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INTRODUCTION

Urine analysis is one of the most commonly performed tests in 

clinical laboratories. Urine sediment analysis determines the pres-

ence and quantity of various urine particles, such as red blood 

cells (RBC), white blood cells (WBC), epithelial cells (EPI), bacte-

ria, and fungus, among others [1]. This is helpful for the diagnosis 

and treatment of kidney and urinary system diseases [2] and pro-

vides clinicians with essential information on renal diseases [3, 4]. 

Although the manual standardized microscopic sediment test has 

been acknowledged as a reference method [5, 6], it is time con-

suming, labor intensive, and shows poor reproducibility due to 
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Background: We sought to compare the performance of three commercially available automated urine sediment analyzers that represent the 
current urine sediment analysis technology. 
Methods: A total of 232 patient samples were analyzed using manual microscopy and three automated analyzers: IRIS Iq200 (Beckman Coulter, 
USA), UF-1000i (Sysmex, Japan), and Cobas u701 (Roche, Switzerland). We analyzed precision, linearity, carry-over, concordance rate, and agree-
ment between the three analyzers and manual microscopy. 
Results: The repeatability and within-laboratory precision showed results similar to those of previous studies. All analyzers showed excellent lin-
earity. The carry-over rates were within 1%. The correlation coefficient (r) between the three analyzers and manual microscopy was good. Re-
garding red blood cell (RBC), the UF-1000i showed a better concordance rate (90.52%) with manual microscopy than the other two analyzers and 
the agreement was substantial for UF-1000i (κ=0.63) and IRIS Iq200 (κ=0.61). Regarding white blood cell (WBC), Cobas u701 showed the best 
concordance rate (96.55%) and the agreement was moderate for IRIS Iq200 (κ=0.57) and Cobas u701 (κ=0.56), and fair for UF-1000i (κ=0.47). 
Regarding epithelial cell (EPI), IRIS Iq200 showed the highest concordance rate (99.2%) and the agreement was moderate for IRIS Iq200 
(κ=0.59) and Cobas u701 (κ=0.54), and fair for UF-1000i (κ=0.40).
Conclusions: IRIS Iq200 offered the best agreement with manual microscopy for WBC and EPI count, while UF-1000i showed a better agree-
ment for RBC count. The agreement is insufficient for fully replacing the manual microscopy.
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the interpretation pro�ciency of technicians [7-9]. For this reason, 

automated urine sediment analyzers have begun to emerge to 

overcome longstanding issues [4, 10-12], and they have now be-

come a necessity in tertiary hospitals, in Korea.

This automated testing system has reduced the labor and time 

required, enabling laboratories to handle many more tests and to 

reduce the turnaround time, while also improving precision [13, 

14]. Despite the advantages offered by automated urine sediment 

analyzers, it seems practically impossible to completely abandon 

manual microscopy in the laboratory due to automated analyzer 

imperfections. To improve the performance of automated urine 

sediment analyzers, various technologies have been applied. Au-

tomated urine sediment analyzers are based on two main tech-

nologies, one of which is �ow cytometry and the other is image-

based analysis [14, 15]. One widely used urine sediment analyzer 

adopting �ow cytometry technology is the UF-1000i (Sysmex Di-

agnostic, Kobe, Japan) and one widely used image-based urine 

sediment analyzer is the Cobas u701 (Roche Diagnostics Interna-

tional, Rotkreuz, Switzerland). Additionally, the IRIS Iq200 (Beck-

man Coulter, Brea, USA) has a unique system adopting image-

based analysis plus staining and laminar �ow technologies, used 

similarly as in �ow cytometry [16]. 

In the current work, we compared the performance of these 

automated urine sediment analyzers representing current tech-

nologies for urine sediment analysis. Several articles evaluating 

these analyzers have been published; however, none of them si-

multaneously compared the performance of three automated 

urine sediment analyzers. Therefore, in this study, we compared 

the three automated urine sediment analyzers side-by-side.

MATERIALS AND METHODS

1. Preparation of urine samples

We collected leftover patient urine samples from outpatient 

clinics in our hospital. A total of 232 patient samples were used. 

After completing the requested tests from the outpatient clinics, 

each sample leftover was given a new code and was divided into 

four tubes for the analyses. The volume of each individual urine 

sample required for this study was 16 mL, 10 mL of which were 

used for manual microscopy, and the remaining 6 mL were di-

vided into 2 mL samples for each analyzer. All specimens were 

processed within 2 hours from receipt in our laboratory. This 

study was approved by the institutional review board of Kosin 

University Gospel Hospital and informed consent was exempted 

(KUGH 2015-06-107-001). If the volume of sample was too low to 

perform all experiments, we set a priority for WBC and RBC test-

ing in this study.

