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ABSTRACT

Background: Although urine culture is considered a reference standard for the diagnosis of
urinary tract infection (UTI), it is time-consuming, labor-intensive, and expensive. Here, we
evaluated the performance of five recent automated urine analyzers for UTI diagnosis.
Methods: For the 510 specimens analyzed, the criterion for ‘significant bacteriuria’ was
defined as = 10* CFU/mL in the inoculated plate for all specimens or = 10° CFU/mL for
specimens from patients using a Foley catheter or with urinary symptoms. Sensitivity,
specificity, positive predictive value (PPV), and negative predictive value (NPV) of UTI were
analyzed using indicators individually, in different combinations, or with various cut-off
values.

Results: Seventy-one specimens (13.9%) exhibited ‘significant bacteriuria’. In the receiver
operating characteristics curve analysis, UF-5000 (Sysmex Corp., Japan) showed the highest
area under the curve values for both males and females (0.876 and 0.846, respectively).
The PPVs for specimens from males with all indicators positive increased up to 100% after
adjusting the cut-off values. NPVs for specimens with all indicators negative were 94.3%-
98.2% in males and 78.1%-93.8% in females after adjusting the cut-off values.

Conclusion: As a rapid and accurate diagnostic tool, urine sediment analyzers can be
valuable for UTI diagnosis by reducing unnecessary culture and can help clinicians
determine a treatment plan.
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INTRODUCTION

Rapid diagnosis of urinary tract infection (UTI) is one of the most critical issues in health-care facilities
and community settings [1,2]. UTI is known to be the second most common cause of bacterial infection,
only preceded by respiratory tract infection [3]. And it results in the extension of total hospital stay durations,
increase in mortality and morbidity, and unwanted healthcare-associated costs, along with a high rate of
antimicrobial resistance [4,5].

The diagnosis of UTI is a challenging task, because the symptoms, such as fever, nausea, vomiting, and
fatigue, are not specific and may overlap with those from other infections [6,7]. In addition, laboratory
diagnosis primarily relies on quantitative urine culture, which is still considered a ‘gold standard’ [1-3,6-
10]. However, in several cases, urine culture samples collected from patients with suspected UTI yield
negative results [2,6,7,11]. Moreover, conventional urine culture is time-consuming, labor-intensive, and
expensive [2,6,7]. It requires 24 to 48 hours to report results; therefore, clinicians inevitably use empirical
antimicrobial therapy before the culture result with antimicrobial susceptibility is reported [1,8,12].

To enhance diagnostic performance, there have been several trials conducted on the use of automated urine
analyzers. Some of these analyzers showed promise in terms of diagnostic performance, and the need for
urine culture could be reduced by 35%—65% either using first-generation flow cytometry analyzers, such as
the UF-100 (Sysmex Corp., Kobe, Japan) [9] or second-generation flow cytometry analyzers, such as the UF-
1000 or UF-500 (Sysmex Corp.) [1,2,13,14]. Additionally, flow cell capture with a digital camera system, the
Iris 1Q200 (Beckman Coulter, Brea, CA, USA), could reduce the number of urine culture tests required by
33% to 44% [10,11]. Other digital image analyzers, such as the SediMax (A. Menarini Diagnostics, Firenze,
Italy), could reduce the number of urine culture tests required by 46% to 54% [7,15]. However, the false-
negative rate varied according to the population characteristics, and this continues to be one of the limitations
of such methods and requires further investigation [1,6].

Newly developed automated urine analyzers, such as the third generation flow cytometer, or digital image
analyzers, are expected to lower the false-negative rate and subsequently reduce the unnecessary dependence
on urine cultures, or to raise the screening positive rate to provide clinicians prompt clinical information for
deciding the treatment plan. The aim of this study was to evaluate the diagnostic performance of recently
introduced urine chemistry and sediment analyzers from five manufacturers compared to that of urine
culture and to examine the feasibility of using these analyzers for conducting screening tests to enhance the
diagnostic efficiency by reducing dependence on labor-intensive urine culture methods.

