
Research Article

Urol Int 2022;106:858–867

Comparison of Urine Flow Cytometry on the  
UF-1000i System and Urine Culture of Urine 
Samples from Urological Patients

Moritz Fritzenwanker 

a    Marcel Oliver Grabitz 

a    Borros Arneth 

b    Harald Renz 

b    

Can Imirzalioglu 

a    Trinad Chakraborty 

a    Florian Wagenlehner 

c

aInstitute of Medical Microbiology, Justus Liebig University Giessen, Giessen, Germany; bInstitute of Laboratory 
Medicine and Pathobiochemistry, Phillips University Marburg, Marburg, Germany; cClinic of Urology, Pediatric 
Urology and Andrology, Justus Liebig University Giessen, Giessen, Germany

Received: April 6, 2021
Accepted: September 16, 2021
Published online: December 29, 2021

Correspondence to: 
Moritz Fritzenwanker, moritz.fritzenwanker @ mikrobio.med.uni-giessen.de

© 2021 The Author(s).
Published by S. Karger AG, Basel

karger@karger.com
www.karger.com/uin

DOI: 10.1159/000520166

Keywords
Urine flow cytometry · Fast urine diagnostic · Infection 
control · Presurgical screening · Urinary tract infections · 
Bacteriuria

Abstract
Introduction: The aims of this study were to evaluate urine 
flow cytometry (UFC) as a tool to screen urine samples of 
urological patients for bacteriuria and to compare UFC and 
dipstick analysis with urine culture in a patient cohort at a 
urological department of a university hospital. Methods and 
Material: We screened 662 urine samples from urological 
patients (75.2% male; 80.7% inpatients; mean age 58 years). 
UFC results were compared to microbiological urine culture. 
Results: The accuracy in using the UFC-based parameters for 
detecting cultural bacteriuria was 91.99% and 88.97% for 
≥105 colony-forming units (CFU)/mL and ≥104 CFU/mL, re-
spectively. UFC and leukocyte dipstick analysis measured 
leukocyturia similarly (Pearson correlation coefficient 0.87, p 
value <0.01%), but dipstick analysis scored less accurately on 
bacteriuria (accuracy 59.37% and 62.69%). UFC remained ef-
fective in subgroup analysis of patients of both sexes and 
with different urological conditions with its overall use only 
slightly impaired when assessing gross hematuria (NPV 
84.62% for ≥104 CFU/mL). UFC also reliably removed those 

urine samples below cutoffs with negative predictive values 
of 99.28% for ≥105 CFU/mL and 95.86% for ≥104 CFU/mL. 
Conclusion: Counting bacteria with UFC is an accurate and 
rapid method to determine significant bacteriuria in urolog-
ical patients and is superior to dipstick analysis or indirect 
surrogate parameters such as leukocyturia. When UFC is 
available, we recommend it to be used for the diagnosis of 
bacteriuria over findings obtained by dipstick analysis.

© 2021 The Author(s).
Published by S. Karger AG, Basel

Introduction

Urinary tract infections (UTIs) are among the most 
common bacterial infections. The gold standard for labo-
ratory diagnosis is classical urine culture [1], which usu-
ally takes at least 24 h and 48 h when including resistance 
testing. Initial antibiotic therapy is therefore most often 
empirically calculated. International guidelines recom-
mend usage of antibiotics like nitrofurantoin and fosfo-
mycin for uncomplicated UTI (due to low resistance rates 
and resistance development). Antibiotics may be pre-
scribed on signs and symptoms alone, when bacteria are 
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not even present; therefore, rapid diagnostic methods to 
diagnose bacteriuria or its absence are an important step 
to promote unnecessary usage of antibiotics [2].For 
point-of-care results, urine is often tested using strips 
with leukocyte esterase and nitrite, that is, “dipsticks,” to 
indirectly diagnose UTI. The reliability of this approach 
is an ongoing subject of discussion [3]. In recent years, 
urine flow cytometry (UFC) has been evaluated as a reli-
able and efficient method to diagnose bacteriuria, reveal-
ing heterogeneous results in different patient populations 
[4–6]. Patients scheduled for surgery are of particular in-
terest, as asymptomatic bacteriuria is of relevance in uro-
thelium-traumatizing urological procedures [1].