2. Manual examination of urine samples

A senior technician manually counted the number of RBCs, 

WBCs, and EPIs. A total volume of 10 mL of urine sample was 

centrifuged at 400×g for 5 minutes and 9 mL of supernatant were 

removed. The remaining sample was resuspended, and a drop of 

sample was placed on a slide. An 18×18 mm cover slip was ap-

plied. RBCs, WBCs, and EPIs were counted 10 to 20 times using a 

400×magni�cation in a microscope and the mean value of each 

sediment was recorded. Eight concentrations of RBCs, WBCs, and 

EPIs were recorded: 0-1/high-power �eld (HPF), 2-4/HPF, 5-10/

HPF, 11-15/HPF, 16-20/HPF, 21-30/HPF, 31-40/HPF, and higher 

than 40/HPF. The technician was blinded to the test results of any 

automated analyzers. The results of the manual microscopic ex-

amination were considered correct and were compared with 

those of the automated urine sediment analyzers. 

3. �Examination of urine RBC, WBC, and EPI using  

UF-1000i, Cobas u701, and IRIS Iq200

UF-1000i is based on an automated �ow cytometry system [17]. 

When a urine sample is introduced into the analyzer, it automati-

cally adds stain to visualize the cellular structures of the particles. 

A laser beam is used for identifying each particle using forward 

scattered light, side scattered light, and �uorescence signals. UF-

1000i converts electrical signals to scatter grams and histograms, 

with particles being classi�ed to parameters such as counts of 

RBC, WBC, bacteria, EPI, and casts [15, 18]. The results are re-

ported in µL and transformed into counts per HPF by multiplying 

a converting factor (5.5) [19]. We used three parameters: RBC 

count, WBC count, and EPI count.

Cobas u701 is an image-based analyzer. Digital images are ob-

tained and evaluated using Auto Evaluation Module (AIEM) pro-

cessing software after samples are transferred to a cuvette and 

centrifuged [20, 21]. Particles are classi�ed as RBC, WBC, EPI, 

bacteria, hyaline casts, crystals, yeasts, sperm, and mucus. The re-

sults are reported in quantitative and semi-quantitative forms. 

RBC and WBC counts from Cobas u701 were set to recalculate 
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particles in the images to achieve particle number per HPF [22]. 

The instrument was operated, and reagents were used according 

to the manufacturer’s instructions. 

Inside the IRIS Iq200, laminar �ow is created toward the lens of 

a charged coupled device (CCD) camera. It uses captured images 

from the CCD camera and an algorithm of automated particle rec-

ognition (APR) which distinguishes particles by size, shape, tex-

ture, and contrast. Particles were automatically sorted into 12 cate-

gories including RBC, WBC, white cell clumps, EPI (squamous 

and non-squamous), hyaline casts, bacteria, crystals, yeast, un-

classi�ed casts, sperm, and mucus [23]. Cell counts per HPF were 

automatically calculated in the instrument and reported [15, 24]. 

The manufacturer’s instructions of the analyzer and reagent were 

followed. All results from the automated analyzers were provided 

both in counts/HPF and counts/μL.

4. Precision analysis

Analyses of precision of the three automated sediment analyz-

ers were performed only for RBC and WBC. To calculate the pre-

cision, we used the protocols from Clinical and Laboratory Stan-

dards Institute (CLSI) EP05-2A [25]. For the consistency of the test 

results, we used urine particle quality control (QC) materials. QC 

materials containing WBCs and RBCs at two concentrations (low 

and high) were used for two analyzers: UF II control (Sysmex Di-

agnostic) for UF 1000i and Bio-Rad qUAntify (Bio-Rad, Hercules, 

CA, USA) for Cobas u701. In IRIS Iq200, iQ Body Fluids Controls 

(Iris Diagnostics, Chatsworth, USA) were used as QC materials. 

These controls consisted of two concentrations (low and high), 

and the results were presented as particles/μL. The tests were 

performed twice per run, two runs per day, for 20 days to calcu-

late repeatability and within-laboratory precision. 

5. Linearity analysis

To analyze linearity, we used the protocol from CLSI EP06-A 

[26]. We prepared two sets of �ve samples with equally spaced 

concentrations for the WBC and RBC experiments, respectively. 

The high concentration samples (RBC, 1,306/μL, WBC 110/μL for 

Iris; RBC, 325/μL, WBC, 195/μL for Cobas; RBC, 5,174/μL, WBC 

5,313/μL for UF) and low concentration samples (the supernatant 

of centrifuged normal urine) were used. The high and low con-

centrations of urines were mixed proportionally at 0:4, 1:3, 2:2, 

3:1, and 4:0. We randomly measured the concentration of sam-

ples twice. The results were interpreted using both the �owchart 

of EP06-A, which is based on polynomial evaluation, and using a 

linear regression graph with the correlation coef�cient (R2).

