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Abstract

Phase contrast microscope (PCM) analysis of red blood cells (RBCs) in urinalysis is used
to determine the cause of hematuria. Identifying dysmorphic red blood cells (DRBCs) in urine
indicates that the RBCs are leaked from the nephron’s glomerulus. However classification of
urine DRBCs by PCM is time-consuming and requires expertise. Clinical laboratories usually
employ fully automated instruments for routine urinalysis. UF-5000 is an automated urinalysis
instrument based on fluorescence flow cytometry providing RBCs information. In this study, we
compared the RBC parameters of UF-5000; UF-%sRBCs, UF-small RBC/large RBC, UF-small
RBC, UF-large RBC, UF-NL RBC, UF-lysed RBC, UF-RBC-P70Fsc, and UF-RBC-Fsc-DW
with the identification of DRBCs by PCM using the receiver operating characteristic (ROC)
curve analysis. The results revealed that the area under the curve (AUC) of the UF-small RBC,
UF-RBC-Fsc-DW, UF-lysed RBC, and UF-NL RBC were statistically significant (p < 0.005)
for detection of DRBCs. The UF-small RBC showed the largest AUC at 0.667, with a sensitivity
of 60.22%, a specificity of 67.31%, a PPV of 45.2%, and an NPV of 79.1% at the cut off
> 53.5/uL. In addition, the UF5000 also provides a UF-flag (RBC : mixed?, RBC : dysmorphic?)
having a sensitivity of 91.40% and specificity of 26.92%. Combining the UF-small RBC
parameter and the UF-DRBCs flag resulted in the sensitivity and specificity of 96.15% and
43.48%, respectively. In conclusion, a fully automated urine analyzer is a reduced workload and

time-saving alternative for clinical laboratory identification of urine DRBCs.

Keywords: Red blood cell, Dysmorphic red blood cell, Glomerulonephritis, UF-5000, Phase
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UF-lysed RBC waz UF-NL RBC lagfi UF-small RBC (cut off > 53.5/uL) humsniinesig
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Fig. 1 Isomorphic red blood cells (RBCs) and dysmorphic RBC, original magnification x400. B; bright

microscope, P; phase-contrast microscope, images 01-14 are isomorphic, images 15-28 are

dysmorphic rec."
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ndea PCM éqaqﬂwaﬁq Table 1 wuhmniwes
fifidr AUC gafiga #io UF-small RBC (/uL)
#f AUC = 0.667, cut off > 53.5, manul
Fovay 60.22, manudwmzievas 67.31, PPV
45.2, NPV 5awaz 79.1 (Fig. 2A)
5990931 Aa UF-RBC-Fsc-DW (ch) 31 AUC
= 0.600, cut off > 44, sanuh3esas 83.87,

4

4

990

igaen Wadly uaspase

manuIumzioevas 36.06, PPV Sovay 37, NPV
Jovaz 83.3 (Fig. 2B) mua1y UF-lysed RBC
(/uL) figh AUC = 0.599, cut off >3.5, 1Ay
Th¥egaz 60.22, manuswnz3seaz 63.02, PPV
$pwaz 41.5, NPV Sewaz 77.7 (Fig. 2C) ua
UF-NL RBC (/uL) s AUC = 0.574 #if cut
off > 84, eanuhIesaz 60.22, Manusmne
$o8az 56.25, PPV 3ewaz 38.1, NPV 3ogaz 76
(Fig. 2D) lungudied1a 301 ewud dmsnsa
ny DRBC fgnass PCM (DRBC nad
Jowaz 20 visonuezuaulnFedinnniesas 5)
S 93 1o Aaludesas 30.9

Table 1 Performance of UF-5000 RBC parameter for positive DRBC by phase contrast microscope.

Sensitivity | Specificity | PPV | NPV
Parameter n AUC | Cut off p
(%) (%) (%) | (%)
UF-%sRBCs
% 301 | 0.562 | >39.94 95.7 27.88 37.2 | 935 | 0.0615
O0
UF-small
301 | 0.561 >0.67 95.7 27.88 37.2 | 93.5 | 0.0627
RBC/large RBC
UF-small RBC
301 | 0.667 | >b53.5 60.22 67.31 45.2 | 79.1 | <0.0001
(ub)
UF-large RBC
301 | 0.539 | >17.6 79.57 36.06 35.7 | 79.8 | 0.2569
(/uL)
UF-NL RBC
301 | 0.574 >84 60.22 56.25 38.1 76 0.0331
(/uL)
UF-lysed RBC
301 | 0.599 >3.5 60.22 62.02 415 | 77.7 | 0.0042
(/uL)
UF-RBC-
301 | 0.563 <129 98.92 2212 36.2 | 97.9 | 0.0535
P70Fsc (ch)
UF-RBC-Fsc-
301 | 0.600 >44 83.87 36.06 37 83.3 | 0.0028
DW (ch)
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Fig. 2 ROC curve of UF-small RBC (/uL), UF-RBC-Fsc-DW (ch), UF-lysed RBC (/uL) and UF-NL RBC
(/uL) to find DRBC by PCM. The AUC value was determined to be A = 0.667, B = 0.600,

C =0.599, D =0.574

wennniifeldSouiioy flag veudia
[oauasildanniaies UF-5000 Aumsasiawy
DRBC #enass PCM wud1 UF-flag (RBC:
mixed?, RBC: dysmorphic?) Aannuh
$ovaz 91.40, manusnziesas 26.92, PPV
Yowaz 35.86, NPV %avaz 87.50 udiiein
UF-flag insudufiadenuasmniiiineives

1389 UF-5000 ‘l§uf UF-small RBC (/uL)
i cut off > 53.5, UF-RBC-Fsc-DW (ch) i cut
off >44, UF-lysed RBC (/L) 11 cut off 3.5
iaz UF-NL RBC (UL) i cut off >84 wut
UF-flag 594110 UF-small RBC (/uL) fifnau
h¥pwaz 96.15, manusimsiesas 43.48, PPV
Sowaz 49.02, NPV 3ewaz 95.24 UF-flag
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59uf1U UF-RBC-Fsc-DW (ch) shanu3esas
96.15, Manunziesay 24.69, PPV Jauas
38.07, NPV 5owaz 93.02 UF-flag 57ufiu
UF-lysed RBC (/uL) sanuhievas 91.38,
maANuIMIz3osas 39.05, PPV 3oeaz 45.30,

igaen Wadly uaspase

NPV 3awaz 89.13 waz UF-flag 59ufiu UF-NL
RBC (/uL) fisnanuhisvar 96.15, snanu
Jumnzdesay 23.08, PPV Saway 50.00, NPV
Jouaz 88.24 (Table 2)

Table 2 Performance of UF-Flag for positive DRBC by phase contrast microscope.

Sensitivity | Specificity | PPV NPV
Condition n
(%) (%) (%) (%)

UF-flag

301 91.40 26.92 35.86 | 87.50
(lag = RBC : mixed?, RBC : dysmorphic?)
Cut off for UF-small RBC (/uL) with flag

144 96.15 43.48 49.02 | 95.24
(cut off for UF-small RBC (/uL) >53.5)
UF-UF-NL RBC (/uL) with flag

117 96.15 23.08 50.00 | 88.24
(cut off for UF-NL RBC (/uL) >84)
UF-lysed RBC (/uL) with flag

163 91.38 39.05 45.30 | 89.13
(cut off for UF-lysed RBC (/uL) >3.5)
UF-RBC-Fsc-DW (ch) with flag

240 96.15 24.69 38.07 | 93.02
(cut off for UF-RBC-Fsc-DW (ch) >44)
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