Current guidelines generally recommend screening 
for bacteriuria prior to urological interventions but con-
cur in the assessment that reagent strip analysis is not ac-
curate enough to exclude bacteriuria and thus recom-
mend against using it as the sole method of screening [1]. 
Similarly, data on UFC is deemed insufficient as it has not 
been studied in the context of urological patient popula-
tions. Our study aimed to evaluate UFC as a tool to screen 
urine samples, particularly in connection with those pa-
tients undergoing urological examination. We compare 
the data obtained by UFC to dipstick analysis as well as to 
classical methods of urine culture.

Materials and Methods

Urine Samples
We analyzed consecutive urine samples from patients of the 

urological department of a university hospital with the UF-1000i 
system (Sysmex, Kobe, Japan).

UF-1000i
The UF-1000i system is a flow cytometer that combines imped-

ance method detection with the identification and quantification 
of urinary particles by flow cytometry of the urine. UF-1000i has 
the advantage of having a separate bacterial analysis channel. It 
analyzes 65,000 particles per sample within 50–75 s and has a 
throughput of 90–100 urine samples per hour. In the special high-
precision bacterial mode, the maximum throughput is up to 80 
samples per hour and requires either a minimum volume of 1.0 mL 
of centrifuged or uncentrifuged native urine in the manual mode 
or 4 mL in the automated sampler mode, which was used here. 
Consequently, it is appropriate for high-throughput screening of 
urine samples for UTIs. The default parameters for classifying 
UTIs, which are often defined as >20 WBCs/μL, are not suitable 
for practical diagnosis in many cases.

The UF-1000i analyzer can discriminate and count 12 diagnos-
tic parameters of cells and formed elements and 2 calculated pa-
rameters. These parameters are white blood cells, red blood cells, 
epithelial cells, casts, bacteria, small round cells, yeast-like cells, 
spermatocytes, crystals, pathological casts, mucus, and conductiv-
ity. The system employs fluorescence flow cytometry technology, 

with hydrodynamic focusing in 2 different analysis chambers, the 
surface and core. Particles are stained by specific fluorochromes 
for nucleic acids and for surface structures and subsequently 
passed through the laser.

Counting and classification are based on signals of forward-
scattered light, side-scattered light, and side-fluorescent light pat-
terns. The pattern of individual light signals is transformed by spe-
cific algorithms into individual “fingerprints,” allowing counting, 
identification, and classification into the particle categories. As 
compared to the previous cytometers of the UFC series, this mod-
el has significant technological innovations aimed at improving 
the sensitivity (SE) and specificity (SP) for the elements of the uri-
nary sediment, particularly for the determination of bacteria.

Culture-Based Diagnostics
Bacterial growth analysis was performed routinely in the mi-

crobiological laboratory of the university hospital. Species identi-
fication was determined by MALDI-TOF analysis (bioMérieux) 
and supplemented using biochemical methods following MiQ 
standards [7].

Decision Curve Analysis
To estimate the clinical benefit of UFC as a diagnostic tool, we 

calculated a decision curve analysis following Vickers and Elkin 
[8].

