2022).yr) 

Academic Search Premier 

http://search.ebscohost.com/login.aspx?authtype=ip,uid&profile=lumc&defaultdb=aph 

TI(("Fecal Microbiota Transplantation" OR "fecal microbiota transplantation" OR "fecal microbiota 

transplantations" OR "fecal microbiota transplant" OR "fecal microbiota transplant*" OR "fecal 

microbiota transfer" OR "fecal microbiota transfer*" OR "faecal microbiota transplantation" OR 

"faecal microbiota transplant" OR "faecal microbiota transplant*" OR "faecal microbiota transfer" 

OR "faecal microbiota transfer*" OR "Intestinal Microbiota Transfer" OR "Intestinal Microbiota 

Transplantation" OR "Intestinal Microbiota transplant" OR "Intestinal Microbiota transplant*" OR 

"Donor Feces Infusion" OR "Donor Feces" OR "Donor Faeces" OR "Donor Fecal" OR "Donor Faecal" 

OR "fecal microbial transplantation" OR "fecal microbial transplant" OR "fecal microbial transplant*" 

OR "fecal microbial transfer" OR "fecal microbial transfer*" OR "faecal microbial transplantation" 

OR "faecal microbial transplant" OR "faecal microbial transplant*" OR "fecal transplantation" OR 

"fecal transplant" OR "fecal transplant*" OR "fecal transfer" OR "fecal transfer*" OR "faecal 

transplantation" OR "faecal transplant" OR "faecal transplant*" OR "fecal microbiome 

transplantation" OR "fecal microbiome transplantations" OR "fecal microbiome transplant" OR 

"fecal microbiome transplant*" OR "fecal microbiome transfer" OR "fecal microbiome transfer*" 

OR "faecal microbiome transplantation" OR "faecal microbiome transplant*" OR (("fecal microbiota" 

OR "feces microbiota" OR "faecal microbiota" OR "faeces microbiota" OR "fecal microb*" OR "feces 

microb*" OR "faecal microb*" OR "faeces microb*") AND ("transplant*"))) AND ("microbial 

colonization" OR "colonization" OR "colonisation" OR "decolonization" OR "decolonisation" OR 

"coloniz*" OR "colonis*" OR "decoloniz*" OR "decolonis*" OR "antibiotic resistance" OR "antibiotic 

resistance" OR "multidrug resistance" OR "multi drug resistant" OR "multi drug resistance" OR 

"multidrug resistant" OR "multidrug resistance" OR "carbapenem" OR "carbapenem derivative" OR 

"carbapenem" OR "Carbapenem*" OR "Doripenem" OR "Ertapenem" OR "Thienamycins" OR 

"Thienamycin" OR "Imipenem" OR "Meropenem" OR "Doripenem" OR "Ertapenem" OR 

"Thienamycins" OR "Thienamycin" OR "Imipenem" OR "Meropenem" OR "vancomycin" OR 

"Vancomycin" OR "Vancomycin derivative" OR "Vancomycin*" OR "extended spectrum beta 

lactamase" OR "ESBL" OR "extended spectrum" OR "extendedspectrum" OR "extended spectr*" OR 

"extendedspectr*" OR "multi-resistant" OR "drug resistant" OR "multi-resistance" OR "drug 

resistance" OR "multi-resistan*" OR "drug resistan*")) OR SU(("Fecal Microbiota Transplantation" 

OR "fecal microbiota transplantation" OR "fecal microbiota transplantations" OR "fecal microbiota 

transplant" OR "fecal microbiota transplant*" OR "fecal microbiota transfer" OR "fecal microbiota 

transfer*" OR "faecal microbiota transplantation" OR "faecal microbiota transplant" OR "faecal 

microbiota transplant*" OR "faecal microbiota transfer" OR "faecal microbiota transfer*" OR 

"Intestinal Microbiota Transfer" OR "Intestinal Microbiota Transplantation" OR "Intestinal 

Microbiota transplant" OR "Intestinal Microbiota transplant*" OR "Donor Feces Infusion" OR "Donor 

Feces" OR "Donor Faeces" OR "Donor Fecal" OR "Donor Faecal" OR "fecal microbial transplantation" 
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OR "fecal microbial transplant" OR "fecal microbial transplant*" OR "fecal microbial transfer" OR 

"fecal microbial transfer*" OR "faecal microbial transplantation" OR "faecal microbial transplant" 

OR "faecal microbial transplant*" OR "fecal transplantation" OR "fecal transplant" OR "fecal 

transplant*" OR "fecal transfer" OR "fecal transfer*" OR "faecal transplantation" OR "faecal 

transplant" OR "faecal transplant*" OR "fecal microbiome transplantation" OR "fecal microbiome 

transplantations" OR "fecal microbiome transplant" OR "fecal microbiome transplant*" OR "fecal 

microbiome transfer" OR "fecal microbiome transfer*" OR "faecal microbiome transplantation" OR 

"faecal microbiome transplant*") AND ("microbial colonization" OR "colonization" OR "colonisation" 

OR "decolonization" OR "decolonisation" OR "coloniz*" OR "colonis*" OR "decoloniz*" OR 

"decolonis*" OR "antibiotic resistance" OR "antibiotic resistance" OR "multidrug resistance" OR 

"multi drug resistant" OR "multi drug resistance" OR "multidrug resistant" OR "multidrug 

resistance" OR "carbapenem" OR "carbapenem derivative" OR "carbapenem" OR "Carbapenem*" 

OR "Doripenem" OR "Ertapenem" OR "Thienamycins" OR "Thienamycin" OR "Imipenem" OR 

"Meropenem" OR "Doripenem" OR "Ertapenem" OR "Thienamycins" OR "Thienamycin" OR 

"Imipenem" OR "Meropenem" OR "vancomycin" OR "Vancomycin" OR "Vancomycin derivative" OR 

"Vancomycin*" OR "extended spectrum beta lactamase" OR "ESBL" OR "extended spectrum" OR 

"extendedspectrum" OR "extended spectr*" OR "extendedspectr*" OR "multi-resistant" OR "drug 

resistant" OR "multi-resistance" OR "drug resistance" OR "multi-resistan*" OR "drug resistan*")) 

OR KW(("Fecal Microbiota Transplantation" OR "fecal microbiota transplantation" OR "fecal 

microbiota transplantations" OR "fecal microbiota transplant" OR "fecal microbiota transplant*" 

OR "fecal microbiota transfer" OR "fecal microbiota transfer*" OR "faecal microbiota transplantation" 

OR "faecal microbiota transplant" OR "faecal microbiota transplant*" OR "faecal microbiota 

transfer" OR "faecal microbiota transfer*" OR "Intestinal Microbiota Transfer" OR "Intestinal 

Microbiota Transplantation" OR "Intestinal Microbiota transplant" OR "Intestinal Microbiota 

transplant*" OR "Donor Feces Infusion" OR "Donor Feces" OR "Donor Faeces" OR "Donor Fecal" OR 

"Donor Faecal" OR "fecal microbial transplantation" OR "fecal microbial transplant" OR "fecal 

microbial transplant*" OR "fecal microbial transfer" OR "fecal microbial transfer*" OR "faecal 

microbial transplantation" OR "faecal microbial transplant" OR "faecal microbial transplant*" OR 

"fecal transplantation" OR "fecal transplant" OR "fecal transplant*" OR "fecal transfer" OR "fecal 

transfer*" OR "faecal transplantation" OR "faecal transplant" OR "faecal transplant*" OR "fecal 

microbiome transplantation" OR "fecal microbiome transplantations" OR "fecal microbiome 

transplant" OR "fecal microbiome transplant*" OR "fecal microbiome transfer" OR "fecal microbiome 

transfer*" OR "faecal microbiome transplantation" OR "faecal microbiome transplant*") AND 

("microbial colonization" OR "colonization" OR "colonisation" OR "decolonization" OR 

"decolonisation" OR "coloniz*" OR "colonis*" OR "decoloniz*" OR "decolonis*" OR "antibiotic 

resistance" OR "antibiotic resistance" OR "multidrug resistance" OR "multi drug resistant" OR 

"multi drug resistance" OR "multidrug resistant" OR "multidrug resistance" OR "carbapenem" OR 

"carbapenem derivative" OR "carbapenem" OR "Carbapenem*" OR "Doripenem" OR "Ertapenem" 

