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SUMMARY: The use of hematological counts for the prevention, diagnosis and follow-up of hematological diseases has increased.
Indeed, the correct operation of a clinical laboratory is essential to producing comparable results. However, therg isf a aléletion
and reproducibility studies among the different existing methods for clinical analysis. Therefore, our aim was to assesattiality
of the results provided by analyzers with different measuring systems. Sixty venous blood samples were obtained framitpatiénts,
discriminating for age or sex. Then, an automated hematological analysis was performed using the Cell-Dyn Ruby and HumaCount 5L
instruments. The variables measured were: RBC, Hb, HCT, MCV, MCH and MCHC. The data were compared by a one-way ANOVA
and Pearson’s correlation coefficient. Statistical significance was fixed at p < 0.05. There were no statistically digffefieanes for
RBC, HCT, MCH or MCHC. In addition, with the exception of MCHC, all the analytes showed a good correlation coefficient between
the two instruments. There is a variety of automated systems for the clinical laboratory and it is essential for théocknmiathe
different methodologies used in hematological analyzers as well as their sensitivity and specificity. Therefore, oue nesefits fr
demonstrating the importance of practical knowledge of the analyzers mentioned.
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INTRODUCTION

With the increased demand for hematological coungyTtors committed in the pre-analytical, analytical and post-
for the prevention, diagnosis and follow-up of hematologic@&nalytical phases, this does not always occur (Akiyoshi,
diseases, the need to create methods for faster and mb9€8; Lewis, 1988).
effective analyses has been fundamental in recent decades,
giving rise to the emergence of various hematological There is currently a myriad of methods for
analyzers. Although manual methods have been ruled out dlf{ermining hematological parameters, thereby increasing
to the runtime required for the clinical analysis of each of tH&e variability and number of automated analyzers available
hematological parameters analyzed, these continue to be u¥dn Vitro diagnosis in the clinical laboratory.
to assess the discrepancies arising from automated methods.

Nowadays, blood cells are examined and

Indeed, the correct operation of a clinical laboratorglifferentiated by physical and/or cytochemical
is indispensable if comparable and traceable results arecf@racteristics thanks to the emergence and development
be produced regardless of the measuring principle used®ynew cell study technologies. For the normal operation
the different analyzers available in order to reliably assigf hematological analyzers, several measuring principles
with a patient'’s hematological performance (Castillo dBave been created, with flow cytometry and electrical
Sanchez & Fonseca Yerena, 1995). However, due to varidiiedance being the most frequently used.
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On the one hand, the Cell-Dyn Ruby model usdd ATERIAL AND METHOD
light scattering, where the suspended cells are aligned and
pass through a small area with a perpendicular halogen light
beam or laser, which causes the interruption and light Venous blood samples were collected in K3-EDTA
scattering of the radiant energy at various angles. The numlacuum tubes from 60 patients, without discriminating for
of light beam interactions corresponds to the number of celige or sex, who attended the Complejo Asistencial Miraflores
that pass through the sensitive area of the instrument andremuco, Chile. The erythrogram data were collected in
the magnitude of their dispersion will be a function othe hematology section of the clinical laboratory at the Com-
different cell properties or characteristics, including volumealejo Asistencial Miraflores and analyzed using Cell-Dyn
size, contour and refractive index, which is a function of theuby and HumaCount 5L according to the protocols for
cell content, such as: presence of granulations, colorati@yaluation accuracy of the quantitative measurement
nuclear lobulation, and others (Juo, 2002; Villarrubia, 200ethods (EP5-A2) suggested by the National Committee
Lewiset al, 2006; Gonzalez de Buitrago, 2010; HernandeZer Clinical Laboratory Standards and the International
Reyes, 2013). Council for Standardization in Hematology (National
Committee for Clinical Laboratory Standards, 2004). The
By contrast, the hematological automated analyzeamples were kept at room temperature (18 - 20 °C) between
HumaCount 5L uses electrical impedance, where a to0 min and 4 h after collection until the evaluations were
blood sample is diluted in an electrolyte solution and thgrerformed in the two analyzers, calibrated once a day
passed in a line through an opening of determined diamegecording to the manufacturers’ instructions.
through which an electrical current circulates, induced by 2
electrodes placed on either side of the opening. As each cell ~ The hematological variables analyzed were: red blood
passes through the opening, it causes a change in tedls (RBC), hemoglobin (Hb), hematocrit (HCT), mean
electrical resistance that generates a voltage pulse, the heggitpuscular volume (MCV), mean corpuscular hemoglobin
or amplitude of which must be proportional to the cell sizB€MCH) and mean corpuscular hemoglobin concentration
or volume. Thus, the number of electrical pulses generatedCHC).
is related to the number of cells that pass through the opening.
The advantages of this technology include its simplicity, low The data collected from the hematological analyzers,
cost, the possibility of application in even the smallestell-Dyn Ruby and HumaCount 5L, were compared by
instruments and its notable usefulness for the measuremargans of a one-way ANOVA and Pearson’s correlation
of cell volumes. At present, this principle is applied as eoefficient. Statistical significance was fixed at p < 0.05.
reference method for blood cell counts and measuring the
sizes of each cell population. It is used by most manufacturers
of hematological counters due to its clear reproducibilifRESULTS
speed and reduction in statistical error (Villarrubia; Bentahar
& lzasa, 2006; Lewist al; Gonzalez de Buitrago;
Hernandez-Reyes). Table | provides a summary of the main
characteristics of the methodologies used by the automated
Given the paucity of validation and reproducibilityanalyzers Cell-Dyn Ruby and HumaCount 5L.
studies among the different existing methods for clinical
analysis of the erythrogram, the aim of this study was to To ascertain whether the hematological automated
evaluate the commutability of the results provided bgnalyzers Cell-Dyn Ruby and HumaCount 5L yield similar
analyzers with different measuring systems, in this case ttesults for the measurements of the hemogram, each of the
automated analyzers HumaCount 5L and Cell-Dyn Rubyerythrogram parameters were compared using one-way

