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Clinical Laboratory Automated Urinalysis: Comparison Among
Automated Microscopy, Flow Cytometry, Two Test Strips

Analyzers, and Manual Microscopic Examination
of the Urine Sediments

S. Mayo, D. Acevedo,� C. Quiñones-Torrelo, I. Canós, and M. Sancho
Departamento de Bioquı́mica, Servicio de Análisis Clı́nicos, Hospital Universitario Dr. Peset,

Valencia, Spain

Urinalysis is one of the habitual clinical
laboratory procedures, which implies that
one of the largest sample volumes currently
requires significant labor to examine micro-
scopic sediments. Different analyzers cur-
rently used to perform this task have been
compared with the manual microscopic
sediment examination. The Atlas Clinitek
10 (Bayer Corporation, Diagnostics Division,
Tarrytown, NY) and Urisys 2400 (Hitachi
Science Systems Ltd., Ibaraki, Japan)
test strips analyzers and two automated
urinalysis systems, Sysmex UF-100 (Sys-
mex Corporation Kobe, Japan) and IRIS
iQ200 (International Imaging Remote Sys-
tems, Chatsworth, CA), have been consid-
ered. We assessed the concordance
between the results obtained from 652
freshly collected urine samples for erythro-
cytes (RBC), leukocytes (WBC), squamous
epithelial cells (EC), nitrites/bacteria, and
crystals using the methodologies mentioned.
A principal components analysis was per-
formed in order to examine the correlation

between these parameters. Instrument ac-
curacy was also assessed. The Spearman’s
statistic (p) showed an adequate agreement
between methods for RBC (iQ200 5 0.473;
UF-100 5 0.439; Atlas 5 0.525; Urisys 5

0.539), WBC (iQ200 5 0.695; UF-100 5

0.761; Atlas 5 0.684: Urisys 5 0.620), and
bacteria/nitrites (iQ200 5 0.538; UF-
100 5 0.647; Atlas 5 0.532; Urisys 5 0.561)
counts. By applying the Wilcoxon and
McNemar tests, a concordance degree was
found between 82–99 and 52–95% for the
values obtained from the two test strips
analyzers considered and from the iQ200
and UF-100 systems, respectively. From
these results, we can conclude that both
test strips analyzers are similar and, on the
other hand, that automated urinalysis is
needed to improve precision and the re-
sponse time; but sometimes manual micro-
scopic revisions are required, mainly when
flags, because of crystals, are detected.
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INTRODUCTION

The aim of the routine study in clinical laboratories of
urine samples is to identify and monitor renal and
urinary tract illnesses. The first step of this study is
based on different chemical reactions, which constitute
the test strips methodology. To complete the study, the
identification and count of the different cells and other
particles present in urine samples are needed. This is a
time-consuming process and requires a certain degree of
training of the staff involved. Moreover, the precision of
this study is low because of sample preparation and
variations in the particle count techniques (1,2).

As previously mentioned, given the volume of urine
samples that clinical laboratories receive (around 30%
of the total sample volume), means that it is necessary to
find a method, which speeds up their study. The
introduction to the clinical practice of systems,
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which carries out an automated urinalysis (automated
microscopy analyzers such as the IRIS Yellow system in
the mid 1980s and flow cytometry in the 1990s, which is
the basis of the Sysmex-50 methodology) (3–7), was
initially thought to replace the manual microscopic
revisions of sediments (8). However, because of their
limitations, manual sediment microscopic revision is still
necessary (9). In the year 2000, guidelines for manual
urine sediment study were published by the European
Confederation of Laboratory Medicine (10,11).
The objective of this work was to assess the concordance

degree between the two automated urinalysis systems
currently available and based on such different technolo-
gies (Sysmex UF-100, Sysmex Corporation Kobe, Japan,
and IRIS iQ200, International Imaging Remote Systems
Chatsworth, Los Angeles, CA) and the traditional manual
microscopic sediment examination to decide which analy-
zer would be acquired for our laboratories. At the same
time, the two test strips analyzers currently used in our
hospital were also compared.

MATERIAL AND METHODS

Samples

We studied 652 freshly collected urine samples
belonging to ambulatory patients (nonhospitalized)
and submitted them for diagnostic urinalysis to our
laboratory. The samples were analyzed without centri-
fugation in the four analyzers considered, they were then
centrifuged, and the routine diagnostic microscopic
urinalysis was performed. All these processes were
carried out within 2 hr of receiving the samples.