MATERIALS AND METHODS

Between October and November 2017, we obtained 528 samples of urine specimens, selected randomly
from samples regularly submitted to our laboratory for routine bacterial culture collected from inpatient and
outpatient clinics at Severance Hospital (Seoul, Korea). The urine samples were collected from patients

using the clean catch mid-stream technique. The samples were collected in sterile culture cups without any
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preservative and transported to the microbiology laboratory within 30 min of collection. The specimens were
cultured within 2 hours post transfer to our laboratory. This study was performed after obtaining approval
from the Institutional Review Board of Severance Hospital (IRB No. 1-2017-0038), which waived the
requirement for informed consent.

Gram staining was performed and the results were interpreted by trained and certified medical
technologists. Bacterial culture was performed by inoculation using a 1 L standard loop on 5% blood agar
and MacConkey agar plates (Asan Pharmaceutical, Seoul, Korea) [16]. The plates were incubated in a 5%
CO, incubator at 37°C for 18 to 24 hours. The quantitative results were expressed in terms of CFU/mL and
the negative results (no countable colonies on inoculated plates) were expressed as ‘< 1,000 CFU/mL’. An
inoculated plate producing > 1,000 CFU/mL represented a positive culture result, and was further evaluated
for bacterial identification using conventional biochemical tests, the Vitek 2 system (bioMérieux, Marcy
I'Etoile, France), and/or matrix-assisted laser desorption/ionization time of flight mass spectrometry, the
VITEK MS MALDI-TOF system (Vitek MS, bioMérieux Inc., Dutham, NC, USA).

Immediately after inoculation for bacterial culture, the remaining samples were subjected to urinalysis.
Specimens that were transferred after 4 PM. on the day of examination were refrigerated at 4°C until the
culture was performed the following morming. At least 15 mL of each urine specimen was serially analyzed
with five automated urine chemistry and sediment analyzers without centrifugation.

Five recently introduced automated urine chemistry and sediment analyzers were evaluated in terms
of their diagnostic performance; the UC-3500 and UF-5000 from Sysmex Corporation (Kobe, Japan),
CLINITEK Novus and UAS800 from Siemens Healthineers (Erlangen, Germany), Cobas” u601 and
Cobas” u701 from Roche Diagnostics International (Rotkreuz, Switzerland), iChem” VELOCITY™ and
iQ"200SPRINT from Beckman Coulter (Brea, CA, USA), and URISCAN" Super+ and URiISCAN®
PlusScope from YD diagnostics (Yongin, Korea), respectively. The measurement principles of the five urine
sediment analyzers are as follows; flow cytometry for the UF-5000, digital camera imaging followed by
automatic image evaluation module for the UAS800 and Cobas” u701, flow cell capture by digital camera
followed by the use of the Auto-Particle Recognition (APR™) software for the iQ“200 SPRINT, and multi-
counting chamber and microscopic imaging for the URISCAN" PlusScope. For comparison, the UF-1000i
(Sysmex Corporation) urine sediment analyzer currently in use at our laboratory was also evaluated.

Performance with respect to the additional parameters was evaluated as follows; the differentiation
between gram-positive and gram-negative organisms using the UF-5000, the differentiation of rods and cocci
using the UAS800, and the analysis of all small particles (ASP) using the iQ“200SPRINT.

‘Significant bacteriuria’ was characterized by > 10* CFU/mL from all specimens [8,17,18] in the
corresponding inoculated plates, or > 10° CFU/mL from specimens that were collected from patients with a
Foley catheter or with urinary symptoms (fever of unknown origin, difficulty in urination, urinary urgency or
frequency, dysuria, and flank pain among others) [19].
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A specimen with all indicators positive was characterized by positive results as follows: leukocyte
esterase (LE), nitrite in urine chemistry analysis, white blood cell (WBC) > 10/uL [20], and bacteria
positive (apart from ‘negative’) in urine sediment analyzers based on the cut-offs or criteria defined by each
manufacturer [11,17]. Any specimen with all indicators negative was characterized by negative results for the
above mentioned indicators.

All the urine sediment analyzers could provide numeric WBC counts (per pL). When our experiments
were conducted, the Cobas” u701, URISCAN® PlusScope, and iQ“200SPRINT did not display the
quantitative bacterial counts. However, the iQ“200SPRINT provided the ASP values for estimating of the
presence of bacteria. Owing to these reasons, the semi-quantitative results for bacteria were compared, and
the results ‘1+, 2+, and ‘3+ were considered ‘positive .

