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Abstract

Introduction: Accurate platelet counts are of utmost importance in clinical practice The methods used for estimating
platelet count are: Manual method using counting chamber, Examination of a peripheral blood smear (PBS) and
automated hematology analyzers Automated hematology analyzers produce erroneous results in the presence of particles
of similar size and/or light scatter like fragmented red blood cells (RBC), microcytic RBCs and in the presence of giant
platelets and platelet clumps. Aims and Objectives: Comparison of platelet count by three methods: 1. Automated six
part analyzer. Traditional method: Counting average platelets per ten high power fields and multiplying the same by
15,000. 3. From smear by counting the number of platelets per 1000 RBCs and calculating the platelet count on the basis
of platelet: RBC ratio. Methods: Ethylene Diamine Tetra-acetic acid (EDTA) samples for platelet counts over a period of
two months were analyzed by the above-mentioned methods. Statistical software SPSS 2 and independent T tests were
used to compare the variables between the groups. Sensitivity and specificity of the methods was calculated. Results:
250 EDTA samples were analyzed of which normal platelet counts were (56.4%) thrombocytopenic (35.2%) and
thrombocytosis (8.4%). There was no significant difference between the platelet counts done by the auto analyzer
compared with traditional (P value 0.50) and platelet: RBC ratio method (0.906). Specificity of the methods was 99.1%
and the sensitivity was 92.5%. Conclusion: Platelet counts by traditional and platelet: RBC ratio can be used as alternate
reliable methods as compared to the auto analyzers.
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Introduction

Platelets play a key role in homeostasis and thrombosis.
Platelet count is one of the critical parameters in patient
care, at times being a decisive factor for diagnosis and
treatment. Platelet counts can be assessed by manual
methods using counting chamber and examination of a
peripheral blood smear (PBS). However, with the
advent of automation, hematology analyzers have taken
over in day to day practice from semi - automated to
completely automated machines, based on the principles
of impedance, flow cytometry and optical fluorescence.

Manual methods are time consuming, subjective and
tedious with high levels of imprecision [1]. Automated
hematology analyzers though rapid in giving results, at
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times give erroneous values in the presence of giant
platelets, platelet clumps, fragmented and microcytic
red blood cells (RBCs) [2,3,4].

It is a standard protocol in most hematology
laboratories, that abnormal platelet values generated by
cell counters be followed by a manual examination of
Leishman stained peripheral blood smear [5,6,7]. Also,
in certain parts of the world where fully automated
analyzers are not in use, alternate reliable methods can
be considered. Studies have been documented in
literature comparing the various manual and automated
methods. The objective of this study is to compare the
reproducibility of the platelet counts by the automated
analyzer with counts obtained by traditional and
platelet: red blood cell (RBC) ratio method using the
same samples.
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Materials and Methods

Place of study: Sapthagiri Institute Of Medical
Sciences and Research Center.

Type of study: This prospective, descriptive, cross
sectional study was conducted over a period of two
months from May — June 2018. Institutional ethical
committee approval was taken for the study.

Inclusion criteria: Anti-coagulated blood samples
collected in Ethylene Diamine Tetra Acetic acid
(EDTA) referred to the Central laboratory for platelet
counts from subjects of all ages and both genders during
the study period were included in the study. Exclusion
criteria: Hemolysed and clotted samples were excluded
from the study.

The samples were analyzed by three methods. Method
1: Samples were analyzed in automated six part
hematology analyzer Sysmex XN550 using impedance
method to get a complete blood count (CBC). The
parameters run were standardized by routine external
and internal quality control checks. Air dried thin
smears were made from all samples and stained with
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Leishman stain. These smears were then examined
under Olympus CH20i light microscope using 100x oil
immersion lens. Junction of the body and tail of the
smear, where the cells are monolayered was taken for
counting. Two other methods were used for platelet
counts. Method 2: The average number of platelets per
ten high power fields was counted and this number was
multiplied by 15,000 to get the platelet count in 103/uL
[8]. Method 3: Platelets were counted simultaneously
with RBC:s till a total of 1000 RBCs were counted. The
number of platelets per 1000 RBCs thus obtained was
multiplied by the RBC count in 10%uL to get an
estimation of platelet count in 103/uL[9]. The methods
2 and 3 were done independently by two observers and
average values were taken to minimize inter-observer
variation.

