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Abstract: Urinary tract infections (UTIs) are a leading infectious cause of emergency department
admission. Early UTI diagnosis is challenging, and a faster, preferably point-of-care urine analysis
is necessary. We aimed to evaluate the diagnostic accuracy of urine flow cytometry (UFC) and urine
dipstick analysis (UDA) in identifying bacteriuria and UTIs. This study included adults suspected
of an infection admitted to three Danish emergency departments. UFC and UDA were the index
tests, and urine culture and an expert panel diagnosis were the reference tests. We used logistic
regression and receiver operator characteristics curves to find each test’s optimal model and cut-off.
We enrolled 966 patients and performed urine cultures on 786. Urine culture was positive in 337,
and 200 patients were diagnosed with a UTL. The UFC model ruled out bacteriuria in 10.9% with a
negative predictive value (NPV) of 94.6% and ruled out UTI in 38.6% with an NPV of 97.0%. UDA
ruled out bacteriuria in 52.1% with an NPV of 79.2% and UTI in 52.8% with an NPV of 93.9%. Nei-
ther UFC nor UDA performed well in ruling out bacteriuria in our population. In contrast, both
tests ruled out UTI safely and in clinically relevant numbers.

Keywords: urinary tract infection; urine flow cytometry; urine culture; urine dipstick analysis;
bacteriuria; urinalysis

1. Introduction
1.1. Background

Urinary tract infections (UTIs) are the second most common infection presenting in
emergency departments (EDs) [1]. UTIs cause over 2 million ED visits annually in the
United States, and in Denmark, over 15,000 patients are admitted yearly with a UTI [2,3].
Urine cultures are essential for the etiological diagnosis and choice of antibiotic treatment.
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Consequently, the threshold for performing urine cultures is low in EDs, leading to many
unnecessary urine cultures [4].

Although urine cultures are highly sensitive and specific for bacteriuria, their perfor-
mance 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% [5-7].

Despite this, bacteriuria (positive urine culture) is repeatedly equated to a diagnosis
of UTI in the literature, though often supported by the presence of symptoms [8,9]. Fur-
thermore, the result of a urine culture is only available after 24 to 48 h, which makes it
unusable for emergency diagnostics.

Symptoms of UTI can be variable and nonspecific, particularly in the elderly [10].
Early goal-directed treatment of infected patients in the ED necessitates fast and accurate
urine analysis. Furthermore, better diagnostic capabilities can reduce antimicrobial re-
sistance by improving antibiotic prescription in the ED [11].

Urine flow cytometry (UFC) counts and differentiates cells in urine by staining them
with fluorescent markers, illuminating them with a laser, and recording the scattered light
[12-14]. Though not a point-of-care analysis, UFC remains relevant as a rule-out test when
antibiotic treatment can be delayed until initial lab results are available [15]. White blood
cell counts and bacterial counts have been investigated for bacteriuria and UTI. Other cell
types, like squamous epithelial cells, have been evaluated as possible indicators of con-
tamination, but with mixed results [16]. Most studies have evaluated UFC using urine
culture as the gold standard, with varying results depending on the urine culture and UFC
cut-offs [16-19].

Urine dipstick analysis (UDA) is a fast, inexpensive, and easy point-of-care test that
detects leukocyte esterase, indicating inflammation and nitrite indicating nitrite-produc-
ing bacteria. Though studies on the diagnostic accuracy of UDA to diagnose UTIs exist, to
our knowledge, only one study has been conducted in which a positive urine culture was
not required for a definite diagnosis of UTI [20].

1.2. Aim and Objectives

The aim of the study was to investigate if UFC and UDA can be used to exclude bac-
teriuria and diagnose UTI in an ED setting.

Our primary objective was to determine the diagnostic accuracy of UFC and UDA
for detecting bacteriuria and to calculate the optimal cut-offs.

The secondary objective was to determine UFC and UDA'’s diagnostic accuracy and
cut-offs for detecting UTI.

2. Materials and Methods
2.1. Study Design

This study was a multicentre type 1 diagnostic accuracy trial with prospective data
collection. It presents one of the objectives of the multifaceted INDEED (Infectious Dis-
eases in Emergency Departments) study, which investigates new diagnostic tools and
working methods that support rapid and accurate diagnosis to avoid unnecessary antibi-
otic prescriptions in EDs [11].

The study was designed and reported in accordance with the STARD guidelines [21].

2.2. Participants

We enrolled patients from the medical ED of three hospitals in Southern Denmark:
University Hospital of Southern Denmark in Aabenraa and Senderborg, Lillebaelt Hospi-
tal in Kolding, and Odense University Hospital in Odense. From March 2021 until Febru-
ary 2022, patients were enrolled consecutively on weekdays during the daytime and eve-
nings. The three hospitals are part of Denmark’s publicly funded healthcare system and
serve a defined catchment population of 775,000, comprising both rural and urban popu-
lations.
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A staff of six healthcare-educated project assistants screened all new patients admit-
ted to the ED for an indication of suspected infection or unspecific complaints. After the
initial ED assessment, the project assistant asked the attending physician whether an in-
fection was suspected. If an infection was suspected, the patient was screened for eligibil-
ity and invited to participate.

Adults aged 18 years or older who were admitted and able to give informed consent
were invited unless they met one or more of the following exclusion criteria: If participa-
tion would delay life-saving treatment, prior admission (>24 h) within the last 14 days
before the current admission, verified COVID-19 within 14 days before admission, preg-
nant patients, or patients with severe immunodeficiency.

2.3. Tests and Variables
2.3.1. Urine Sample Logistics

The project assistants or trained nurses collected the urine samples. As part of the
standard of care, urine samples are collected from all patients suspected of having an in-
fection. If a urine sample had already been collected by a nurse and sent for culture but
not to UFC and UDA, the project assistant collected an additional sample to ensure the
same material was analyzed in all three tests. The urine collection method and sampling
time were recorded in the data collection tool.

2.3.2. Urine Flow Cytometry —Index Test

UFC analysis was performed by the Sysmex UF-5000 (Sysmex Corporation, Kobe,
Japan) with an automated rinse (settings 0,1,1,7,7) after samples with a high bacterial
count to avoid carryover [22]. Analysis results of bacterial count per uL. (BACT/uL), WBC
count per uL. (WBC/uL), squamous epithelial cell count per pL, and analysis time were
recorded from the Sysmex UF-5000. Analysis was performed by either the project assis-
tants or lab workers trained to use the Sysmex UF-5000. Only results with a time from
urine collection to analysis between zero and two hours were used for our calculations.
The urine culture results and the expert panel diagnosis were not available at the time of
analysis.