The UF-1000i, UF-5000, and UAS800 also provided numeric values for the bacterial count, and the
iQ"200SPRINT provided the ASP values instead. The Cobas” u701 and URiISCAN" PlusScope did not
provide the quantitative bacterial counts when our experiments were conducted. The potential of diagnosing
UTI using bacterial count or ASP was evaluated by analyzing the receiver operating characteristic (ROC)
curves.

Statistical analysis was performed using SPSS version 25.0 (IBM Corp., Armonk, NY, USA) and
Microsoft Excel 2016 (Microsoft Corp, Redmond, Washington, USA) with Analyse-it version 5.11
(Analyse-it Software, Ltd., Leeds, UK). For categorical data, data distributions are presented as frequencies
and percentages and compared using the Chi-square test. Data distributions were confirmed as normal by
the Kolmogorov-Smirnov test, and a P value greater than 0.05 indicates normal distribution. For parametric
data, results are presented as means =+ standard deviations (SDs), and comparisons were performed using
Student’s t-test, and for non-parametric data, results are presented as medians and interquartile ranges (IQRs),
and comparisons were made using the Mann-Whitney U test. The ROC curve analysis was used to compare
the abilities of various parameters, and the area under curve (AUC) values were compared in the diagnostic
ability for UTI. Additionally, the 95% confidence intervals (CIs) of each item were also calculated. P < 0.05

was considered significant.

RESULTS

Of the 528 urine culture specimens collected, 2 were excluded owing to suspected contamination (more
than 3 species were detected in the inoculated plate) and 16 were excluded as they tested positive for yeast.
Baseline characteristics of 510 study subjects are provided in Table 1. Among the 71 specimens categorized
under ‘significant bacteriuria’, 31 (43.7%) specimens were gram-positive and 40 (56.3%) were gram-
negative. Distribution of test results in urine samples with ‘significant bacteriuria’, stratified by bacterial strain
is displayed in Supplemental Data Table S1.

The distribution of semi-quantitative results based on UTI diagnosis (‘significant bacteriuria’ and ‘no
growth/non-significant bacteriuria’) is displayed in Supplemental Data Table S2. Additionally, the diagnostic
performances of an indicator studied individually, such as LE, nitrite, WBC, and bacteria, were also evaluated

(Table 2). For comparing results on bacteria, ‘1+', 2+, and 3+ were considered ‘positive .
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Table 1. Bascline characteristics of study subjects

Characteristic Analyzer Male (n=307) Female (n=203) P-value'
Age (yr) 59 (43-70) 61 (46-71) 0.985
Significant bacteriuria 23(7.5) 48(23.6) <0.001°
WBC (uL) UF-5000 2.50(1.00-7.85) 4.60 (1.30-17.40) 0.539
UASS00 1.10 (0.00-6.44) 330 (0.00-10.56) 0.034"
Cobas® u701 1.98 (0.00-6.44) 3.96 (1.32-13.86) 0.096
iQ"200SPRINT 5.56(0.00-11.12) 5.56 (0.00-17.60) 0441
URiSCAN" PlusScope 0.22 (0.00-2.05) 2.05(0.00-6.15) 0.440
Bacteria (/uL)™ UF-1000i 8.20 (3.10-27.30) 15.50 (5.10-107.80) 0.021°
UF-5000 2.30(1.10-8.00) 8.00 (2.30-63.50) 0.020"
UASS800 125.40 (58.19-207.40) 110.00 (55.88-211.64) 0.963
iQ"200SPRINT (ASP) 1166.50 (471.75-2914.25) 927.00 (463.00-2478.00) 0.162

Values are presented as median (IQR) or number (%).
"P-value < 0.05 represents statistical significance.
"For bacteria count, the UF-1000i was also evaluated as a reference analyzer for comparison.

“The Cobas” u701 and URISCAN® PlusScope did not display the quantitative bacterial counts when our experiment was conducted. The iQ"200SPRINT
provided ASP values instead of bacterial counts.
$The P-value stands for the statistical difference between genders.

Abbreviations: IQR, interquartile range; WBC, white blood cell; ASP, all small particle.