OR "Thienamycins" OR "Thienamycin" OR "Imipenem" OR "Meropenem" OR "Doripenem" OR 

"Ertapenem" OR "Thienamycins" OR "Thienamycin" OR "Imipenem" OR "Meropenem" OR 

"vancomycin" OR "Vancomycin" OR "Vancomycin derivative" OR "Vancomycin*" OR "extended 

spectrum beta lactamase" OR "ESBL" OR "extended spectrum" OR "extendedspectrum" OR "extended 

spectr*" OR "extendedspectr*" OR "multi-resistant" OR "drug resistant" OR "multi-resistance" OR 

"drug resistance" OR "multi-resistan*" OR "drug resistan*")) OR (TI("Fecal Microbiota 

Transplantation" OR "fecal microbiota transplantation" OR "fecal microbiota transplantations" OR 

"fecal microbiota transplant" OR "fecal microbiota transplant*" OR "fecal microbiota transfer" OR 
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"fecal microbiota transfer*" OR "faecal microbiota transplantation" OR "faecal microbiota 

transplant" OR "faecal microbiota transplant*" OR "faecal microbiota transfer" OR "faecal microbiota 

transfer*" OR "Intestinal Microbiota Transfer" OR "Intestinal Microbiota Transplantation" OR 

"Intestinal Microbiota transplant" OR "Intestinal Microbiota transplant*" OR "Donor Feces Infusion" 

OR "Donor Feces" OR "Donor Faeces" OR "Donor Fecal" OR "Donor Faecal" OR "fecal microbial 

transplantation" OR "fecal microbial transplant" OR "fecal microbial transplant*" OR "fecal 

microbial transfer" OR "fecal microbial transfer*" OR "faecal microbial transplantation" OR "faecal 

microbial transplant" OR "faecal microbial transplant*" OR "fecal transplantation" OR "fecal 

transplant" OR "fecal transplant*" OR "fecal transfer" OR "fecal transfer*" OR "faecal 

transplantation" OR "faecal transplant" OR "faecal transplant*" OR "fecal microbiome 

transplantation" OR "fecal microbiome transplantations" OR "fecal microbiome transplant" OR 

"fecal microbiome transplant*" OR "fecal microbiome transfer" OR "fecal microbiome transfer*" 

OR "faecal microbiome transplantation" OR "faecal microbiome transplant*" OR (("fecal microbiota" 

OR "feces microbiota" OR "faecal microbiota" OR "faeces microbiota" OR "fecal microb*" OR "feces 

microb*" OR "faecal microb*" OR "faeces microb*") AND ("transplant*"))) AND AB("microbial 

colonization" OR "colonization" OR "colonisation" OR "decolonization" OR "decolonisation" OR 

"coloniz*" OR "colonis*" OR "decoloniz*" OR "decolonis*" OR "antibiotic resistance" OR "antibiotic 

resistance" OR "multidrug resistance" OR "multi drug resistant" OR "multi drug resistance" OR 

"multidrug resistant" OR "multidrug resistance" OR "carbapenem" OR "carbapenem derivative" OR 

"carbapenem" OR "Carbapenem*" OR "Doripenem" OR "Ertapenem" OR "Thienamycins" OR 

"Thienamycin" OR "Imipenem" OR "Meropenem" OR "Doripenem" OR "Ertapenem" OR 

"Thienamycins" OR "Thienamycin" OR "Imipenem" OR "Meropenem" OR "vancomycin" OR 

"Vancomycin" OR "Vancomycin derivative" OR "Vancomycin*" OR "extended spectrum beta 

lactamase" OR "ESBL" OR "extended spectrum" OR "extendedspectrum" OR "extended spectr*" OR 

"extendedspectr*" OR "multi-resistant" OR "drug resistant" OR "multi-resistance" OR "drug 

resistance" OR "multi-resistan*" OR "drug resistan*")) 
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General discussion  

The general aim of this thesis was to investigate current issues with the definition, 

diagnosis and treatment of urinary tract infection (UTI). The rationale for wanting 

to improve these aspects of UTI primarily lies in the significant physical and 

emotional burden faced by patients suffering from UTI. Beyond the burden on 

the individual patient, the high incidence of UTI puts a considerable strain on all 

layers of the health care system. The urgency to address these issues has only 

increased, given the escalating threat of antimicrobial resistance (AMR) to public 

health. The emergence of multidrug resistant organisms (MDROs) outpaces the 

development of novel antimicrobials. UTI is a key driver of AMR, not only due 

to its high incidence and tendency to recur, but also due to the inaccuracy of 

current urine diagnostics, particularly in older women. One of the root causes 

of inappropriate antimicrobial treatment is inappropriate diagnosis. Therefore, 

efforts to combat AMR should not only focus on developing novel antimicrobials, 

but also on improving diagnostics to support judicious antimicrobial use. Given 

the challenges in symptom assessment and the high prevalence of asymptomatic 

bacteriuria (ASB) in older women, accurate diagnostics for UTI are arguably 

most needed in this population. MDRO carriership is common in older adults, 

facilitating the spread of MDROs in the community, hospitals, and long-term care 

facilities (LTCF). [1, 2] To generate new, reliable data on novel diagnostics and 

treatment modalities for UTI, clear research definitions of UTI (and its various 

clinical phenotypes) are of paramount importance. Without an agreed reference 

standard, the internal and external validity of such studies is compromised.

This general discussion addresses the challenges related to the definition, 

diagnosis and treatment of UTI in three parts. For each part, the results of the 

studies in this thesis will be discussed, including implications for future research. 

Part I: Defining UTI 
Chapter 2 describes the results of a systematic review evaluating how UTI has 

been defined in recent studies. In total, 47 studies, published between 2019 and 

2022, investigating prophylactic and therapeutic interventions in adults with UTI, 

were included. UTI definitions used in these studies were highly heterogeneous, 

consisting of various combinations of clinical signs and diagnostic tests (or a lack 

thereof). There are several factors that may explain this heterogeneity.

Firstly, the diverse clinical presentations and manifestations of UTI, taken 

together with a certain degree of subjectivity in symptoms, may lead to variations 
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in how researchers define UTI. As already mentioned in the introduction of this 

thesis, UTI is not a single clinical entity, but rather refers to a spectrum of disease 

manifestations. Secondly, there is a lack of consensus within the scientific 

community regarding thresholds for ‘significant’ pyuria and bacteriuria. This 

disagreement among experts was reflected in the various thresholds for pyuria 

and bacteriuria we found in the studies included in our systematic review. Thirdly, 

studies with distinct objectives (e.g. clinical trials and diagnostic accuracy studies) 

may use different criteria tailored to their specific research goals. A clinical trial 

evaluating the efficacy of a novel antimicrobial may define UTI based on the 

intended use of the antimicrobial for a specific population, e.g. including fever 

in the definition of UTI if the study drug has systemic properties. Diagnostic 

accuracy studies may define UTI based on more precise laboratory criteria. As our 

systematic review only included interventional studies, we could not deduce this 

from our data. 

Differences between existing research guidelines may have led to conflicting 

definitions. European Medicines Agency (EMA) [3] and U.S. Food and Drug 

Administration (FDA) [4, 5] guidelines apply different symptom and laboratory 

criteria, leaving room for interpretation. Definitions of ‘complicated UTI’ are not 

uniform in these guidelines. In our systematic review, we found that ‘complicated 

UTI’ referred to two different clinical entities, i.e. UTI with systemic involvement 

and UTI with complicating host factors, likely due to the ambiguity of this term. 

However, the diversity observed in study definitions within our systematic review 

cannot be solely ascribed to conflicting guidelines, as the overall adherence to 

these guidelines proved to be low.

This leads us to question why adherence to existing guidelines is generally low. 

Apart from the lack of clarity within and cohesiveness between these guidelines, 

these guidelines were developed to facilitate clinical development programmes 

for novel antimicrobials or new uses and/or regimens for licensed antimicrobials. 