Results

Sample Population
We analyzed a total of 662 urine samples from patients 

of a university department for urology; 75.2% were from 
male patients, and 24.8% were from female patients. A total 

Table 1. Patient characteristics

All samples 662

Sex, n (%)
Male 498 (75.2)
Female 164 (24.8)

Age, years
Mean ± SD 58.25±17.21

Hospital admission, n (%)
Inpatient 534 (80.7)
Outpatient 128 (19.3)

Sample acquisition, n (%)

All Male Female

Indwelling catheter 15 (2.3) 13 2
Disposable catheter 148 (23.2) 2 146
Midstream urine 476 (74.5) 464 12
Charlson comorbidity index

Mean ± SD 1.97±1.90
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of 80.7% of the samples were from inpatients, and 19.3% 
were from outpatients. Following internal protocols, urine 
samples from female patients were taken via in-and-out 
catheters (91.3%), whereas male patients provided mid-
stream urine (96.9%) if there was no catheter in place 
(3.1%). The mean patient age was 58 years, and the mean 
Charlson comorbidity index was 1.97 (see Table 1) [9].

Microbiological Spectrum
In our samples, Escherichia coli was the most common 

uropathogen in samples with a single species. The second 
most common pathogen was Enterococcus faecalis, which 
was even found slightly more often in samples with 2 or 
more species. The third most common species were 
Staphylococcus epidermidis and other nonspecified coag-
ulase-negative staphylococci. The remaining species in-
cluded various Enterobacterales, other cocci, nonfer-
menters, and Candida spp. (see Fig. 1).

Correlation between the Bacterial Inoculum in 
Different Methods
We compared the bacterial inoculum as determined 

by UFC and classical culture methods. Figure 2 shows a 
significant correlation between the 2 methods (Pearson 
correlation coefficient 0.65, p value <0.01%).

The correlation analysis showed that UFC and culture 
are a better match when using high inoculums, a finding 
shared with other authors [10]. We investigated if they 
allow categorical agreement, specifically to determine 
whether “significant bacteriuria” is present. For this, we 
compared the data from both methods using 2 cutoffs, 
that is, in urine cultures of complicated UTI/pyelonephri-
tis as specified by the EAU guidelines for urological infec-
tions, using 105 colony-forming units/mL (CFU/mL) and 
104 CFU/mL, respectively [1].

Corynebacterium striatum  In samples with more than one species
■ ■ In samples with only one speciesStaphylococcus capitis

Streptococcus mitis
Staphylococcus hominis ssp. hominis

Staphylococcus haemolyticus
Aerococcus urinae

Enterococcus faecium
Viridans-group Streptococci

Staphylococcus aureus
Enterococcus sp.

Streptococcus agalactiae
Staphylococcus epidermidis

Coagulase negative Staphylococci
Enterococcus faecalis

0 5 10 15 20 25 30 35 40

Klebsiella oxytoca
Citrobacter freundii

Citrobacter werkmanii
misc. Enterobacterales

Klebsiella sp.
Providencia rettgeri
Serratia marcescens

Acinetobacter baumannii complex
Citrobacter koseri

Morganella morganii
Proteus vulgaris

Stenotrophomonas maltophilia
Proteus sp.

Enterobacter cloacae
Klebsiella pneumoniae

Proteus mirabilis
Pseudomonas aeruginosa

Escherichia coli
0 5 10 15 20 25 30 35 40

Candida albicans
Candida sp.

0 5 10 15 20 25 30 35 40

Fig. 1. Microbiological spectrum as deter-
mined by urine culture and stratified into 
Gram-positive, Gram-negative, and Can-
dida spp.
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Fig. 2. ROCs for UFC to detect bacteriuria: detecting bacteriuria of ≥105 CFU/mL with a UFC cutoff of 142/µL. 
a Complete data set. b Samples analyzed separately by sex. c Samples analyzed separately by age. Detecting bac-
teriuria of ≥104 CFU/mL with a UFC cutoff of 70/µL. d Complete data set. e Samples analyzed separately by sex. 
f Samples analyzed separately by age. ROC, receiver operator characteristic; UFC, urine flow cytometry; CFU, 
colony-forming units; AUC, area under the receiver operating characteristic curve.
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Analysis for Significant Bacteriuria of At Least 105 
CFU/mL
To determine the cutoff in UFC that could best distin-

guish between samples with at least 105 CFU/mL and low-
er, we calculated receiver operating characteristics 
(ROCs). Youden analysis based on the ROC resulted in 
142/µL bacteria measured by UFC as the best cutoff point 
to mirror 105 CFU/mL. We also determined ROCs sepa-
rately for female and male patients and for patients 
younger and older than 60 years. We then calculated sta-
tistical contingency tables for various subgroups to evalu-
ate as to whether significant bacteriuria would be missed 
in certain patient subgroups (see Fig. 2; Table 2).

