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Background: Flow cytometry (FC) and Nageotte hemocytometry represent the most widely accepted methods for
counting residual white blood cells (rWBCs) in leucocyte-reduced (LR) blood components. Our aim was to study
the agreement between the two methods, under real working blood bank conditions.
Materials and methods: 94 freshly produced LR red blood cell (RBC) units were tested for rWBC concentrations by
FC and Nageotte. To assess the precision of each method, we calculated the intra-assay coeﬃcients of variation
(CV), and followed the Bland-Altman methodology to study the agreement between the two methods.
Results: CV was 18.5% and 26.2% for the Nageotte and the FC, respectively. However, the agreement between
the duplicate observations, using the binary cut-oﬀ threshold of 1 × 106 WBCs per unit to deﬁne the results as
“pass/fail”, was 71.9% for the Nageotte and 93.3% for the FC. Linear regression analysis did not show any
correlation (R-squared = 0.01, p = 0.35) between the two methods, while the Bland-Altman analysis for the
measuring agreement showed a bias toward a higher Nageotte count of 0.77 × 106 leucocytes per unit
(p < 0.001) with the 95% limits of agreement (d ± 2 sd) ranging from –0.40 × 106 to 1.94 × 106 leucocytes
per unit.
Conclusion: The absence of agreement between Nageotte and FC method, with the diﬀerences within d ± 2 sd
being of high clinical importance, suggests that the two methods cannot be used for clinical purposes interchangeably. The Nageotte seems unsuitable for quality control even with a pass-fail criterion, under real working
blood bank conditions.