Methods

Semiquantitative test strips analyzers

The Atlas Clinitek 10 (Bayer Corporation, Diagnos-
tics Division, Tarrytown, NY) and Urisys 2400 (Hitachi
Science Systems Ltd., Ibaraki, Japan) analyzers use a
reflectance photometer as a measuring system. Ten
different parameters are assessed: specific gravity (SG,
measured via a built-in refractometer), pH, leukocytes
(esterases), nitrite, protein, glucose, ketones, urobilino-
gen, bilirubin, and erythrocytes (hemoglobin) (12,13).
The Clinitek Atlas 10 system loads 490 tests at one

time for optimized reagent replacement time. It presents
a sample capacity of 10 samples per rack, loading up to
200 samples per cycle. It requires a minimum volume of
2.0mL. The throughput is one sample every 16 sec (225
samples/hr).
The Urisys 2400 system allows a fully automated

operation and enhanced walk-away time with a full load
of 75 samples (15 racks). It uses cassettes with 400 test
strips. A minimum sample volume of 1.5–2.0mL is

required and 240 samples can be analyzed in an hour.
This analyzer has a dedicated STAT position for
immediate measurement of emergency samples.

Quantitative automated urinalysis systems

The Sysmex UF-100 performs microscopic urinalysis
by flow cytometry. The cells (RBC, WBC, and epithelial
cells, EC), bacteria, and casts are categorized in a
multidimensional space on the basis of their size, shape,
volume, and staining characteristics. Other nonquanti-
fied, but potentially pathologic, components are de-
tected and marked as alarm, where the thresholds are
defined by the user: crystals, yeasts, small round cells,
sperms, mucus, and pathological casts (11 categories), as
well as abnormal red blood cells. The particles that
cannot be classified are reported as ‘‘other cells.’’ These
alarms of problematic specimens have to be identified
for manual microscopic urinalysis (14,15). It can analyze
100 samples in an hour. The UF-100 aspirates 800 mL of
urine but requires a minimum sample volume of 4.0mL
and it has a manual system for emergency samples that
only needs a volume of 1mL. A large number of studies
on this analyzer have been published (16–26).
The IRIS iQ200 analyzer uses digital imaging and

Auto-Particle Recognition (APRTM) (Chatsworth, CA)
software to classify urine particles and quantitatively
report results. Size, shape, and texture features are used
by the APR software to classify each image into one of 13
categories: RBC, WBC, WBC clumps, hyaline casts,
unclassified casts, EC, nonsquamous ECs, bacteria, yeast,
crystals, mucus, sperm, and amorphous substances (27).
Two paragraphs exist, which lack review alarms: the
Summary where the images that do not strictly fulfill the
classification criteria are stored and Microparticles
(diameter lower than 15mm), which includes the bacteria.
The results obtained can be presented as units of cells/mL
or units of cells/field (for RBC, WBC, EC, and bacteria),
where the other particles are identified by flags. The IRIS
iQ200 has a throughput of 60 samples/hr, requires a
minimum sample volume of 3mL, and only aspirates
2mL. It has been evaluated (28,29) and compared with
the manual study of sediments (30–33).

Manual microscopic sediment examination

The manual microscopic sediment examination was
performed after samples were analyzed in the four
systems considered. A procedure based on classical rules
was established (34) and on those recommended by
the NCCLS (35): 10mL of urine sample were centri-
fuged at 2,000 rpm (450g) for 5min according to the
expression (36):

RCF ðgÞ ¼ 1:118 � 10�5 � r � ðr:p:m:Þ2 ð1Þ
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where RCF is the relative centrifugal force and r the
distance in cm between the rotation axis and the center
of the sample tube.
After centrifugation, the pellet was carefully resus-

pended using an Eppendorf pipette. Then 20 mL was
placed onto a microscope slide, which was covered with
a slide cover measuring 20� 20mm. Several high power
fields (HPFs) were assessed and the results were
expressed as the mean of the count obtained per HPF.
Then, the equivalence between the manual and auto-
mated sediment examination was

