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Abstract

:

Background: Urinary tract infections (UTIs) are a leading bacterial infection in the emergency department (ED). Diagnosing UTIs in the ED can be challenging due to the heterogeneous presentation; therefore, fast and precise tests are needed. We aimed to evaluate the diagnostic precision of procalcitonin (PCT), soluble urokinase plasminogen activator receptors (suPARs), and C-reactive protein (CRP) in diagnosing UTIs, grading the severity of UTIs, and ruling out bacteremia. Methods: We recruited adults admitted to three Danish EDs with suspected UTIs. PCT, suPAR, and CRP were used in index tests, while blood cultures, expert panel diagnosis, and severity grading were used in the reference tests. Logistic regression and area under the receiver operator characteristic curves (AUROCs) were utilized to evaluate the models and determine the optimal cut-offs. Results: We enrolled 229 patients. PCT diagnosed UTI with an AUROC of 0.612, detected severe disease with an AUROC of 0.712, and ruled out bacteremia with an AUROC of 0.777. SuPAR had AUROCs of 0.480, 0.638, and 0.605, while CRP had AUROCs of 0.599, 0.778, and 0.646. Conclusions: The diagnostic performance of PCT, suPAR, or CRP for UTIs or to rule out severe disease was poor. However, PCT can safely rule out bacteremia in clinically relevant numbers in ED patients suspected of UTI.
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1. Introduction


1.1. Background


Urinary tract infections (UTIs) are one of the most common bacterial causes of contact with the emergency department (ED) and one of the most common infections overall [1,2]. In the USA, UTIs account for more than two million ED visits annually and are one of the most common diagnoses for women visiting EDs [3,4]. In Denmark, UTIs lead to the hospitalization of more than 15,000 people annually and are the primary cause of community-acquired bacteremia [5,6].



Despite the high prevalence, UTIs are challenging to diagnose due to a wide range of symptoms and disease severity, varying from mild cystitis to life-threatening septic shock [7,8]. Urine culture-based diagnostic tests are unsuitable for EDs due to the 24–48 h turnaround time. Although urine analysis is faster, it lacks sufficient specificity and has poor positive predictive value [9,10]. This can result in both under- and overdiagnosis of UTIs in the ED, particularly in older patients who often present with vague symptoms [11,12].



In cases of suspected uncomplicated cystitis, it is often safe to delay initiating antibiotics and await diagnostic test results. Conversely, it is vital to initiate antibiotics promptly with a high degree of empirical coverage for suspected pyelonephritis and urosepsis, as these conditions can lead to kidney damage and have a high mortality [13,14]. Thus, we need fast and accurate diagnostic tests in the ED to guide antibiotic prescriptions.



Procalcitonin (PCT), a calcitonin precursor, is an inflammatory marker recognized to have immunoreactive properties [15]. PCT is considered more specific to bacterial infections and is proposed as a marker for severe infection and bacteremia [16,17,18]. The diagnostic accuracy of PCT in diagnosing UTIs in the ED has generally been studied in subpopulations with stringent UTI definitions that may not reflect the clinical diagnosis, and mixed results have been shown [19,20,21].



Soluble urokinase plasminogen activator receptor (suPAR) is the soluble leftovers from the cleavage of the urokinase-type plasminogen activator receptor on the surface of activated immune cells [22]. It has been evaluated as an infection marker, although with varied results [23,24]. Very few published studies have explored the diagnostic value in the ED [25], and only one study in a small cohort of children has evaluated suPAR for diagnosing UTI [26].



C-reactive protein (CRP) is a reliable and widely used inflammation marker and acute phase reactant [27,28]. CRP is sensitive but not specific to infection or any specific infection site [27]. Perhaps due to this well-known lack of specificity, very few studies exist on the diagnostic accuracy of CRP to diagnose UTIs.



Urine cultures are highly specific and sensitive to bacteriuria, but their accuracy in diagnosing UTIs suffers. Sensitivity can be as low as 45%, specificity as low as 72%, and negative predictive value (NPV) as low as 50% [29,30,31]. Despite this, positive urine cultures are often equated to a diagnosis of UTI in the literature, though often supported by the presence of symptoms leading to a selection bias [32].