As such, researchers conducting studies for other purposes, e.g. evaluating novel 

diagnostic tests, may not feel compelled to follow these guidelines for their specific 

study objectives. Moreover, if there are no institutional or journal requirements 

mandating the use of specific guidelines or definitions, researchers may choose 

more flexible or alternative approaches. Other existing research guidelines are 

limited in their applicability, as they were developed for surveillance purposes or 

for studies conducted in specific settings, such as LTCFs. [6, 7]
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The findings of our systematic review led us to establish a reference standard for 

UTI, intended for research purposes rather than clinical practice. As previously 

noted in the introduction section of this thesis, a reference standard is crucial for 

identification of homogeneous groups of patients for clinical research. Without a 

reference standard, bias is introduced into estimates of diagnostic accuracy and 

efficacy, affecting the internal validity of a study, and results cannot be readily 

compared with other studies (or synthesised for meta-analysis), compromising 

its external validity. Moreover, a reference standard creates a common language 

for international researchers. 

We conducted a Delphi study, described in Chapter 3 of this thesis, to achieve 

consensus on a reference standard. Used in various fields, the Delphi method 

has four main characteristics: an expert panel is questioned about the issue of 

interest, the process is anonymous to reduce the effect of dominant personalities, 

the questionnaires are iterative in nature, and the design of the subsequent rounds 

is informed by a summary of the group response of the previous round. [8] This 

study included 57 UTI experts from various countries across Europe and North 

America, representing medical specialties including infectious diseases, urology, 

microbiology, geriatrics, family medicine, and emergency medicine. After three 

questionnaire rounds, a high degree of consensus (94%) on the final reference 

standard was reached.

There are some notable differences between this reference standard and the 

aforementioned research guidelines. UTI diagnosis involves many factors, and in 

clinical practice there are levels of probability when diagnosing UTI. To reflect 

this, our reference standard includes a scoring system with possible, probable, 

and definite UTI categories, echoing the categorisation that can be found in the 

now widely-used European Organisation for Research and Treatment of Cancer and 

the Mycoses Study Group (EORTC/MSG) consensus definitions of invasive fungal 

diseases. [9] For clarity purposes, our reference standard steers away from the 

term ‘complicated UTI’ and instead distinguishes between UTI with and without 

systemic involvement. We chose this distinction to align more closely with clinical 

practice and to ensure that future UTI studies should then be able to focus upon 

clearly phenotyped cohorts. For instance, a recent randomised trial comparing 

a novel aminoglycoside to meropenem for the treatment of ‘complicated UTI’, 

applied the FDA definition, in which ‘complicated’ may either refer to UTI with 

systemic signs (e.g. fever) or UTI with complicating host factors (e.g. urological 

comorbidity). As a consequence, they included a heterogeneous group of study 
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participants with and without systemic involvement and various complicating 

host factors. [10] Aside from the probably unnecessary treatment of acute cystitis 

with broad-spectrum intravenous antibiotics in some study participants, this 

limits the interpretation of study results and the external validity of the study.

Another major difference between our reference standard and previous guidelines 

is the incorporation of different levels of pyuria. This decision was primarily 

based on study outcomes described in Chapter 4, in which we demonstrate that 

the low pyuria thresholds used in previous guidelines have low specificity for 

UTI in older women, and the degree of pyuria can help to distinguish UTI from 

ASB in this population. Considering the predominance of UTI in older women 

and the high need for reliable data in this understudied population, we believed 

that a new reference standard should take the high prevalence of ASB in older 

women into account and integrated this into our scoring system for pyuria (and 

bacteriuria) domains.

Despite compelling evidence that the absence of pyuria effectively rules out UTI 

[11, 12], our systematic review (Chapter 2) showed that pyuria was seldomly 

incorporated into study definitions, and if it was, the presence of leukocyte esterase 

on a urine dipstick was usually considered sufficient. As leukocyte esterase results 

exhibit poor correlation with absolute degrees of pyuria, and the quantification of 

pyuria is crucial for enhancing comparability across future studies, our reference 

standard is based on leukocyte quantification and omits urine dipstick items. 

While quantification of pyuria should also be encouraged in UTI studies conducted 

in primary and long-term care settings, our supplementary reference standard 

does include urine dipstick items, to ensure the broad applicability of our reference 

standard. Finally, our reference standard applies lower bacteriuria thresholds 

than any of the aforementioned standards. This decision was based on clear 

expert panel consensus and previous evidence demonstrating lower colony-

counts in ‘clear-cut’ cases of UTI. [11, 12] The multifaceted scoring system of our 

reference standard mitigates the risk of a lower bacteriuria threshold leading to 

misclassification of ASB as UTI.

The open-ended question is whether our reference standard will be implemented 

in future UTI studies. While the low adherence to previous standards suggests a 

need for a new reference standard, the implementation of our reference standard 

is not assured. However, several aspects of our reference standard increase the 

likelihood of successful implementation. Firstly, by involving a large and diverse 
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group of stakeholders, we incorporated viewpoints from multiple different 

medical specialties and countries, increasing applicability and endorsement of the 

reference standard. The same approach has resulted in the widespread adoption 

of consensus definitions for invasive fungal diseases in major trials assessing 

antifungal drug efficacy, validation studies of diagnostic tests, and epidemiological 

research. [13] Similarly, our reference standard is versatile and applicable across 

various study types, in contrast to the EMA and FDA standards, which were 

specifically developed for the approval of new antimicrobials. Another strength of 

our reference standard lies in its clarity, specifically, its avoidance of ambiguous 

terms such as ‘complicated UTI’. Ideally, the use of our reference standard would 

serve as a quality criterion for journals and ethical committees. It is important 

to reiterate that our reference standard was not developed for clinical practice 

and should, therefore, not be utilised in such settings. Our reference standard 

was not validated for clinical use and does not consider the practical aspects of 

clinical practice. For instance, a urine culture result may not be available at the 

time of patient presentation.

To ensure continued use of the reference standard in future studies, the reference 

standard will have to be updated once new evidence emerges. For instance, if 

the novel urine biomarkers described in Chapter 5 of this thesis will have been 

validated in a broader population, they could be integrated in an updated reference 

standard. Additionally, further calibration of the reference standard in future 

studies may result in adjustments to certain domains or the weighting of specific 

criteria. While our reference standard was partially validated and calibrated 

using fictional case vignettes, future studies could involve a more extensive and 

diverse set of case vignettes. Alternatively, they could assess the alignment of 

the reference standard with actual clinical cases, as adjudicated by a separate 

expert panel.

Part II: Diagnostic challenges 
As summarised in the introduction of this thesis, diagnosing UTI is perhaps 

most challenging in older women. One approach to addressing these diagnostic 

challenges in clinical practice is by examining how existing diagnostic tests can 

be optimised. 

Due to their convenience, urine dipsticks are frequently used in primary care 

and LTCF settings, but they lack accuracy. [14] While automated microscopy and 
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urine flow cytometry are more precise methods for quantification of pyuria, 

currently applied reference values do not take the high prevalence of ASB (with 

concomitant pyuria) in older women into account. In Chapter 4, we describe the 

results of a case-control study, conducted across multiple primary care offices, 

LTCFs and emergency departments, in which we evaluated the diagnostic accuracy 

of automated microscopy and urine flow cytometry for UTI in women ≥ 65 years. 

Our main findings were as follows: both diagnostic methods had (equally) high 

diagnostic accuracy for UTI in this population, the level of pyuria could aid in 

distinguishing UTI from ASB, and the specificity of the commonly used pyuria 

threshold (10 leukocytes/µl) for UTI was poor (36%). These results are difficult to 

compare with prior studies, as they generally use the presence of bacteriuria as a 

proxy reference standard for UTI, which does not distinguish UTI from ASB. As has 

been stated, ramifications of inappropriately diagnosing UTI include antimicrobial 

overtreatment and failing to address the true cause of symptoms. In our study, a 

threshold of 200 leukocytes/µl increased the specificity to 86% (95% confidence 

interval (CI) 78 – 92), while maintaining a high sensitivity of 89% (95%CI 80 – 

96), corresponding with a positive likelihood ratio of 6.3 (95%CI 3.9 – 10.3) and a 

negative likelihood ratio of 0.1 (95%CI 0.06 – 0.3).

The potential consequences of these findings for clinical practice differ per health 

care setting. In hospitals, pyuria is usually quantified (via automated microscopy or 

urine flowcytometry) in patients with suspected UTI, although some laboratories 

forego quantification if initial dipstick screening does not yield abnormal results. 