Table I. Main characteristics of the Cell-Dyn Ruby and HumaCount 5L instruments.

Analytes CelFDyn Ruby HumaCount 5L
RBC Flow cytometry Electrical impedance
Hb Spectrophotometry Spectrophotometry
HCT Calculated Calculated

MCV Optical laser light Electrical impedance
HCM Optical laser light and calculated Calculated

CHCM Optical laser light and calculated Calculated

RBC: red blood cells; Hb: hemoglobin; HCT: hematocrit; MCV: mean corpuscular volume; MCH: mean
corpuscular hemoglobin; MCHC: mean corpuscular hemoglobin concentration.
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ANOVA. The results are provided in Table Il and indicat¢ 120
statistically significant differences for the RBC, HCT, MCH 445 e
and MCHC analytes. The variability of the data, i.e., th 10 jre
random error for both instruments, is in Table lll. Usin(g @
Pearson’s correlation coefficient as presented in Figure 2 % vl
the data collected from the Cell-Dyn Ruby and HumaCou g, 100 i
5L were compared. The results for all the analytes studi® o 85"
are described in Table IV. With the exception of the MCHCS o
all the analytes showed a good correlation coefficieid
between the two instruments. The MCV presented had = )
statistically significant differences. The random erro & o
between the two instruments (1-R2) was for MCV (98 % 75 o
MCHC (90 %), MCH (19 %), HCT (7 %), Hb (4 %) and 70 : , : ,
RBC (3 %). The systematic error (1-b) indicated difference 70 80 90 100 110 120
ranging from 0 to 9.9 % for the Hb, HCT and MCV analytes MCV (HumaCount 5L)

from 10 to 20 % for RBC and MCH, whereas it was 73 %ig. 1. Data on the mean corpuscular volume in the Cell-Dyn Ruby

for the MCHC when they were analyzed by the tw@utomated analyzer based on the data collected in the HumaCount
instruments. 5L.

Table Il. One-way ANOVA for the comparison of the erythrogram data obtained with the
automated analyzers Cell-Dyn Ruby and HumaCount 5L and their respective reference ranges.

Analytes Instruments ANOVA p Reference intervals
RBC (/mm3)* Cell-Dyn Ruby 0.005 4.0 6.2
HumaCount SL 4.0 5,5
Hb (g/dL) Cell-Dyn Ruby 0.62 11.0 17.0
HumaCount 5L 12.0 17.4
HCT (%)* Cell-Dyn Ruby 0.022 35.0 55.0
HumaCount 5L 36.0 52.0
MCYV (fL) Cell-Dyn Ruby 0.405 80.0 100.0
HumaCount 5L 76.0 96.0
MCH (pg)* Cell-Dyn Ruby <0.001 26.0 34.0
HumaCount 5L 27.0 32.0
MCHC (g/dl)* Cell-Dyn Ruby <0.001 31.0 355
HumaCount 5L 30.0 35.0

*: Statistically significant differences (ANOVA, p < 0.05); p: probability of error for the null hypothesis.
RBC: red blood cells; Hb: hemoglobin; HCT: hematocrit; MCV: mean corpuscular volume; MCH: mean
corpuscular hemoglobin; and MCHC: mean corpuscular hemoglobin concentration.

Table Ill. Average intra-day and inter-day variability for the erythrogram data obtained from the automated analyzersRudilBgd
HumaCount 5L.