False results: False-negative samples obtained using 
UFC consisted of 2 samples with S. epidermidis, 1 with E. 
faecalis, and 1 with both E. coli and Aerococcus urinae. Of 
the false-positive samples obtained, 30 were culturally 
sterile, 14 had growth between 104 and 105 CFU/mL, 3 
had growth < 104 CFU/mL, and 2 were mixed species.

Analysis for Significant Bacteriuria of At Least 104 
CFU/mL
We determined the urine UFC cutoff point to mirror 

bacteriuria of ≥104 CFU/mL. Youden analysis yielded 70/
µL as the optimal cutoff point for which we calculated 
statistical accuracy (see Fig. 2; Table 2).

False results with the above criteria: 22 samples were 
false negative by UFC, with inoculums of 105 CFU/mL in 3 
and 104 CFU/mL in 19 samples (various species). Of the 51 
false positive samples, 46 were sterile, 4 had growth between 
103 and 104 CFU/mL, and 1 had growth <103 CFU/mL.

Leukocyte Count by UFC versus Leukocyte Esterase by 
Dipstick Testing
We compared the results of urine leukocyte esterase 

testing by the dipstick test system versus urine leukocyte 
counting by UFC. There was a significant correlation be-
tween leukocyte esterase and the leukocyte count in UFC 
(Pearson correlation coefficient 0.87, p value <0.01%, see 
online suppl. Fig. 1; for all online suppl. material, see 

Table 2. Accuracy of UFC to detect significant bacteriuria with subgroup analysis

Criterion UFC 
cutoff

SE, 
%

SP, 
%

PPV, 
%

NPV, 
%

Accuracy, 
%

N

Accuracy for UFC to 
detect bacterial 
growth of ≥105 CFU/
mL

All samples 514 84.48 95.03 62.03 98.46 nd 662
142 93.10 91.89 52.43 99.28 nd
37 96.55 80.63 32.37 99.59 nd

All samples

142

93.10 91.89 52.43 99.28 91.99 662
Female 92.86 79.41 48.15 98.18 81.71 164
Male 93.33 95.51 57.14 99.55 95.38 498
Indwelling catheter 100 75 77.78 100 86.67 15
Urological malignancy 100 93.94 45.45 100 94.23 104
Urolithiasis 60 86.54 30 95.74 84.21 57
Obstructive uropathy/reflux uropathy 80 85.19 50 95.83 84.37 32
Hematuria 100 83.33 40 100 85 20
Prostate hyperplasia 100 100 100 100 100 29

Accuracy for UFC to 
detect bacterial 
growth of ≥104 CFU/
mL

All samples 206 64.70 95.00 70.21 93.66 nd 662
70 78.43 90.89 61.07 95.86 nd
9 95.10 49.64 25.59 98.23 nd

All samples

70

78.43 90.89 61.07 95.86 88.97 662
Female 92.50 78.23 57.81 97.00 81.71 164
Male 69.35 94.50 64.18 95.59 91.37 498
Indwelling catheter 100 90.91 100 80 93.33 15
Malignoma 76.92 92.31 58.82 96.55 90.38 104
Urolithiasis 71.43 84 38.46 95.45 82.45 57
Obstructive uropathy/reflux uropathy 87.50 79.17 58.33 95 81.25 32
Hematuria 60 73.33 42.86 84.62 70 20
Prostate hyperplasia 75 92 60 95.83 89.66 29

PPV, positive predictive value; NPV, negative predictive value; UFC, urine flow cytometry; CFU, colony-forming units; SE, sensitivity; SP, 
specificity.
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www.karger.com/doi/10.1159/000520166), suggesting 
UFC as a suitable alternative method to leukocyte esterase 
testing for detecting leukocyturia.