6. Carry-over analysis

Carry-over (%) was analyzed using RBCs and WBCs for each 

instrument. Four tests were performed for high concentration 

specimens (H1, H2, H3, and H4), and then, the same tests were 

carried out for low concentration specimens (L1, L2, L3, and L4). 

The formula used for calculating the carry-over (%) is as follows: 

Carry-over (%)= [L1−(L3+L4)/2]/[(H2+H3)/2−(L3+L4)/2]×100 [27]

7. Agreement evaluation

As the results from the three automated analyzers and manual 

microscopy were reported as quantitative values (counts/HPF) 

and semi-quantitative values (grades), respectively, we needed to 

transform the semi-quantitative values of manual microscopy into 

quantitative values, for comparison. Hence, we converted the 

grades from manual microscopy to those of mean concentration 

as 0-1/HPF to 0.5/HPF, 2-4/HPF to 3/HPF, 5-10/HPF to 7.5/HPF, 

11-15/HPF to 13/HPF, 16-20/HPF to 18/HPF, 21-30/HPF to 25.5/

HPF, 31-40/HPF to 35.5, and higher than 40/HPF to 40/HPF. We 

compared the results from three main sediment counts (RBC, 

WBC, and EPI) among the three analyzers and manual micros-

copy. To analyze the correlation between them, we used correla-

tion coef�cients, Passing-Bablok regression, and Bland-Altman 

analysis for slope, intercept, bias, and 95% limits of agreement. 

We calculated the concordance rate and kappa values for the 

agreements between the methods. 

For the agreement between semi-quantitative results of the 

three analyzers and manual microscopy, analyzer quantitative re-

sults were assigned to the categories from manual microscopic 

methods. The results of RBC, WBC, and EPI between methods 

were considered concordant if they were within one grade of dif-

ference. 

8. Statistical analysis

For precision, the linearity test using �ow chart of CLSI EP06-A 

[26] was analyzed using Analyze-it version 5.11 (Analyze-it Soft-

ware Ltd., Leeds, UK). This software can evaluate polynomial 

methods for linearity by automatically analyzing polynomial re-

gression for different order polynomials, �nding the best �t re-
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gression model, and showing allowable nonlinearity. Passing-

Bablok regression and Bland-Altman analysis were also analyzed 

using Analyze-it. The remaining statistical analyses were per-

formed using SPSS v.25 (IBM Corp., Armonk, NY, USA). Kol-

mogorov-Smirnov test was performed to determine the normality 

of the results, and all results were con�rmed to have normal dis-

tributions. Spearmen’s correlation was used for the correlation be-

tween methods and weighted kappa was used for the agree-

ments. Kappa values were interpreted as follows: 0.00-0.20 for 

slight agreement; 0.21-0.40 for fair agreement; 0.41-0.60 for mod-

erate agreement; 0.61-0.80 for substantial agreement; and 0.81-

1.00 for almost perfect agreement [28]. The differences were con-

sidered statistically signi�cant at a P<0.05. Microsoft Excel (Mi-

crosoft Corporation, Redmond, WA, USA) was also used to draw 

the carry-over and linear regression graphs.

RESULTS

1. Precision analysis

The repeatability and within-laboratory precision of UF-1000i 

and Cobas u701 for RBC and WBC are shown in Table 1. The re-

peatability of the low concentration material of RBC and WBC 

counts in Cobas u701 are not presented because the mean values 

were calculated using negative control material, which is near 

zero. The CVs in samples of low and high concentration materials 

ranged from 5.1% to 6.6% and from 1.9% to 11.9%, respectively. 

The results of IRIS Iq200, which used particle QC material, are 

also presented in Table 1. The CVs ranged from 40.7% to 50.7% in 

samples of low concentration and from 4.5% to 5.4% in samples of 

high concentration, respectively.

2. Linearity analysis

All automated analyzers showed excellent linearity within each 

analytical measurement range in the linear regression plots 

shown in Fig. 1. RBC counts ranged up to 1,315.5/μL, 324/μL, and 

5,174.3/μL for IRIS Iq200, Cobas u701, and UF-1000i, respectively. 

WBC counts ranged up to 110/μL, 195.0/μL, and 5,313.0/μL, re-

spectively. As analyzed using the �owchart of CLSI EP06-A, no 

2nd or 3rd order polynomial �t was statistically better than a lin-

ear �t at the 5% signi�cance concentration, for all automated ana-

lyzers.

3. Carry-over analysis

The carry-over rates (%) of all results were within 1%, which is 

acceptable. Regarding IRIS Iq200, there was 0% carry-over for 

RBC and WBC. Carry-over rates were 0.02% for RBC and 0.65% 

for WBC in Cobas 650. UF-1000i presented 0.08% for RBC and 0% 

for WBC. 