In addition, the Gram stainability of specimens yielding positive/negative results in the UF-5000 and the
morphological information of cocci/ rods evaluated using the UAS800 were also evaluated. The results from
the UF-5000 exhibited an 82.9% (95% ClI, 67.3%-91.9%) agreement with a kappa value of 0.62 (95% CI,
0.37-0.87) compared to those from conventional Gram staining experiments. The results from the UAS800
exhibited a 50.0% (95% CI, 35.5%-64.5%) agreement with a kappa value of 0.51 (95% CI, 0.36-0.66)
compared with the bacterial identification results (data not shown).

For numeric bacterial counts (UF-1000i, UF5000, UAS800) and ASP (iQ“200SPRINT), the
determinative ability for ‘significant bacteriuria’ was evaluated based on the ROC analysis (Fig. 1). And, to
determine an optimal cut-off to rule out UTI and eliminate the unnecessary urine culture step, or to include
UTI and subsequently to suggest a suitable antibiotic treatment, we evaluated the diagnostic performances
of indicators used in conjunction and after adjusting the cut-off values for the WBC and bacterial counts.
The cut-off values for achieving certain target variables with the automated urine sediment analyzers were
calculated, and those that met 95% sensitivity and 70% PPV are summarized in Table 3. The readings of the
WBC count from all urine sediment analyzers were analyzed to estimate the ideal cut-off values; however,
for bacteria, only the UF-5000, UAS800, and iQ“200SPRINT (ASP) were analyzed.

To identify the specimens that were highly likely to yield positive or negative results and did not require
further culture, the diagnostic performance for the indicator combinations were also evaluated (Table 4).
The positive predictive values (PPVs) for specimens with all indicators positive were 66.7%-100%, and
after adjusting cut-offs corresponding to 70% PPV, the PPVs increased up to 100% for all analyzers for
males. However, the negative predictive values (NPVs) were approximately 76%-78% both before and after
adjusting the cut-off values for females. The NPVs for specimens with all indicators negative were 94.4%-
95.5% and 83.5%-86.9% for males and females, respectively. After adjusting the cut-offs corresponding to
95% sensitivity, the NPVs were 94.3%-98.2% and 78.1%-93.8% for males and females, respectively.
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Table 2. Diagnostic performances of automated urine sediment analyzers in urinary tract infection

Variable Sensitivity (%) Specificity (%) PPV (%) NPV (%)

M F P-value M F P-value M F P-value M F P-value
LE
UF-5000 56.5 458 0454 69.7 587 0021 13.1 256 0.039" 952 778 <0.001"
UAS800 522 396 0444 72 606 0014 132 238 0056 949 764  <0.001°
Cobas” u701 522 479 0.803 69.0 581 0028 12.0 261 0015 94.7 783  <0.001"
iQ"200SPRINT 39.1 39.6 0.999 82.5 613 0018 103 241 0023 93.6 766  <0.001"

URiSCAN"PlusScope 348 333 0.999 74.6 67.1 0.097 10.0 239 0.027" 934 765  <0.001
Nitrite

UF-5000 21.7 27.1 0.774 98.9 974 0.249 62.5 76.5 0.661 94.0 812 0.001°
UAS800 26.1 250 0.999 96.1 955 0.803 353 632 0.181 94.1 804  <0.001"
Cobas® u701 304 27.1 0.784 92.6 94.2 0.693 250 59.1 0.466 943 80.7  <0.001"
iQ"200SPRINT 21.7 27.1 0.774 98.9 98.1 0431 62.5 813 0.667 94.0 81.3 0.001°

URiSCAN"PlusScope 217 250 0999 98.9 987 0999 62.5 857 0642 94.0 81.0  <0.001"
WBC'

UF-5000 60.9 60.4 0.590 813 755 0.175 209 433 0.009* 96.3 860  <0.001"
UAS800 56.5 39.6 0.138 842 774 0.054 224 352 0.149 96.0 80.5  <0.001°
Cobas® u701 56.5 41.7 0.138 84.5 729 0.054 228 323 0.119 96.0 80.1  <0.001°
iQ"200SPRINT 60.9 542 0.620 73.6 67.7 0.796 15.7 342 0.007* 959 827 <0001

URiSCAN® PlusScope 435 375 0.796 933 86.5 0.023" 345 46.2 0.455 953 81.7 <0.001"
Bacteria®*