Comparison of Other Urine Cytometry Values to 
Cultural Growth
As leukocytes are often used as a surrogate parameter 

to detect UTIs, we plotted leukocytes number versus bac-
terial counts, both determined with UFC. The analysis 
showed a correlation (Pearson correlation coefficient 
0.68, p value <0.01%) between leukocyte counts and bac-
terial counts, albeit with variance (see online suppl. Fig. 
2).

For the more common uropathogens, we then deter-
mined how well bacterial counts, leukocyte counts, and 
erythrocyte counts correlated with bacterial growth in 
culture. As expected, erythrocytes had very little correla-
tion with E. coli CFU numbers grown in sample cultures. 
Leukocyte numbers appear to increase with higher E. coli 
counts. However, E. coli culture counts were best reflect-
ed by bacterial counts using UFC. The same was true for 
the growth of E. faecalis. The results for Klebsiella were 
similar; however, there were fewer data points (see online 
suppl. Fig. 3).

Decision Curve Analysis
Decision curve analysis suggests UFC as a useful diag-

nostic tool for urine samples from urological patients (see 
Fig. 3).

Discussion

The aim of our study was to evaluate UFC as a tool to 
screen patients for significant bacteriuria. Urological pa-
tients generally have additional comorbidities of the uro-
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Fig. 4. Decision curve analysis for the net benefit of using UFC pa-
rameters for diagnosing bacteriuria. x axis: threshold probability 
of UTI at which the patient would be classified as having UTI, and 
treatment would be initiated. y axis: net benefit of diagnostic tool: 
proportion of true positive classifications subtracted by the pro-
portion of false negatives weighted by the odds of the risk thresh-
old. CFU, colony-forming units; UTI, urinary tract infections.

Fig. 3. ROCs comparing UFC and dipstick parameters to detect bacteriuria. a Cultural threshold of ≥105 CFU/
mL. b Cultural threshold of ≥104 CFU/mL. UFC, urine flow cytometry; CFU, colony-forming units; ROC, re-
ceiver operating characteristic.
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genital tract, which could interfere with testing and impede 
results compared to those of a nonurological patient popu-
lation [11]. Our collection of 662 samples has characteris-
tics that might be particularly useful for urologists; the bac-
terial spectrum contains more enterococci and staphylo-
cocci than previously reported from nonurological patients. 
This result is of significance as some authors suspect UFC 
to be less reliable when detecting Gram-positive bacteria as 
compared to Gram-negative bacteria [12–16].

Our data show a clear correlation between UFC and 
culture (Fig. 4). To reach decisions regarding significant 
bacteriuria, cutoff points for the bacterial counts given by 
UFC are needed. Based on our data, we calculated UFC 
cutoffs for predicting significant bacteriuria in culture for 
2 commonly used cutoffs, 105 CFU/mL and 104 CFU/mL. 
Statistically, a cutoff of 142/µL worked best to determine 
bacteriuria of ≥105 CFU/mL, with a 99.28% negative pre-
dictive value (NPV), which would allow negative samples 
to be safely discarded. This cutoff had just a 52.43% posi-
tive predictive value (PPV) however with regards to the 
microbiological culture identifying <105 CFU/mL. In the 
subgroup analysis, we noted that female samples were as-
sociated with a slight decrease in PPV (48.15% vs. 57.14%). 
These phenomena have been described by other authors 
for nonurological patients as well, suggesting systematic 
effects [17, 18]. Indwelling bladder catheters did not seem 
to impact the measurements. With only 15 samples, this 
result is not truly conclusive but matches with one other 
studies that specifically investigated this component [19].

