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ABSTRACT

Introduction: Automated hematology analyzers are able to produce low platelet counts with great precision and accuracy. However,
these analyzers may produce erroneous counts due to the presence of interferences. Therefore, additional methodologies are required
to confirm platelet counts, such as blood smear and a direct count, using the Neubauer chamber. Objective: To validate the reliability
estimate produced by the G&S method. Material and method: One hundred and fifty platelet counts were analyzed in the hematology and
emergency laboratories of the Hospital Nacional Docente Madre-Nifio San Bartolomé, in Lima, Peru, by four methodologies: one optical
platelet count (PLTO), one indirect blood smear count (Indirect), and two direct counts (Direct and G&S). Descriptive and inferential
statistics were used to compare the groups. Results: A significant difference was observed in the distribution of the four methodologies
and, after applying the post-hoc analysis, a similarity between the PLTO and G&S methods was found. Also, the Direct, G&S and Indirect
methods showed a positive correlation with the PLTO method. The Bland-Altman test demonstrated that the G&S method presented a
high agreement with the PLTO method. Conclusion: The G&S method is inexpensive, easy to perform, and has demonstrated statistical
reliability concerning the automated methodology, and is useful for confirming low platelet counts after a suspected error by the automated
equipment or when this device is not available for use.
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RESUMO

Introdugdo: Os analisadores automatizados hematologicos sao capazes de realizar baixas contagens de plaquetas com precisdo
e exatiddo. No entanto, esses analisadores podem produzir contagens erradas devido a presenga de interferéncias. Dessa forma,
mélodos adicionais sao necessdrios para confirmar as contagens de plaquetas, como esfregaco de sangue e uma contagem direla,
utilizando a camara de Neubauer. Objetivo: Validar a confiabilidade gerada pela estimativa do mélodo G&S. Material e método:
Cento e cinquenta contagens de plaquetas foram analisadas nos laboratorios de hematologia e emergéncia do Hospilal Nacional
Docente Madre-Nifio San Bartolomé em Lima, Peru, por quatro metodologias: uma contagem dptica de plaquetas (PLT0), uma
contagem indireta por esfregago de sangue (Indireto) e duas contagens direlas (Direto e G&S). Estatisticas descritivas e inferenciais
Joram utilizadas para comparar os grupos. Resultados: Observou-se diferenca significativa na distribuicdo das quatro melodologias
e, apos a aplicagdo da andlise post-hoc, obteve-se semelbanga entre os métodos PLTO e G&S. Além disso, os métodos Direto, G&S e
Indireto mostraram correlagdo positiva com o método PLTO. O teste de Bland-Altman demonstrou que o método G&S apresentou alta
concorddncia com o método PLTO. Conclusdo: O mélodo G&S é barato, ficil de executar e demonstrou confiabilidade estatistica
em relagdo a melodologia automatizada, sendo 1itil para confirmar baixas contagens de plaquelas apds uma suspeita de erro pelo
equipamento automatizado ou quando ndo se tem esse aparelho disponivel para uso.

Unitermos: contagem de plaquetas; plaquetas; estatisticas ndo paramétricas; correlagio de dados; azul de metileno.
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RESUMEN

Introduccion: Los analizadores automdticos hematologicos son capaces de realizar bajos recuentos de plaquetas con precision y
exactitud. Sin embargo, eses analizadores pueden producir recuentos erroneos debido a la presencia de interferencias. Asi, métodos
adicionales son necesarios para confirmar los recuentos de plaquelas, como el frotis de sangre y un recuento direclo en cimara
de Neubauer. Objetivo: Validar la confiabilidad de la estimacion del mélodo G&S. Material y método: Se analizaron ciento
cincuenta recuentos de plaquetas en los laboratorios de hematologia y emergencias del Hospital Nacional Docente Madre-Nifio
San Bartolomé, en Lima, Perii, por cuatro métodos: un recuento dptico de plaquetas (PLTO), un recuento indirecto por frotis de
sangre (Indirecto) y dos recuentos directos (Directo y G&S). Se utilizaron estadisticas descriptivas e inferenciales para comparar
los grupos. Resultados: Se observo diferencia significativa en la distribucion de los cuatro métodos y, luego de la aplicacion del
andlisis post-hoc, se encontro similitud entre los mélodos PLTO y G&S. Ademds, los métodos Directo, G&S e Indirecto mostraron
correlacion positiva con el método PLTO. La prueba de Bland-Altman demostré que el método G&S presento alta concordancia
con el método PLTO. Conclusion: El mélodo G&S es economico, ficil de llevar a cabo y demostré confiabilidad estadistica en
relacion con el método automatizado, siendo titil para confirmar bajos recuentos de plaquetas después de una sospecha de error
por el equipo automdtico o cuando el laboratorio no cuente con éste.