UE-1000 56.5 625 0796 933 832 0002 40.6 536 0461 964 87.8  <0.001"
UF-5000 435 52.1 0.614 993 9248  0.005 833 758 0274 95.6 86.5 0.001"
UAS800 652 604 0797 52.1 632 0027 99 337 <0.001" 94.9 83.8 0.002"
Cobas” u701 56.5 542 0.999 634 787 0001 11.1 4.1  <0001" 94.7 84.7 0.002"
iQ"200SPRINT 34.8 375 0999 96.8 935  0.140 47.1 643 0205 94.8 829  <0.001"

URiSCAN"PlusScope 26.1 292 0.999 98.6 96.1 0.177 60.0 829 0.440 94.3 814 <0001

"P-value < 0.05 represents statistical significance.

"WBC detection was considered positive if > 10/uL was determined by each urine sediment analyzer.

"The cut-off values for bacterial counts were predetermined by the manufacturers. For bacteria, the UF-1000i was also evaluated as a reference analyzer for
comparison.

$Semi-quantitative results of ‘1+’, 2+, and ‘3+ were considered ‘positive’.

Abbreviations: PPV, positive predictive value; NPV, negative predictive value; M, male; F, female; LE, leukocyte esterase; WBC, white blood cell.

Table 3. Calculated cut-off values for achieving certain target variables in automated urine sediment analyzers

Cut-off value” (%)
Parameter Analyzer Sensitivity 95% PPV 70%
M F M F
WBC (/uL) UF-5000 0.7 (9%4.1) 02(97.9) 339.4(80.0) 544.8 (75.0)
UASS00 >0(86.7) >0(68.1) 334.0(75.0) 208.6 (72.7)
Cobas” u701 >0(882) >0(80.4) 475.9 (80.0) 347.5(714)
iQ"200SPRINT >0(824) >0(872) 321.2(80.0) 180.4 (70.0)
URiSCAN" PlusScope >0(76.5) >0(59.6) 779 (71.4) 69.7 (72.7)
Bacteria (/uL)’ UF-5000 >0(94.1) >0(95.7) 152.4(75.0) 127 (71.1)
UASS00 >0(87.5) >0(93.6) 3,293 (50.0) 657.8(70.6)
iQ"200SPRINT (ASP) 189 (94.1) 345(95.7) 31,327 (60.0) 11,171 (72.7)

"If sensitivity or PPV did not meet each target variable, the cut-off values were obtained to maximize the same.

"The Cobas” u701 and URISCAN® PlusScope did not display the quantitative bacterial counts when our experiment was conducted. The iQ"200SPRINT
provided ASP values instead of bacterial counts.

Abbreviations: PPV, positive predictive value; WBC, white blood cell; ASP, all small particles.
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Table 4. Performance of each of indicator alone or in conjunction with other indicators in automated urine analyzers for the rapid diagnosis of urinary tract infection