4. Agreement study

A total of 232 samples were tested for analyses of WBC and 

RBC, and 125 samples were used for EPI. The results of Passing-

Bablok regression and Bland-Altman analysis of the RBC, WBC, 

and EPI values compared between the automated analyzers and 

manual microscopy are shown in Table 2. In Passing-Bablok re-

gression, the slopes between the IRIS Iq200, Cobas u701, and UF-

1000i and manual microscopy for WBC were 1.000, 1.050, and 

1.229, respectively. For RBC, the IRIS Iq200, Cobas u701, and UF-

1000i had slopes of 1.000, 1.024, and 1.007, respectively. The 

slopes for EPI were 1.000, 1.000, and 1.510 using the IRIS Iq200, 

Cobas u701, and UF-1000i, respectively. The correlation coef�-

Table 1. Repeatability and within-laboratory precision of Cobas u701, IRIS Iq200, and UF-1000i analyzers in counting various cell types

Instruments Sample

Repeatability Within-laboratory precision

Low High Low High

Mean±SD 
(counts/μL)

CV (%)
Mean±SD 
(counts/μL)

CV (%)
Mean±SD 
(counts/μL)

CV (%)
Mean±SD 
(counts/μL)

CV (%)

IRIS Iq200 Particle 3.30±1.30 40.7 1,083.80±48.4 4.5 3.30±1.70 50.7 1,083.80±58.2 5.4

UF-1000i RBC 41.46±2.10   5.1 202.91±5.13 2.5 41.46±2.18 5.3 202.91±5.17 2.5

WBC 41.87±2.69   5.3 818.92±15.19 1.9 41.87±2.75 6.6 818.92±16.72 2.0

Cobas u701 RBC 0.00± * * 807.30±46.72 5.8 0.00± * * 807.30±72.55 9.0

WBC 0.00± * * 109.47±12.49 11.4 0.00± * * 109.47±2.97 11.9

*SDs and CVs were not calculated because the mean RBC and WBC values were near 0.
Abbreviations: CV, coefficient of variation; SD, standard deviation. 
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Fig. 1. Linearity of RBC and WBC counts tested using IRIS Iq200 (A, RBC; B, WBC), Cobas u701 (C, RBC; D, WBC), and UF-1000i (E, RBC; F, WBC) au-
tomated analyzers. 
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cient values for RBC, WBC, and EPI between IRIS Iq200 and man-

ual microscopy were 0.881, 0.793, and 0.879, respectively (Table 

2). Analogous correlation coef�cient values in Cobas u701 were 

0.857, 0.820, and 0.815, respectively. In UF-1000i, the values were 

0.868, 0.782, and 0.797, respectively. IRIS Iq200 and Cobas u701 

showed a lower cell counts tendency than manual microscopy, 

while UF-1000i cell counts were higher than when using the man-

ual method. 

In pairwise concordance for RBC, WBC, and EPI, the concor-

dance rate within one grade of difference was analyzed. For RBC 

(Table 3, 4), UF-1000i showed a better concordance rate with the 

manual method than the other two analyzers (90.52%) and the 

agreement was substantial in UF-1000i (κ=0.63, P<0.001) and 

IRIS Iq200 (κ=0.61, P<0.001). For WBC (Table 3, 5), Cobas u701 

showed the best concordance rate (96.55%) with manual micros-

copy and the agreement in IRIS Iq200 and Cobas u701 was mod-

erate (κ=0.57 and 0.56, P<0.001, respectively) while UF-1000i 

showed a fair agreement (κ=0.47, P<0.001). For EPI (Table 3, 6), 

IRIS Iq200 showed the highest concordance rate (99.2%) and IRIS 

Iq200 and Cobas u701 showed a moderate agreement (κ=0.59 
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and 0.54, P<0.001, respectively), while UF-1000i showed a fair 

agreement (κ=0.40, P<0.001).

DISCUSSION

The IRIS Iq200 CV value of low concentration was 50.7% in the 

within-laboratory precision of our study (Table 1). In previous 

IRIS Iq200 studies, the within-run precision of low concentration 

was between 23.9% and 33.0% [23, 29, 30]. Although the absolute 

comparison of CV values between studies may be impossible due 

to the various mean values in each study, the CVs of low concen-

tration in IRIS Iq200 were higher than those of other previous 

studies. On the other hand, the low concentration CVs in UF1000i 

were relatively low (5.3%). We couldn’t draw a conclusion on the 

superiority because the mean value of low concentration was 

higher than that of IRIS Iq200 (41.46 vs. 3.30). 