While the latter diagnostic strategy could contribute to underdiagnosis of UTI, 

the primary concern in older women is overdiagnosis, or rather, inappropriate 

diagnosis. Based on our findings in Chapter 4 and the widespread availability 

of pyuria quantification in most hospitals, we propose that pyuria should be 

quantified in all women ≥ 65 years with suspected UTI in this setting, and a 

higher threshold (e.g. 200 leukocytes/µl) should be employed. Alternatively, the 

test result could be accompanied by a message reminding the ordering clinician 

that intermediate degrees of pyuria are also found in older women with ASB. 

Evidently, a one-size-fits-all threshold for pyuria is a concept better left in the 

past, and age-, sex-, and setting-specific reference values warrant further study.

However, the majority of women with suspected UTI present in primary care, 

and rates of ASB are highest in women residing in LTCF. [15, 16] Therefore, 

the potential impact of pyuria quantification and novel thresholds is arguably 

highest in these healthcare settings. Nevertheless, there are feasibility concerns 
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to address. While automated microscopy has the advantage of a reduced labour 

intensity, reduced interobserver variability, and higher throughput than manual 

microscopy, automated microscopy still requires some preanalytical steps and 

trained personnel to operate and maintain these automated systems. The Dutch 

primary care guideline on UTI [17] does recommend manual microscopy in 

case of leukocyte-esterase-positive and nitrite-negative urine dipstick results, 

but favours a urine dipslide (i.e. a slide coated with agar media for bacteriuria 

determination) in this scenario due to the ease-of-use. Alternatively, primary 

care physicians and geriatricians could send urine samples to central laboratories 

for pyuria quantification. However, this approach incurs additional financial and 

logistical costs, as pyuria quantification should be performed within a few hours 

for reliable results. [18]

In light of the feasibility challenges related to pyuria quantification in primary 

care offices and LTCFs, novel biomarkers are particularly needed in these 

settings. In Chapter 5, we have explored the diagnostic potential of twelve 

urine biomarkers in the same study population as described in Chapter 4. Urine 

biomarker concentrations were measured through liquid chromatography-

mass spectrometry (LC-MS) and enzyme-linked immunosorbent assay (ELISA). 

We identified five urine biomarkers with high diagnostic accuracy for UTI in 

older women. Urinary interleukin 6 (IL-6), azurocidin, neutrophil gelatinase-

associated lipocalin (NGAL), tissue inhibitor of metalloproteinases 2 (TIMP-2), 

and C-X-C motif chemokine 9 (CXCL-9) accurately differentiated older women 

with UTI from asymptomatic women, including those with ASB. Azurocidin 

exhibited the highest diagnostic accuracy (sensitivity 86% and specificity 89% 

at a cut-off of 16.7 ng/mmol creatinine). These biomarkers all play different 

roles in the innate immune response. [19-21] Interestingly, patients with ASB 

exhibited higher biomarker concentrations than asymptomatic patients without 

bacteriuria, but lower concentrations than patients with UTI, suggesting that ASB 

may cause a state of low-grade inflammation. A similar distribution was seen 

for pyuria concentrations in Chapter 4. IL-6 and azurocidin have been studied 

most extensively in this population, and our findings are consistent with prior 

studies. [22, 23]

However, some hurdles must be overcome before these novel biomarkers can be 

used in routine clinical practice, especially in non-hospital settings. Currently, 

these biomarkers are measured using ELISA and LC-MS. These methods are costly 

and require trained laboratory technicians. Less expensive and easier tests will 
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need to be developed, for instance in the form of point-of-care testing. A point-of-

care test is a test that can be rapidly and easily performed at the patient’s bedside. 

[24] These tests are already being developed. For instance, the Utriplex test is a 

point-of-care urine dipstick test measuring human neutrophil elastase, matrix 

metalloproteinase 8 and cystatin C. Its diagnostic accuracy was disappointing in 

a prior paediatric study, likely explained by misclassification as a result of their 

reference standard (‘acute illness’ with urine culture yielding a uropathogen ≥ 

105 CFU/mL). However, this study illustrates that point-of-care testing for novel 

urinary inflammatory markers is feasible. [25]

Alternatively, rather than replacing pyuria as the keystone of UTI diagnosis, these 

new biomarkers could also be utilised in conjunction with pyuria to improve 

diagnostic accuracy. For instance, in a post hoc analysis in Chapter 5 we found 

that when comparing UTI and ASB subgroups, the combination of several urine 

biomarkers with pyuria had superior diagnostic accuracy to pyuria alone. This 

is due to the fact that patients with ASB showed a rather wide range of pyuria.

Regardless of which diagnostic strategy will prove to be best, both in terms of 

accuracy and feasibility, our findings on both pyuria quantification and novel 

biomarkers need to be externally validated in a broader population with various 

clinical presentations (including non-specific symptoms), comorbidities and levels 

of frailty. Our case-control design and our study population were chosen to prove 

a concept for which a clear definition and reliable assessment of UTI and ASB 

was necessary but may have contributed to overestimated diagnostic accuracy 

results. Furthermore, our population was rather young and did not have advanced 

cognitive impairment, raising the question of whether our results apply to a 

more frail population. Future studies should also evaluate the impact of improved 

diagnostic accuracy on prescribing rates, MDRO colonisation rates, and patient 

outcomes (i.e. symptom burden).

Something we did not address in this thesis, but that may become increasingly 

important in the near future is reducing the turnaround time of pathogen 

identification and antimicrobial susceptibility testing (AST). Increasing AMR rates 

underscore the necessity of rapid AST results, allowing for tailored antimicrobial 

therapy. This is especially relevant in populations with high a priori probabilities 

of AMR, such as patients in LTCFs and patients with recurrent UTI. However, 

fast pathogen identification and susceptibility results can potentially lower the 

threshold for clinicians to prescribe (reserve) antimicrobials. While fast culture 
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results offer advantages in timely antimicrobial treatment, the associated risks 

underscore the importance of diagnostic tools capable of effectively differentiating 

between ASB and UTI. 

Part III: Alternative prophylactic and treatment 
strategies 
We have seen how ambiguous definitions and imprecise diagnostics of UTI 

contribute to inappropriate prescribing of antimicrobials, and thus to unnecessary 

side effects, drug interactions, Clostridioides difficile infections, and AMR. Patients 

with recurrent UTI (rUTI), defined as at least three episodes per year or two 

episodes per six months, particularly contribute to AMR, both due to frequent 

courses of antimicrobials and the use of continuous oral antimicrobial prophylaxis. 

[26] At the same time, patients with rUTI are disproportionally affected by 

the negative effects of AMR, as it limits their treatment options, sometimes 

precluding any oral antimicrobials. In healthy individuals, the gut microbiota, 

consisting of diverse communities of bacteria and other microorganisms, prevents 

the overgrowth of potentially harmful pathogens, also known as colonisation 

resistance. Antimicrobial treatment leads to a perturbed gut microbiota with 

impaired colonisation resistance, increasing the risk of invasive infections. These 

infections then require antimicrobial treatment, promoting further gut dysbiosis 

and selection of resistant strains. [27, 28] Worby et al. [28] have shown decreased 

gut microbial richness in women with rUTI. Chapter 6 and 7 of this thesis focus 

on breaking this vicious cycle, which is displayed in Figure 1.

The direct instillation of antimicrobials in the bladder may be an appealing 

‘gut-sparing’ alternative to systemic antimicrobial prophylaxis and treatment. 

For instance, in bacterial conjunctivitis, antimicrobial eye-drop formulations 

ensure a directly delivery of the drug to the site where it is needed, minimising 

systemic effects. Adjuvant chemotherapy in non-muscle invasive bladder cancer 

showcases the usefulness of targeted bladder delivery. [29] Beyond preserving the 

gut microbiota, intravesical antimicrobial therapy offers an additional potential 

advantage, i.e. the delivery of high concentrations of antimicrobials directly into 

the bladder. This targeted approach ensures that even pathogens with higher 

minimum inhibitory concentrations can be effectively eradicated.
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Figure 1: Vicious cycle of antimicrobial treatment and resistance. FMT = faecal microbiota 

transplantation, MDRO = multidrug resistant organism, IAI = intravesical aminoglycoside 

instillations, NSAID = non-steroidal anti-inflammatory drug, UTI = urinary tract infection

In Chapter 6, we describe the results of a cohort study including 44 patients who 

were treated with intravesical aminoglycoside instillations (IAI) in our institution. 