Indicator Parameter Sensitivity (%) Specificity (%) PPV (%) NPV (%)
M F M F M F M F
Positive for Urine chemistry UF-5000 217 16.7 993 R.1 714 727 94.0 792
UAS800 26.1 14.6 9.3 974 750 63.6 943 786
Cobas® u701 304 167 96.1 955 389 533 945 787
iQ"200SPRINT 174 125 1000 98.1 1000 66.7 93.7 784
URiSCAN" PlusScope 174 104 100.0 R 100.0 714 93.7 78.1
Urine sediment” UF-5000 39.1 417 9.3 96.8 81.8 80.0 953 843
UAS800 435 271 894 87.1 250 394 95.1 794
Cobas” u701 435 313 93.0 916 333 536 953 81.1
iQ"200SPRINT 348 271 958 974 400 765 948 812
URiSCAN® PlusScope 26.1 167 1000 96.8 1000 615 944 789
Urine sediment’ UF-5000 217 104 99.6 98.7 83 714 94.0 78.1
UAS800 130 63 99.6 94 750 750 934 774
Cobas” u701 87 63 100.0 994 100.0 750 93.1 774
iQ“200SPRINT 217 - 9.6 - 833 - 94.0 -
URiSCAN® PlusScope 130 167 1000 96.8 1000 615 934 789
Both (chemistry & sediment)’ UF-5000 217 146 9.6 98.7 833 778 94.0 789
UASS800 217 63 996 1000 83 1000 94.0 715
Cobas” u701 26.1 125 989 98.1 66.7 66.7 943 784
iQ"200SPRINT 130 63 1000 94 1000 750 934 774
URiSCAN” PlusScope 174 83 1000 98.7 1000 66.7 93.7 717
Both (chemistry & sediment)’ UF-5000 87 83 100.0 9,7 100.0 66.7 93.1 717
UASS800 - 2.1 - 100.0 - 1000 - 76.7
Cobas® u701 43 42 1000 94 1000 66.7 2.8 770
iQ"200SPRINT 87 - 1000 - 1000 - 93.1 -
URiSCAN” PlusScope 87 83 1000 98.7 1000 66.7 93.1 717
Negative for ~ Urine chemistry UF-5000 565 563 694 58.1 130 293 952 81.1
UAS800 522 500 69.0 587 120 273 94.7 79.1
Cobas” u701 522 583 655 568 109 295 944 815
iQ"200SPRINT 435 542 715 613 11.0 302 94.0 812
URiSCAN" PlusScope 39.1 479 736 67.1 107 311 937 80.6
Urine sediment” UF-5000 652 604 81.3 929 21 725 96.7 883
UASB00 783 333 4638 955 107 69.6 964 &2
Cobas” u701 69.6 563 549 78.1 11.1 43 95.7 852
iQ"200SPRINT 652 146 708 98.1 153 700 962 788
URiSCAN® PlusScope 435 500 919 852 303 511 953 84.6
Urine sediment* UF-5000 1000 1000 85 26 81 241 1000 1000
UASZ00 95.7 9338 18 19 73 28 933 833
Cobas” u701 826 252 236 213 81 252 944 825
iQ“200SPRINT 957 316 46 413 75 316 929 914
URiSCAN® PlusScope 69.6 26.1 56.0 452 113 26.1 958 795
Both (chemistry & sediment)’ UF-5000 39.1 771 989 471 750 311 953 86.9
UAS800 478 792 8.1 374 262 281 955 853
Cobas® u701 478 750 9.1 400 282 279 955 8.8
iQ"200SPRINT 39.1 729 958 426 429 282 95.1 8.5
URiSCAN® PlusScope 26.1 688 1000 60.6 1000 351 944 862
Both (chemistry & sediment)* UF-5000 913 958 377 194 10.6 269 ¢R2 938
UAS800 783 708 52.8 452 11.8 286 96.8 833
Cobas® u701 609 500 722 80.6 151 44 958 8.9
iQ"200SPRINT 783 125 412 98.1 9.7 66.7 959 784
URiSCAN" PlusScope 26.1 104 99.3 R.7 750 714 943 78.1

"Diagnostic performances were calculated by applying the cut-off values set by each manufacturer without any adjustments.
" A cut-off value that met 70% of PPV was used for estimating the number of samples that were highly likely to be positive and would justify empiric antibiotic treatment.

* A cut-off value that met 95% of sensitivity was used for estimating the number of samples that were highly likely to be negative and did not need fither culture.
Abbreviations: PPV, positive predictive value; NPV, negative predictive value; M, male; F, female.
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DISCUSSION

Urine culture has played a major role in the diagnosis of UTI. However, as described above, owing to
the high workload and the high costs associated with this method, the use of alternatives for conventional
urine culture is necessary. Rapid detection methods are also necessary to determine whether antimicrobial
chemotherapy should be administered, and if so, to select the antimicrobial agent precisely. In recent
years, the combined use of automated urine chemistry and sediment analyzers has increased to reduce the
frequency of unnecessary urine culture [2,13,14,21,22]. Technical advances in the development of automated
urine analyzers have made urinalysis easier and more rapid to reduce the number of tests conducted using
manual processing methods, including manual microscopy, in several automated clinical laboratories.
However, the high rate of false-negative results and the insignificant reduction in dependence on manual
methods did not warrant the UF-1000i as a suitable UTI screening test in a particular study [1]. Although the
WBC and bacterial counts determined by flow cytometric analysis are useful indicators of UTIL, a systemic
review recommended rigorous additional studies [6]. Automated urine sediment analyzers may be useful
for UTI screening in an ambulatory patient population; however, these may not be as efficient in a complex
hospitalized patient population [23]. Rapid screening with automated urine sediment analyzer may not
be applicable to certain populations, such as those comprising patients with indwelling catheter, pregnant
women, and male outpatients, or a different diagnostic algorithm may be necessary [7].