1.2. Aim and Objectives


The aim of this study was to determine the diagnostic value of CRP, PCT, and suPAR in diagnosing UTIs in an ED setting.



The primary objective was to determine the optimal cut-offs and diagnostic precision of CRP, PCT, and suPAR for diagnosing UTI in ED patients with suspected UTI. The secondary objectives were to evaluate the diagnostic precision of these tests in categorizing the severity of UTIs and ruling out bacteremia in patients admitted with a suspected UTI.





2. Materials and Methods


2.1. Study Design


This is a diagnostic accuracy type 1 multicentre study with prospective data collection, exploring the diagnostic capabilities of three index tests (PCT, suPAR, and CRP) and three reference tests (UTI diagnosis, UTI severity, and bacteremia). This study presents one of the objectives of the multifaceted INDEED (Infectious Diseases in Emergency Departments) study, which aims to develop new diagnostic tools and methods to facilitate rapid and accurate diagnoses, thus reducing the number of non-targeted antibiotic prescriptions in emergency departments [33].



This study was reported according to the STARD statement [34].




2.2. Participants


We enrolled patients from the medical EDs of three hospitals in the Region of Southern Denmark: Hospital Sønderjylland in Aabenraa and Sønderborg, Hospital Lillebælt in Kolding, and Odense University Hospital. These three hospitals cover a diverse urban and rural population of 775,000 and are part of Denmark’s tax-funded universal healthcare system.



We consecutively enrolled patients on weekdays and evenings for a year starting 1 March 2021. Six health-care-educated project assistants screened patients admitted to the EDs. If the admitting physician suspected a UTI, the patient was screened for eligibility and invited to participate.



Patients were eligible unless they were below 18 years of age, pregnant, had a severe immunodeficiency, had a prior admittance over 24 h within the last 14 days, tested positive for COVID-19 within the previous 14 days, or if participation would delay life-saving treatment [33].




2.3. Blood Sample Procedure


The blood sample for PCT and suPAR analyses was prescribed by the research assistant and taken by a trained laboratory technician or the research assistant in a BD Vacutainer® EDTA tube (BD Switzerland Sarl, Eysins, Switzerland). The collected sample for PCT and suPAR was immediately hand-carried or sent by the TEMPUS600® system (Sarstedt, Nürnbrecht, Germany). It was centrifuged, pipetted, frozen, and stored at −20 °C. The PCT and suPAR samples were thawed only once just before analysis, which was carried out within two months of freezing, and analyzed at the same laboratory.



As part of the standard of care, a trained lab technician took blood samples for CRP analysis in a BD Vacutainer® PST™ Lithium heparin tubes (BD Switzerland Sarl, Eysins, Switzerland), and blood cultures were collected in BioMérieux BACT/ALERT® (BioMerieux, Marcy l’Etoile, France) FA PLUS and FN PLUS culture bottles, if prescribed by the admitting physician.




2.4. Tests and Variables


2.4.1. Procalcitonin—Index Test


EDTA plasma was analyzed with BRAHMS Procalcitonin ECL on Cobas® 8000 (Roche Diagnostics GmbH, Mannheim, Germany). Values measured above the upper limit of detection (master curve maximum) > 100 µg/L were set to 100 µg/L, and below the lower limit of quantification, <0.06 µg/L, they were set to 0 µg/L.




2.4.2. Soluble Urokinase-Type Plasminogen Activator Receptor—Index Test


EDTA plasmas were analysed with suPARnostic® TurbiLatex Reagents, (ViroGates A/S, Birkerød, Denmark) on Cobas® 8000, (Roche Diagnostics GmbH, Mannheim, Germany). Values measured above the upper limit of detection, >16 µg/L, were set to 16 µg/L, and below the lower limit of quantification, <1.5 µg/L, they were set to 0 µg/L.




2.4.3. C-Reactive Protein—Index Test


Heparin plasma was analyzed with the C-reactive protein (CRP4) immunoturbidimetric assay (Tina-quant®, Roche Diagnostics GmbH, Mannheim, Germany) on Cobas® 8000 (Roche Diagnostics GmbH, Mannheim, Germany). Samples were measured above the lower level of quantification of 0.6 mg/L. The results were collected from the patients’ medical charts and entered into the online data collection tool (REDCap version 10.8.3 to version 12.2.1 by Vanderbilt University, Nashville, TN, USA).