The repeatability and within-laboratory precision CVs of high 

concentrations in UF1000i, Cobas u701, and IRIS Iq200 in our 

study showed similar results to those of previous studies [14, 15, 

22, 29-31]. The CVs of repeatability and within-laboratory preci-

Table 2 . Passing-Bablok, Bland-Altman, and Spearman’s correlation coefficient for WBC, RBC, and EPI of the three automated analyzers and man-
ual microscopy

Method x Method y Slope
Intercept 

(count/HPF)
r*

Bias† 
(count/HPF)

Limits of agreement‡

Low (count/HPF) High (count/HPF)

WBC

Manual IRIS Iq200 1.000 -0.500 0.881 -0.53 -7.72 6.66

Manual Cobas u701 1.050 -0.525 0.857 -0.54 -7.74 6.67

Manual UF-1000i 1.229 -0.288 0.868 1.08 -7.96 10.11

Cobas u701 IRIS Iq200 1.000 0.000 0.876 0.01 -10.12 10.14

UF-1000i IRIS Iq200 0.787 -0.110 0.863 -1.61 -11.82 8.61

UF-1000i Cobas u701 0.882 -0.168 0.789 -1.62 -13.2 9.95

RBC

MANUAL IRIS Iq200 1.000 -0.500 0.793 -0.27 -13.44 12.90

MANUAL Cobas u701 1.024 -0.512 0.820 -0.82 -12.02 10.39

MANUAL UF-1000i 1.007 0.019 0.782 0.75 -11.37 12.87

Cobas u701 IRIS Iq200 1.000 0.000 0.690 0.55 -16.95 18.05

UF-1000i IRIS Iq200 0.988 -0.388 0.782 -1.02 -15.54 13.51

UF-1000i Cobas u701 1.012 -0.749 0.640 -1.56 -17.43 14.30

EPI

MANUAL IRIS Iq200 1.000 -0.500 0.879 -0.73 -5.36 3.90

MANUAL Cobas u701 1.000 -0.500 0.815 -0.94 -6.66 4.78

MANUAL UF-1000i 1.510 -0.615 0.797 0.70 -7.33 8.72

Cobas u701 IRIS Iq200 1.000 0.000 0.818 0.20 -5.09 5.49

UF-1000i IRIS Iq200 0.654 -0.105 0.797 -1.42 -9.74 6.90

UF-1000i Cobas u701 0.603 -0.966 0.692 -1.64 -11.46 8.19

*P<0.001; †Mean difference between × and y; ‡Limits of agreement=bias±1.96 SD.
Abbreviations: R, Spearman’s correlation coefficient; HPF, high-power field.

Table 3. Concordance rate (%) and agreement within one grade difference between three automated analyzers and manual microscopy for RBC, 
WBC, and EPI

Method
Concordance rate (%) Agreement (%)

WBC RBC EPI WBC RBC EPI

Manual vs. IRIS Iq200 96.12 87.93 99.20 0.57 0.61 0.59

Manual vs. UF-1000i 90.52 90.52 89.60 0.47 0.63 0.40

Manual vs. Cobas u701 96.55 88.79 96.80 0.56 0.56 0.54

IRIS Iq200 vs. UF-1000i 91.38 84.05 92.80 0.63 0.50 0.59

Cobas u701 vs. UF-1000i 90.95 78.02 92.80 0.58 0.44 0.56

IRIS Iq200 vs. Cobas u701 95.69 77.59 100.00 0.69 0.45 0.72
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sion using high concentration RBC and WBC in UF-1000i showed 

lower values compared to IRIS IQ200 and Cobas u701. Consider-

ing the concentration of WBC in Cobas u701 (mean=109.47/μL), 

the repeatability and within-laboratory precision CVs (11.4% and 

11.9%, respectively) were much higher than UF1000i (mean, 

818.92/μL; repeatability CV, 1.9%; within-laboratory precision CV, 

2.0%) and IRIS IQ200 (mean, 1,083.80/μL; repeatability CV, 4.5%; 

within-laboratory precision CV, 5.4%). The RBC concentration 

measured using UF1000i (mean=202.91/μL) was lower than that 

measured using Cobas u701 (mean=807.30/μL), however, the CVs 

of repeatability and within-laboratory precision of Cobas u701 

were higher (5.8% and 9.0% for Cobas u701; 2.5% and 2.5% for 

UF1000i, respectively). Regarding precision, UF-1000i showed a 

better performance than the other two analyzers. 

Linearity was estimated in RBC, WBC, and EPI. All three ana-

lyzers showed satisfactory linearity in each sediment (Fig. 1, all R2 

>0.99). Carry-over was negligible in RBC and WBC for all three 

analyzers (less than 1%). Linearity and carry-over were also con-

sidered acceptable in previous studies [15, 23].