1. Introduction
The presence of residual white blood cells (rWBCs) in blood products may result in a variety of adverse events due to transfusion of
allogeneic leucocytes. Therefore, the universal removal of leucocytes
from blood components has been established as a common practice in
several countries, which has resulted in an increasing need to validate
and monitor the leucoreduction processes. The concentration of WBCs
in leucocyte-reduced (LR) blood components is below the level of accurate detection by standard hematology analyzers and presents a
technical challenge. A residual number of 1 × 106 leucocytes per red
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blood cell (RBC) unit is currently the rejection limit for LR blood
components set by the Council of Europe [1]. Several methods have
been developed to count such low concentrations of WBCs [2]. Among
the published methods, Nageotte hemocytometry has been the most
widely accepted and used [3–5]. Masse et al. [4] compared several
variations of this technique. The lower limit of accurate detection was
approximately estimated at 2 WBC/μl, lower than 3.3 WBC/μl, i.e. the
rejection level of LR blood components, and the method had been
considered suitable for routine quality control testing [4]. However,
this microscope-based counting technique is labor-intensive, time-consuming, and does depend upon individual observer training that may
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interfere with the reproducibility of the results. This has led to the
development of several other dedicated automated methods to count
low levels of rWBCs, i.e. the automated volumetric capillary cytometer
[6], ﬂow cytometric methods [7,8], and polymerase chain reaction
(PCR) techniques [9]. In the absence of a “gold standard” method, assay
performance is hard to be assessed and, in most cases, counting assays
for rWBCs in blood components were evaluated by dilution studies
[3,4,6,10–14]. These studies demonstrated not only the feasibility of
automated techniques for process control by blood collection facilities
but also their improved precision and greater accuracy than what has
been observed with the Nageotte hemocytometer method. Thus, ﬂow
cytometric methods were shown to be preferable to microscopic
methods for counting rWBCs [10,12,13]. However, few studies have
assessed in parallel the performance of ﬂow cytometry (FC) and Nageotte hemocytometry on freshly produced LR blood components [15].
Our aim was to study the agreement between the two most widely
accepted methods for counting rWBCs in leucodepleted blood units, i.e.
the Nageotte hemocytometry and ﬂow cytometry, under real working
blood bank conditions.
2. Materials and methods
This study was conducted in the Blood Bank Unit of “Attikon”
University Hospital in Athens, Greece. Ninety-four freshly produced LR
RBC units, collected into several diﬀerent blood bag systems with integrated in line ﬁlters, were analyzed in the context of the routine
program of leucoreduction process control over one year period (from
July 2016 to July 2017). Thirty units were collected into Haemonetics
bags (Haemonetics SA, Signy, Switzerland), 10 into MacoPharma blood
bags (MacoPharma – Rue Lorthiois, Mouvaux, France), 20 into
Fresenius blood bags (Fresenius Hemocare, Modena, Italia), and 45
were collected with the Atreus 3 Component Integrated Processing Set
(Terumo BCT, Europe N.V. Zaventem, Belgium).
All RBC units were tested for rWBC concentrations by an automated
FC method (LeukoFinderTM kit, CYTOGNOS SL, Salamanca, Spain) and
Nageotte counting chamber within 24 h of collection. Flow cytometric
cell count-tests were handled according to the manufacturer’s instructions. Calibrated pipettes were used, with an accuracy of +/- 5% of the
set volume and a CV < 5%, as the Blood Bank Unit of “Attikon”
University Hospital meets the requirements of ISO 15189: 2012. The
LeukoFinderTM kit is a single-platform method for the enumeration of
rWBC by FC, which combines the detection of the ﬂuorescence signal
from a DNA marker incorporated into the nucleus of rWBCs allowing
their discrimination, with the use of Perfect-Count MicrospheresTM for
their absolute count. Labeling of rWBCs with the DNA marker enables
them to be identiﬁed and discriminated from some non-nucleated populations, such us erythrocytes and platelets. The Perfect-CountTM
Microspheres is a microbead-based single platform system, which assures the accuracy of absolute count results. Its unique internal quality
control system contains two types of beads (deﬁned as bead A and bead
B) with densities around the upper and lower densities of peripheral
blood cells. Variations of the ratio between beads type A and B warns
about problems during sample preparation and/or acquisition, which
could invalidate ﬁnal results. This system may be used as a double reference standard, which, ﬁrst, assures the accuracy of the assay and,
second, ensures accurate calculation of the number of rWBCs per μL.
Brieﬂy, 100 μL of each sample were transferred using the reverse
pipetting technique to a ﬂow cytometry tube. The cells were stained
with 100 μL of the propidium iodide DNA labeling solution included in
the kit, mixed gently, and incubated in the dark for 5 min. Then 100 μL
of the Perfect-Count Microspheres included in the kit were added to the
above mixture and followed by the addition of 550 μL PBS. After gentle
mixing using the pipette, the sample data from the entire 850 μL volume was acquired, analyzed, and stored using the CyFlow Space cytometer (Sysmex-Partec GmbH, Münster, Germany).
For the ﬂow cytometric analysis, the FSC (forward scatter) and SSC

Fig. 1. Flow cytometric analysis. (A) The R1 gate was used to select the residual
leukocytes (rWBC) and the R2 gate was used to select the total microspheres.
(B) The histogram range RN1 and RN2 shows the absolute count of the gated
region R2.