The NPV was good in patients with urological malig-
nancy, but the PPV was slightly lower than that in the 
overall population (45.45% vs. 52.43%). The PPV was 
even lower in the 57 samples from patients with uroli-
thiasis (30%). One could speculate that particles in the 
urine from patients with malignancies or stones might 
falsely be measured by UFC. We could however demon-
strate that when compared to that in other patients, this 
result did not affect ruling out bacteriuria. Obstructive 
uropathy, hematuria, prostate hyperplasia, and age (pa-
tients younger or older than 60 years) did not compro-
mise the accuracy of UFC.

Our comparison with the cultural cutoff of ≥104 CFU/
mL yielded 70 bacteria/µL as the optimal UFC cutoff, with 
an NPV of 95.86% and a PPV of 61.07%. As mentioned 
before, samples from female patients were false positive 
more often (PPV 57.81% vs. 64.18%). Other authors 
found this as well, suggesting a systematic effect, possibly 
by virtue of the presence of fastidious bacteria such as lac-
tobacilli commonly found in the female genital microbi-
ota [18, 20, 21].

As mentioned before, samples from patients with ma-
lignancy or urolithiasis were false positive more often 
(PPVs 58.82% and 38.46%), but NPVs were as high as 
those in the total population (95.45% and 96.55%). Inter-
estingly, the NPV was reduced in samples with hematuria 
(84.62%). It is possible that UFC performs worse in sam-
ples with gross hematuria and low bacterial counts. Pros-
tate hyperplasia (n = 32) and obstructive uropathy (n = 

Table 3. Combining UFC with dipstick parameters

Parameter SE, % SP, % PPV, % NPV, % Accuracy, 
%

Accuracy and comparison of 
UFC and Stix parameters to 
detect bacterial growth of ≥105 
CFU/mL

Bacterial count (UFC) 93.10 91.89 52.43 99.28 91.99
Leukocyte count (UFC) 91.38 76.16 26.90 98.92 77.49
Leukocyte esterase (Stix) 96.55 55.79 17.34 99.41 59.37
Nitrite (Stix) 56.90 98.18 75 95.95 94.56
Leukocyte esterase + nitrite (Stix)1 98.28 55.79 17.59 99.70 59.52
Composite testing2 98.28 54.47 17.17 99.70 58.31

Accuracy comparison of UFC 
and Stix parameters to detect 
bacterial growth of ≥104 CFU/
mL

Bacterial count (UFC) 78.43 90.89 61.07 95.86 88.97
Leukocyte count (UFC) 76.71 78.89 39.59 94.84 78.40
Leukocyte esterase (Stix) 87.25 58.21 27.55 96.17 62.69
Nitrite (Stix) 34.31 98.39 79.55 89.16 88.52
Leukocyte esterase + nitrite (Stix)1 88.24 58.21 27.78 96.45 62.84
Composite testing2 90.20 56.07 27.22 96.91 61.33

PPV, positive predictive value; NPV, negative predictive value; UFC, urine flow cytometry; CFU, colony-forming units; SE, sensitivity; SP, 
specificity. 1 Sample considered positive “if either leukocyte esterase or nitrite was positive.” 2 Sample considered positive “if either leukocyte 
esterase, nitrite, bacterial count (UFC), or leukocyte count (UFC) was positive.”
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29) were not associated with such declines. While com-
bining multiple parameters to rule out bacteriuria could 
be considered, in our calculations, no combination of 
dipstick parameters with or without UFC parameters al-
lowed a better assessment than just bacterial count in 
UFC (Table 3).