This study expands upon a prior study demonstrating efficacy of IAI in patients 

with rUTI, after which IAI was applied in a growing number of patients for longer 

durations. [30] Patients with multiple treatment cycles (on and off IAI) acted as 

their own controls. We found that IAI increased the time to the first recurrence 

and reduced the number of recurrences. This, together with the fact that one in 

four recurrences could be treated with daily instillations, reduced the number of 

oral and intravenous antimicrobial prescriptions. Moreover, serum aminoglycoside 

levels were undetectable in all but one patient, confirming the non-systemic 

potential of intravesical administration.

Furthermore, we found that the rate of UTI being caused by MDROs did not 

increase over the study period (18 and 14% off and on IAI respectively). We did see 

some instances of UTI due to aminoglycoside resistant Enterobacterales, but these 
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could be treated by oral antimicrobials and did not recur despite continuation of 

the same aminoglycoside. These aminoglycoside resistant strains are probably 

not the result of induced resistance, as IAI is gut-sparing, but rather the results 

of previous systemic antimicrobial treatment. In the previous study by Stalenhoef 

et al. [30] the rate of UTI being caused by MDRO dropped from 78 to 23%. We did 

not routinely perform faecal swabs in our patients, yet Stalenhoef et al. [30] found 

that intestinal colonisation remained relatively low at approximately 15%. Both 

Stalenhoef et al. and we did not investigate gut microbial richness, so whether 

IAI can alleviate gut dysbiosis remains an open question.

No malignancies were found on follow-up cystoscopy. While our data cannot 

definitively exclude the carcinogenic potential of long-term IAI, our relatively 

long follow-up period (more than 3.5 years for 25% of study participants) does 

diminish prior concerns. 

Future studies should focus on the development of different antimicrobials for 

IAI. For instance, we observed more enterococcal infections in patients on IAI, 

which is likely explained by the fact that enterococci are frequently intrinsically 

resistant to high levels of aminoglycosides. Leaving aside the question of whether 

enterococcal infections should be treated at all, intravesical instillations with a 

vancomycin-containing regimen could address this matter. However, vancomycin 

does not have appropriate pharmacokinetic properties for intravesical installation 

as its efficacy is time-dependent rather than peak concentration-dependent, and 

intravesical antimicrobial concentrations rapidly decline due to urinary dilution 

and frequent voiding. In contrast with aminoglycosides, glycopeptides such as 

vancomycin do not exhibit a significant post-antibiotic effect. 

Currently, methods to extend bladder incubation time of antimicrobials are being 

developed, for instance by means of nanoparticles. [31] These particles have been 

shown to promote endocytosis of antimicrobials into the urothelium in in vitro 

bladder models. Other non-antibiotic formulations are being investigated as 

well. The antiseptic cetylpyridinium chloride, which is a quaternary ammonium 

salt already being used in mouthwashes and eye drop formulations, was studied 

in three women with rUTI caused by extensively resistant uropathogens, with 

moderate success. [32] Other groups are exploring the potential of trimeric 

thiomannoside clusters, which prevent adherence of E. coli to the urothelium by 

inhibition of FimH adhesin. [31]
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These new developments suggest that intravesical therapies are a promising 

modality for rUTI. However, the inconvenience of intravesical instillations will 

likely preclude its becoming a first-line modality. In our cohort, we found high 

treatment satisfaction scores. However, our population mainly consisted of 

postmenopausal women who had already failed continuous oral antimicrobial 

prophylaxis or who were immunocompromised due to kidney transplantation. 

As such, this group was highly motivated to try new therapies. For patients with 

a lower disease burden, intravesical installation, which requires clean intermittent 

catheterisation, might prove to be too invasive. 

Another avenue to break the vicious cycle of gut dysbiosis and AMR, is by 

therapy directly targeting the gut. The most well-known example of effective 

gut restorative therapy is faecal microbiota transplantation (FMT) in patients with 

recurrent Clostridioides difficile infection (rCDI), a condition also characterised by 

gut dysbiosis. FMT involves introducing processed stool bacteria obtained from 

a healthy donor into the intestinal tract of a patient. In patients with rCDI, FMT 

has been shown to increase microbiota diversity and decrease the number of 

antibiotic resistance genes. [33, 34] Multiple studies have shown high cure rates 

in patients with rCDI, and FMT has become a widely used treatment modality for 

rCDI in clinical practice. [35]

In Chapter 7, we describe the results of a systematic review including recent studies 

that had investigated the efficacy of FMT for intestinal MDRO decolonisation. 

We found considerable heterogeneity between studies regarding the population, 

type of MDRO (mostly carbapenem-resistant Enterobacterales or vancomycin-

resistant Enterococcus), route of administration, post-FMT antimicrobial use, and 

duration of follow-up. Although decolonisation rates varied greatly, the largest 

study showed significantly higher decolonisation rates in the FMT group compared 

with controls (66% versus 25% at 6 months, respectively). [36] Intriguingly, in 

two studies in the review, FMT showed a robust reduction in the number of MDRO 

infections (including UTI) even though the decolonisation rates were modest. [37, 

38] A similar effect was seen in two other studies that were not included in the 

review. One study investigated the use of FMT in rCDI, and coincidentally found 

a reduced number of UTI recurrences (median 4 to 1 infections per year pre- and 

post-FMT, respectively). [39] While this finding might be explained by resolution of 

diarrhoea (thereby decreasing the risk of periurethral colonisation and exogeneous 

infection), it might also be explained by restoration of gut microbial richness and 

thus colonisation resistance. Recently, a small study showed FMT to be highly 
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effective in eradicating intestinal extended-spectrum beta-lactamase producing 

E. coli in kidney transplant recipients with rUTI. [40] In our tertiary care hospital, 

we are currently conducting a randomised clinical trial comparing FMT and oral 

decontamination with polymyxin and neomycin to oral decontamination only 

in the same target population, although its primary aim is to assess the safety 

of FMT in this population. Future studies should focus on the question whether 

FMT can not only reduce intestinal MDRO colonisation but also prevent recurrent 

infection in patients with rUTI.

The widespread application of FMT is impeded by the drawbacks inherent to 

this therapy: it is costly and invasive, and imposes a burden not only on the 

recipients but on donors as well. Alternatively, one could only administer selected 

components of the intestinal microbiota. For instance, a recent study showed that 

oral capsules composed of purified Firmicutes were highly effective in preventing 

a recurrent episode in patients with rCDI. [41]

Conclusion 
Tackling the patient burden of UTI against the backdrop of increasing AMR will 

require a multifaceted approach, addressing both diagnostic and therapeutic 

knowledge gaps. To that end, this thesis underscores the importance of uniform 

research definitions and proposes a new reference standard. Furthermore, it shows 

the potential of both existing and new diagnostics for UTI in older patients, 

allowing for a more judicious use of antimicrobials. Finally, it highlights two 

alternative modalities for the management of patients with rUTI and MDRO 

colonisation. Follow up studies, building upon the work presented in this thesis, 

are already underway. As astutely put by Angela Huttner, UTI research is not an 

intellectual dead end, yet an exciting new frontier. [42]
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Nederlandse samenvatting 
Deze samenvatting is geschreven om de inhoud van dit proefschrift toegankelijk te maken 

voor mensen zonder medische of academische achtergrond.

Urineweginfecties zijn infecties van de urinewegen: het gebied van de nieren, via 

de urineleiders (ureters) en de blaas tot de urinebuis (urethra). Bij mannen wordt 

ook de prostaat, die net onder de blaas gelegen is, tot de urinewegen gerekend. 

Meestal ontstaan urineweginfecties doordat darmbacteriën zoals Escherichia coli, 

afgekort E. coli, van buiten de urethra binnendringen en zich verplaatsen naar 

de blaas. Daar hechten de bacteriën aan het blaasslijmvlies en kunnen ze een 

ontstekingsreactie uitlokken.

Er zijn heel veel verschillende soorten urineweginfecties. Sommige infecties 

beperken zich tot de blaas. Dit wordt een acute cystitis genoemd en gaat gepaard 

met pijn bij het plassen, frequenter plassen en loze aandrang. Bij mannen is 

doorgaans de prostaat ook betrokken en kan er naast de eerdergenoemde klachten 

ook koorts optreden. Maar er zijn ook ernstigere urineweginfecties. Bacteriën in de 

blaas kunnen zich ook via de urineleider naar de nieren verplaatsen. Dan ontstaat 

er een nierbekkenontsteking (acute pyelonefritis), die meestal gepaard gaat met 

koorts, koude rillingen en pijn in de zij. In 25-40% van de gevallen treedt er ook 

een bloedbaaninfectie (bacteriëmie) op. Dergelijke ernstigere urineweginfecties 

worden soms ook wel gecompliceerde urineweginfecties genoemd, in tegenstelling 

tot ongecompliceerde urineweginfecties zoals een acute cystitis. 