2.3.3. Urine Dipstick Analysis—Index Test

We used Siemens Multistix 7 (Siemens Healthcare GmbH, Erlangen, Germany) dip-
sticks for analyses, which were either automatically read by Siemens Clinitek status + an-
alyser (Siemens Healthcare GmbH, Erlangen, Germany) or manually read in a few cases.
The project assistant recorded leukocyte esterase and nitrite in the data collection tool.
UDA was performed after urine was sampled for UFC to avoid pigments in the urine. The
urine culture results and the expert panel diagnosis were not available at the time of anal-
ysis.

2.3.4. Urine Cultures—Reference Test

Urine samples were cultured in one of three clinical microbiology departments at the
study sites. Different transport methods, culture methods, and cut-offs and definitions of
bacteriuria were applied, as can be seen in detail in the Appendix A. UFC and UDA results
were unavailable for lab workers performing the urine cultures.

2.3.5. Urinary Tract Infection Diagnosis —Reference Test

An expert panel retrospectively assigned the clinical UTI diagnosis based on availa-
ble information in the medical record within the first week after enrolment. At each site, a
team of one emergency medicine specialist and one infectious diseases specialist inde-
pendently reviewed the medical records. A consensus agreement was reached in case of
discordant diagnosis. The experts could not be blinded to urinary dipstick analysis results
but were blinded to the WBC count in urine flow cytometry. In one hospital, it was not
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possible to blind the experts to the BACT count, but this parameter was not used for the
final calculations.

2.3.6. Other Variables

After obtaining consent, the project assistants collected information on age, sex, and
type of urinary catheter on admission. All information was recorded in the online data
collection tool (REDCap version 10.8.3 to version 12.2.1 by Vanderbilt University, Nash-
ville, TN, USA).

2.4. Statistical Analysis

Patients’ characteristics were summarized using descriptive statistics. Categorical
variables were reported as proportions, while continuous variables were reported as me-
dian and interquartile ranges.

Univariate and multivariate logistic regression analyses and the area under the re-
ceiving operator characteristics curve (AUROC) were used to find the best model for cut-
off analysis. We analyzed the two UFC (WBC/pL and BACT/uL) parameters separately
and in combination and urine dipstick (leukocytes and nitrite) results individually and in
combination. Since squamous epithelial cells could indicate contamination, we also tested
a model considering the interaction between bacterial count and squamous epithelial cells.

We selected the model with the highest AUROC for each urine analysis method (UFC
and UDA) and outcome (bacteriuria and UTI).

Once the best model was selected, we chose a high-sensitivity cut-off for the bacteri-
uria analysis to safely rule out the need for urine culture. We established three cut-offs for
analyzing UTI, optimized for sensitivity, specificity, and diagnostic accuracy (DA) to re-
flect a clinician’s different interests in test accuracy. We set a goal of 95% for the sensitivity
and specificity cut-offs; for DA cut-offs, we chose the highest. Confidence intervals for
sensitivity, specificity, and DA were calculated using Clopper—Pearson confidence inter-
vals, and predictive values were the standard logit confidence intervals.

For bacteriuria and UTI, we performed subgroup analyses on sex assigned at birth
since prior studies found a difference between the sexes [23,24]. For bacteriuria, we per-
formed a sensitivity analysis for the inclusion site due to the difference in culture methods.
For UTL we recalculated and compared the AUROC without the non-infected patients
because including them could lead to bias if the tests were sensitive to infections in gen-
eral.

All statistical analyses were performed using Stata (StataCorp. 2023. Stata Statistical
Software: Release 18. College Station, TX, USA: StataCorp LLC.)

3. Results
3.1. Participants

Of 2.197 patients assessed for eligibility, 1231 were excluded or declined to partici-
pate. We enrolled 966 patients in the study and performed urine cultures on 786 (81.4%),
of which 337 (42.9%) were positive. Out of 516 patients where UFC was performed, 512
also had urine cultures performed, while out of 812 patients who had UDA performed,
776 had urine cultures performed. Of the enrolled patients, 200 (20.7%) were diagnosed
with UTI, 589 (61.0%) had other infections, and 177 (18.3%) had no infection (Figure 1).
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n=2197

Potentially eligible participants

@cluded n=1231

- Not mentally competent, =266

- Admission within last 14 days, n = 238
- Verified COVID-19 before enrollment, n =238

- Severe ies, n =207
- Declined to participate, 1= 118
- Language barrier, n =45

- Urgent vital treatment needed, n = 45

Eligible participants
n =966

- Project capacity limitation, n =45

Cet reasons, 11 =29

/

\

UFC not done, n = 450
- No urine sample collected, n =1 43
- Insufficient sample volume or lost sample, n =243

- Not analysed within 2 hours, 1= 64

UDA not done, n = 154
- No urine sample collected, 1 = 143

- Insufficient sample volume/lost sample, 7 =11

Index test
Urine Flow cytometry

Index test
Urine dipstick analysis
n=812

Urine culture not done, n =4
-Lost sample, n =4

n=516
| Missing, n =0

]

Urine culture not done, 1 = 36 Missing, n
-Insufficient or lost sample, n =36

C

Reference test
Urine culture

n=>512

Reference test Reference test
UTI diagnosis Urine culture
n=516 n=776

Reference test
UTI diagnosis
n=_3812

Figure 1. Flowchart of included patients and tests. UFC, Urine flow cytometry; UDA, urine dipstick

analysis.

Baseline characteristics are summarized in Table 1. The patients with bacteriuria (1 =
337) had a median age of 76 (IQR 16); 180 (53.4%) were male, 62 (18.4%) had a urinary
catheter, and 147 (43.6%) had a UTIL The patients with UTI (n = 200) had a median age of
76 (IQR 17), 116 (58.0%) were male, and 47 (23.5%) had a urinary catheter. Urine culture
was performed in 185 patients (92.5%), of whom 147 (79.5%) had bacteriuria.

Table 1. Characteristics of patients admitted to the emergency department with suspicion of infec-

tion stratified by bacteriuria and expert panel diagnosis.