The correlation coef�cients (r) between the three analyzers and 

manual microscopy in WBC, RBC, and EPI were good. Regarding 

WBC, IRIS Iq200 was the one that better correlated with manual 

microscopy (r=0.881). The difference was the greatest between 

UF-1000i and Cobas u701 (r=0.789, Bias= -1.62). Regarding RBC, 

Cobas u701 was best correlated with manual microscopy 

(r=0.820). The difference between Cobas u701 and UF-1000i was 

the largest (r=0.64, Bias= -1.56). Regarding EPI, IRIS Iq200 was 

best correlated with manual microscopy (r=0.879). And the dif-

ference was the greatest between UF-1000i and Cobas u701 

(r =0.692, Bias= -1.64). Overall, IRIS Iq200 and Cobas u701 

Table 4. Comparison of pairwise results for RBC among three automated analyzers and manual microscopy

IRIS Iq200 (count/HPF)
Microscopic analysis (count/HPF)

0-1 2-4 5-10 11-15 16-20 21-30 31-40 >40 Total

0-1 49 13 2 1 0 0 0 0 65

2-4 11 32 9 3 0 0 0 0 55

5-10 0 11 29 2 8 1 1 1 53

11-15 0 1 7 7 2 0 0 0 17

16-20 2 2 0 0 3 1 0 1 9

21-30 2 0 1 0 2 4 1 0 10

31-40 0 0 0 0 0 1 2 0 3

>40 1 0 0 1 0 0 2 16 20

UF-1000i (count/HPF)
Microscopic analysis (count/HPF)

0-1 2-4 5-10 11-15 16-20 21-30 31-40 >40 Total

0-1 28 1 0 0 0 0 0 0 29

2-4 26 48 11 0 1 0 0 0 86

5-10 6 5 31 6 0 0 0 0 48

11-15 1 2 5 6 5 2 0 0 21

16-20 1 0 0 1 6 2 0 0 10

21-30 2 2 1 1 3 3 2 1 15

31-40 0 0 0 0 0 0 3 2 5

>40 1 1 0 0 0 0 1 15 18

Cobas u701 (count/HPF)
Microscopic analysis (count/HPF)

0-1 2-4 5-10 11-15 16-20 21-30 31-40 >40 Total

0-1 55 27 12 0 0 0 0 1 95

2-4 10 27 18 1 0 0 1 0 57

5-10 0 4 15 3 1 1 0 0 24

11-15 0 1 3 3 4 0 0 1 12

16-20 0 0 0 5 1 1 0 0 7

21-30 0 0 0 2 6 2 0 1 11

31-40 0 0 0 0 2 2 2 1 7

>40 0 0 0 0 1 1 3 14 19

Abbreviation: HPF, high-power field.
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showed a relatively good correlation with manual microscopy re-

garding WBC, EPI, and RBC, respectively. 

In Bland-Altman analysis, IRIS Iq200 and Cobas u701 showed a 

lower cell count tendency than manual microscopy and the differ-

ence was lower than 1 cell/HPF. This was described in other 

studies as well [15, 22, 24, 32]. On the other hand, more cells were 

counted using UF-1000i than using manual microscopy in our 

study. This was also described in previous studies [13, 33]. For the 

UF series, a tendency toward false positives regarding RBC and 

WBC because of misclassi�cation has been reported [14, 33, 34]. 

This false-positive tendency has also been reported for EPI [14, 

35]. 

Several factors have been reported as error-causing compo-

nents of the counting process. Incomplete centrifugation and 

counting variation among technicians can occur, even if pro-

cesses are followed to standardized methods [1]. Sometimes, 

some cells can be missed in manual microscopy because of focus 

adjustment out of the �eld of view [15]. In our studies, there were 

occasions where ghost cells were not identi�ed, fungus and yeast 

were misclassi�ed as RBCs, and some RBC casts were misclassi-

�ed as crystals or WBCs. In such cases, the discrepancies be-

tween automated analyzers and manual microscopy should be 

examined by technicians using manual microscopy, including 

pre-analytical and analytical error sources [36]. 

When we calculated the concordance rate between the analyz-

ers and manual microscopy, all results showed good concordance 

regarding WBC, RBC, and EPI (90.52-96.55%, 87.93-90.52%, and 

89.60-99.20%, respectively), similarly to previous studies [14, 15, 

19]. The best concordance rates for WBC, RBC, and EPI were 

shown by Cobas u701 (96.55%), UF-1000i (90.52%), and IRIS Iq200 

Table 5. Comparison of pairwise results for WBC among three automated analyzers and manual microscopy

IRIS Iq200 (count/HPF)
Microscopic analysis (count/HPF)

0-1 2-4 5-10 11-15 16-20 21-30 31-40 >40 Total

0-1 115 0 0 0 0 0 0 0 115

2-4 48 0 4 0 0 0 0 0 52

5-10 2 0 12 5 1 0 0 0 20

11-15 2 0 1 4 4 1 0 0 12

16-20 0 0 0 0 6 1 0 0 7

21-30 0 0 0 0 3 6 2 2 13

31-40 0 0 0 0 0 0 1 0 1

>40 0 0 1 0 0 0 1 10 12

UF-1000i (count/HPF)
Microscopic analysis (count/HPF)