ðUnits of cells=mLÞ ¼ ðunits of cells=fieldÞ � 5 ð2Þ

in agreement with the formula

Cell=mL ¼
n � Volpellet

Volslide

HPF slide

� Voltube

ð3Þ

where n is the average number of cells per HPF, Volpellet

is the volume of the pellet after centrifugation (the
average in our study was of 0.24mL), Volslide is the
volume under the coverslip (20 mL), HPFslide is the ratio
of the area of the slide and the area of one HPF
(20mm)2/n(0.175mm)2, and Voltubeis the total volume
of urine in the test tube (10mL) (35).
To reduce interobserver variability, the same two

technologists performed all the microscopic urinalyses
with the same microscope. The aim was to minimize the
possible subjective trends inherent in the observer
(systematical mistake for counting differences between
both observers) that exceeds the random error based on
Poisson’s distribution (mistake inherent in the fact that
particles are randomly distributed) (37). A double blind
study was performed throughout.
The variables considered were those included in the

strip tests, and the RBC, WBC, EC, bacteria, and
crystals were measured by the quantitative automated
urinalysis systems. Other sediment particles were not
considered as they were present in a very small number
of samples and statistically significant results could not
be obtained for them.
The results have been categorized into three ranges

and the dichotomic ones were classified as ‘‘negative’’ or
‘‘positive’’ (Table 1). The samples with values equal or
up to 25 RBC or WBC/mL, positive nitrites, and or
10,000 bacteria/mL were considered as positive. The
criteria used to classify the samples examined by a
microscope as positive were five RBC or WBC/HPF and
the presence of bacteria.

Precision studies and carryover analysis

Within-run precision was determined by analyzing a
pool of fresh specimens with various concentrations of
RBC and WBC ten times each on the five analyzers

considered. The between-run precision was determined
over a 15-day period using a normal human lyophilized
control containing stabilized human RBC and WBC
particles at two different concentration levels (KOVA-
TrolTM, Hycor Biomedical (Garden Grove, CA), level I–
pathologic and level III–normal). This control is useful
for both automated urinary sediment analysis and
qualitative procedures used in physicochemical determi-
nations.
Carryover analysis was performed by analyzing a pool

of negative specimens intercalated into other pathologic
ones. The average value of five urine samples without
the possibility of pollution (Y) was compared with that
corresponding (average) to five negative urine samples
tested immediately after the positive ones, that is, with a
possibility of pollution (X):
N1-N2-N3-P1-P2-N4-P3-P4-N5-N6-N7-N8-P5-P6-N9-

P7-P8-N10-P9-P10-N11

X ¼1=5ðN4þN5þN9þN10þN11Þ

Y ¼1=5ðN2þN3þN6þN7þN8Þ:

Workability studies of analyzers

The real throughput of the analyzers was estimated by
assessing their starting times, alarms, and mistakes.

Statistical analysis

To estimate the correlation between variables and to
detect the presence of anomalous samples, a principal
components analysis (PCA) was performed. This
technique is used to reduce multidimensional data sets

TABLE 1. Result Ranges

Ranges

Test Procedure 1 2 3 Units

RBC/WBC A, B 0–25 26–150 4150 /mL
C 0–5 6–30 430 /HPF

Density B 1.000–1.019 1.020–1.025 41.026 g/L

pH B 5–5.5 6–7 47.5

Ketones B 0–5 15–50 480 mg/dL

Glucose B 0 50–500 41,000 mg/dL

Protein B 0 1–75 4100 mg/dL

Urubilinogen B N (o0.2) P (41) mg/dL

Bilirubin B N P (41) mg/dL

Nitrite B N P

BAC A o10,000 410,000 /mL
C N P

EC A 0–9 10–19 Z20 /mL
C Low Presence High /HPF

RBC: erythrocytes; WBC: leukocytes; BAC: bacteria; EC: squamous

epithelial cells; A: automated analyzers (UF-100 and iQ200); B:

Dipstick readers (Atlas and Urisys); C: microscopy examination.
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to lower dimensions for analysis. PCA involves the
computation of the eigenvalue decomposition or singular
value decomposition of a data set, after mean centering and
auto-scaling the data for each attribute (38). The results of
a PCA are discussed in terms of scores and loadings. The
relationship between the variables is described by the
loading plot and the anomalous points are detected by
influence plot. The Unscrambler 7.6 (CAMO ASA)
(Trondheim, Norway) program was used.
Statistical analysis, including the nonparametric (vari-

ables considered do not fit a Gauss distribution)
Wilcoxon test for measuring correlation and the
McNemar test for measuring change in the distribution
of two dichotomous variables, was performed by using
SPSS 11.0 for Windows (Amsterdam, The Netherlands).
Spearman’s coefficient was also calculated to deter-

mine the statistical level of signification (Po0.01). The
t-Student test was applied to estimate imprecision to
compare mean values (Po0.05: statistically significant
differences).