Patient Characteristics

Urine Culture

Expert Panel Diagnosis

n =966 unless stated other-

. n =786 n =966
wise.
.. No Bacteriu- Urinary tract No urinary
Bacteriuria . . . . .
ria infection  tract infection
no. (%) 337 (42.9%) 449 (57.1) 200 (20.7) 766 (79.3)
Age, years, median (IQR) 76 (17) 69 (27) 76 (17) 72 (23)
Sex, no. (%) Male 180 (53.4) 240 (53.4) 116 (58) 405 (52.9)
Urine sample method, n =786 .
181 (53.7 49 (77.7 1 . 444 (70.
(UC)/822 (EPD), no. (%) Midstream 81(53.7) 349 (77.7) 05 (55.6) (70.8)
Catheter 53 (15.7) 23 (5.1) 34 (18.0) 47 (7.5)
Sterile mtermg’;e:t catheteriza- 36 (10.7) 17 3.8) 23 (12.2) 34 (5.4)
Bedpan or urine bottle 60 (17.8) 55 (12.3) 23 (12.2) 99 (15.8)
Other/unknown 7 (2.1) 5(1.1) 7 (3.7) 6 (1.0
Catheter type before admis- None 275 (81.6) 434 (96.7) 153 (765) 727 (94.9)

sion no. (%)
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(more than one catheter type

hi 4 (10.1 1.1 24 (12 20 (2.
possible) Catheter a demeure 34 (10.1) 5(1.1) (12) 0(2.6)
Clean mtermlt.tent catheteriza- 7 21) 7 (16) 9 (4.5) 6(0.8)
tion
Sterile 1nterm1’Ftent catheteriza- 3(09) 1(02) 2(1) 2(0.3)
tion
JJ catheter, nephrostomy cathe-
ter, suprapubic, or urostomy 20 (5.9) 2 (0.4) 14 (7) 11 (1.4)
catheter
Antibiotic treatment before
Y 11 . 17 . 2 (44. 211 (35.1
urine culture, n =786, no. (%) ©s 8(35.0) 5 (39.0) 82(44.3) (351)
Urine culture, n = 786, no. (%) Positive 337 (100) 0 (0) 147 (79.5) 190 (31.6)
Expert panel diagnosis of
UTL no. (%) Yes 147 (43.6) 38 (8.5) 200 (100) 0(0)
Urine dipstick analysis
Urine Leukocytes, n =776 .
(UC)/812 (EPD), no. (%) Negative 95 (28.8)  326(73.1) 29 (15.3) 326 (67.1)
+ 57 (17.3) 54 (12.1) 32 (16.9) 81 (13.0)
++ 86 (26.1) 46 (10.3) 62 (32.8) 75 (12.0)
4+ 44 (13.3) 12 (2.7) 30 (15.9) 29 (4.9)
-t 48 (14.6) 8 (1.8) 36 (19.0) 20 (3.2)
Urine nitrite, n =776
’ Positi 1 . 11 (2. 1(32. 9.
(UC)/812 (EPD), no. (%) ositive 00 (30.3) (2.5) 61 (32.3) 56 (9.0)
Urine flow cytometry
White blood cells/pL, n =512
(UQ)/516 (EPD), median 205 (1078) 11.8(44.4) 485 (2321) 17 (70)
(IQR)
Bacterial cells/uL, n =512 1438
(UQC)/516 (EPD), median 24.9 (190) 1801 (22736) 50 (535)
(15483)
(IQR)
Squamous epithelial cells/pL, n =512 (UC)/516 (EPD), median 42(102) 34(152) 41(81) 3.9 (14.4)

(IQR)

EPD, Expert panel diagnosis; UC, urine culture.

3.2. Diagnostic Accuracy of UFC and UDA for Bacteriuria

Table 2 summarizes the diagnostic performance of UFC and UDA to detect bacteriu-
ria. We found that a UFC model using BACT/puL and WBC/uL had an AUROC of 0.84
(95% CI 0.80-0.87). Models including an interaction between BACT/uL and squamous ep-
ithelial cell count/uL had a lower AUROC than those without. We calculated the 95% sen-
sitivity cut-off for BACT to be 7/pL and 3.2/pL for WBC. In the model, if either variable
was above the cut-off, we calculated a sensitivity of 98.6% (95% CI 95.9-99.7), a specificity
of 17.7% (95% CI 13.6-22.5), a positive predictive value (PPV) of 46.0% (95% CI 44.7-47 .4),

an NPV of 94.6% (95% CI 84.8-98.2), and a DA of 51.4% (95% CI 46.9-55. 8).
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Table 2. Model AUROC, diagnostic values, and cross tabulations for each test stratified by reference
test.

Reference Index Variablesand Cut- Model AUROC Sensitivity Specificity PPV NPV DA TP FP N TN