(side scatter) parameters were set on linear ampliﬁcation, while FL1
and FL2 parameters were set on logarithmic ampliﬁcation. The ﬂuorescent signal emitted by cells stained by the DNA labeling solution was
detected in the FL2 channel in the gated region R1, and the diﬀerent
sized beads A and B were detected in the FL1 channel in the gated
region R2 (Fig. 1A). The absolute numbers of leukocytes and microspheres were determined by the unique TVAC (True Volumetric Absolute Count) feature of the CyFlow Space cytometer. The gated region R1
in the dot plot gives the absolute number of the stained rWBCs and the
ranges RN1 and RN2 in the histogram plot provides the absolute
number of each bead in the gated region R2 (Fig. 1B).
The calculation of the absolute number of rWBCs in the LR bags was
based on the following formula: Absolute Count (rWBC/μl) = [Nº of
rWBC counted / Total Nº of microspheres counted (A + B)] × Nº of
Perfect–Count Microspheres / μl (known concentration). Multiplying
rWBC/μL by the volume of the pack (in μL) gives the total number of
rWBCs in the entire pack.
For the Nageotte haemocytometer, the following procedure was
545
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applied [16]: A hemocytometer chamber with 50-μL counting volume
was used. 100 μL of the samples were diluted 1-in-5 with the lysing
solution Leucoplate (Sobioda, Saint-Martin, France). A 50-μL aliquot
was loaded onto a 50-μL gridded counting area of a Nageotte hemocytometer (Nageotte BriteLine Chamber, Hausser Scientiﬁc, Horsham,
PA) and then incubated in a humidity chamber for 15 to 30 min. WBCs
present in the entire 50 μL volume of the counting chamber were
counted with the use of a 20x microscope objective. White cell concentration was calculated as follows: WBCs/ μL = (cells counted/50 μL)
× 5, where 50 μL is the volume counted and 5 is the dilution factor
resulting from the addition of lysing agent. For the total white cell
content of the LR component holds that: WBCs / component = WBCs/
μL × 1000 μL / mL × volume in mL of the component.

Table 1
2 × 2 contingency tables obtained using the binary cut-oﬀ threshold of 1 × 106
white blood cells (WBCs) per unit to characterize the results as “pass” or “fail”.

2.1. Statistical methods

Table 2
Descriptive statistics of the study specimens processed and analyzed (n = 94).

A. Nageotte hemocytometry (32 duplicate observations): Agreement = 71.9%
Count 1
“pass”
“fail”
Count 2
“pass”
19
4
“fail”
5
4
B. Flow Cytometry (15 duplicate observations): Agreement = 93.3%
Count 1
“pass”
“fail”
Count 2
“pass”
14
0
“fail”
1
0

Summary statistics are presented with means ± standard deviations, medians and interquartile ranges (IQR), or percentages when
appropriate.
To assess the precision of each method, we calculated the intraassay coeﬃcients of variation (CV). The CV of duplicate observations
reﬂects the variance observed when replicate aliquots of the same
specimen are processed and analyzed.
The agreement between the two methods was determined by the
kappa statistic and the respective p-value. A residual number of 1 × 106
WBCs per unit – currently determined by the Council of Europe as the
rejection limit for LR blood components – was used as cut-oﬀ to characterize the results as “pass” or “fail”.
The guidance for combined graphical/statistical assessment of the
agreement between two methods of clinical measurement includes a
scatter diagram (concordance plot) combined with correlation and regression analysis, and a diﬀerence plot combined with calculation of
the 2 sd limits of the diﬀerences between the methods (the so-called
95% limits of agreement) [17]. Accordingly, we plotted the data, and
performed linear regression analysis to assess the correlation between
the two methods. Then, we used the Bland-Altman plot to assess the
agreement between the Nageotte method and the FC. The x axis shows
the mean of the results of the two methods ([A + B]/2), whereas the y
axis represents the absolute diﬀerence between the two methods
([B–A]). In addition, the plot includes the line for the mean diﬀerence
(bias) and the observed 2 sd limits of the diﬀerences (precision) between the two methods. Bland and Altman suggest that provided the
diﬀerences within d ± 2 sd (i.e. 95% limits of agreement) are not important, the two methods can be used interchangeably.
The paired Student’s t test was used to determine whether the mean
diﬀerence (bias) was signiﬁcantly diﬀerent from zero.
For all tests, a probability less than 0.05 indicates statistical signiﬁcance. All p-values are two-tailed. Stata 14 was used for all statistical analyses (Stata Corp., College Station, TX, USA).