Net zoals bij elke infectie spelen de witte bloedcellen (leukocyten) een belangrijke 

rol bij de afweer tegen urineweginfecties. Deze leukocyten komen ook in de urine 

terecht. De huidige diagnostiek van urineweginfecties berust op het aantonen van 

leukocyten in de urine. Daarnaast kan de urine gekweekt worden om de bacterie 

die de infectie veroorzaakt aan te tonen en te bepalen voor welke antibiotica die 

gevoelig is. 

Urineweginfecties komen veel voor. In Nederland vinden jaarlijks meer dan twee 

miljoen bezoeken aan de huisarts plaats vanwege urineweginfecties, waarbij 

patiënten met koorts meestal worden verwezen naar de spoedeisende hulp. Acute 

cystitis en acute pyelonefritis komen meer voor bij vrouwen dan bij mannen, met 

een eerste piek op jongvolwassen leeftijd en een tweede piek na de overgang. 
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Bij jonge patiënten is de kans op een ernstig beloop laag, maar dat is anders bij 

oudere patiënten of patiënten bij wie de bacteriëmie leidt tot een septische shock 

(orgaanfalen door een overweldigende afweerreactie op een infectie). Van hen 

overlijdt ongeveer 30%. 

De meest kwetsbare groep zijn vrouwelijke verpleeghuisbewoners, die meer kans 

hebben op urineweginfecties door bijkomende aandoeningen zoals verzakkingen, 

urine-incontinentie en een verzwakte afweer. 

Voor zowel jonge als oudere vrouwen geldt dat de infectie in meer dan de helft 

van de gevallen terugkeert in het jaar na de eerste infectie. Zowel het frequent 

vóórkomen als terugkeren van urineweginfecties gaat gepaard met grote 

lijdensdruk voor de patiënten die het betreft en grote financiële kosten voor de 

maatschappij als geheel. 

Daarnaast vormen urineweginfecties een belangrijke aanjager van antibiotica 

resistentie. Antibiotica zijn de hoeksteen van de behandeling van urineweginfecties, 

maar doordat ze zo veel en herhaaldelijk gebruikt worden, kunnen bacteriën 

resistent worden tegen de gegeven antibiotica. 

Antibioticaresistentie is wereldwijd een groeiend probleem. Er zijn legio 

voorbeelden van bacteriën waar geen antibiotica in tabletvorm meer werkzaam 

tegen zijn. Deze infecties kunnen dus alleen met antibiotica via een infuus 

behandeld worden. Naarmate de resistentie toeneemt, moeten steeds zwaardere 

antibiotica gegeven worden, wat gepaard gaat met meer bijwerkingen. En inmiddels 

zijn er ook bacteriën die resistent zijn voor álle bestaande antibiotica, ook in 

infuusvorm. Voor patiënten die met zo’n bacterie geïnfecteerd zijn bestaat nu 

geen goede behandeling. 

Deze bovenstaande punten worden uitgebreider behandeld in de inleiding van dit 

proefschrift in hoofdstuk 1.

De oplossing van het probleem van antibioticaresistentie en de lijdensdruk die 

gepaard gaat met (herhaaldelijke) urineweginfecties vraagt om meer onderzoek. 

Het probleem daarmee is echter dat er in de wetenschappelijke literatuur geen 

consensus is over hoe urineweginfecties gedefinieerd moeten worden. Er bestaan 

wel onderzoeksdefinities van Europese en Amerikaanse instanties, maar die zijn 

onderling verschillend. 
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In hoofdstuk 2 wordt een overzicht gepresenteerd van 47 studies naar de 

behandeling van urineweginfecties die tussen 2019 en 2022 zijn verschenen, 

waarbij we hebben gekeken hoe urineweginfecties in die studies gedefinieerd 

werden. Bijna elke studie bleek zijn eigen criteria en afkapwaarden te gebruiken. 

De bestaande onderzoeksdefinities werden nauwelijks gevolgd. Het aantonen van 

leukocyten in de urine was bijvoorbeeld slechts in 28% van de studies vereist en 

de aanwezigheid van bacteriën in een urinekweek in 55% van de studies.

Ook werden de verschillende soorten urineweginfecties op verschillende wijzen 

gedefinieerd. Met name de term gecompliceerde urineweginfectie leidt tot veel 

onduidelijkheid: sommige studies gebruiken de term voor elke urineweginfectie 

die zich niet beperkt tot de blaas. Andere studies gebruiken de term juist voor 

een urineweginfectie in een patiënt met onderliggende aandoeningen, onder 

andere van de urinewegen, die de kans op een ernstig beloop vergroten. Door 

deze verschillen is het lastig om studies met elkaar te vergelijken of op waarde 

te schatten. 

Daarom hebben wij een standaard opgesteld voor de definities van urineweginfecties 

voor onderzoeksdoeleinden. Deze standaard is tot stand gekomen met behulp van 

een groep van 57 internationale experts van verschillende medische specialismen 

door middel van een zogenaamde Delphi-methode. Bij deze methode wordt op een 

gestructureerde manier in meerdere rondes tot een consensus gekomen, waarbij 

gebruik is gemaakt van vragenlijsten en fictieve patiëntscenario’s. Dit leidde tot 

het opstellen van een referentiestandaard met 94% consensus. Deze standaard en 

de Delphi-methode staan beschreven in hoofdstuk 3.

Onze referentiestandaard wijkt op belangrijke punten af van de eerder genoemde 

standaarden. Er zijn nieuwe afkapwaarden voor het aantal leukocyten en 

bacteriën in de urine opgesteld. Daarnaast wordt de mate van zekerheid over de 

diagnose meegenomen in de standaard: we onderscheiden mogelijke (possible), 

waarschijnlijke (probable) en zekere (definite) urineweginfecties. Hiermee brengen 

we de onderzoeksdefinities dichter bij de klinische praktijk, waar vaak ook sprake 

is van enige onzekerheid. 

Verder spreken we niet meer van gecompliceerde urineweginfecties, maar wordt 

een onderscheid gemaakt tussen urineweginfecties met en zonder systemische 

verschijnselen (zoals koorts of lage bloeddruk). Dit helpt ook om het onderzoek, 

bijvoorbeeld naar nieuwe antibiotica, beter aan te laten sluiten op de praktijk. 
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Tenslotte heeft onze referentiestandaard, in tegenstelling tot de eerdere 

standaarden, specifiek aandacht voor ouderen. Ouderen worden buitensporig 

veel getroffen door urineweginfecties. Niet alleen komen urineweginfecties 

vaker voor bij ouderen, maar ze hebben vaak ook een ernstiger beloop. Ook zijn 

urineweginfecties bij ouderen moeilijker te diagnosticeren. Het uitvragen van 

klachten van oudere patiënten kan moeilijker zijn bij dementie of andere 

geheugenstoornissen. Daarnaast kunnen de klachten van een urineweginfectie 

lijken op klachten van andere aandoeningen die veel bij oudere vrouwen voorkomen, 

zoals verzakking of vaginale droogte. Tenslotte zijn de diagnostische testen, zoals 

het bepalen van leukocyten in de urine, bij ouderen minder betrouwbaar. Daarom 

heeft onze referentiestandaard andere afkapwaarden voor ouderen. 

Minder betrouwbare diagnostiek is een probleem, omdat een behandelaar ten 

onrechte kan concluderen dat een patiënt een urineweginfectie heeft, terwijl dat 

in werkelijkheid niet zo is. In dat geval krijgt iemand ten onrechte antibiotica, 

die niet nodig zijn maar wel bijwerkingen kunnen veroorzaken. Ook dragen 

onterecht voorgeschreven antibiotica bij aan het wereldwijde probleem van 

antibioticaresistentie. 