Palabras clave: recuento de plaquetas; plaquetas; estadisticas no paramétricas; correlacion de datos; azul de metileno.

INTRODUCTION Additionally, a new direct method is proposed, the G&S
method, which is aimed to platelet count for thrombocytopenic
blood samples to confirm the result of a low platelet counting
given by automated equipment or when it is not available
and a light field microscope is used, in which platelets can
be recognized easily and quickly by their color (blue) and
refringence; and also, uses cheap reagents that are easy to acquire
for laboratories with a very basic implementation for carrying
out important hematological tests, such as a complete blood
count (CBC). For instance, Peru has 2296 small health centers,
which don’t have an automated hematology analyzer, according
to the latest decree of the Peruvian Minister of Health (MINSA)®?.
Therefore, this research aimed to validate the reliability generated
by the estimation of platelet count in thrombocytopenic blood
Among the indirect counting methods (peripherally blood),  samples using the G&S method, for that reason, it was compared

the red blood cells/platelet ratio method, has already been  yjth other standardized forms of counting in order to demonstrate
proved to be well correlated with the automated methodology.  that it is useful to confirm low platelet counts.

However, in Peru, there is no standardized indirect method to be
used, therefore, the reports may present a weak agreement, as was

Hematology laboratories need to confirm low platelet counts
in order to support or assist some medical procedures or diagnosis
of some disorders that involve these cell fragments, as blood
donation, surgeries, genetic diseases related to thrombocytopenia,
among others. Throughout history, various platelet count methods
have been described"?, the immunological platelet counting
method (actual reference method) is not routinely used because of
the high cost of the monoclonal antibodies and the flow cytometry;
thus, most laboratories use hematology analyzers selected in
impedance or optical methodology to confirm thrombocytopenic
blood samples.

demonstrated by Conde and Rodriguez (2018)®. MATERIAL AND METHOD
On the other hand, among the direct counting methods
(Neubauer chamber), the “Brecher and Cronkite” method, is This scientific research was carried out in the hematology and

recommended by the International Council for Standardization in emergency laboratories of the Mother-Children San Bartolome

Haematology (ICSH) and the International Society for Laboratory  National Hospital and presented the following features.
Hematology (ISLH) for thrombocytopenic blood samples®.

Although, a phase-contrast microscope is required for platelet
count, as it is difficult to recognize them under a light field
microscope (they have a complete lack of color). Quantitative, descriptive and cross-sectional research.

Methodology
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Sampling

The sampling consisted of all blood samples referred to the
laboratories described, and the chosen quantity was 150 samples;
all of them were thrombocytopenic blood samples only, selected
by a non-probability convenience sampling. The inclusion
criteria were venous blood samples extracted with dipotassium
or tripotassium ethylenediaminetetraacetic acid (EDTA) with
less than 4 hours of storage at room temperature and venous
blood samples taken from patients at the Mother-Children San
Bartolome National Hospital during July 2018. Also, the exclusion
criteria were presence of clots, lipemic, icteric or hemolyzed venous
blood samples, and inadequate volume.

Data collection

Firstly, a participation request was delivered to two medical
technologists (MT) who performed the counts. Then, the data
collection sheets, and the standardized operating procedure sheet
created for the G&S method were provided as well. Then, blood
smears (Indirect) were performed for an indirect platelet count,
the automated analyzer, the Brecher and Cronkite (Direct) and
the G&S methods were used, too. The results were tabulated in
Microsoft Excel 2010 software.