Nageotte method (leucocytes per unit ×103)
Nageotte method (pass/fail)
Flow cytometry (leucocytes per unit ×103)
Flow cytometry (pass/fail)

922 ± 523; 784 (542–1248)
63/94 (67.0%) vs. 31/94 (33.0%)
150 ± 217; 37 (4–246)
93/94 (98.9%) vs. 1/94 (1.1%)

Data are presented as means ± standard deviations (SD); medians and interquartile ranges (IQR), or percentages when appropriate.

The agreement between the two cell count methods, as determined
by the Kappa statistic, was poor (agreement = 66.0%, kappa = ‒0.02,
p = 0.76).
The scatter diagram of the paired measurements of WBCs per unit
(×106) as determined by the Nageotte method and the FC, for all study
specimens (n = 94), is presented in Fig. 2. The visual inspection of the
plot shows poor agreement between the two methods. Moreover, the
linear regression analysis did not show any correlation (Rsquared = 0.01, p = 0.35). Thus, not only the two methods showed
poor agreement (as shown by the kappa statistic), but they are also not
correlated (as shown in the linear regression analysis).
The Bland-Altman analysis for measuring agreement is presented in
Fig. 3. It shows a bias toward a higher Nageotte count of 0.77 × 106
leucocytes per unit (p < 0.001) with the 95% limits of agreement
(d ± 2 sd) ranging from –0.40 × 106 to 1.94 × 106 leucocytes per unit.
Given that diﬀerences within d ± 2 sd (i.e. from –0.40 × 106 to
1.94 × 106 leucocytes per unit) are clinically important, it seems that
the two methods cannot be used for clinical purposes interchangeably.

3. Results
3.1. Precision of each method
The estimated intra-assay CV was 18.5% for the Nageotte hemocytometry (32 duplicate observations) and 26.2% for the FC method (15
duplicate observations).
The agreement between the duplicate observations, using the binary
cut-oﬀ threshold of 1 × 106 WBCs per unit to deﬁne the results as
“pass/fail”, was 71.9% for the Nageotte method (Table 1A) and 93.3%
for the FC method (Table 1B).
3.2. Agreement between the two methods
Fig. 2. Scatter diagram of paired measurements of white blood cells (WBCs) per
unit (×106) as determined by Flow cytometry and Nageotte hemocytometry,
for all study specimens (n = 94).

Descriptive statistics of the study specimens processed and analyzed
(n = 94) are presented in Table 2.
546
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agreement between the FC duplicate observations was found.
In a previous study on platelet components, although higher absolute rWBC numbers were also found by the Nageotte counting, all results were below the rejection level for rWBCs/platelet product [15].
The overestimation of leucocyte concentrations with Nageotte haemocytometer on freshly prepared blood components has been partially
attributed to diﬀerent methodical approaches between manual
counting chambers and fully automated systems [15]. Besides variability in the counting assay, contradictory ﬁndings between spiked and
freshly prepared samples may also be due to variability in the preparation of the diluted samples, while measurements at very low concentrations of cells, are prone to sampling errors [21]. Because the
variation of the counted value is inversely proportional to the square
root of the number of cells counted, a minimum number of cells must be
counted to attain precision. Due to the ﬁxed volume of the Nageotte
chamber, the volume of sample analyzed per test could also negatively
aﬀect the method’s performance [2].
In our analysis, when a pass/fail type of counting was employed,
poor agreement was found between the two methods. Furthermore,
they were not correlated, although they are assumed to measure the
same quantity. This is in accordance with the absence of any correlation
between the ﬂow cytometric assay and the Nageotte counting chamber
for the investigation of the rWBCs on buﬀy coat platelet concentrates
[15].
The previously predominant methodology, Nageotte chamber
counting, has recently been generally replaced by FC, which is currently
reported as the main method of rWBC counting. However, the Nageotte
method is still considered a reliable alternative for processes validation
purposes [5], despite its several defects. Besides being time-consuming
and laborious, it suﬀers from variability due to subjectivity. Moreover,
in our analysis, the performance of Nageotte on freshly produced leucodepleted RBC components was found to be unreliable around the
critical cut-oﬀ value and units could be incorrectly rejected as leucoreduced or incorrectly considered to be leucoreduced. Although no
target samples were used in order to estimate the accuracy of the assays, if the Nageotte overestimation trend is real, an increased number
of units could be incorrectly rejected as leucoreduced by using Nageotte
in a process control program for leucoreduction. Under these circumstances, Nageotte is probably improper for the evaluation of new leucoreduction processes.
Several limitations of our study need to be acknowledged. Although
in the absence of a “gold standard” method counting assays are usually
evaluated by dilution studies, no spiked samples were applied. This was
because the performance of both methods has been extensively investigated in previous dilution studies, while our aim was to evaluate
them under real working blood bank conditions. Furthermore, because
of the absence of samples with known leukocyte concentrations, we
could not assess accuracy and sensitivity of the methods and it can be
argued that there is uncertainty about which method’s measurements
are closer to the real values.
In conclusion, the absence of any agreement or correlation between
Nageotte and FC, suggests that the two methods cannot be interchangeably used for clinical purposes. Moreover, the Nageotte chamber
counting seems to be unsuitable for quality control with a pass/fail
criterion or with determination of the actual leukocyte content of the
RBC unit, under real working blood bank conditions. Testing of a larger
number of samples will be required to document that these ﬁndings can
be generalized. In such a case, Nageotte could not be recommended as
an alternative for process control of LR RBC components.