2.4.4. Urinary Tract Infection Diagnosis and Severity—Reference Tests


To avoid the selection bias of using urine cultures as the gold standard, we used a clinical diagnosis made by an expert panel. Two experts out of a panel of 10 experienced emergency and infection medicine specialists independently reviewed each participant’s medical record after at least seven days. Based on medical charts, standard of care laboratory results, microbiology and radiological results, and treatment outcomes, they determined the diagnosis and the severity of the disease in those diagnosed with a UTI. For this study, the diagnoses were dichotomized into UTI and non-UTI.



Severe disease was defined as an expert panel diagnosis of pyelonephritis or urosepsis, while cystitis was defined as mild disease. In case of disagreement, they re-evaluated the medical record and reached a consensus. The experts were blinded to PCT and suPAR but could not be blinded to CRP.




2.4.5. Blood Cultures—Reference Test


Blood culture bottles were carried by hand or car transport to the microbiological department, depending on the site. Culture bottles were incubated for six days or until growth was detected in the BioMérieux BACT/ALERT® VIRTUO® incubation system (BioMerieux, Marcy l’Etoile, France). The result was retrieved from the patients’ charts and recorded in the online data collection tool. The clinical microbiologists were blinded to PCT and suPAR but not CRP.




2.4.6. Other Variables


Age and sex assigned at birth were collected from patients’ charts after obtaining consent and entered into the online data collection tool. During the inclusion process, the research assistants interviewed patients about new symptoms, which they recorded in the data collection tool. Clinical findings from the treating physician were collected from the medical charts.





2.5. Statistical Analysis


We used descriptive statistics to summarise the patients’ characteristics. We reported continuous variables as means and interquartile range and categorical as numbers and percentages.



We used univariate logistic regression and area under the receiver operator characteristics curve (AUROC) to evaluate the model and find the optimal cut-off. We used Youden’s index to find the cut-off to diagnose UTI. For severity of disease and bacteremia, we used a 95% sensitivity target as we would use the test to rule out severe disease and bacteremia. Two variables (PCT and CRP) were log converted to fulfill the assumption of linearity unmodified, and the calculations were on the log value and converted back to report the actual cut-off found. We used Pearson residuals to test for the assumption of extreme outliers. We set a ±2 cut-off and recalculated the AUROCs, excluding the extreme outliers, to evaluate their effects. Finally, we calculated the Pearson correlation coefficient between the three markers to evaluate correlation.



Sensitivity, specificity, diagnostic accuracy (DA), negative predictive value (NPV), and positive predictive value (PPV) were calculated from 2 × 2 tables and reported in percentages. The Clopper–Pearson interval was used to calculate the 95% confidence intervals for sensitivity, specificity, and DA, while the standard logit confidence intervals were used for PPV and NPV.



Due to our study design, where patients who were not diagnosed with any infection would be dichotomized into the non-UTI group, it could produce a false association if a test is sensitive to infection but not to UTIs. Therefore, we conducted sensitivity analyses to diagnose UTIs and rule out bacteremia, excluding any patients diagnosed by the expert panel as not having any infection.



The study was powered to show that AUROCs of 0.7 and up were statistically different from 0.5. We estimated that 80% of patients where the admitting clinician suspected UTI had true UTI. We set the significance level to 0.05 (alpha) and the power to 80% (beta). This gave us a minimum sample size of 93.





3. Results


3.1. Participants


We assessed 2197 patients for eligibility, and 1968 (89.6%) were excluded or declined participation. We included 229 (10.4%) patients suspected of having a UTI by the admitting physician (Figure 1). Of these, 149 (65.1%) were retrospectively diagnosed by the expert panel to have a UTI, 45 (19.7%) had other infections, and 35 (15.3%) did not have an infection. All 229 patients had a blood test for CRP; 201 (87.8%) had blood cultures performed, 196 (85.6%) had a PCT, and 195 (85.2%) had a suPAR.