In this study, we evaluated the diagnostic performances of recently introduced urine chemistry and
sediment analyzers, and aimed to determine the potential of their application in clinical laboratories. Methods
using digital camera imaging and flow cytometry were evaluated simultaneously. As discussed in previous
studies, flow cytometry showed better diagnostic accuracy for UTI diagnosis than digital camera imaging did.
The UF-5000 was reported to be a useful and accurate in analyzing conditions related to various pathological
processes of the kidneys and urinary tract [24]. It performed better than UF-1000i in terms of bacterial count
determination, specificity of urinary tract infection diagnosis, and differentiation between gram-positive and
negative bacteria. The Sysmex UF series instruments are based on the principle of forward and side scatter
and fluorescence intensity, which facilitates accurate particle identification and precise cell counts, especially
for bacteria. Digital camera imaging is based on centrifugation, imaging, and interpretation techniques. It
produces reliable results for detection of several types of sediments; however, overestimation remains one
of its limitations. Cocci bacteria seem to be overestimated owing to artifacts in the digital camera system.
However, in the UASS800, if only rod bacteria (> 130/uL) are considered for the “bacteria positive” outcomes,
the overestimation can be minimized with an increase in specificity (from 56.0% to 99.8%) and PPV (from
18.6% to 90.1%), although the sensitivity (from 62.0% to 15.5%) and NPV (from 90.1% to 88.0%) are
reduced (data not shown). Meanwhile, the iQ“200SPRINT is based on the principle of flow cell capture, in
which urine samples pass through the flow cell sheath, similar to flow cytometry. In this study, the diagnostic
accuracy of the iQ"200SPRINT was better than the accuracy of analyzers based on digital camera imaging.

Moreover, we evaluated the additional parameters in this study. The newly developed feature of the UF-
5000 of distinguishing between gram-positive and gram-negative microorganisms yielded relatively reliable
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results (Cohen’s kappa = 0.62) compared to those from conventional Gram staining. In combination with
diagnostic accuracy for bacterial detection, the UF-5000 is also expected to reduce the dependence on urine
culture, better than or at least comparable to the UF-1000i. The UAS800 introduced a parameter for the
morphologic distinction between rods and cocci, but showed the limited imaging capacity; such results
require further advanced resolution and particle recognition techniques.

ASP detection is a unique parameter of the iQ“200SPRINT for the estimation of microorganisms. ASP
represents particles smaller than 3 pm that cannot be identified by the APR™ software. Large-sized particles
such as crystals, cast, yeast, and bacteria may be recognized by the APR™ software. Small particles might
form a part of such sediments. In particular, an elevated ASP count correlates with the possibility of infection,
and ASP count is proportional to the WBC or bacterial counts in several cases [17]. The present study also
demonstrated the utility of ASP with or without other indicators in UTI diagnosis.

The diagnostic utility of each indicator alone or in conjunction with other indicators was also evaluated to
determine the optimal cut-off for reducing unnecessary urine culture. The diagnostic utilities of automated
urine analyzers for each indicator varied according to the type of sediment analyzer.

For analyzing specimens that are highly likely to be characterized positive or negative and do not need
further culture, we further evaluated the diagnostic performances using combinations of indicators and by
adjusting cut-off values. The PPVs for specimens with all indicators positive increased up to 100% in males
after adjusting the cut-off values, whereas the PPVs did not increase in females. The NPVs for specimens
with all indicators negative were approximately 94.3%-98.2% in males and 78.1%-93.8% in females after
adjustment of cut-off values. The replacement of conventional urine culture with automated urine analyzers
is yet to be supported by satisfactory results; however, all negative results for these parameters would reduce
the need for presumptive antibiotics usage [1].

In this study, we applied different cut-off values for bacterial counts for specimens collected from males
and females. A previous study has reported that specimens from females showed lower AUC values than
those from males when the same cut-off values were applied [25]. This could be attributed to a greater
chance of bacterial contamination of urine sample in females; however, the presence of asymptomatic
pyuria in some women should also be considered [20]. In previous studies that evaluated the cut-off values
for specimens from males and females separately, a higher cut-off value was reported for specimens from
females than for those from males [2,7,18]. Owing to these reasons, we analyzed the data differently based
on gender by calculating different gender-specific cut-off values for bacterial counts, and applied the same to
the primary analysis.

