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Abstract

Introduction: Urine particle analysis is an important diagnostic tool. The aim of this study was to evaluate the quality of urine leukocyte (WBC) and 
erythrocyte (RBC) counting results obtained with manual and automated methods in Polish laboratories participating in the international external 
quality assessment (EQA) programme. 
Materials and methods: 1400 WBC and RBC counting results were obtained from 183 laboratories in EQA surveys organised by Labquality (Helsin-
ki, Finland) from 2017 to 2019. The between-laboratory coefficient of variation (CV), the percentage difference between the laboratories' results and 
target values (Q-score (%)), as well as  modified Youden plots were analysed. 
Results: For automated method groups, the medians of inter-laboratory CVs varied from 14% to 33% for WBC counting and from 10% to 39% for 
RBC counting. For manual method groups, the medians of CV varied from 53% to 71% (WBC) and from 55% to 70% (RBC), and they were signi-
ficantly higher, in comparison to CVs for most automated method groups (P < 0.001). The highest percentage of results outside the target limits 
(36%) and the highest range of Q-score (%) (from - 93% to 706%) were observed for laboratories which participated in the surveys for the first or 
second time. The percentage of deviating results and the ranges of Q-score decreased with an increased frequency of laboratories’ participation in 
the surveys. 
Conclusions: The quality of manual methods of urine WBC and RBC counting is unsatisfactory. There is an urgent need to take actions to improve 
laboratories’ performance and to increase harmonisation of the results.
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Introduction

Urine particle analysis is an important diagnostic 
tool for renal and urinary tract diseases (1). To ena-
ble the achievement of a proper clinical outcome 
of the analysis, high quality examination results 
must be provided, which is dependent on good 
performance of the applied method and the good 
skills of the laboratory staff in the recognition of 
urine particles (2-4).

Manual microscopic and automated methods are 
used for urine particle analysis. Automated analys-
ers have better accuracy and precision than manu-

al methods (5). Moreover, their application enables 
the reduction of time, labour and cost of analysis 
(6). However, they have limitations in the recogni-
tion of urine elements, especially in highly patho-
logic samples (7,8). For that reason, microscopic 
methods are still considered as the ‘gold standard’ 
(1,2). 

Different microscopic methods are distinguished, 
namely, urine sediment counting under a coverslip, 
urine sediment counting in a chamber, and direct 
chamber counting. The most popular is the cover-
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slip method applied in routine practice due to its 
easy performance and long tradition of using in 
laboratories (2,9). Many laboratories still apply the 
non-standardised coverslip method with decant-
ing supernatant after centrifugation and inserting 
the drop of sediment on the slide. Thus, the low 
precision and wide uncertainty of results obtained 
with the coverslip method is observed (2,10). Cham-
ber use standardises the volume of sample ana-
lysed under the microscope and analysis of uncen-
trifuged urine enables to avoid errors related with 
the centrifugation step. Thus, the direct chamber 
method is useful as a comparison method in the 
evaluation of automated analysers. However, the 
analysis of uncentrifuged samples in routine prac-
tice can result in a lower sensitivity of urine analysis 
since a significantly lower number of urine ele-
ments is present in the analysed sample volume 
under the microscope (2).

Moreover, different protocols for manual methods 
can be applied in laboratories, varying in type of 
analysed specimen (stained or unstained), type of 
microscope used (bright-field or contrast-phase), 
the manner of expression of the results (per high 
power field (HPF) or in a volume unit). If a centri-
fuged sample is analysed, laboratories can also ap-
ply a different force and time of centrifugation, as 
well as the manner (decanting, using a pipette) and 
degree of urine concentration (2,10-12). Thus, de-
spite the availability of recommendations/guide-
lines for urine particle analysis, the standardisation 
of urine particle analysis procedures is poor (2,10-
13). This can be related to the fact that there are 
many different urine particle methods, but there is 
no reference method/procedure. Furthermore, 
there is no one worldwide standard for urine parti-
cle counting analysis, and various guidelines sug-
gest different protocols (2,12). Moreover, some labo-
ratories may not afford the additional costs that can 
be required for the implementation of the stand-
ardised procedures or they may not be aware of the 
necessity of implementing such procedures (10,12).