Finally, to obtain the coefficient of interobserver variability
only, the two evaluators performed counts using the G&S method,
in parallel, for the last 20 samples.

Procedures
Optical platelet count: PLTO

The automated hematology equipment used was the Abbott
CELL-DYN Ruby and its methodology is based on the scattering
of light in two dimensions (two-dimensional optical counting).

Direct count: Brecher and Cronkite method

This method uses a diluent liquid composed of ammonium
oxalate and distilled water; their effects cause red blood cell
plasmolysis, nuclear degeneration of leukocytes, prevent platelet
aggregation and their adhesion to other elements® ?. In this
research, it is named just Direct to differentiate from other
alternative methods created from it

This count was performed following the suggestions described
in the articles: The reproducibility and constancy of the platelet
count™, and Morphology and enumeration of human blood
platelets"?.

G&S method: application of the HAMA methylene blue

This new direct counting method proposed by the main author
of this research was standardized only for thrombocytopenic
samples and to confirm a report of automated equipment. It uses
ammonium oxalate, which lysis red blood cells, and methylene
blue, which is oxidized by sodium bicarbonate by boiling, This
last action produces azures (derivatives with a smaller number
of methyl groups) that create a better electrostatic attraction with
the acid glycosaminoglycan molecules (sialic acid) found in the
platelet membrane™. Lastly, platelets can be recognized in
the Neubauer chamber not only for their refringence and
morphology but also now, for their color.

This new way to prepare this dye, also proposed by the main
author of this research, called HAMA methylene blue, was prepared
as follows: dilute 1 g of methylene blue in 100 ml of distilled
water, add 1 g of sodium bicarbonate and mix them. Then, boil
the solution (100°C); once achieved, time 20 minutes. Finally,
conserve the solution at room temperature, after filter with
Whatman 2° paper. Once frozen, this solution is ready to use and
its stability is undefined, as the majority of dyes (the preparation
for this study was performed in 2016, with no variation in quality
or contamination by microorganisms).

Procedure

* For every 20 pl of blood, dilute with 425 pl of 1%
ammonium oxalate in 12 x 75 mm plastic tubes (glass should not
be used because platelets can adhere to the tube walls). After that,
continue mixing for 20 seconds (slowly), then wait 18 minutes for
incubation period at room temperature; clean briefly the excess
blood on the surface of the tip with a piece of paper towel before
the mix.

* Then, add 15 pl of the HAMA methylene blue and mix
five times. Immediately, dispense 20 pl of the total solution in
only one side of the Neubauer chamber. Let stand on a Petri
dish with a piece of wet cotton for 2 minutes to allow platelet
sedimentation.

* Finally, the platelet counting is carried out by a light field
microscope, with the 40x objective, the condenser totally down,
almost completely closed diaphragm, and in the red blood cell
counting area (central secondary quadrant), except for the tertiary
quadrant central (only four quadrants, upper left and right; lower
right and left). Platelets can be differentiated from other elements
due to their intense blue color, refringence, and round to oval
shape. The total number of platelets counted was multiplied by
1437, resulting in the number of platelets/nl of blood.
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Indirect platelet count

In this research, it appears as Indirect and was carried out
based on the suggestions described in the article: Estimation of the
platelet count basis on red blood cells/platelet ratio®.

Statistic analysis

After the collection period, the data was processed and analyzed
using the Microsoft Excel 2010, SPSS 15.0, GraphPad Prism®
programs, and descriptive and inferential statistical analyses were
carried out as well. They were: the establishment of counting
ranges, arithmetic mean, standard deviation and calculation of
the coefficient of interobserver variability; normality tests and the
Friedman test, followed by Dunn’s post-hoc test to compare
the groups were calculated as well. Finally, Spearman’s correlation
coefficient, residues analysis, and Bland-Altman test were applied.
Values of p < 0.05 were considered significant.

Ethical aspects

This research was approved by the chief of the clinical
pathology service and by the ethics committee of the Mother-
Children San Bartolome National Hospital.

RESULTS

Morphology, refringence and platelet staining
according to the G&S method

In all observations, the platelets were round to oval, blue
(Figure 1) refractory (Figure 2) and the numerical value
was compared with the other counting methods. During the
visualization, some leukocytes and red blood cells were also

e
-

FIGURE 1 — Platelet staining displayed at 40x according to the G&S method

Green arrow: leukocyte; yellow arrow: erythrocyle; red arrow: platelet.