Test Test Off (95%Ci)
Bacteriuria UFC  BACT/uL7/uL  0.809 (0.772-0.847)  95.3% 291%  489% 897% 56.6% 203 212 10 87
n=78 n=512 WBC/UL-32/uL  0.800 (0.761-0.839)  95.8% 254%  47.8% 89.4% 547% 204 223 9 76
BACT/pL-7/uL or
835 (0.800-0.87! 6% 177%  461% 94.6% 514% 210 24
WBC/L 3L, 0835 (0800-0870)  98.6% o, 6.1% 946% 51.4% 210 6 3 53
BACT/pL-7/uL and
; 2.5% 8% 10% 873% 60.0% 197 1 16 11
WEC/L. -3 2/ 92.5% 36.8%  51.0% 87.3% 60.0% 19 89 6 0
UDA  Leucocytes+1 0751 (0.718-0.783)  71.2% 731%  662% 774% 723% 235 120 95 326
n=776  Leucocytes+2 ; 53.9% 852%  730% 714% 719% 178 66 152 380
Leucocytes +3 ; 27.9% 955%  821% 642% 668% 92 20 238 426
Leucocytes +4 ; 14.5% 982%  857% 60.8% 62.6% 48 8 282 438
Nitrite pos 0.639 (0.613-0.664)  30.3% 975%  90.1% 654% 689% 100 11 230 435
Leucocytes +lorni- 70 (0 757-0.823)  74.5% 71.7%  66.1% 792% 72.9% 246 126 84 320
trite pos
Leucocytes +1 and ; 27.0% 989%  947% 647% 683% 89 5 241 441
nitrite pos
Leucocytes +2 and ; 2% 100% 7%  63%  66% 72 2 258 444
nitrite pos
Leucocytes +3 and ; 13% 100% 98%  61%  63% 43 1 287 445
nitrite pos
Leucocytes +4 and - 6.4% 99.8%  955% 59.0% 60.1% 21 1 309 445
nitrite pos
UTI UEC  BACT/uL-79/uL  0.743 (0.693-0.793)  95.8% 239%  272% 950% 403% 113 303 5 95
n=966 n=512 WBC/UL-15/uL  0.856 (0.819-0.894)  94.9% 487%  354% 97.0% 593% 112 204 6 19
WBC/UL—448/pL ; 50.8% 915%  638% 863% 822% 60 34 58 364
WBC/UL-1125/uL ; 33.9% 95.0%  66.7% 829% 81.0% 40 20 78 378
BACT/UL—7.9/uL or
0.832 (0.793-0.871 98.3% 214%  27.0% 97.7% 39.0% 116 313 2 85
WBC/uL-15/ul ( ) & & & & &
BACT/uL—7.9/uL
and ; 92.4% 513%  36.0% 958% 60.7% 109 194 9 204
WBC/UL-15/uL
UDA  Leucocytes+1 0796 (0.0761-0.831)  84.7% 671%  438% 935% 712% 160 205 29 418
n=812  Leucocytes+2 ; 67.7% 80.1%  50.8% 89.1% 77.2% 128 124 61 499
Leucocytes +3 ; 34.9% 92.1%  574% 824% 788% 66 49 123 574
Leucocytes +4 ; 19.0% 96.8%  643% 79.8% 787% 36 20 153 603
Nitrite pos 0616 (0.581-0.652)  32.3% 91.0%  521% 81.6% 773% 61 56 128 567
L tes +1 or ni-
eucocytes TLOrN ) 805 (0.771-0.840)  86.2% 64.7%  426% 93.9% 69.7% 163 220 26 403
trite pos
Leucocytes +1 and
<y - 30.7% 934%  58.6% 81.6% 788% 58 41 131 582
nitrite pos
Leucocytes +2 and - 25% 95% 62%  81%  79% 48 30 141 593
nitrite pos
Leucocytes +3 and ; 17% 98% 71%  80%  79% 32 13 157 610
nitrite pos
Leucocytes +4 and - 7.9% 989%  682% 780% 777% 15 7 174 616

nitrite pos
AUROC, Area under receiver operation characteristics curve; BACT/uL, bacterial count per uL; DA,
diagnostic accuracy; FN, false negative; FP, false positive; NPV, negative predictive value; PPV, pos-
itive predictive value; TN, true negative; TP, true positive; UDA, urinary dipstick analysis; UFC,
urine flow cytometry; UTIL, urinary tract infection; WBC/uL, white blood cell count per pL.

The best model for UDA used leukocyte esterase and nitrite and had an AUROC of
0.78 (95% CI 0.76-0.82). We calculated the parameters for all the combinations of cut-offs,
including both variables, and found that a cut-off of either positive leukocytes +1 or higher
or nitrite had the highest sensitivity of 74.5% (95% CI 69.5-79.2) and NPV of 79.2% (95%
CI75.8-82.2).



Diagnostics 2024, 14,

412

8 of 14

3.3. Diagnostic Accuracy of UFC and UDA for Urinary Tract Infection

Table 2 summarizes the diagnostic performance of UFC and UDA to detect UTL The
best UFC model for diagnosing UTI was WBC/uL, with an AUROC of 0.86 (95% CI 0.82—
0.89). We found no added value of combining with bacteria per uL and squamous epithe-
lial cells per uL.

We identified a cut-off of 15 WBC/uL for the 95% sensitivity target (specificity 48.7%
(95% CI 43.7-53.8), PPV 35.4% (95% CI 33.1-37.9), NPV 97.0% (95% CI 93.6-98.6), and DA
59.3% (95% CI 54.9-63.6) (Table 2).

A cut-off of 1125 WBC/uL was identified for the 95% specificity target (sensitivity
33.9% (95% CI 25.4-43.2), PPV 67.8% (95% CI 55.9-77.7), NPV 82.9% (95% CI 81.0-84.7),
and DA of 81.2% (95% CI 77.6-84.5). The highest DA was found with a cut-off of 448
WBC/uL (sensitivity 50.9% (95% CI 41.5-60.2), specificity 91.5% (95% CI 88.3 to 94.0), PPV
63.8% (95% CI 55.0-71.8), NPV 86.3% (95 CI 83.9-88.3), and DA of 82.2% (95% CI 78.6-
85.4)).

For UDA, a model using both leukocytes and nitrite had the highest AUROC for di-
agnosing UTI (0.81, 95% CI 0.77-0.84). The closest cut-off to 95% sensitivity was either
leukocytes +1 or higher or nitrite-positive, giving an NPV of 93.9% (95%CI 91.5-95.7%) in
our population. The closest cut-off to 95% specificity was leukocytes +2 or higher and pos-
itive nitrite, while a cut-off of leukocytes +3 or higher and positive nitrite had the highest
DA (Table 2).

3.4. Additional Analyses

Subgroup analysis of UFC to rule out bacteriuria found a difference between the
sexes. The AUROC was 0.90 (95% CI 0.86-0.94) for men and 0.74 (95% CI 0.68-0.81) for
women.

In UDA, we also found a difference: AUROC was 0.83 (95% CI 0.79-0.87) in males,
while it was 0.73 (95% CI 0.68-0.78) in women when testing for bacteriuria.

The same difference was found between the sexes for diagnosing UTI. For UFC, the
AUROC was 0.89 (95% CI 0.85-0.93) for men but 0.80 (95% CI 0.73-0.87) for women. For
UDA, the AUROC was 0.83 (95% CI 0.78-0.87) for men but 0.74 (95% CI 0.68-0.81) for
women (Table 3).

Table 3. Model AUROC, diagnostic values, and cross tabulations for each test and selected cut-offs
stratified by reference test and subgroup.