De aanwezigheid van leukocyten in de urine vormt bij ouderen een minder 

betrouwbare test voor het vaststellen van een urineweginfectie, omdat bij ouderen 

soms ook bacteriën en leukocyten in de urine aanwezig kunnen zijn zónder dat 

er sprake is van een urineweginfectie. Dit wordt asymptomatische bacteriurie 

genoemd en het komt veel voor. Van de oudere vrouwen die in een verpleeghuis 

wonen heeft de helft asymptomatische bacteriurie. Dit behoeft geen behandeling, 

maar is dus op basis van de aanwezigheid van leukocyten in de urine niet goed 

te onderscheiden van een urineweginfectie. 

Daarom hebben we in hoofdstuk 4 gekeken of het onderscheid tussen 

urineweginfecties en asymptomatische bacteriurie wel gemaakt kan worden door 

te kijken naar het precieze aantal leukocyten in de urine. Daarbij hebben we 

gebruik gemaakt van geavanceerde manieren om het aantal leukocyten exact 

te bepalen. In deze studie hebben we 164 vrouwen van 65 jaar en ouder met en 

zonder urineweginfecties onderzocht uit huisartsenpraktijken, verpleeghuizen 

en ziekenhuizen. Een deel van de vrouwen zonder urineweginfecties had 

asymptomatische bacteriurie. We vonden dat vrouwen met een urineweginfectie 

veel meer leukocyten in de urine hadden dan vrouwen met asymptomatische 

bacteriurie. Op basis daarvan konden we concluderen dat de meest gangbare 
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afkapwaarde voor leukocyten in de urine van 10 per microliter veel te laag is. 

Wij vonden een optimale afkapwaarde van 264 leukocyten per microliter. Als die 

wordt aangehouden, verbetert de betrouwbaarheid van de test en zullen minder 

vaak ten onrechte urineweginfecties worden vastgesteld. Daarmee wordt ook 

voorkomen dat de daadwerkelijke oorzaak van de klachten gemist wordt. Deze 

hogere afkapwaarde hebben we ook opgenomen in de referentiestandaard van 

hoofdstuk 3.

Daarnaast hebben we in dezelfde groep vrouwen onderzocht of er andere mogelijke 

testen zijn voor het diagnosticeren van urineweginfecties. De resultaten van dat 

onderzoek staan beschreven in hoofdstuk 5. In dit onderzoek hebben we naar 

twaalf verschillende biomarkers in de urine gekeken. Dat zijn in het lichaam 

geproduceerde stoffen die gerelateerd zijn aan ontstekingsreacties en schade aan 

de urinewegen. Vijf daarvan konden goed het onderscheid maken tussen wel of 

geen urineweginfectie. Bij vrouwen met asymptomatische bacteriurie, bij wie 

het onderscheid het lastigste te maken is, bleken deze vijf biomarkers ook van 

aanvullende waarde bovenop het leukocytenaantal. Op basis van deze resultaten 

is nu een vervolgstudie opgezet in een diversere groep patiënten. Het doel is om 

deze biomarkers verder te ontwikkelen tot nieuwe testen die nog nauwkeuriger 

urineweginfecties kunnen diagnosticeren.

Betere diagnostiek van urineweginfecties kan helpen om onterechte 

behandelingen met antibiotica te voorkomen, wat tot minder bijwerkingen 

en minder antibioticaresistentie kan leiden. Maar dit helpt alleen mensen die 

geen urineweginfectie hebben. Patiënten mét een urineweginfectie hebben de 

antibiotica uiteraard wel degelijk nodig. 

Daar komt bij dat urineweginfecties vaak terugkomen. Als er sprake is van drie of 

meer urineweginfecties per jaar, spreekt men van recidiverende urineweginfecties. 

Zoals eerder genoemd, gaan die gepaard met grote kosten en een verminderde 

kwaliteit van leven en dragen ze in belangrijke mate bij aan antibioticaresistentie. 

Patiënten met recidiverende urineweginfecties krijgen soms een onderhouds-

behandeling met antibiotica om nieuwe infecties te voorkomen. Dit lukt helaas 

niet altijd, bijvoorbeeld doordat de patiënt ernstige bijwerkingen heeft of drager 

is van resistente bacteriën, en er geen antibiotica in tabletvorm meer gegeven 

kunnen worden. In het Leids Universitair Medisch Centrum worden dergelijke 

patiënten sinds meer dan tien jaar behandeld met blaasspoelingen met antibiotica. 

Hiervoor wordt via eenmalige urinekatheters een vloeistof met antibiotica in de 
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blaas achtergelaten. Patiënten worden hierin getraind zodat zij dit zelf thuis 

kunnen doen. Een voordeel van deze methode is dat de antibiotica alleen in de 

blaas werken en daardoor in theorie veel minder bijwerkingen veroorzaken dan 

antibiotica die systemisch (d.w.z. in het hele lichaam) werken. 

Hoewel deze behandeling al geruime tijd wordt toegepast, is er nog maar weinig 

bekend over de effectiviteit en veiligheid op lange termijn. In hoofdstuk 6 

beschrijven wij onze ervaringen met deze blaasspoelingen. Vierenveertig patiënten 

die tussen 2013 en 2022 zijn behandeld zijn meegenomen in deze studie. Onder 

blaasspoelingen was het aantal recidief urineweginfecties 25% lager en waren 

er veel minder vaak systemische antibiotica nodig. Patiënten waren over het 

algemeen erg tevreden over de behandeling. Er werden geen complicaties en geen 

gevallen van blaaskanker gezien. Blaasspoelingen met antibiotica blijken dus 

veilig en effectief. Doordat ze alleen in de blaas werken en niet in de rest van het 

lichaam, hebben ze ook geen negatieve invloed op de darmflora, zoals systemisch 

werkende antibiotica dat wel hebben.

Het is bekend dat vrouwen met recidiverende urineweginfecties een slechtere 

kwaliteit darmflora hebben, waarschijnlijk veroorzaakt door de vele antibiotische 

behandelingen. Een slechte darmflora vergroot de kans op het ontstaan van 

multiresistente darmbacteriën: bacteriën die resistent zijn tegen meerdere 

soorten antibiotica. Patiënten die drager zijn van multiresistente bacteriën in 

hun darmflora hebben een grotere kans op ernstige infecties en overlijden. 

Als een dergelijke ernstige infectie optreedt, wordt deze opnieuw behandeld met 

antibiotica, wat weer bijdraagt aan een verdere verslechtering van de darmflora. 

Maar het is niet makkelijk om deze vicieuze cirkel te doorbreken en de darmflora 

te verbeteren. Eerdere studies hebben laten zien dat lokaal werkende antibiotica 

in de darm niet effectief zijn en het probleem mogelijk zelfs verergeren. 

Een mogelijke behandeling is het vervangen van de darmflora door middel van een 

fecestransplantatie. Hierbij wordt de ontlasting van gezonde vrijwilligers gebruikt. 

Er is vooral ervaring met fecestransplantaties in de behandeling van darminfecties 

veroorzaakt door de bacterie Clostridioides difficile, maar nog niet zo veel bij het 

behandelen van dragerschap van multiresistente bacteriën. Dat laatste wordt 

behandeld in hoofdstuk 7. Dit is een overzicht van recente studies die gedaan 

zijn naar fecestransplantaties als behandeling van dragerschap. Wij vonden in de 

literatuur zeven kleine niet-gerandomiseerde studies en vijf patiëntbeschrijvingen, 

gepubliceerd sinds 2020. Na fecestransplantatie loste in 20 tot 90% van de gevallen 
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het dragerschap voor de multiresistente bacteriën op. Hoewel fecestransplantatie 

niet altijd het dragerschap oploste, werden er in sommige onderzoeken toch 

minder infecties met multiresistente bacteriën en minder urineweginfecties 

gezien. Mogelijk is een lichte verbetering in de darmflora al genoeg om deze 

patiënten tegen een infectie te beschermen. Om de precieze effectiviteit van 

fecestransplantaties vast te stellen, zijn betere onderzoeken nodig.

Hoofdstuk 8 tenslotte bevat de algemene discussie van het proefschrift, waarin 

alle bovenstaande onderwerpen besproken worden en vooruitgekeken wordt 

naar toekomstige toepassingen en ontwikkelingen. Zo is de voorgestelde 

referentiestandaard van hoofdstuk 3 goed ontvangen door de onderzoekers 

binnen het gebied van de urineweginfecties, maar de tijd zal het leren of de 

referentiestandaard ook echt gevolgd gaat worden in toekomstige studies. 