The limitations of this study are as follows. 1) Although we evaluated a significant number of urine
specimens (n = 510), there were only 71 cases of true infection (13.9%), which might not be adequate for
comparing various microorganisms using the recently upgraded features in the instruments, such as the
differentiation of gram-positive or gram-negative bacteria, or adequate statistical power for the combination
of certain parameters, such as the presence of LE or nitrite, or the WBC and bacteria counts. 2) Some
of the cultured microorganisms were not identified based on genus or species as we considered them as

contaminants.
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To the best of our knowledge, the present study is the first to compare the five recently launched automated
urine analyzers and the diagnostic utility of flow cytometry and digital camera imaging in UTL. As sensitive
and rapid diagnostic tools, urine sediment analyzers can be one of the important tools in the near future, and
could help reduce unnecessary culture and provide guidance for the selection of proper antimicrobial agents.
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Supplemental Data Table S1. Distribution of test results in urine specimens with 'significant bacteriuria, stratified by bacterial strain

No. of specimens evaluated using automated urine sediment analyzers

Grou Bacteria . iQ" URiSCAN"
£ UF-10001 UF-5000 UAS800 Cobas” u701 200S(13R1NT T
Gram positive GPC (n=12) 1 0 3 3 1 1
CNS (n=5) 4 4 3 3 1 2
Enterococcus faecium (n=4) 4 4 4 4 4 2
Corynebacterum spp. (n=3) 1 1 2 2 0 0
Lactobacillus (n=3) 1 0 1 0 0 0
Streptococcus spp. (n=2) 2 1 2 1 0 0
Others (n=2) 1 1 1 1 1 0
Total (n=31) 14 11 16 14 7 5
Detection rate (%) “452) (35.5) (51.6) 452) (22.6) (16.1)
Gram negative Escherichia coli (n=19) 16 14 14 13 12 10
GNR (n=10) 4 3 6 4 1 0
Klebsiella pneumoniae (n=4) 3 3 2 2 2 2
Acinetobacter baumannii (n=2) 2 2 2 2 2 0
Proteus mirabilis (n=2) 2 1 2 2 2 2
Others (n=3) 1 1 2 2 0 1
Total (n=40) 28 24 28 25 19 15
Detection rate (%) (70.0) (60.0) (70.0) (62.5) 47.5) (37.5)
Significant bacteriuria  Total (n=71) 42 35 44 39 26 20
Detection rate (%) (59.2) (49.3) (62.0) (54.9) (36.6) (28.2)

The Cobas” u701 and URISCAN® PlusScope did not display the quantitative bacterial counts when our experiment was conducted. The iQ” 200SPRINT
provided ASP values instead of bacterial counts.

Abbreviations: white blood cell; ASP, all small particle; GPC, gram-positive cocci, not specified; CNS, coagulase-negative staphylococci; GNR, gram-negative

rods, not specified.

Supplemental Data Table S2. Distribution of semi-quantitative results for bacteria identified by urine sediment analyzers

. @ iQ® URiSCAN”
Semiquantitative grading (%) UF-1000i UF-5000 UASS00 Cobas"® u701 ZOOS§RINT PhusSeope
M I8 M IE M I8 M IE M F M I8
Significant bacteriuria (n=71)
Negative 435 375 565 479 348 396 435 458 652 625 739 708
A few 217 292 130 208 217 250 261 208 174 146 43 6.3
Some 174 146 174 104 304 104 21.7 83 13.0 104 174 20.8
Many 174 188 130 208 13.0 250 87 250 43 12.5 43 2.1
No growth/non-significant bacteriuria (n=439)
Negative 933 832 993 948 52.1 63.2 634 787 96.8 935 98.6 96.1
A few 6.3 14.2 04 39 278  27.1 22.5 142 1.1 32 1.1 1.9
Some 0.0 0.6 0.0 13 17.6 84 109 5.8 14 1.9 0.0 13
Many 04 1.9 04 0.0 2.5 1.3 32 1.3 0.7 1.3 04 0.6
Abbreviations: M, male; F, female.
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