RESULTS

Principal Components Analysis

As the variables considered are on different scales,
data were auto-scaled before performing the PCA. A 20-
principal components model was selected.
The loadings plot (corresponding to the two first

principal components) showed a high positive correla-
tion among the RBC, uric acid, and calcium oxalate
crystals, and among WBC, nitrites/bacteria, triple
phosphate, and amorphous phosphate crystals. On the
other hand, an inversely proportional relationship was
found between RBC and WBC and nitrite/bacteria.
Two anomalous points were detected from the

influence plot, corresponding to the samples 282 and
426 for which the UF-100 analyzer generated a false
alarm because of the presence of yeast (false-positive
values). After eliminating these two samples from the
model, the PCA was performed again, observing that
the relationship found between the variables remained
(no changes were observed in the influence plot), which
revealed the robustness of the model (figures not
shown).

Concordance Level Between Automated and
Manual Counts

Out of all the considered samples (652), the number of
samples that were negative for the parameters studied by
the five procedures studied (four analyzers and manual
examination) was 294 (45%).
Taking into account the results obtained for the

comparison between the different procedures by

comparing two test strips analyzers, it can be concluded
that the test strips analyzers showed a concordance level
of more than 90% for all parameters considered, where
the worst result obtained was that for the leukocytes
(Table 2).
From the comparison made between iQ200 and UF-

100, a concordance level of approx. 75% was obtained
for the RBC and WBC. The results obtained for the EC
were very poor (Table 3).
When comparing the four analyzers with the manual

sediment examination, the best level concordance was
first obtained for nitrites/bacteria, followed by RBC,
where the worst result was that obtained for WBC
(Table 4).
The results for RBC (white area) and WBC (gray

area) obtained for the comparison made between the
five procedures considered are summarized in Table 5.
Results are expressed as %: the central values corre-
spond to the ties, that is, to the concordant results (in
boldface); the top values represent those results that
were higher in the recordings seen in the column than
the recordings displayed in the row; low values
correspond to those results that were lower in the
recordings in the column than those shown in the row
(for used ranges, see Table 1).
The best concordance level was obtained by the test

strips analyzers for the RBC (91%), followed by the
manual sediment examination (81–88%), iQ200 (80%),
and UF-100 (70–74%), with counts as follows: from
AtlasoUrisysrmanual sedimentoiQ200oUF-100.
Regarding WBC, the best concordance level was

obtained for the test strips analyzers (82%). The
concordance level of the remaining methods
considered varied between 70 and 75%, with counts
as followed: from Atlas5UrisysoiQ200omanual
sedimentoUF-100.
The results obtained for RBC, WBC, and nitrites/

bacteria were classified into five categories (see Table 6):

TABLE 2. Atlas vs. Urisys Comparison

Agreement

Parameter n % Spearman’s r

Erythrocytes 587 91 0.676

Leukocytes 532 82 0.729

Nitrite 642 99 0.923

Density 560 86 0.861

pH 546 84 0.767

Protein 618 95 0.761

Glucose 638 99 0.955

Ketones 644 99 0.610

Bilirubin 644 99 0.532

Urobilinogen 629 97 0.356
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I, negative results for the five methods studied; II,
positive results for the five methods; III, positive results
for one of the methods and negative results for the rest,
that is, false-positive values; IV, a negative result for a
procedure as opposed to the positive result of the four
remaining ones, that is, false-negative values; and V, two
or more unlike, positive or negative results among the
five procedures.
Other results not shown in Table 6 must be

mentioned: the results obtained from the two test strips
analyzers were negative but positive with the remaining

methods (possible false negatives) for RBC in 10
samples (1.58%), for WBC in 32 (5.03%), and for
nitrites/bacteria in 23 (3.62%). As for the automated
urinalysis systems, they provided positive results that
were negative for the rest of the procedures (possible
false positive) in 33 samples (5.21%) for RBC, 16
(2.52%) for WBC, and 13 (2.04%) for nitrites/bacteria.