The lack of procedure standardisation leads to 
poor harmonisation of the obtained results that we 
observed in 2010 when assessing the quality of the 
urine leukocyte (WBC) and erythrocyte (RBC) 
counting results obtained by Polish laboratories in 

an external quality assessment (EQA) scheme pro-
vided by Labquality (Helsinki, Finland). We found 
that there was a high dispersion of the results, es-
pecially in the group of manual methods, when a 
non-standardised (non-quantitative) procedure of 
sediment preparation was applied (10). For the last 
ten years, educational activities such as courses for 
laboratory staff and lecturers at national confer-
ences, focusing on the role and ways of urine parti-
cle analysis standardisation have been provided in 
Poland (14). Polish laboratories participating in EQA 
surveys have also received detailed instructions for 
standardised manual urine sediment analysis with 
the control specimen. However, these activities 
had no official recommendation status, and there-
by did not result in a mandatory implementation of 
the standardised procedures in laboratories. 

Under the auspices of the Polish Society of Labora-
tory Diagnostics, guidelines for urine particle anal-
ysis, which are intended to be mandatory in Po-
land, have been recently prepared (15). They are 
based on the European Federation of Laboratory 
Medicine (EFLM) and Clinical and Laboratory 
Standards Institute (CLSI) guidelines, and cover all 
aspects of urine particle analysis including pa-
tient’s preparation, collection of the samples, 
methods of urine particle analysis, presentation of 
the results, and quality control (2,13). According to 
the Polish guidelines, the coverslip method is not 
recommended for using in routine practice, all lab-
oratory procedures should be performed quanti-
tatively, and WBC and RBC results should be ex-
pressed as the number of particles x106/L (15). 

The aim of this study was to evaluate the present 
quality of the WBC and RBC counting results ob-
tained by Polish laboratories participating in the 
EQA programme organised by Labquality (Helsin-
ki, Finland), after several years of providing educa-
tional activities in Poland, and preceding the im-
plementation of national guidelines.

Materials and methods

Materials

We analysed 1400 results of urine WBC and RBC 
counting obtained from 183 different Polish labo-
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ratories in 10 consecutive ‘Urine strip test and par-
ticle count’ surveys, organised by Labquality (Hel-
sinki, Finland) from March 2017 to July 2019. 

The ‘Urine strip test and particle count’ scheme is 
accredited according to EN ISO/IEC 17043 (PT02/FI-
NAS). It is organised four times a year. The control 
sample is a liquid or lyophilised preparation of hu-
man urine with added chemicals, stabilised hu-
man RBC and latex or organic particles to simulate 
WBC, and is dedicated to quality assessment of 
urine analysis, namely strip tests (blood, glucose, 
ketones, nitrite, pH, protein, WBC), estimation of 
density (specific gravity, osmolality), creatinine, 
and urine particle counting. The assessment of 
performance of urine particle counting method 
applied in the laboratory is based only on WBC 
and RBC results, since there is no possibility to pre-
pare a stable urine control sample containing oth-
er urine particles such as epithelial cells or casts.

The results of WBC and RBC counting are ex-
pressed as the number of particles x106/L. The lab-
oratories are grouped by method in the case of us-
ing manual protocols or by analyser, in the case of 
using the automated method. 

The results of Polish laboratories were classified in 
13 method groups: 3 manual (Standardised sedi-
ment examination under a coverslip (Coverslip 
method), Chamber counting from sediment, Di-
rect chamber counting), 9 automated (Analysers 
A-I), and the Other method group. To identify and 
categorise the particles in urine samples, 6 auto-
mated analysers use microscopic image-based 
technology, 3 – fluorescent flow cytometry. The 
distribution of results according to the applied 
method is presented in Table 1. 