Fig. 3. Bland-Altman plot for measuring agreement between Nageotte hemocytometry and Flow cytometry (FC).

4. Discussion
In this study, we compared the performance of Nageotte hemocytometry and FC in terms of counting low WBC concentrations in leucodepleted RBC units, under real working blood bank conditions. In the
absence of a “gold standard” method and dilution experiments, the
precision of each assay, as well as the correlation and agreement between the two methods, were evaluated. No correlation was found
between Nageotte hemocytometry and FC, while the two assays showed
poor agreement to such an extent that their interchangeable use in
clinical practice is probably not appropriate.
The Nageotte hemocytometry was the ﬁrst practical method for the
enumeration of rWBCs in LR blood components and had been considered suitable for routine quality control testing. However, it was
labor intensive, showed low accuracy, and required both technical
training and considerable experience [18]. In order to overcome these
diﬃculties, alternative counting methods have been developed. Several
single-site and multicenter studies compared WBC counts obtained by
automated methods to results obtained by the Nageotte hemocytometry
[6,19,20]. The experience with dilution studies demonstrated that the
accuracy and precision of the Nageotte haemocytometer were poor at
the rejection concentration of LR blood components and showed a bias
to underestimation compared to results obtained with the automated
methods [12–14]. The underestimation of leucocyte concentrations in
the red cell concentrate samples might be partially due to incomplete
lysis of red cells, preventing the leucocytes from settling, while leucocytes may be destroyed or lost during sample processing [12].
However, evidence regarding the performance of counting methods
on freshly produced blood components under routine blood bank conditions are rare, and there are indications that in such samples the
manual counting system may demonstrate higher absolute cell numbers
than the automated staining systems [15]. In our study, the Nageotte
counting yielded signiﬁcantly higher rWBC results than the FC. The
intra-assay CV for the Nageotte method was slightly better than that of
FC. Nevertheless, due to overestimation of leucocyte concentrations
with Nageotte haemocytometer compared to FC, about one third (9/32)
of measurements of double replicate aliquots from the same specimen
with Nageotte, were above and below the rejection limit, leading to
inconsistent pass/fail results for labeling the RBC unit as leucoreduced.
As a consequence, the agreement between the duplicate observations
was only 71.9% indicating poor performance for Nageotte to a level
around the cut-oﬀ dictated by the current standard. Regarding FC,
despite its slightly worse precision in relation to Nageotte, all but one
pair of measurements yielded concordant results in order to identify
whether or not a unit meets existing standards and a very good
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