Imprecision and Carryover

Within-run precision was slightly better for the UF-
100 than for the iQ200 analyzer, and considerably better
than for the manual sediment examination, which had a
within-run coefficient of variation of more than 50% for
all the studied parameters with low concentrations of
cells.
Both test strips analyzers showed good precision

except for the bilirubin parameter of the KOVA-Trol
level I control measured in the Atlas analyzer. The
results obtained for the within-run and between-run
precision studies for UF-100, iQ200, and microscopy
examination are summarized in Table 7.
Carryover studies showed that, in general, no

substantial carryover was detected in any of the samples,
demonstrating that the carryover was not systematic.
Only a significant result for RBC measured in the iQ200
analyzer (P5 0.046) was found (Table 8).

Workability Studies of the Analyzers

Working times

Considering a pool of 50 samples, and including the
starting time, the mean values were 13, 19, 46, and
35min for the Atlas, Urisys, iQ200, and UF-100
analyzers, respectively.
The mean time needed for one sample was 19, 29, 77,

57, 94, and 164 sec for the Atlas, Urisys, iQ200, UF-100
analyzers, iQ200 screen revision, and manual sediment
examination (also UF-100 revision), respectively.

Errors

The Atlas analyzer attempted to aspirate liquid from
empty positions on three occasions, generating an
insufficient sample error.
No error from the Urisys 2400 analyzer throughout

was observed.
The iQ200 did not process the samples with a clear

color on seven occasions (detection errors). It also
provided a communication error and a technical
(microscopy) one, which led to having to initialize the
instrument.
With regard to the UF-100 analyzer, a movement rack

error was detected five times; it did not correctly read
the bar code once; 11 samples were not correctly

TABLE 5. Results Obtained for the Comparison
(% Concordance Degree) Made Between the Five Procedures

Considered for Erythrocytes (White Area) and Leucocytes

(Grey Area) Measurements

Urysis Atlas Sediment UF-100 IQ200

9 23 26 16

Urysis 82 71 71 74

9 5 3 9.5

9 25 26 16

Atlas 91 69 70 75

0 5 3 9

8 3 13 7

Sediment 86 88 78 73

6 9 9 20

4 1 3 3

UF-100 74 71 74 76

22 28 23 20

7 3 6 19

IQ200 80 80 81 74

13 17 13 6

See explanation in the text.

TABLE 3. iQ200 vs. UF-100 Comparison

Agreement

Parameter n % Spearman’s r

Erythrocytes 477 75 0.506

Leukocytes 491 77 0.751

Epithelial cells 337 52 0.472

Bacteria 607 94 0.791

Crystals 608 95 0.170

TABLE 4. Analyzers vs. Manual Examination of Sediment

Comparison

Erythrocytes Leucocytes Bacteria/Nitrites

Analyzer n % r n % r n % r

iQ200 523 81 0.473 475 73 0.695 564 87 0.538

UF-100 473 74 0.439 498 78 0.761 584 91 0.647

ATLAS 568 88 0.525 447 69 0.684 577 89 0.532

URISYS 556 86 0.539 461 71 0.620 581 90 0.561
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analyzed at the first time, and a second attempt was
made in two of them owing to turbidity reasons, which
meant that the manual sediment examination necessary.

Reviews

Taking into account the results provided by the iQ200,
a manual sediment revision of 97 samples was needed

(14.8% of the total). The sum of 125 alarms was
generated mainly owing to amorphous characteristics of
particles (66%), followed by crystals (33%) and yeast
(27%). After revision, 104 discordant results were
found, which, once again, were because of amorphous
characteristics of particles (33%) but also because of
bacteria (24%) and yeast (16%). Comparing with the
manual sediment examination, 113 discordant results
were found for RBC (23%), WBC (15%), bacteria
(15%), amorphous characteristics of particles (15%),
and EC (14%). It is worth indicating that the more
frequently generated alarm, the amorphous character-
istics of particles, was demonstrated to be true in a third
of the cases. Another third was actually because of
bacteria.
The UF-100 system generated 259 alarms for 134

samples, mainly because of RBC (40%), followed by

TABLE 6. Result Categories Obtained for Leukocytes (WBC), Erythrocytes (RBC), and Bacteria (BAC)/Nitrites

WBC RBC BAC/nitrite

Atlas Urisys UF-100 iQ200 Manual n % n % n %

Category I

All negatives � � � � � 295 46.38 362 57.10 487 76.57

Category II

All positives 1 1 1 1 1 111 17.45 29 4.57 34 5.35

Category III � � � � 1 19 (2.99) 9 (1.42) 30 (4.72)