Reference Index

Variables and Model AUROC

Test  Test Subgroup Cut-Off (95%CI) Sensitivity = Specificity PPV NPV DA TP FP FN TN
BACT/uL—7/uL
Bacteriuria UFC ~ Men  or WBC/uL  0.900 (0.862-0.938)  98.2% 30.0%  48.9%96.0% 57.6% 107 112 2 48
-3.2/uL
BACT/uL~7/uL
n=269 and WBC/uL - 91.7% 53.1%  57.1%90.4% 68.8% 100 75 9 85
-3.2/uL
BACT/uL—7/uL
Women or WBC/uL  0.742 (0.677-0.806)  99.0% 3.6%  43.5%83.3%44.4% 103 134 1 5
-3.2/uL
BACT/pL-7/uL
n=243 and WBC/uL - 93.3% 18.0%  46.0%78.1%502% 97 114 7 25
-3.2/uL
UDA Men  -CUCOVSHl o or8 0.789-0.867)  77.7% 79.8%  74.3%82.6%78.9% 139 48 40 190
or nitrite pos
n=417
Women UYL 201 0679-0782)  70.9% 62.5%  57.8%74.7%66.0% 107 78 44 130

n=359

or nitrite pos
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UTI UFEC

UDA

Men

n=270

Women

n =246

Men

n =434

Women

n =378

WBC/uL-15/ul 0.891 (0.849-0.933)  95.7% 615%  46.5%97.6%704% 67 77 3 123
BC/uL-

V\:M;/L‘L - 60.0% 91.5%  712%86.7%83.3% 42 17 28 183

Vifz(;//ﬁ_ ; 42.9% 94.0%  714%825%80.7% 30 12 40 188
WBC/UL-15/uL 0.798 (0.730-0.866)  93.8% 359%  262%95.9%47.2% 45 127 3 71

BC/uL-
V\:M;/L‘L - 37.5% 91.4%  51.4%85.8%80.9% 18 17 30 181
BC/uL-

V;’ucs//}:m - 20.8% 96.0%  55.6%83.3%81.3% 10 8 38 190
Loer“rf:t’rclytze;;: 0.841 (0.799-0.882)  89.2% 71.8%  521%95.1%763% 99 91 12 232
Leucocytes +2
and nitsite pos - 22.5% 954%  62.5%782%767% 25 15 86 308
L ¢
ane;‘;(ﬁtgspz - 14.4% 972%  64.0%76.8%760% 16 9 95 314
L tes +1
Oerurfict’zee;; 0.758 (0.697-0.818)  82.1% 57.0%  33.2%924% 622% 64 129 14 171
L 2
ar:llioifztzspt)s - 29.5% 95.0%  60.5%83.8%81.5% 23 15 55 285
Leucocytes +4 - 20.5% 98.7%  80.0%82.7%82.5% 16 4 62 296

and nitrite pos

AUROC, Area under receiver operation characteristics curve; BACT/uL, bacterial count per uL; DA,
diagnostic accuracy; FN, false negative; FP, false positive; NPV, negative predictive value; PPV, pos-
itive predictive value; TN, true negative; TP, true positive; UDA, urinary dipstick analysis; UFC,
urine flow cytometry; UTIL, urinary tract infection; WBC/uL, white blood cell count per pL.

Sensitivity analysis of the three sites showed an AUROC of 0.81 (95% CI 0.75-0.86)
for Lillebeelt Hospital, 0.88 (95% CI 0.82-0.94) for Odense University Hospital, and 0.85
(95% CI 0.78-0.92) for University Hospital of Southern Denmark for UFC to rule out bac-
teriuria, respectively.

When analyzing for UTI, excluding individuals with no infection resulted in a slight
change in the AUROC. The values were 0.86 (95% CI 0.82-0.90) for UFC and 0.80 (95% CI
0.77-0.84) for UDA.

3.5. Adverse Events from Performing the Tests

Urine cultures and UFC and UDA testing were performed on urine samples taken as
part of the standard of care. These tests are safe and cannot cause any adverse events.
Since the expert panel’s assessment was conducted retrospectively and had no direct im-
pact on the patient, no adverse events could have occurred.

4. Discussion
4.1. Key Results

In this prospective trial to evaluate the diagnostic accuracy of UFC and UDA to ex-
clude bacteriuria and to diagnose UTI in the ED, we found that the best models for ex-
cluding bacteriuria were a combination of BACT/uL and WBC/uL for UFC (AUROC 0.83)
and leukocytes and nitrite for UDA (AUROC 0.79).

We calculated the cut-offs of WBC/pL and BACT/uL for the 95% sensitivity target to
be 7 per uL and 3.2 per L, respectively. When we combined these into one test and only
required one to be above the cut-off, we found a sensitivity of 98.6%, a specificity of 17.7%,
a PPV of 46.1%, an NPV of 94.6%, and a DA of 51.4% for detecting bacteriuria.

UDA, with a cut-off of detecting either leukocytes or nitrite, provided a sensitivity of
74.5%, an NPV of 79.2%, and a DA of 72.9% for bacteriuria.

The best models for diagnosing UTI were WBC/uL alone for UFC and a combination
of leukocytes and nitrite for UDA. A WBC/uL cut-off of 15/uL provided a sensitivity of
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94.9%, an NPV of 97.0%, and a DA of 59.3%. A UDA cut-off of either leukocytes or nitrite
being positive provided a sensitivity of 86.2%, an NPV of 93.9%, and a DA of 69.7% for
diagnosing UTIL

4.2. Study Limitations

Our pragmatic study had some limitations. First, it was not possible to have urine
cultures performed the same way with the same cut-offs and definitions at the three sites.
Different culture methods at the three sites could have resulted in variations in the diag-
nostic parameters and AUROCs of the subgroup analysis. The cut-offs reflect this hetero-
geneity and can be used in settings with varying cut-offs and culture methods.

Urine samples for culture and UDA were obtained from most patients, but only half
of the included patients had a UFC analysis performed. Patients who are anuric due to
sepsis or urinary tract obstruction cannot provide a urine sample and could be argued to
be more likely to have bacteriuria or UTL Therefore, we must suspect a selection bias in
the missing urine samples, and we classified them as “missing not at random”. Since these
patients would have more severe disease, we argue they would improve the test perfor-
mance if they were possible to test.

Samples collected but not analyzed were due to insufficient urine volume, lost sam-
ples, missing results, or a time to UFC analysis exceeding 2 h. We consider these to be
“missing completely at random”, as the possible diagnosis or severity of the disease did
not influence them.