FIGURE 2 — Platelet refringence displayed at 40x according to the G&S method

Green arrow: leukocyle; yellow arrow: erythrocyte; red arrow: platelel.

observed; these were differentiated by their morphology, little or no
both refringence, and coloration.

Establishment of counting ranges and calculation
of arithmetic mean + standard deviation (SD)

The counting ranges were (x 10%/ul): 41-130; 37-118; 43-135;
and 55-145 platelets for the PLTO, Direct, G&S, and Indirect
methods, respectively. The arithmetic mean + SD were (x 10%/nl):
83.47 + 6.80; 74.81 + 5.42; 85.45 + 7.2; and 97.3 + 8.75 platelets
for the PLTO, Direct, G&S, and Indirect methods, respectively.

Determination of the coefficient of interobserver
variability for the G&S method

The final range was between 7.5%-8.4%.

Application of normality test or normality
contrast

It was used to verify whether the normality hypothesis is
correct so that certain analyzes present statistical reliability,
such as for the analysis of variances (Anova) or Dunn’s post-hoc
test. The Kolmogorov-Smirnov test was used and it rejected the
normality hypothesis (p < 0.05) for the PLTO, Direct, and G&S
counting methods.

Application of non-parametric statistics

As the reported values rejected the hypothesis of normality,
non-parametric tests were carried out to determine if there are
significant differences among all platelet counting methods. The
Friedman test showed that there is enough evidence to reject
the null hypothesis (» < 0.05) and conclude that there are
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significant differences (> 7.81 for four groups) among the four
methods; its value in this study was 152.6.

Subsequently, we proceeded to identify which group or groups
specifically are significant concerning the others, then, the Dunn
multiple comparison test was performed and it showed that there
are no significant differences (» < 0.05) only between the G&S
and the PLTO methods. To improve this interpretation, box-and-

Bland-Altman test

The methods Direct, G&S, and Indirect (Figures 5, 6 and 7,
respectively) showed that most differences are located around
the bias (4245.7 platelets/pl, 27.8421 platelets/ul, and -28984.4
platelets/ul, respectively).
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DISCUSSION

The automated method (optical platelet count) was taken
as a reference in this study due to the reliability generated by
this methodology, which has also been taken as a reference
by other studies>'®. However, these principles have limitations,
the correlation decreases in presence of interferents, such as
fragmentation of erythrocytes or leukocytes, lipids, cryogglutinins,
among others; this was demonstrated by Congona (2011)"7,
Therefore, the hematology laboratory is always requiring other
methodologies to confirm these low counts.

The method that showed a greater dispersion of data
concerning its average was the Indirect, it is, therefore, the one
that presented less precision in relation to the others. A decrease in
the coefficient of interobserver variability was observed regarding
to results reported in other studies™® '), in which the amount of 20
samples for its calculation has also been used in other investigation
researches™ 2V, This demonstrated that the method G&S improves
platelet recognition by observers because, now, color can also be
taken into account.

In addition to this, the residues generated by this method
(G&S) also showed less distance from the mean (0), which means
it that has the highest degree of accuracy. The fact that the G&S
method presented the lowest bias (Bland-Altman test), did not
generate admiration, due to the ease of recognition of platelets
and because of the correct quantity of sampling chosen (similar
sizes have already been considered in other studies) *>19.

Additionally, in the case of Figure 5, the differences between
the measurements are above 0, means that the platelet counts
by the Direct method are smaller than in the PLTO (reference
in this study) method. In Figure 7, the differences between the
measurements are below 0, means that platelet counts using
the Indirect method tend to overestimate the counts. On the other
hand, Figure 6 shows that the diference is a value close to 0 and
was within the limits of agreement, showing that the G&S and the
PLTO methods produced very similar results.

Due to this overestimation generated by optical or impedance
methodology, indirect count methods are not recommended for low
platelets. This advice has also been reported in other studies®**. For
example, the guide provided by the Institute of Public Health of Chile:
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