Statistical analysis: Data was entered in Excel sheet.
Statistical software SPSS 2 and independent T tests
were used to compare the variables between the groups.
P value of <0.05 was considered significant. Sensitivity
and specificity of the manual methods was compared
with the autoanalyzer.

A total of 250 samples were received in EDTA tubes for platelet counts during the study period. 121 were females and

129 were males. Mean age of the patients was 45. 8 years.

Using automated method, the following were the categories of platelet counts among the 250 cases.

Thrombocytosis
9%

Normal
56%

Distribution of platelet counts

Thrombocytopenia
35%

Graph-1: Distribution of platelet counts in the subjects (automated method)

The following were the reasons for getting platelet counts done as mentioned in the laboratory requisition forms: Pre-
operative checkups (18.4%), routine checkups (12%), health care schemes (19.2%), dengue and other viral fevers
(25.2%), malaria (15.6%) and patients on chemotherapy (9.6%). No specific diseases or conditions were considered for

exclusion from the study.

The mean platelet count by automated method was 224.58 x 10°/uL. The mean platelet count by the traditional method
and platelet: RBC ratio method was 234.12 x 10 3/uLand 226.08 x 10°/uL respectively. The P value for automated
method versus traditional method was 0.457 and for automated method versus platelet: RBC ratio method was 0.906
suggesting that there was no significant variation in the platelet counts between the manual methods when compared with

the automated analyzer.
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Table-1: Comparison between automated method and traditional method of platelet count.

Total cases Mean F P-VALUE
Automated method 250 224.58
Traditional method 250 234.12 0.572 0.457

Table-2: Comparison between automated method and platelet: RBC ratio method of platelet count

Total cases | Mean F P-VALUE
Automated method 250 224.58
Platelet: RBC ratio method 250 226.08 0.118 0.906

Normally platelets are spread out single in the smears where the RBCs are monolayered as shown in figure below.
Smears which showed falsely low platelet counts were found to have scattered platelet clumps or giant platelets as shown
in the figures below.

Figure-1A: Smear showing normal platelet distribution on a Leishman stained peripheral smear x 100. Figure 1B:
Smear showing platelet aggregates on smear Leishman stain x 100. Figure 1C: Smear showing giant platelets on a
Leishman stain x 100.

Graphs were plotted to calculate the correlation between the methods as given below:
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Graph 3: Scatter-plot showing correlation between automated method and traditional method.

r=96.3, p=0.001The intra-class correlation co-efficient (ICC) was 0.963 indicating perfect positive correlation.
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Graph-4: Scatter-plot showing correlation between automated method and platelet: RBC ratio method.
r=94.1, p=0.001 The ICC was 0.941 indicating perfect positive correlation.

Sensitivity and specificity of traditional method and platelet: RBC ratio method were calculated in comparison to
automated method. Normal platelet counts and thrombocytosis had been clubbed to calculate the same.

Table-3: Sensitivity and specificity of traditional method and platelet: RBC ratio method compared to automated

method.

Traditional method

Platelet: RBC ratio method

Sensitivity 82.9%

89.8%

Specificity 98.7%

96.3%

The present study showed that there is no significant difference in the platelet counts obtained by the three methods.

Discussion

Giulio Bizzozero, an Italian pathologist is credited with
identifying platelets as an important component of
blood and their essential involvement in the mechanism
of blood clotting at the end of the nineteenth century
[10]. It is a well known fact that an accurate and
reproducible platelet counts are of utmost importance in
day-to-day clinical practice aiding not only in diagnosis
but also in the treatment and prognostication of a wide
variety of diseases [11]. Severe thrombocytopenia
(platelet count <150 x 10/uL) can present as internal
and external bleeding which maybe fatal and require
emergency platelet transfusion. At the other extreme,
thrombocytosis can cause thrombotic events [12].

In infections like malaria and dengue- with
thrombocytopenic patients facing the potential risk of
bleeding- an accurate count is imperative. Platelet count
is also one of the parameters to assess the severity of
dengue [13]. It is also important to prognosticate

patients undergoing cytotoxic therapy for hematological
malignancies. Studies have shown that platelet count is
often reduced than normal in patients of Nonalcoholic
fatty liver disease (NAFLD), thereby providing a
supportive indicator in addition to liver biopsy in these
patients. At present, platelet count is also used for
prognostication of fibrosis and cirrhosis of the liver
[14].