Since this study is part of a more extensive study, it was impossible to blind the expert
panel to the results of UDA, as the results were available in the patient’s charts. This could
overestimate the performance of UDA.

As we would expect some influence from UDA on the expert panel diagnosis but no
influence from UFC, we could not perform a comparison or net reclassification improve-
ment of the two analyses.

4.3. Implications for Practice

Our findings on UFC and bacteriuria align with other studies. Comparable studies
report an AUROC of 0.78-0.94 [8,16,17,25], which varies with the definition of bacteriuria
and the variables selected for the different models. While most studies in line with our
results found BACT/uL and WBC/uL to be the optimal model [8,25-27], others found the
best model to be BACT/uL alone [17,18,28] or added red blood cells or squamous epithe-
lial cells to the model for higher AUROCs or detection of contamination [15,16].

Our calculated cut-offs for BACT/uL and WBC/uL correspond reasonably with the
literature when considering our target of a high sensitivity [8,18,19,27]. Studies aiming for
other targets generally found higher cut-off values [8,9]. In our population using our
model combining WBC/uL and BACT/uL, cut-off values of 7 per uL and 3.2 per uL, re-
spectively, and a test where one or the other is positive, 10.9% of urine cultures could be
omitted, leading to 10 UFC tests needing to be performed to avoid one urine culture.
Among the omitted tests, 5.3% were positive, indicating that UFC is safe for ruling out
bacteriuria, though in numbers too small to be clinically valuable (Table 2).

Our AUROCs for UDA for detecting bacteriuria are similar to prior studies, with
some variation as expected from the different definitions of bacteriuria [8,16]. Our sensi-
tivity and specificity findings align with previous studies, while PPV and NPV differ, re-
flecting different populations [8,16,28,29]. Our model for UDA using a positive result for
either leukocytes or nitrite as cut-off would have reduced urine cultures by 52.1% in our
population. Of these, 20.8% were positive, making the test unfeasible for clinical use (Table 2).

Urine cultures are invaluable in determining the etiology and resistance patterns of
UTlIs and thus provide vital information for the treatment of UTIs. However, poor diag-
nostic performance for UTIs and the fact that they take 24 to 48 h makes them unsuitable
for diagnosing UTIs in the ED. Thus, faster and better diagnostic tools are needed in the
ED.



Diagnostics 2024, 14, 412

11 of 14

It can be challenging to compare the outcomes of our diagnostic models for UTI be-
cause most studies consider a positive urine culture as equivalent to a UTI diagnosis. This
assumption has led to a lack of studies that do not require a positive urine culture to con-
firm a definitive UTI diagnosis.

Using UFC to rule out UTI, our AUROC of 0.86 was almost equal to the only study
with no requirement of positive urine culture and similar clinical diagnosis [20]. The same
study set its sensitivity target to 90% and thus had a higher WBC/uL cut-off. With our cut-
off of 15 WBC/uL, a negative test will rule out a UTI with 97.0% certainty, which in our
population would rule out a UTT in 200 patients while only missing six actual UTIs, mak-
ing it a very safe and usable test for ruling out UTI in infected patients. Similarly, a nega-
tive UDA test for both nitrite and leukocytes will rule out a UTI with 93.9% certainty,
ruling out UTI in 426 patients in our population; of these, though, 26 had a UTI. Consid-
ering those numbers, UDA remains a fast, simple, inexpensive, and reasonably safe test
for ruling out UTlIs in patients with an infection.

Conversely, our results showed that using UFC or UDA, even with a cut-off opti-
mized for high specificity, to rule in UTIs is unsafe due to many false positives and cannot
be recommended.

5. Conclusions

The results of this study indicate that the advantage of using UFC or UDA to reduce
unnecessary urine cultures is minimal. However, in the ED, where fast results can reduce
the use of empirical broad-spectrum antibiotics and the amount of further diagnostics
needed, UFC and UDA can be important tools for ruling out UTIs until better tests are
available.
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https://www.mdpi.com/article/10.3390/diagnostics14040412/s1, STARD checklist and flow charts
for the index and reference tests for the optimal models and cut-offs can be downloaded from online
resources. Figure S1: Index test UFC reference test BACT cut-off WBC or BACT; Figure S2: Index
test UFC reference test BACT cut-off WBC and BACT; Figure S3: Index test UDA reference test
BACT cut-off LKC > 0 or nitrite pos; Figure S4: Index test UFC reference test UTI cut-off WBC > 15;
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test UTI cut-off WBC > 1125; Figure S7: Index test UDA reference test UTI cut-off LKC > 0 or nitrite
pos; Figure S8: Index test UDA reference test UTI cut-off LKC > 0 and nitrite pos; Figure S9: Index
test UDA reference test UTI cut-off LKC > 2 and nitrite pos; Table S1: STARD checklist.
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Appendix A

Table A1. Urine sample and culture methods, cut-offs, and contamination definitions.

Hospital

Odense University

Hospital Sygehus Senderjylland

Sygehus Lillebzelt

Sample container

Sarstedt/Hounisen urine
monovette with boric
acid (Niimbrecht, Ger-
many)

Sarstedt/Hounisen urine monovette
with boric acid (Niimbrecht, Ger-
many)

Greiner Bio-One vacuette
with no additives (Krems-
miinster, Austria)

Agar plates

BD CHROMagar Orientation Me-
dium /Columbia CNA Agar Biplate
(Becton Dickinson Heidelberg, Ger-

many)

CHROMID biplates CHROMID biplates
CPSE/CNA (BioMerieux, CPSE/CNA (BioMerieux
Marcy I'Etoile, France) Marcy I'Etoile, France)

Specimen processing

WASP® (Murriet WASP®(Murrieta, .
Copan SP® (Murrieta, Copan SP®(Murrieta Copan WASP®(Murrieta, CA, USA)

CA, USA) CA, USA)
Reading Manual Manual Manual
Inoculum size 1 uL 10 uL 1 uL
Incubation time 18-48 h 18-48 h Negative max 24 h, positive max 48.

Final identification

MALDI-TOF (Bruker Daltonics
MALDI-TOF (Bruker ~MALDI Biotyper Bremen, Germany)
Daltonic MALDI Bio-  for all except e. coli which is identi-
typer (Bremen, Germany) fied by pink colonies on CHROMagar
or BioMerieux VITEK MS Orientation Medium plates, complete
and spot indol positive. Marcy I'Etoile, France)  inhibition on Columbia CNA Agar,
and DMACA indol positive.