Our data compare well with other studies [5, 17, 19, 22, 
23]. A meta-analysis by Shang et al. [5] with 19 studies 
comprising 22,305 samples calculates screening perfor-
mance as follows: 0.92 SE, 0.60 SP for UTI screening when 
using bacterial counts, 0.87 SE, and 0.67 SP when using 
leukocyte counts as surrogate. It seems problematic that 
data in this meta-analysis were pooled from studies using 
different reference standards (>103, >104 and >105 CFU/
mL). Our data for >105 CFU/mL correspond well – reach-
ing 0.93 SE and 0.92 SP – whereas data for the lower cut-
off of >104 CFU/mL were less accurate, showing a SE of 
0.78 and a SP of 0.91. Notably, studies with lower statisti-
cal accuracy in the meta-analysis were among those that 
used lower cultural cutoffs values, suggesting that UFC is 
less reliable at the >104 CFU/mL threshold. The authors 
of the meta-analysis indicate that subjects enrolled were 
often not representative of clinical patient populations, a 
concern shared by urology experts regarding the specific 
urological population.

Methodologically, our study has the strength of being 
“double-blinded” since UFC/dipstick and culture analy-
sis were done independently in different laboratories. All 
samples undergoing UFC were also investigated with cul-
ture methods. Other studies make exceptions for “con-
taminated” samples [5]. While species such as S. epider-
midis may certainly be considered contaminants in many 
cases, they nevertheless are bacteria and should be count-
ed when evaluating CFU, especially in patients with in-
dwelling catheters.

A key difficulty in both evaluation and in the clinical 
use of UFC is that cutoff values are sought to make a bi-
nary decision (UTI yes/no) from a continuous parameter 
by setting arbitrary cutoff points. This approach creates 
problems specifically with samples where bacterial 
counts are close to these cutoff values. Müller et al. [24] 
developed a nomogram that tries to account for this [25]. 
We envision future cytometry reports that provide not 
only a simple “n/µL” result but also include a depiction 
of the spectrum of expected cultural results, with their 
relative estimated probabilities. This approach would be 
incorporated in feedback algorithms in the laboratory 
software and could also include relevant patient infor-
mation, such as sex or sample acquisition methods [11, 
20, 26].

Our data suggest that UFC can be used to reliably rule 
out significant bacteriuria in urologic patients. In our lab-
oratory, the analysis itself took about 5 min to perform 
(which amounts to a turnaround time from door-to-re-
sult of about an hour) and costs around 5 EUR. As it is 
more accurate than dipstick testing, we recommend its 
use.

Advantages of decision curve analysis include estima-
tion of the clinical benefit of a testing strategy. In our ex-
ample, it suggested a clear benefit for using UFC, particu-
larly the use of the bacterial count parameter in compari-
son to the leukocyte parameter. A disadvantage of the 
decision curve analysis method is that in order to use it, 
one must beforehand decide on “threshold probabilities,” 
that is, the reliability of a test a clinician might or might 
not be content with when using it. In our case however a 
net benefit could be calculated over the whole range of 
threshold probabilities, encouraging the usage of UFC 
despite its limitations.

In terms of antibiotic administration, urologists should 
be able to limit the use of antibiotic prescriptions for UTI 
when UFC results rule out significant bacteriuria and vice 
versa prescribe antibiotics when UFC suggests bacteri-
uria and therapy is clinically indicated. Microbiological 
culture might be reserved for urine samples with positive 
UFC results and samples with specific questions, in order 
to get resistance testing, thus saving resources.

A limitation of our study is the low sample size for sub-
populations such as children, which may be important 
patients in centers serving pediatric populations. Non-
urological studies in pediatric populations suggest cy-
tometry to be viable for samples from children as well 
[27]. Likewise, future studies would benefit from addi-
tional samples from patients with specific diseases affect-
ing the urogenital tract in order to enhance subgroup 
analysis. Technically, also UFC differentiation between 
Gram-positive cocci and Gram-negative rods in next-
generation systems should be investigated.

We conclude that counting bacteria with UFC is an ac-
curate and rapid method to determine significant bacte-
riuria in urological patients. In our analysis, it performed 
better than dipstick analysis or indirect parameters as leu-
kocyturia and thus would make it the preferred choice.
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