Methods

In our study the results within 7 method groups 
have been analysed: 3 manual (Coverslip method, 
Chamber counting from sediment, Direct cham-
ber counting) and 4 automated (Analyser A, Ana-
lyser B, Analyser C, Analyser D). The results of Ana-
lyser E-I and Other method groups were not statis-
tically evaluated, since there was a small number 
of results obtained from Polish participants (< 3 
per survey; Analyser E-H, Other method) or the 

method group was represented only in 2 surveys 
(Analyser I). The names of the evaluated analysers 
have been blinded in our study since the disper-
sion of the results for automated methods ob-
served in EQA could be related not only to the an-
alyser performance, but also to individual labora-
tory performance, and the use of EQA data to sug-
gest the superiority or inferiority of particular 
urine analysers may be deceptive and misleading.

Thirteen extreme outliers (0.9% of the results), 
which differed from the target values more than 20-
fold, were excluded from the analysis. These results 
were obtained in 4 laboratories, which reported 6, 
4, 2 and 1 extreme outliers, respectively. Nine outli-
ers were obtained in the Coverslip method group, 
and 4 in the Chamber counting from sediment 
group. Also, 16 results from a laboratory which re-
ported results from test strips instead of particle 
counting, were excluded from the analysis. 

With the 4/2017 and 1/2018 surveys, the question-
naire regarding the methodological aspects of 
urine particle counting was sent to laboratories. 
The questionnaire covered the particle counting 
method and, in the case of using the manual 
method, the details of the examination procedure 
such as urine volume, centrifugation force and 
time, sediment volume, the coverslip and micro-

Method groups Percentage of results

Manual 63

Standardised sediment examination 
under a coverslip (Coverslip method) 39

Chamber counting from sediment 15

Direct chamber counting 9

Automated 35

Image-based technology 30

(Analysers A, B, C, D, H, I) (6, 3, 5, 12, 1, 3)

Fluorescent flow cytometry 5

(Analysers E, F, G) (1, 3, 1)

Other method 2

Table 1. Distribution of Polish laboratories’ results according 
to the method group, in ‘Urine strip test and particle count’ 
1/2017-2/2019 surveys
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scopic view field dimensions or chamber type (10). 
39% (23/59) and 24% (15/62) participants of the 
4/2017 and 1/2018 survey, respectively, replied to 
the questionnaire. The overall response rate for 
laboratories that applied manual methods was 
35% (28/79).

Statistical analysis

For WBC and RBC counts in individual surveys for 
each method group the between-laboratory coef-
ficient of variation (CV) was calculated. The nor-
mality of CV distribution was assessed using the 
Shapiro-Wilk test. Since in some method groups 
the data did not have normal distribution, the be-
tween-laboratory CVs for method groups are pre-
sented as medians and interquartile ranges (25th-
75th percentile), and they were compared using 
the Kruskal-Wallis test with Dunn’s post-hoc test. 

For the result of each laboratory, the percentage 
(%) of difference between the reported result and 
method-specific target value was calculated as fol-
lows: 

Q-score (%) = [(laboratory result – target value) / 
target value] x 100 (16).

The target value was established according to La-
bquality and it was a mean value calculated from 
the results obtained from participants from all 
countries in the method group that fall within the 
calculated limit: the median value of the uncor-
rected results ± 3 x uncorrected standard devia-
tion. The target limit was established according to 
Labquality as a method-specific target value ± 
50%. The results outside the target limit have been 
considered incorrect (unacceptable), and the per-
centage of such results has been calculated for the 
analysed method groups. 

For each survey, a modified Youden plot was pre-
pared, in which each point corresponded to the 
WBC and RBC counts obtained in one laboratory. P 
< 0.05 was established to be statistically signifi-
cant. The analyses were performed using the 
Graph-Pad Prism 4.0 software (GraphPad Software 
Inc. San Diego, CA).