We hebben aanleiding om te denken dat dat inderdaad het geval zal zijn, omdat 

onze referentiestandaard breder toepasbaar en meer up-to-date is dan de eerder 

genoemde onderzoeksdefinities. Verder dient onze standaard uiteraard geüpdatet 

te worden als er nieuwe diagnostische tests worden ontwikkeld.

Daarvoor hebben we al een eerste aanzet gedaan met het identificeren van vijf 

nieuwe biomarkers. Voordat deze in de dagelijkse praktijk gebruikt kunnen 

worden, is niet alleen meer onderzoek nodig in andere groepen patiënten, maar 

ook zullen deze biomarkers ontwikkeld moeten worden tot praktisch uitvoerbare 

testen. In ons onderzoek hebben we geavanceerde laboratoriumonderzoeken 

gebruikt om deze biomarkers te bepalen, maar dit is duur en tijdrovend en 

de apparaten die hiervoor nodig zijn, staan alleen in (grotere) ziekenhuizen. 

De meeste urineweginfecties worden juist gediagnosticeerd bij huisartsen en 

in verpleeghuizen. Er moeten dus eenvoudigere tests ontwikkeld worden, die 

gemakkelijk en snel kunnen worden uitgevoerd zonder dat er een laboratorium 

aan te pas komt. Voor het aantonen van leukocyten in de urine bestaan zulke tests 

al: de dipstick die de huisarts gebruikt om urineweginfecties vast te stellen. Deze 

dipstick is echter minder betrouwbaar, zoals we hebben aangetoond in hoofdstuk 

4. Dat is dus ook iets om rekening mee te houden als de vijf nieuwe biomarkers 

die we gevonden hebben in de vorm van een dipstick ontwikkeld worden. 

Tenslotte zijn in dit proefschrift behandelingen besproken voor recidiverende 

urineweginfecties en dragerschap van multiresistente bacteriën. Voor 

fecestransplantatie is nog niet aangetoond dat het herstellen van de darmflora 

ook leidt tot minder urineweginfecties, dus dit is iets waar verder onderzoek 
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naar gedaan moet worden. Voor zowel blaasspoelingen als fecestransplantaties 

geldt dat het belastende behandelingen zijn, wat een bredere toepassing van deze 

methoden in de weg staat. Hiervoor dienen eenvoudigere en minder ingrijpende 

toedieningswijzen ontwikkeld te worden. 

Een deel van al deze ontwikkelingen en vervolgonderzoeken is al onderweg, 

waarvan we de komende jaren de resultaten zullen gaan zien. Alleen door 

innovaties in diagnostische testen en behandelmethoden voor urineweginfecties 

kan de ziektelast voor individuele patiënten worden verminderd en kan het gevaar 

van antibioticaresistentie voor onze samenleving worden ingeperkt. 
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Allereerst wil ik de vrouwen bedanken die hebben deelgenomen aan de 

onderzoeken beschreven in hoofdstuk 4 en 5 van dit proefschrift. Jullie bijdrage 

is van onschatbare waarde, ook voor jongere generaties vrouwen. 

Leo, het was een voorrecht om jou als mijn promotor en mentor te hebben, omdat 

ik altijd bij je naar binnen kon lopen en je mijn vertrouwen als onderzoeker enorm 

hebt versterkt. Je inspireerde mij met ideeën die ik niet zelf had bedacht, maar 

die toch resoneerden als mijn eigen ontdekkingen. 

Merel, ondanks dat ik één van je eerste promovendi was, wist ik vanaf het begin 

dat het goed zat, door jouw ongeëvenaarde drive en vastberadenheid. Daar waar 

ik obstakels zag, kwam jij altijd met briljante oplossingen, zelfs als je op de 

skipiste stond. 

Simon, we’ve only ever met in person once, and even though most of our meetings 

were through Teams, I always caught myself smiling after our meetings. Your 

humour and attention for the person behind the PhD student have made a lasting 

impression. 

Sandra, dankzij jou wist ik tijdens mijn bachelor al dat ik infectioloog wil worden. 

Jij hebt me als eerste laten zien dat onderzoek leuk is en ik wil je oprecht bedanken 

dat je mij in verbinding hebt gebracht met Merel. 

I would like to thank Caroline, Tamara, Cees, Lona, Jeffrey, Suzanne, Béla, and 

Florian for our fruitful discussions: it was wonderful to spend so much time with 

a group of UTI enthusiasts. 

Rozemarijn, ik wil je bedanken voor het vele werk dat je hebt verricht voor de 

systematic review. 

Esther, bedankt voor je inzet bij de SENIOR-studie en daarna. Ik heb dankbaar 

gebruik gemaakt van je flexibiliteit en je inhoudelijke kennis als ik weer eens iets 

wilde veranderen aan het protocol. 

Rolf, bedankt voor je hulp bij de fijnere punten van de epidemiologie. 

Marjan, door jou is de SENIOR-studie drie keer zo snel aan zijn inclusiedoel 

gekomen. Ik vind het nog steeds moeilijk om dingen te delegeren, maar bij jou 

had ik daar nooit last van. Bedankt voor alles. 
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Liesbeth, ik gun iedere promovendus een Liesbeth. Jouw luisterende oor en jouw 

positiviteit waardeer ik enorm. 

Alle huisartsenpraktijken, verpleeghuizen en ziekenhuizen die deelnemers hebben 

geïncludeerd voor de SENIOR-studie wil ik bedanken voor hun inzet. In het 

bijzonder wil ik Lenneke noemen. Je deed het met grote vanzelfsprekendheid, 

maar verzette ondertussen bergen. Ook Brenda wil ik heel erg bedanken voor 

alle inspanningen. 

Ik wil alle internisten uit het HMC en LUMC bedanken voor hun begeleiding en 

mijn vorming tot internist. In het bijzonder wil ik Luc noemen: ik heb genoten 

van al onze niet-wetenschappelijke gesprekken. 

Maaike en Annette, het lot heeft beschikt dat wij met zijn drieën op één kamer 

(zonder ramen) aan onze promotietrajecten mochten werken. Bijna alle diepe 

dalen en hilarische momenten (niet gepast voor een dankwoord) speelden zich 

af binnen de vier muren van ons zweetkamertje. Ook onze wereldreizen waren 

episch, of we nu vanuit een hotelbed in Lissabon online het congres volgden of in 

New York noodgedwongen nóg closer werden. Meiden, we made it. 

Rowan, we begrijpen elkaars grappen al voordat ze zijn uitgesproken. Mede 

daarom ben je een van mijn beste vrienden. Laten we snel afspreken op Vlieland. 

Of Ameland. 

In alfabetische volgorde, omdat ik iedereen evenveel waardeer: Bram, Connie, 

David, Dook, Ernst-Jan, Esmée, Isabelle, Jesse, Josephine, Lorena, Marinus, Nadim, 

Neeltje, Niels, Noah, Patricia, Pim, Thomas, Tim, Tineke en Wing-Yi, bedankt 

voor jullie vriendschap en dat jullie me eraan herinneren dat het leven niet alleen 

draait om promoveren. 

Toon, Jeanne, Roel, Sandra, Krijn, Dominique, Janneke en Max, bedankt dat ik 

me vanaf het eerste moment lid van de familie voelde. Jullie hebben een echte 

carnavaller van me gemaakt. Nova en Mika, bedankt voor jullie steun en geduld 

tijdens deze reis. 

Pap, ik ben dankbaar voor wat ik van je heb geleerd en bij het schrijven van dit 

boekje heb ik vaak gedacht aan hoe we vroeger samen teksten schreven, onder 

andere voor mijn (gefaalde) zangcarrière. Ik koester onze hechte band. 
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Mam, jouw onvoorwaardelijke liefde heeft mij door moeilijke momenten gedragen 

en mijn successen verrijkt. Ik ben je eeuwig dankbaar voor jouw grenzeloze steun. 

Camiel, de band die wij hebben is niet in woorden onder te brengen. Dat hoeft ook 

niet, omdat jij en ik aan een blik al genoeg hebben. Broertje, deze achtbaan is af. 

Bram, zonder jou was dit boekje er niet geweest. Dat zul je uiteraard ontkennen, 

maar je moet het maar van me aannemen. Ik heb onze wedijver over wie het eerste 

klaar zou zijn verloren, maar ik heb met jou als partner iets veel belangrijkers 

gewonnen. Jag älskar dig.
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