MALDI-TOF (Bruker Dal-
tonic MALDI Biotyper (Bre-
men, Germany) for all except
e. coli which is identified by
red colonies on CPS plates

1 x10* CFU/mL EBC or S. au-
reus, S. lugdunensis, P. aeru-
ginosa, hemolytic streptococci 1 x 10° CFU/mL EBC, 1 x

Cut-off (grp. A, B, C or D), entero- 104 CFU/mL others See Table A2
cocci, and aerococci. 1 x 105
CFU/mL others.
> 4 .
110 CFU/mL 3 },EBC or 5 Three or more different
aureus, S. lugdunensis, P. aeru- . .
: . . bacterial species >1 x 10
ginosa, hemolytic streptococci CFU/mL or 2 or more
Multiple species (grp. A, B, C or D), entero- See Table 51

EBC not exceeding 1 x
103-1 x 10¢ CFU/mL con-
sidered contamination

cocci, and aerococci or >1 x 104
CFU/mL, 2 or more others
considered contamination.

EBC, enterobacteriaceae; CFU, colony forming units.
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Table A2. Additional Table for cut-off for Sygehus Senderjylland.

Cut-Off
Permanent Catheter Urine Other

Urinary Tract Symptoms

1 x 105 CFU/mL for EBC, S. saprophyticus, P. aeruginosa, S. aureus, enterococci, A. uri-

No symptoms . .
ymp nae, and $-hemolytic streptococci in mono-culture

1 x 103 CFU/mL E. coli or S. saprophyticus in both
sexes and P. aeruginosa, S. aureus, Enterococci, A.
urinae, and $-hemolytic streptococci in mono-
culture in samples from men. 1 x 10* CFU/mL P.
aeruginosa, S. aureus, enterococci, A. urinae, and §3-
hemolytic streptococci in mono-culture in sam-
ples from women. 1 x 105 CFU/mL P. aeruginosa,
A. aureus, enterococci, A. urinae, and 3-hemolytic
streptococci if <3 species. Others reported as

1 x 10* CFU/mL for E. coli, S. sapro-
phyticus, P. aeruginosa, S. aureus, en-
terococci, A. urinae, and £3-hemolytic
streptococci in mono-culture. 1 x
105 CFU/mlfor two for P. aeru-
ginosa, S. aureus, enterococci, A. uri-
nae, and $3-hemolytic streptococci.
A total of three or more 1 x 10°
CFU/mL reported as “mixed flora”

Symptoms

“mixed flora”

EBC, enterobacteriaceae; CFU, colony forming units.

References

1.

10.

11.

12.

13.

14.

15.

Wolfertz, N.; Bohm, L.; Keitel, V.; Hannappel, O.; Kumpers, P.; Bernhard, M.; Michael, M. Epidemiology, management, and
outcome of infection, sepsis, and septic shock in a German emergency department (EpiSEP study). Front. Med. 2022, 9, 997992.
https://doi.org/10.3389/fmed.2022.997992.

Schappert, S.M.; Rechtsteiner, E.A. Ambulatory medical care utilization estimates for 2007. Vital Health Stat. 2011, 13, 1-38.
Danmarks_Statistik. Danmarks Statistik, Statistikbanken.dk. Available online: https://statistikbanken.dk/ind04 (accessed on
24May 2023.

Laan, B.J.; van Horrik, T.; Nanayakkara, P.W.B.; Geerlings, S.E. How many urinalysis and urine cultures are necessary? Eur. J.
Intern. Med. 2021, 83, 58-61. https://doi.org/10.1016/;.ejim.2020.08.013.

Shallcross, L.; Gaskell, K.; Fox-Lewis, A.; Bergstrom, M.; Noursadeghi, M. Mismatch between suspected pyelonephritis and
microbiological diagnosis: A cohort study from a UK teaching hospital. J. Hosp. Infect. 2018, 98, 219-222.
https://doi.org/10.1016/j.jhin.2017.09.029.

Vaughn, V.M,; Gupta, A,; Petty, L.A.; Malani, A.N.; Osterholzer, D.; Patel, P.K; Younas, M.; Bernstein, S.J.; Burdick, S.; Ratz, D.;
et al. A Statewide Quality Initiative to Reduce Unnecessary Antibiotic Treatment of Asymptomatic Bacteriuria. JAMA Intern.
Med. 2023, 183, 933-941. https://doi.org/10.1001/jamainternmed.2023.2749.

Richards, D.; Toop, L.; Chambers, S.; Fletcher, L. Response to antibiotics of women with symptoms of urinary tract infection
but negative dipstick wurine test results: Double blind randomised controlled trial. BMJ] 2005, 331, 143.
https://doi.org/10.1136/bmj.38496.452581.8F.

Chun, T.T.S,; Ruan, X,; Ng, S.L.; Wong, H.L.; Ho, B.S.H.; Tsang, C.F.; Lai, T.C.T.; Ng, A.T.L.; Ma, WK.; Lam, W.P.; et al. The
diagnostic value of rapid urine test platform UF-5000 for suspected urinary tract infection at the emergency department. Front.
Cell Infect. Microbiol. 2022, 12, 936854. https://doi.org/10.3389/fcimb.2022.936854.

De Rosa, R.; Grosso, S.; Lorenzi, G.; Bruschetta, G.; Camporese, A. Evaluation of the new Sysmex UF-5000 fluorescence flow
cytometry analyser for ruling out bacterial urinary tract infection and for prediction of Gram negative bacteria in urine cultures.
Clin. Chim. Acta 2018, 484, 171-178. https://doi.org/10.1016/j.cca.2018.05.047.

Long, B.; Koyfman, A. The Emergency Department Diagnosis and Management of Urinary Tract Infection. Emerg. Med. Clin. N.
Am. 2018, 36, 685-710. https://doi.org/10.1016/j.emc.2018.06.003.

Skjot-Arkil, H.; Heltborg, A.; Lorentzen, M.H.; Cartuliares, M.B.; Hertz, M.A.; Graumann, O.; Rosenvinge, E.S.; Petersen, E.R.B.;
Ostergaard, C.; Laursen, C.B.; et al. Improved diagnostics of infectious diseases in emergency departments: A protocol of a
multifaceted multicentre diagnostic study. BMJ Open 2021, 11, e049606. https://doi.org/10.1136/bmjopen-2021-049606.