Results

The medians of between-laboratory CV obtained 
for groups differed statistically significantly (P < 
0.001). For WBC counting, the medians of CV for 
manual methods varied from 53% (47-72%; 25th-
75th percentiles) for the direct chamber counting 
method to 71% (49-81%) for the coverslip method, 
and were significantly higher in comparison to 
medians of CV for most automated method 
groups, which varied from 14% (8%-18%) for Ana-
lyser A to 33% (27%-56%) for Analyser C (Figure 1). 
For RBC counting, the medians of CV for manual 
methods varied from 55% (43%-74%) for direct 
chamber counting to 70% (51%-89%) for the cov-
erslip method, and for automated method groups 
they varied from 10% (6%-11%) for Analyser B to 
39% (35%-58%) for Analyser C (Figure 1).

33% of the results of manual methods and 12% of 
the results of automated methods were outside 
target limits. For two automated method groups 
(Analyser A and B) all results were within the target 
limits. 

For both manual and automated methods, the 
highest percentage of results outside the target 
limits (36% and 15%, respectively) and the highest 
ranges of Q-score (%) (from -93% to 706% and 
from -88% to 310%, respectively) were observed 
for laboratories which participated in the analysed 
EQA surveys for the first or second time (Figure 2). 
The percentage of unacceptable results and the 
ranges of Q-score (%) decreased along with an in-
creased frequency of participation in the surveys, 
and for laboratories which participated in surveys 
for the ninth or tenth time, all results were accept-
able and within the target limits (Figure 2). 

For manual methods, the modified Youden plots 
showed many points that were far from median 
values, but near a 45-degree line. For automated 
methods, most points were near the median val-
ues and they did not run along a 45-degree line 
(Figure 3). 
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Figure 1. Between-laboratory coefficients of variation (CV) of Polish laboratories results according to the method in ‘Urine strip test 
and particle count’ 1/2017-2/2019 surveys. A. WBC counting, B. RBC counting. Data are presented as median, 25th-75th percentiles, and 
minimum and maximum. 

Figure 2. The percentage differences between the results of Polish laboratories and target values (Q-score (%)) according to the fre-
quency of participation in ‘Urine strip test and particle count’ 1/2017-2/2019 surveys. A. WBC counting, B. RBC counting. The dotted 
line indicates the target limit (target value ± 50%).
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Figure 3. An exemplary modified Youden plots of the Polish laboratories results obtained in ‘Urine strip test and particle count’ 
1/2017-2/2019 surveys. A. Manual methods, B. Automated systems. The dotted line indicates the median values of obtained results. 
The intersection of the two median lines indicates the Manhattan median. The solid line is a 45-degree line drawn through the Man-
hattan median.

Discussion

In our study based on EQA results we established 
that the quality of manual methods of urine WBC 
and RBC counting was unsatisfactory, and the dis-
persion of results obtained by laboratories using 
automated methods was significantly lower in 
comparison to those using manual methods. We 
also found that the systematic errors related to the 
laboratories’ procedures was a source of the high 
dispersion of results for manual methods, and the 
dispersion of results was related to the frequency 
of participation in EQA surveys.

In many previous studies automated systems have 
been shown to provide better precision than man-
ual methods (1,5,17). In our study, the dispersion of 
results obtained for two analysers was compara-
ble to those obtained in studies assessing the per-
formance of automated methods, whereas for two 
others it was higher (18,19). The observed higher 
dispersion of results in our study could be affected 
by the performance of individual laboratories that 
use a particular analyser type, for instance differ-
ent protocols of verification of analyser results 
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could have been applied (6,20,21). Thus, it can be 
assumed that the dispersion of EQA results for au-
tomated method groups could better reflect the 
real-life quality of the results of automated meth-
ods, since it is related to both, analyser perfor-
mance and laboratory performance. 