False positives � � � 1 � 13 (2.04) 30 (4.73) 23 (3.62)

� � 1 � � 25 (3.93) 77 (12.15) 7 (1.10)

� 1 � � � 2 (0.31) 13 (2.05) 0 (0.00)

1 � � � � 6 (0.94) 0 (0.00) 0 (0.00)

Total 65 10.21 129 20.34 60 9.50

Category IV 1 1 1 1 � 4 (0.63) 4 (0.63) 5 (0.79)

False negatives 1 1 1 � 1 10 (1.57) 5 (0.79) 1 (0.16)

1 1 � 1 1 0 (0.00) 2 (0.32) 0 (0.00)

1 � 1 1 1 26 (4.09) 1 (0.16) 1 (0.16)

� 1 1 1 1 8 (1.26) 16 (2.52) 4 (0.63)

Total 48 7.54 28 4.41 11 1.72

Category V

Remain 117 18.39 86 13.56 39 6.1

Lost 16 18 15

Total 652 652 652

TABLE 7. Within-Run (A) and Between-Run (B) Precision

Studies

UF-100 iQ200 Microscopy examination

Rank

(/mL)
CV

(%)

Rank

(/mL)
CV

(%)

Rank

(/mL)
CV

(%)

(A)

RBC 4–15 37.3 0–9 45.5 1–17 62.3

310–430 10.6 170–251 12.5 190–360 22.0

791–921 5.0 680–791 4.8 575–1,150 21.4

WBC 7–20 23.1 6–18 34.1 4–24 57.7

99–150 14.3 75–120 13.0 55–150 25.4

550–701 6.7 495–601 6.8 450–850 17.8

(B)

RBC 3–15 39.6 1–8 46.8

50–99 20.5 31–74 21.2

WBC 20–39 21.6 23–48 24.7

72–140 19.4 99–181 17.6

RBC: erythrocytes; WBC: leukocytes; CV: coefficient of variation.

TABLE 8. Carryover Studies

RBC UF-100 iQ200 WBC UF-100 iQ200

X�Y 2.2 6 X–Y 0.2 1.8

SD 2.77 4.69 SD 2.77 5.40

t 1.77 2.86 t 0.16 0.74

P 0.151 0.046 P 0.880 0.498

RBC: erythrocytes; WBC: leukocytes; X: samples with the possibility

of pollution; Y: samples without the possibility of pollution.
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WBC (22%), bacteria (20%), and EC (13%). In
comparison with the manual sediment examination,
the discordant results found were also owing to RBC
(29%), EC (25%), bacteria (21%), WBC (13%), and
crystals (9%). It is important to indicate that 23 of the
80 elevated false results for RBC were because of the
presence of crystals.

DISCUSSION

Although there is no established reference method for
urinalysis, the manual analysis of urine sediment
continues to be considered as the suitable method for
routine laboratories (10). Nevertheless, it is fraught with
methodological problems, which generate high impreci-
sion when compared with automated methods (5). A
substantial amount of different factors may contribute
to the imprecision in manual urinalysis (3). For example,
they may range from incomplete pelleting of the
sediment, cellular lysis because of centrifugation, or
from problems when the sediment is resuspended, which
lead to different interpretations by different technolo-
gists of a cell or cast in a urine sediment (39). Good staff
training is also important (32). Moreover the process is
time-consuming, a very important factor to consider in
laboratories with a large volume of work.
In this study, in contrast to other published ones, the

results obtained for the main urine elements studied
have been compared one by one, working with the
samples in an independent manner using five different
methods; among them the microscopy manual examina-
tion was considered as another method rather than a
tool for discrepancies to be solved. In addition, the fact
that we had a statistical method such as the PCA, which
allowed us to detect anomalous samples in a previous
phase of the study, made their exclusion possible from
the later statistical analysis, this being more reliable.
In general, for the main urine parameters evaluated an

adequate concordance degree, up to 69%, was found
between all the methods considered. These data were
similar to others reported (2,12,32). For the main
anomalous urine elements, a high percentage of the
samples were correctly identified by means of the five
analytical methods evaluated (64% for WBC, 62% for
RBC, and 82% for BAC/nitrites). A low number of
false-positive and false-negative results were found,
except for the RBC counting by the UF-100 analyzer
for which a variation coefficient about 12% was
obtained but similar to that reported in other published
studies (21,40). It was also observed that, despite the low
number of false-positive and false-negative results
provided by the test strips analyzers, the highest false-
negative results for WBC (esterases) were obtained with
the Urisys system. This one also provided higher false-