0-1 2-4 5-10 11-15 16-20 21-30 31-40 >40 Total

0-1 87 0 0 0 0 0 0 0 87

2-4 68 0 2 1 0 0 0 0 71

5-10 9 0 13 0 0 0 0 0 22

11-15 2 0 2 1 2 0 0 0 7

16-20 0 0 1 2 8 0 0 0 11

21-30 0 0 0 5 2 6 1 0 14

31-40 0 0 0 0 1 1 3 1 6

>40 1 0 0 0 1 1 0 11 14

Cobas u701 (count/HPF)
Microscopic analysis (count/HPF)

0-1 2-4 5-10 11-15 16-20 21-30 31-40 >40 Total

0-1 115 0 1 0 0 0 0 1 117

2-4 48 0 6 1 0 0 0 0 55

5-10 4 0 11 3 1 0 0 0 19

11-15 0 0 0 3 2 0 0 0 5

16-20 0 0 0 2 9 4 0 0 15

21-30 0 0 0 0 2 2 0 0 4

31-40 0 0 0 0 0 2 2 1 5

>40 0 0 0 0 0 0 2 10 12

Abbreviation: HPF, high-power field.
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(99.20%), respectively (Table 3). However, the agreement regard-

ing WBC in IRIS Iq200 (κ=0.57, P<0.001) was slightly better than 

that of Cobas u701 (κ=0.56, P<0.001) and the other agreements 

for RBC and EPI were good (UF-1000i: κ=0.63, P<0.001; IRIS 

Iq200: κ=0.59, P<0.001). The agreements regarding RBC for IRIS 

Iq200 and UF-1000i were substantial (κ=0.61 and 0.63, respec-

tively), and fair and moderate agreements were shown for the 

other parameters (κ=0.40-0.59, P<0.001). Excellent agreement 

was not observed between any of the compared automated urine 

sediment analyzers and manual microscopy in this study. In pre-

vious studies, Enko et al. reported that Cobas u701 showed sub-

stantial agreement for WBC and a fair agreement for RBC and EPI 

[37], and Bartosova et al. found that IRIS Iq200 was nearly perfect 

regarding RBC evaluation [38]. This is not in full accordance with 

the results of our study, but the agreement for WBC in Cobas u701 

(κ=0.56) and the agreement for RBC in IRIS Iq200 (κ=0.61) were 

proximately relevant to the previous studies. 

The agreement between the IRIS Iq200 and Cobas u701 analyz-

ers for WBC and EPI was good (κ=0.69 and 0.72, respectively). 

On the other hand, the agreement for RBC was worse than for 

WBC and EPI. The best RBC agreement obtained was between 

IRIS Iq200 and UF-1000i (κ=0.50, P<0.001). This was observed 

in some previous studies. The concordance regarding RBC was 

worse than for the other two items (78.6% vs. 90.7%-92.2%) be-

tween Cobas u701 and UF-1000i in a previous study [15], and the 

correlation for RBC between Cobas u701 and IRIS Iq200 was 

worse than for WBC (r=0.61 vs. r=0.81) [20]. However, Budak et 

al. reported that the concordance between UF-1000i and IRIS 

Iq200 was good for RBC, WBC, and EPI (96.3%, 95.3%, and 

97.5%, respectively) [29]. As a whole, the concordance for WBC 

Table 6. Comparison of pairwise results for EPI among three automated analyzers and manual microscopy

IRIS Iq200 (count/HPF)
Microscopic analysis (count/HPF)

0-1 2-4 5-10 11-15 16-20 21-30 31-40 >40 Total

0-1 80 0 0 0 1 0 0 0 81

2-4 20 0 1 0 0 0 0 0 21

5-10 0 0 7 3 0 0 0 0 10

11-15 0 0 0 1 2 0 0 0 3

16-20 0 0 0 0 3 0 0 0 3

21-30 0 0 0 0 3 4 0 0 7

31-40 0 0 0 0 0 0 0 0 0

>40 0 0 0 0 0 0 0 0 0

UF-1000i (count/HPF)
Microscopic analysis (count/HPF)

0-1 2-4 5-10 11-15 16-20 21-30 31-40 >40 Total

0-1 59 0 0 0 0 0 0 0 59

2-4 34 0 2 1 1 0 0 0 38

5-10 5 0 5 0 0 0 0 0 10

11-15 2 0 1 0 1 0 0 0 4

16-20 0 0 0 1 5 0 0 0 6

21-30 0 0 0 2 1 3 0 0 6

31-40 0 0 0 0 0 0 0 0 0

>40 0 0 0 0 1 1 0 0 2

Cobas u701 (count/HPF)
Microscopic analysis (count/HPF)

0-1 2-4 5-10 11-15 16-20 21-30 31-40 >40 Total

0-1 77 0 0 0 0 0 0 0 77

2-4 22 0 3 1 1 0 0 0 27

5-10 1 0 5 2 1 0 0 0 9

11-15 0 0 0 0 0 0 0 0 0

16-20 0 0 0 1 6 4 0 0 11

21-30 0 0 0 0 1 0 0 0 1

31-40 0 0 0 0 0 0 0 0 0

>40 0 0 0 0 0 0 0 0 0

Abbreviation: HPF, high-power field.
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and EPI was the best between IRIS Iq200 and Cobas u701; how-

ever, considering the concordance for RBC, the overall perfor-

mance was better correlated between IRIS Iq200 and UF-1000i, 

which showed a lower difference in agreement between the com-

pared items with a relatively good concordance.