Characteristics of patients with suspected UTI stratified by expert panel diagnosis are presented in Table 1. Patients diagnosed with a UTI had a median age of 75 years, and 59.1% were men. In patients with a UTI, the median PCT, suPAR, and CRP were 0.53 μg/L, 7.2 μg/L, and 136 mg/L, respectively. Of the 149 patients with UTI, 120 (80.5%) had severe disease. Of the 136 with a UTI who had blood cultures taken, 39 (28.7%) had a positive result. Out of 141 patients diagnosed with UTI where complete information was available on symptoms and clinical findings, 106 (75.2%) exhibited classic UTI symptoms (suprapubic or flank pain, increased urinary frequency, dysuria, new urine retention or incontinence, and change of urine appearance or smell). Urine cultures were positive in 74.8% of the 139 UTI patients who had a urine culture taken.



We found a low correlation between the three markers. The Pearson correlation coefficient was 0.31 for PCT and CRP, 0.42 for PCT and suPAR, and 0.35 for suPAR and CRP.




3.2. Diagnostic Precision of Procalcitonin


We calculated an AUROC of 0.717 (95% CI 0.642–0.792) for PCT to diagnose UTI in a population of patients suspected of having a UTI. The optimal Youden’s cut-off was calculated to be 0.43 μg/L. When excluding extreme outliers, the model AUROC decreased to 0.648 (95% CI 0.560–0.735). However, the model excluded all values below 0.06, which are biologically plausible; therefore, we do not consider it valid to exclude extreme outliers. In the sensitivity analysis that excluded non-infection patients, the model’s AUROC dropped to 0.612 (95% CI 0.515–0.709) for diagnosing UTI.



For grading the severity of UTI, we found a model AUROC of 0.712 (95% CI 0.590–0.833) and calculated a high-sensitivity cut-off to be 0.08 μg/L.



For ruling out bacteremia in patients admitted with suspicion of UTI, PCT had an AUROC of 0.809 (95% CI 0.737–0.881%). Excluding the non-infected for the sensitivity analysis reduced the AUROC non-significantly to 0.777 (95%CI 0.695–0.858).



See Table 2 for diagnostic values.




3.3. Diagnostic Precision of Soluble Urokinase-Type Plasminogen Activator Receptor


The suPAR AUROC was 0.583 (95% CI 0.494–0.671) for diagnosing UTIs, and we found Youden’s cut-off to be 6.5 μg/L. We determined an AUROC for suPAR to grade the severity of UTI to be 0.576 (95% CI 0.438–0.714) and the 95% sensitivity cut-off to be 3.7 μg/L. In ruling out bacteremia, suPAR had a model AUROC of 0.637 (95% CI 0.547–0.727) and a 95% sensitivity cut-off of 4.6 μg/L. See Table 2 for diagnostic values.




3.4. Diagnostic Accuracy of C-Reactive Protein


C-reactive protein had a model AUROC for diagnosing UTIs among patients suspected of UTI of 0.723 (95% CI 0.651–0.794) and an optimal cut-off of 71 mg/L. There were no extreme outliers, but when we excluded the non-infected for the analysis, the AUROC was reduced to 0.599 (95% CI 0.503–0.694).



When grading severe disease in UTI patients, we calculated an AUROC of 0.676 (95% CI 0.567–0.785) and a 95% sensitivity cut-off of 19 mg/L.



In ruling out bacteremia in patients suspected of having a UTI, CRP had an AUROC of 0.689 (95% CI 0.598–0.780) with a 95% sensitivity cut-off of 14 mg/L. Excluding extreme outliers, the AUROC increased to 0.782 (95% CI 0.701–0.864), while recalculating without the non-infected reduced the AUROC to 0.646 (95% CI 0.546–0.746). See Table 2 for diagnostic values.