Sysmex Europe Fluorescence Flow Cytometry (FFC). Available online: https://www.sysmex-europe.com/academy/knowledge-
centre/technologies/fluorescence-flow-cytometry.html (accessed on 29 September 2023).

Moshaver, B.; de Boer, F.; van Egmond-Kreileman, H.; Kramer, E.; Stegeman, C.; Groeneveld, P. Fast and accurate prediction of
positive and negative urine cultures by flow cytometry. BMC Infect. Dis. 2016, 16, 211. https://doi.org/10.1186/s12879-016-1557-
4.

Davey, HM.; Kell, D.B.; Weichart, D.H.; Kaprelyants, A.S. Estimation of microbial viability using flow cytometry. Curr. Protoc.
Cytom. 2004, 29, 11.3.1-11.3.21. https://doi.org/10.1002/0471142956.cy1103s29.

Muller, M.; Sagesser, N.; Keller, P.M.; Arampatzis, S.; Steffens, B.; Ehrhard, S.; Leichtle, A.B. Urine Flow Cytometry Parameter
Cannot Safely Predict Contamination of Urine-A Cohort Study of a Swiss Emergency Department Using Machine Learning
Techniques. Diagnostics 2022, 12, 8. https://doi.org/10.3390/diagnostics12041008.



Diagnostics 2024, 14, 412 14 of 14

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Andersen, E.S.; Ostergaard, C.; Rottger, R.; Christensen, A.F.; Brandslund, I.; Brasen, C.L. POCT urine dipstick versus central
laboratory analyses: Diagnostic performance and logistics in the medical emergency department. Clin. Biochem. 2023, 111, 17—
25. https://doi.org/10.1016/j.clinbiochem.2022.10.010.

Broeren, M.A.; Bahceci, S.; Vader, H.L.; Arents, N.L. Screening for urinary tract infection with the Sysmex UF-1000i urine flow
cytometer. J. Clin. Microbiol. 2011, 49, 1025-1029. https://doi.org/10.1128/JCM.01669-10.

Conkar, S.; Mir, S. Urine Flow Cytometry in the Diagnosis of Urinary Tract Infection. Indian. J. Pediatr. 2018, 85, 995-999.
https://doi.org/10.1007/s12098-018-2689-x.

Brilha, S.; Proenca, H.; Cristino, ].M.; Hanscheid, T. Use of flow cytometry (Sysmex) UF-100) to screen for positive urine cultures:
In search for the ideal cut-off. Clin. Chem. Lab. Med. 2010, 48, 289-292. https://doi.org/10.1515/CCLM.2010.047.

Middelkoop, S.J.; van Pelt, L.].; Kampinga, G.A.; Ter Maaten, J.C.; Stegeman, C.A. Routine tests and automated urinalysis in
patients with suspected wurinary tract infection at the ED. Am. J. Emerg. Med. 2016, 34, 1528-1534.
https://doi.org/10.1016/j.ajem.2016.05.005.

Bossuyt, P.M.; Reitsma, ].B.; Bruns, D.E.; Gatsonis, C.A.; Glasziou, P.P.; Irwig, L.; Lijmer, J.G.; Moher, D.; Rennie, D.; de Vet,
H.C.; et al. STARD 2015: An updated list of essential items for reporting diagnostic accuracy studies. BM] 2015, 351, h5527.
https://doi.org/10.1136/bmj.h5527.

Andersen, E.S.; Brasen, C.L.; Christensen, A.F.; Ostergaard, C.; Brandslund, I. Carryover issues with UF-5000 urine flow cytom-
etry —How did we miss it? Clin. Chem. Lab. Med. 2020, 58, e120-e122. https://doi.org/10.1515/cclm-2019-0990.

Chernaya, A.; Soborg, C.; Midttun, M. Validity of the urinary dipstick test in the diagnosis of urinary tract infections in adults.
Dan. Med. ]. 2021, 69, A07210607.

Middelkoop, S.J.M.; van Pelt, L.].; Kampinga, G.A.; Ter Maaten, J.C.; Stegeman, C.A. Influence of gender on the performance of
urine dipstick and automated urinalysis in the diagnosis of urinary tract infections at the emergency department. Eur. J. Intern.
Med. 2021, 87, 44-50. https://doi.org/10.1016/j.ejim.2021.03.010.

Haugum, K.; Haugan, M.S.; Skage, J.; Tetik, M.; Jakovljev, A.; Nilsen, H.S.; Afset, ].E. Use of Sysmex UF-5000 flow cytometry in
rapid diagnosis of urinary tract infection and the importance of validating carryover rates against bacterial count cut-off. ]. Med.
Microbiol. 2021, 70, 001472. https://doi.org/10.1099/jmm.0.001472.

El Kettani, A.; Housbane, S.; Wakit, F.; Mikou, K.A.; Belabbes, H.; Zerouali, K. Evaluation of the Sysmex UF-4000i urine analyzer
as a screening test to rule out urinary tract infection and reduce urine cultures. Ann. Biol. Clin. 2021, 81, 156-161.
https://doi.org/10.1684/abc.2021.1634.

Alenkaer, L.K.; Pedersen, L.; Szecsi, P.B.; Bjerrum, P.J. Evaluation of the sysmex UF-5000 fluorescence flow cytometer as a
screening platform for ruling out urinary tract infections in elderly patients presenting at the Emergency Department. Scand. J.
Clin. Lab. Invest. 2021, 81, 379-384. https://doi.org/10.1080/00365513.2021.1929441.

Tavenier, A.H.; de Boer, F.J.; Moshaver, B.; van der Leur, S.; Stegeman, C.A.; Groeneveld, P.H.P. Flow cytometric analysis of
viable bacteria in urine samples of febrile patients at the emergency department. Cytom. B Clin. Cytom. 2018, 94, 689—-695.
https://doi.org/10.1002/cyto.b.21548.

St John, A.; Boyd, J.C.; Lowes, A.].; Price, C.P. The use of urinary dipstick tests to exclude urinary tract infection: A systematic
review of the literature. Am. J. Clin. Pathol. 2006, 126, 428-436. https://doi.org/10.1309/C69RW1BT7E4QAFPV.

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual au-
thor(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.