For manual methods, the dispersion of results was 
comparable to those observed in our previous 
study performed in 2007-2010 (10). The failure in 
improving the overall quality of the results of man-
ual methods during the last decade could be due 
to the widespread use of the traditional, non-
standardised coverslip method in Polish laborato-
ries, the limited number of laboratories that could 
participate in organised courses and lectures, that 
had only educational nature and did not result in a 
mandatory implementation of standardised pro-
cedures. This could be also due to the fact that 
standardised procedures of manual urine particle 
analysis are more time-consuming and labour-in-
tensive than traditional, non-standardised proce-
dures and their implementation would require an 
increase in financial outlays and laboratory staff in-
volved in the analysis. However, we have observed 
that in comparison to EQA surveys performed in 
2007-2010, the number of results per survey ob-
tained in 2017-2019 has almost doubled, which 
may indicate a growing awareness of the role of 
participation in EQA surveys in improving the 
quality of urine particle counting among Polish 
laboratories (10). There was also a significant shift 
toward automated methods – the number of par-
ticipants using analysers increased almost 3-fold, 
while the number of participants using the cover-
slip method decreased (10).

We have also previously found, that the laborato-
ries using a manual standardised qualitative pro-
cedure exhibited lower dispersion of results in 
comparison to those using a non-standardised 
procedure (10). In the present analysis, we were 
not able to divide laboratories according to the 
applied procedure, but the modified Youden plots 
for manual methods showed again that the high 
dispersion of results was mainly caused by a labo-
ratory systematic error, i.e. the applied procedure 
and/or calculation of results (10,16). Moreover, we 
found that the dispersion of results was related to 

the frequency of participation in surveys. This 
could indicate that the laboratories which ob-
tained unsatisfactory results in EQA took action 
aiming at improving the quality of obtained re-
sults. Indeed, some of these laboratories consulted 
with SOWA-med (the Polish distributor of Labqual-
ity’s scheme) about the possible causes of deviat-
ing results and introduced changes in, for instance, 
the time and force of centrifugation, the manner 
of preparation of the control sample (very thor-
ough mixing of the sample is required), the man-
ner of sediment preparation, or the manner of cal-
culation of results. Thus, it can be concluded that 
the EQA programme plays an important educa-
tional role in the implementation and monitoring 
of the standardisation of laboratory methods 
which is one of the main EQA scheme roles (22).

Our study has some limitations. Although we ex-
cluded from the analysis evident outliers which 
must have been caused by gross errors, we were 
not able to verify the impact on the quality of re-
sults in such factors as inappropriate control speci-
men preparation, inter-observer variability in par-
ticle recognition, different protocols of analyser re-
sults’ verification, cases of mixing of the WBC and 
RBC results or erroneous calculation of results. We 
did not analyse the performance for some method 
groups due to the unrepresentative, low number 
of results. We were not able to analyse the quality 
of results of manual methods according to the ap-
plied procedure (standardised and non-standard-
ised), since a too small number of participants re-
sponded to the questionnaire. We did not perform 
the analysis without dividing the results according 
to the method group, because different target val-
ues have been reported for particular groups that 
could have been related to the different technical 
principles of methods (17). Centrifugation reduces 
the number of urine particle elements, and RBC 
and WBC results in coverslip or chamber counting 
from sediment methods can be lower in compari-
son with the direct counting method. Moreover, 
EQA specimens can be uncommutable and arte-
factual in some automated systems, since modi-
fied particles are used in control samples (23). For 
one of the analysers, in some surveys the applied 
technology did not permit it to recognise the par-
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ticles in the control samples as well as in the other 
methods; however, this analyser was not evaluat-
ed due to the small number of results.

Despite these limitations, our analysis allows us to 
conclude that the process of implementation of 
the standardised manual urine particle counting 
procedures in the last ten years in Poland has not 
been sufficiently effective. The results of laborato-
ries just starting to participate in the EQA scheme 
indicate that some laboratories still use traditional, 
non-quantitative methods. Our study should in-
crease the awareness of low quality of urine parti-

cle counting results in laboratories, especially if 
manual methods are used, and will induce taking 
the actions aimed at improving the quality of re-
sults of this important laboratory test. In our opin-
ion, the implementation of national guidelines for 
standardised urine particle counting, which is to 
be obligatory, seems very necessary and may re-
sult in a more effective implementation of stand-
ardised procedures that will affect the quality of 
urine particle counting results in all laboratories.
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