4. Discussion


4.1. Key Results


PCT demonstrated acceptable discrimination with an AUROC of 0.717 and, with a cut-off value of 0.43 μg/L, a PPV in our population of 83.0% for detecting UTIs. However, the AUROC fell to 0.612 when excluding the non-infected. A cut-off of 0.08 μg/L detected severe disease with a similar performance: AUROC of 0.712, a sensitivity of 88.4%, and a PPV of 85.0. When used to diagnose bacteremia, though, it had a better AUROC of 0.809, and with a 95% sensitivity cut-off of 0.15 μg/L, we found an NPV of 96.3% in our population.



suPAR discriminated poorly in UTI diagnosis and severity grading with AUROCs of 0.583 and 0.576, respectively, and confidence intervals including 0.5. When ruling out bacteremia, it performed slightly better with an AUROC of 0.689, which was significantly different from 0.5, and an NPV of 92.9%.



CRP had an acceptable discrimination of UTI with an AUROC of 0.723, but with an optimal cut-off of 71 mg/L, it gave only a PPV of 77.5% in our population. In grading the severity of UTI and detecting bacteremia, it performed poorly with an AUROC of 0.676 and 0.689, respectively.




4.2. Study Limitations


Most studies define UTIs very stringently, almost all requiring a positive urine culture. This excludes the subgroup of patients with a negative urine culture and introduces a risk of including patients with a positive urine culture but no UTI. Our study did not have strict criteria for diagnosing UTI. The diagnosis was based solely on the expert panel’s evaluation. As a result, 52.6% of patients diagnosed with UTI had positive urine cultures and UTI symptoms. In comparison, 20.6% of those not diagnosed with a UTI had a positive urine culture and UTI symptoms. This non-strict definition, in turn, questions the reproducibility and generalization of our results. We tried to ameliorate this by having the experts of different specialties evaluate every patient individually. Since our results are based on a clinical diagnosis, we argue that this study design is more clinically applicable than those with a more stringent UTI definition.



Although the expert panel was blinded to PCT and suPAR, they were not blinded to CRP. This may have affected the accuracy of CRP’s discriminatory performance in diagnosing UTIs and grading severity. The expert panel likely utilized CRP to diagnose, which could have led to an overestimation of its discriminatory performance. Although the microbiologists were not blinded to CRP, their influence is negligible since they were unaware of this study and had no motivation to check CRP levels.



The reference test of the severity of the disease fell outside the power calculations because the prevalence in this group was higher than predicted. A post hoc power calculation with the recorded values found that we had a sufficient number to have enough power to show that an AUC of 0.7 or above is significantly different from 0.5, which is also reflected in the confidence intervals.



Due to our study design, with patients included based on the clinician’s suspicion of UTI after the initial examination, we missed patients with UTI who did not present with typical symptoms. These initially misclassified patients represent an interesting target for further research to optimize treatment and diagnostics.



Some patients did not have blood cultures, PCT, or suPAR taken. Since blood cultures were only obtained if the treating physician prescribed it, we expect patients without blood cultures to have less severe disease and thus a lower risk of bacteremia and a lower prevalence, which would reduce our PPV but increase our NPV. Technical and logistic issues caused missing PCT or suPAR results, which are considered missing completely at random.




4.3. Implications for Practice


4.3.1. Procalcitonin


Our study’s AUROC of PCT in diagnosing UTIs matches a similar study that only included women in the ED [20]. The specificity in our study was higher at 78.3% vs. 63%, while our sensitivity was lower at 57.5% vs. 67%. This difference is likely due to their lower cut-off of 0.25 µg/L, as opposed to our higher cut-off of 0.43 µg/L. After testing whether the non-infected patients who ended up in the non-UTI group drove our findings, our AUROC decreased to 0.612, consistent with another similar study [19]. This finding suggests that PCT is not specific to UTIs but only to bacterial infections. Therefore, caution should be exercised when interpreting PCT findings in a clinical setting or designing studies to evaluate the specificity of PCT in a specific infectious focus.



We found an adequate AUROC of 0.712 when using PCT to determine the severity of UTIs using the cut-off of 0.1 µg/L. This analysis does not have the bias mentioned above and is consistent with similar studies with similar cut-offs, which test for the diagnosis of upper versus lower UTIs (AUROC 0.644–0.94) [35]. However, if used in our very high prevalence population, it performs poorly in ruling out severe UTIs. Of the 127 patients with a UTI and a PCT result, only 20 (15.7%) UTIs with severe disease could be ruled out, with an unacceptably high false negative rate (60.0%). Thus, it is inadvisable to use PCT to rule out severe UTI.