The strength of agreement analyzed using kappa statistics was 

relatively lower than that of the concordance rate between the 

methods. This situation was observed in previous studies as well 

[15, 16]. We agree that it was caused by the way concordance was 

assigned. When we calculated the concordance rate between the 

methods, concordance within one grade of difference was con-

sidered to be concordant. On the other hand, one grade differ-

ence counts were not considered as concordant in the agreement 

analysis using kappa statistics and were signi�cantly abundant to 

contribute to the relatively lower agreement in our study.

Although the Cobas u701 was considered to be the closest to 

manual microscopy due to its slide making process, the agree-

ment for RBC, WBC, and EPI was not signi�cantly superior to that 

of other analyzers. Each analyzer has its own merits in the clinical 

laboratory. The Cobas u701 and UF-1000i store all images so that 

revision can be easily accomplished by rechecking the particle 

images without subsequent manual microscopy [13, 15]. Techni-

cians need to be well trained to identify the images presented in 

IRIS Iq200 [23]. UF-1000i offers a scatter gram which is especially 

useful for RBC morphology [13], which might explain its relative 

superiority to other analyzers in RBC identi�cation and, by means 

of machine learning technology, manual microscopic review rate 

has been reduced by more than before [39]. 

In this study, several limitations were noted. Cell counting in 

manual microscopy usually has been performed by two techni-

cians to ensure pro�ciency; however, only one technician was in-

volved in our study, limiting our interpretation accuracy. Since 

manual microscopy presented results as semi-quantitative values, 

we needed to reassign each value to the actual quantitative values 

for analysis, which may have caused some bias. Although other 

sediments such as bacteria, yeast, cast, crystal, sperm, and mucus 

were present, our study focused on RBC, WBC, and EPI. There-

fore, our study is of limited value in comparing the full perfor-

mance of each analyzer. 

In conclusion, the overall performance of the three analyzers 

was in good concordance with manual microscopy. The IRIS 

Iq200 offered the best agreement with manual microscopy for 

WBC and EPI, while UF-1000i had the best agreement for RBC. 

The agreement ranged between fair and substantial, which is not 

enough for fully replacing the manual microscopy process. There 

is still the need to con�rm the uncertain cases analyzed using au-

tomated analyzers using manual microscopy.

 

요  약

배경: 요침사 분석을 위해 현재 적용된 기술을 대표할 수 있는 상

품화 된 세 종류의 자동화 요침사 검사 장비의 성능을 비교하고자 

하였다. 

방법: 총 232명의 환자 검체를 사용하여 IRIS Iq200 (Beckman Coul-

ter, USA), UF-1000i (Sysmex Diagnostic, Japan), Cobas u701 (Roche 

Diagnostics International, Switzerland)의 세 종류의 자동화 요침

사 장비와 전통적인 현미경 검사법으로 정밀도, 직선성, 상호오염도, 

상관관계, 일치율(concordance rate, %) 및 일치도(kappa value)를 

분석하였다.  

결과: 반복정밀도와 검사실내 정밀도의 변이계수는 기존 연구 결

과와 유사하였다. 직선성은 우수하였으며 상호오염도는 1% 미만

이었다. 세 장비와 현미경 검사법 사이의 상관관계는 좋았다. 적혈

구의 경우, UF-1000i의 현미경 검사법과의 일치율은 다른 두 장비

보다 더 우수하였고(90.52%), 일치도(κ)는 UF-1000i에서 0.63, IRIS 

Iq200에서 0.61이었다. 백혈구의 경우, Cobas u701이 현미경법과 가

장 우수한 일치율(96.55%)을 보였으며, IRIS Iq200와 Cobas u701의 

일치도는(κ) 각각 0.57과 0.56이었고 UF-1000i에서는 0.47이었다. 상

피세포에서는 IRIS Iq200과 현미경법 사이의 일치율이 가장 높았

고(99.2%), IRIS Iq200과 Cobas u701의 일치도(κ)는 각각 0.59와 

0.54였으며 UF-1000i에서는 0.40이었다. 

결론: 백혈구와 상피세포에서 현미경법과의 일치도는 IRIS Iq200

가 가장 우수했으며 적혈구에서는 UF-1000i가 가장 우수하였다. 

현미경법을 완전히 대체하기에는 자동화 요침사 장비와의 일치도 

값이 충분히 높지 않았다.
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