Cell-Dyn Ruby HumaCount 5L

Analytes Intra - day Inter - day Intra - day Inter - day
RBC (/mm3)* 4.32+0.55 (12.9%) 4.39+1.02 (14.6%) 4.54+0.61 (13.5%) 4.60+1.08 (15.2%)
Hb (g/dL) 13.45+1.56 (11.6%) 13.32+1.88 (14.1%) 13.52+1.63 (12.1%) 13.42+1.94 (14.5%)
HCT (%)* 37.64+4.21 (11.2%) 37.4145.68 (13.6%) 38.954+4.55 (11.7%) 38.76+6.05 (14.1%)
MCYV (fL) 87.55+5.09 (5.8%) 86.18+12.22 (11.1%) 86.18+5.51 (6.4%) 85.11£11.92 (10.9%)
MCH (pg)* 31.30+2.48 (7.9%) 30.58+4.10 (11.4%) 29.9142.10 (7.0%) 29.38+3.92 (11.2%)
MCHC (g/d)* 35.73+1.13 (3.2%) 34.84+4.52 (9.7%) 34.70+1.01 (2.9%) 33.88+4.39 (9.6%)

RBC: red blood cells; Hb: hemoglobin; HCT: hematocrit; MCV: mean corpuscular volume; MCH: mean corpuscular hemoglobin; anch&@HC
corpuscular hemoglobin concentration. Meatandard deviation (coefficient of variation). A total of 60 samples were processed with the two automated
instruments.
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Table IV. Regression analysis for the erythrogram data obtained from the automated analyzers
Cell-Dyn Ruby and HumaCount 5L.

Regression Correlation Errors
Andytes a b R D 1-R? 1-b
RBC (/mm®>* 0.337 0.880 0.984 <0.0001 0.032 0.120
Hb (a/dL) -0.265 1.027 0.977 <0.0001 0.045 -0023
HCT (%)* -0.798 1.056 0.961 <0.0001 0.076 -0056
MCV (fL) 0.555 0.984 0.125 0.1907 0.984 0.016
MCH (pa)* 4.079 0.831 0.896 <0.0001 0.197 0.169
MCHC (a/di)* 24934 0.269 0.305 0.0011 0.907 0.731

a: linear coefficient; b: angular coefficient; R: Pearson’s correlation coefficient; 1-R2: random error; 1-b:
systematic error. *: Statistically significant differences (ANOVA, p < 0.05). RBC: red blood cells; Hb:
hemoglobin; HCT: hematocrit; MCV: mean corpuscular volume; MCH: mean corpuscular hemoglobin; and
MCHC: mean corpuscular hemoglobin concentration and RDW: red cell distribution width.

DISCUSSION

Blood cell count and hematocrit are parameters of cyanide, a reagent toxic to health and the environment.
the hemogram that provide information for the classificatiomherefore, alternative reagents have been proposed, such as
and diagnosis of anemias as well as for the follow-up g@bdium azide (Vanzetti, 1966) and sodium lauryl sulfate, with
their evolution and monitoring of the treatment. Aghe latter being used by Cell-Dyn Ruby and HumaCount 5L
previously mentioned, analytical systems must b® convert hemoglobin into sulfate hemoglobin (Betial,
standardized and subjected to strict quality control to provid912).
traceable hematological results in terms of accuracy and
reproducibility (Palomet al., 2009). With respect to HCT, the differences can be explained

by the form in which such indices are obtained. In the Cell-

Of the parameters analyzed in both instruments, thoBgyn Ruby analyzer, HCT is obtained via a mathematical
that had statistically significant differences were: RBC, HCTalculation that relates RBC and MCV determined by the
MCH and MCHC (Table II). These significant differencesautomated analyzer, applying the following formula:
in the red blood cell count may be because Cell-Dyn Ruby
uses flow cytometry, a technology based on suspended cells By contrast, in the HumaCount 5L, HCT is
or other particles being lined up and passing in front ofdetermined directly by the sum of the pulses of all the red
light beam. The data produced can be grouped into two fusleod cells verified in the volume of sample analyzed.
damental types: data generated by light scattering and data
related to the emission of light by the fluorochromes present ~ Today, the effects of abnormally deformed red blood
in the cell or particle to be excited by the light beam, whictells on the MCHC estimation (Kickler, 1999) in impedance
ensures that the same cell will not be counted more thanalyzers are known. Indeed, shear stress in red blood cells
once. By contrast, HumaCount 5L uses electrical impedancauses cellular deformation, which is inversely proportional
technology, which could cause the blood cells to be countsal the viscosity, which in turn depends on the MCHC
more than once as a result of their recirculation inside tiidenneberget al, 2011); therefore, the higher the MCHC
count opening. Although these cells tend to produce smallalue, the greater the cellular viscosity, and consequently
impulses than the cells that pass through the opening the lower the deformation of the cell (Van Hatel, 2000;
first time, they contribute to the erythrocyte count (FinkRappazt al, 2008).

2005). Thus, the blood cell count is greater with the electrical

impedance method than with flow cytometry, the principle Based on the results obtained, it can be suggested

of which is more accurate (Barrera Ramieeal, 2004).  that the MCHC in the HumaCount 5L analyzer is more
sensitive than the parameter of evaluating erythrocyte color

The reference method to determine hemoglobin than Cell-Dyn Ruby, mainly due to the use of the
the photometric detection of cyanmethemoglobimydrodynamic approach in the HumaCount 5L.
(International Committee for Standardization in
Haematology, 1967). However, it has certain disadvantages, = There is currently a variety of automated systems for
including requiring the extraction of 3 mL of blood for eactthe clinical laboratory. For this reason, it is essential for the
determination, at least 30 minutes for the results and the wdi@ician to be aware of the different methodologies used in
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