If using PCT to rule out bacteremia, however, we calculated a good AUROC 0.809, with a 94.9% sensitivity cut-off of 0.15 µg/L. This aligns with prior studies in similar populations (AUROC 0.72–0.993, cut-offs 0.25 µg/L–3.61 µg/L) [16,36,37,38,39]. Furthermore, when we recalculate without the non-infected, AUROC decreases minimally to 0.777, indicating that this bias does not drive this result. In a population similar to ours and using this cut-off, PCT could rule out bacteremia in 31.2% of patients, giving the clinician the option for narrower or oral antibiotics and earlier discharge from the hospital. Additionally, only 3.7% of patients who test negative for bacteremia will have positive blood cultures, making PCT a viable diagnostic tool in the ED. However, this high sensitivity cut-off should only be used to rule out bacteremia, as it lacks specificity, and 68.9% of the positive PCT tests will have negative blood cultures.




4.3.2. Soluble Urokinase-Type Plasminogen Activator Receptor


We found that suPAR performed poorly in diagnosing UTIs and grading the severity of UTIs with AUROCs, which included 0.5 in the confidence intervals. To our knowledge, no prior studies in adults have evaluated suPAR for UTIs. A similar study found an AUROC of 0.50 for suPAR to predict a bacterial cause of inflammation in sepsis patients [40]. To rule out bacteremia, suPAR has an AUROC that is significantly different from 0.5. In a similar population to ours, if suPAR is used with a cut-off of 4.6 µg/L, it could rule out bacteremia in 16.3% of patients. However, 7.1% of these negative tests will have positive blood cultures. Our results indicate that suPAR has no value as a diagnostic test for diagnosing UTIs and grading the severity of UTIs, and it has minimal value in ruling out bacteremia.




4.3.3. C-Reactive Protein


CRP showed a slightly better, but not statistically significant, AUROC (0.723) compared to PCT in diagnosing UTIs. However, in the sensitivity analysis without non-infected individuals, the AUROC decreased to 0.599. This indicates that the AUROC is primarily influenced by sensitivity to infections alone rather than specific to UTI. To our knowledge, no comparable studies are available. However, a study conducted in nursing homes to diagnose UTIs found that a cut-off of 5 mg/L resulted in a sensitivity of 60.0% and specificity of 50.9%. On the other hand, a meta-analysis evaluating the diagnostic accuracy of CRP in pyelonephritis in children found that with a 20 mg/L cut-off, sensitivity was 94%, and specificity was 39% [41,42]. These results suggest that CRP is not specific enough to diagnose UTIs, and caution should be exercised if using it for that purpose.



Although the AUROC of CRP’s diagnostic capability to grade the severity of disease was acceptable, the NPV was poor. While prior studies have shown a significant association between higher CRP and sepsis, and one study reported an impressive AUROC of 1.0 in diagnosing upper UTIs, our results do not support these findings [18,43,44].



CRP also performed poorly when used to rule out bacteremia. Our AUROC was 0.689, which aligns with previous studies indicating that CRP is a poor diagnostic test for bacteremia in patients with UTI [16,39]. Although we found a sensitivity of 95.7%, we could only rule out 23 patients (11.4%); of those, 2 (8.7%) were false negatives.






5. Conclusions


Neither PCT nor CRP can be used as a diagnostic test for UTIs. However, in patients suspected of UTIs in the ED, PCT may be a safe and accurate test to rule out bacteremia, allowing clinicians to prescribe more targeted antibiotics or oral antibiotics and, in some cases, discharge earlier. Our results indicate that suPAR has minimal diagnostic value in UTI patients in the ED.
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Figure 1. Flowchart of participants, index tests, and reference tests. CRP—C-reactive protein; PCT—procalcitonin; suPAR—soluble urokinase-type plasminogen activator receptor; UTI—urinary tract infection. 
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Table 1. Characteristics of patients admitted to the emergency department with suspicion of UTI and stratified by expert panel diagnosis.
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	Expert Panel Diagnosis
	UTI
	Non-UTI





	no. (%)
	149 (65.1%)
	80 (34.9%)