Various principles of doing automated platelet counts
are impedance, optical scattering, optical fluorescence,
and immunologic flow cytometry. The manual phase
contrast microscopy method, although considered the
gold standard was abandoned as it was time-consuming
and not precise at low counts.

Immunological flow reference method also known as
the RBC platelet ratio method replaced the manual
phase contrast microscopy method as the international
reference method (IRM) at the advent of the last
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decade, which has led to greater precision in platelet
counting and has resulted in its extensive use in
laboratories worldwide. [15]. A few limitations of
estimating platelet counts on Leishman stain smears are
improper staining and stain artifacts. To overcome this,
study by Uma Shankar et al [12] has shown that even
the unstained peripheral smears prepared from fresh
blood can be used to evaluate a platelet counts.
However micro platelets are difficult to appreciate and
large platelets resemble WBCs on unstained smears
which must be considered [1]. A major factor
contributing to the accuracy of platelet counts is the
duration of sample storage post collection. The standard
guidelines state that processing of hematological
samples should be done within six to eight hours of
collection, to avoid variations and errors in reporting the
different hematological parameters [16,17]. A study by
Jain et al has shown that platelet counts done on
automated analyzers showed an unacceptable bias even
within less than four hours of sample storage at 33.C for
platelet counts [18]. In the present study, all the samples
were run within a span of five hours from the time of
collection.

Although hematology analyzers provide reliable full
blood counts based on their linearity limits, they are
known to be inaccurate and poorly reproducible at
enumerating platelets in severe thrombocytopenia
which maybe secondary to interference from cells or
materials of a similar size to platelets or due to light
scatter like in the case of fragmented RBCs, microcytic
RBCs, lipemic samples, debris in patients taking
cytotoxic drugs or in the presence of giant platelets or
platelet clumps. According to a study done by Barbara
et al [15]. It was found that majority of the automated
analyzers overestimated the platelet count especially
when the levels were less than 200x10%/uL.
Overestimation of thrombocytopenic platelet counts
may result in the substantial under transfusion of
platelets in high risk patients in need of platelet
transfusion resulting in significant risk of under
transfusion [15].

Therefore manual platelet estimation using various
methods has been commonly used in settings of low
platelet count for microscopically corroborating the
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auto analyzer counts. The evaluation of the peripheral
blood smear till date still constitutes an indispensable
tool in the evaluation of patients with hematologic
disorders [19]. Mn Blood film evaluation offers added
assessment of platelet size, shape, granulation, and can
also be used to analyze platelet aggregation or
satellitism. It is also essential for any standard of care
test to be consistent, and a study carried out by Al-
Hosni et al [11] demonstrated that manual platelet count
estimation is reproducible in trained competent hands
when a standardized methodology is used. In our study
the manual methods were done independently by two
observers and average values obtained were used so as
to keep interobserver bias to the minimum. An average
of interobserver CVs in the range of 10-25% has been
reported in previous studies as against CVs of less than
3% for automated blood counts [20]. A few studies
have suggested the standardization of the manual
platelet count methods in relation to the microscopes
used for doing the counts, the region of the smears
examined on the slides and the laboratory personnel
involved. Also proposals that determination of a
correction factor be performed in each laboratory in
order to improve the accuracy and reliability of platelet
estimates [21].

The present study has shown that manual methods are
reliable to validate the automated counts in routine
practice under standard conditions. In addition essential
that pathology laboratory personals and clinicians who
rely on platelet counts for various scenarios in day to
day practice understand the limitations of the
instrumentation in use and the measurement uncertainty
of automated platelet counters.

However, limitations of the study are a small sample
size and that reproducibility of the manual methods in
case of thrombocytopenia, thrombocytosis and normal
ranges have not been studied independently. Other
aspects that could affect the duplicability of these
methods like platelet volume, underlying disease,
method used to prepare the blood film have also not
been taken into consideration in our study. Larger
sample studies with more stringent criteria are
recommended to throw light on the same.

Our study tries to validate the manual methods for use in circumstances wherein a fully automated hematology analyzer
is not available as is the case usually in primary health care centers or urban health centers .This study comes into
importance in a developing country like India, especially in semi-urban/rural areas where possibly only semi-automated

hematology analyzers are available.

This study reaffirms that manual methods may also be used to validate the analyzers and in rare situations when the fully
automated analyzers shut down and immediate patient care may essentially be based on the platelet counts alone.
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