positive results for RBC, whereas the Atlas analyzer
provided the highest false-negative results for the same
parameter.
In this study, both test strips analyzers showed good

features and similar throughputs, as reported in
previous studies (40), although the Atlas model was
slightly faster. This model generated different errors
because of changes in the sampler to racks in order to
achieve the best integration to other analyzers and to
make the samples transfer faster from one analyzer to
another. Nevertheless, there is a need for a more
quantitative evaluation of urinalysis test strips, because
they are used for checking automated urine analyzers.
The UF-100 has two important advantages: offers the

better precision for low units of cells when compared
with the iQ200 and it is the faster analyzer, in spite of
the difference observed in our study being shorter (UF-
100: 86 samples/hr, iQ200: 65 samples/hr) than the one
specified by the manufacturer. However, it required a
large number of manual sediment revisions and the
RBC counting showed false high values because of the
presence of crystals. Another advantage of the UF-100
analyzer is the scattergram; it provides more precise
information about red blood cell morphology (15,17). In
general, the results obtained for both RBC and WBC
were higher than those obtained for the same two
parameters with the other procedures considered, which
has been also observed in other published works
(2,9,18,21,39). Another relevant aspect of this analyzer
is the set for urgent sample examination, which requires
a shorter sample volume making the analysis of limited
samples such as the pediatric ones easier.
One of the principal iQ200 advantages is the lowest

number of revisions required and the possibility of
performing these revisions on the instrument screen
without the need of a manual sediment examination.
However, it is necessary to undergo major staff training
so that the staff become used to identifying the images
shown (41), which differ substantially from the manual
observation.
Unlike the UF-100 analyzer, the iQ200 does not

generate an alarm, either for the revision when RBC and
WBC values are more than 9,000 units of cells/L (this
situation was observed only twice throughout our study)
or for the nonclassified samples that must be recovered
by the technologist so that they are assessed.
In addition, another restriction that the iQ200
analyzer has is that it does not generate an alarm for
the presence of bacteria (32). In our study, 33% of all
samples that were classified as amorphous particles
presented bacteria.
On the whole, precision studies provided adequate

variation coefficient values except for the samples with
poor cellularity, as observed in other published studies
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(9,18,30,39). The imprecision was slightly higher for the
iQ200 analyzer. From the carryover studies, it is
concluded that no significant increase in the mean
values of the negative pool samples following the
pathological urine samples (P40.05) was found, except
for WBC measured by the iQ200 analyzer as was
mentioned before.
In comparison with the manual sediment examina-

tion, the UF-100 overestimates cell counts, especially
that corresponding to RBC, whereas the iQ200 system
does not show this tendency.
The differences observed between the results obtained

for RBC and WBC with the strip test analyzers with
those obtained with the other procedures considered
could be owing to the different methodology used to
determine these parameters: the strips test analyzers
measure enzymatic activity and do not count cell units.
On the other hand, there can be lecture interferences in
these types of analyzers because of urine with high
values of SG, glucose, protein, chemicals (ascorbic acid,
cephalosporin, penicillin, and derivatives), etc.
What we conclude from this study is that either of the

two test strips analyzers that adapt to an automated
urinalysis system provides clinically acceptable results,
which improve as far as precision and efficiency are
concerned. And related to the iQ200, it would be ideal
that the software required for identification of bacteria
was included in a new version of this instrument (IRIS
iQ200 Sprint, Chatsworth, CA).
As already mentioned, both systems (Sysmex UF-100

and IRIS iQ200) can discriminate pathologic samples
from the nonpathologic ones, depending on certain user-
established criteria to allow for a self-validation system
so that only those samples that have generated alarms
are checked.
To guarantee the quality of the results sent to clinical

laboratories, one essential condition is the creation of a
few filters that process the received information from
both systems (test strips and automated urinalysis
analyzers) to avoid incongruent results.
Taking into account that sample turbidity, color, or

abundant cellularity can influence the results provided
by the analyzers, it would be interesting to supply a
mechanism for sample dilution as another technical
feature.
It would also be very interesting to perform other

studies with other available test strips analyzers not
considered in this work.
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