	Clinical characteristics
	
	



	Age, years, median (IQR), n = 229
	75 (17)
	76.5 (18.5)



	Sex, male, no. (%), n = 229
	88 (59.1%)
	43 (53.8%)



	UTI symptoms, no. (%), n = 217
	106 (75.2%)
	47 (61.8%)



	Positive urine culture, no. (%), n = 216
	104 (74.8%)
	30 (39%)



	UTI symptoms & positive urine culture, no. (%), n = 206
	70 (52.6%)
	15 (20.6%)



	Laboratory results
	
	



	PCT, median (IQR), μg/L, n = 196
	0.53 (2.3)
	0.14 (0.36)



	suPAR, median (IQR), μg/L, n = 195
	7.2 (4.7)
	6.3 (5.3)



	CRP, median (IQR), mg/L, n = 229
	136 (126)
	50 (118)



	Severity of disease (only UTI), n = 149
	
	



	Mild (cystitis), no. (%)
	29 (19.5%)
	-



	Severe (pyelonephritis or urosepsis, no. (%)
	120 (80.5%)
	-



	Blood cultures, n = 201
	
	



	Positive, no. (%)
	39 (28.7%)
	8 (12.3%)



	Negative, no. (%)
	97 (71.3%)
	57 (87.7%)







CRP—C-reactive protein; PCT—procalcitonin; suPAR—soluble urokinase-type plasminogen activator receptor; UTI—urinary tract infection.













 





Table 2. AUROCs, cut-offs, diagnostic values, cross-tabulations, and prevalence for each index test stratified by reference test.
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	Index Test
	Reference Test
	n
	Model AUROC
	EEO

AUROC
	Non-Inf AUROC
	Cut-Off
	Sens
	Spec
	PPV
	NPV
	DA
	TP
	FP
	FN
	TN





	PCT
	UTI
	196
	0.717
	0.648
	0.612
	0.43 μg/L
	57.5%
	78.3%
	83.0%
	50.0%
	64.8%
	73
	15
	54
	54



	
	Severity
	127
	0.712
	0.712
	-
	0.08 μg/L
	95.1%
	25.0%
	84.5%
	54.5%
	81.9%
	98
	18
	5
	6



	
	Bacteremia
	173
	0.809
	0.858
	0.777
	0.15 μg/L
	94.9%
	38.8%
	31.1%
	96.3%
	51.4%
	37
	82
	2
	52



	suPAR
	UTI
	195
	0.583
	0.581
	0.480
	6.5 μg/L
	66.1%
	54.4%
	73.0%
	46.3%
	62.1%
	84
	31
	43
	37



	
	Severity
	127
	0.576
	0.638
	-
	3.74 μg/L
	95.1%
	0.0%
	80.3%
	0.0%
	77.2%
	98
	24
	5
	0



	
	Bacteremia
	172
	0.637
	0.679
	0.605
	4.62 μg/L
	94.9%
	19.5%
	25.7%
	92.9%
	36.6%
	37
	107
	2
	26



	CRP
	UTI
	229
	0.723
	0.771
	0.599
	71 mg/L
	77.9%
	58.8%
	77.9%
	58.8%
	71.2%
	116
	33
	33
	47



	
	Severity
	149
	0.676
	0.778
	-
	19 mg/L
	95.0%
	20.7%
	83.2%
	50.0%
	80.5%
	114
	23
	6
	6



	
	Bacteremia
	201
	0.689
	0.782
	0.646
	14 mg/L
	95.7%
	13.6%
	25.3%
	91.3%
	32.8%
	45
	133
	2
	21







AUROC—area under receiver operating characteristics curve; CRP—C-reactive protein; DA—diagnostic accuracy; FN—false negative, FP—false positive; EEO—excluding extreme outliers; Non-inf—excluding the non-infected patients (only UTI and bacteremia); NPV—negative predictive value; PPV—positive predictive value; PCT—procalcitonin; Sens—sensitivity; Spec—specificity; suPAR—soluble urokinase-type plasminogen activator receptor; TN—true negative; TP—true positive; UTI—urinary tract infection.
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