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Abstract

This white layer of nucleated cells that appears between the red sediment layer at the bottom and the plasma at the top after cen-
trifugation of anti-coagulated blood is also called buffy coat. A WBC differential provides information about percentage or absolute 
value of the different types of white blood cells (Neutrophils, Eosinophils, Basophils, Lymphocytes and Monocytes) and is usually 
performed in a peripheral blood smear. Differential count can be performed on buffy coat smears in case of leukopenic patients. The 
aim of this study is to compare the WBC differential count estimated in smears prepared from peripheral blood and buffy coat from 
20 normal healthy individuals and analyse the main difference in the results obtained from these two methods. The number of neu-
trophils and lymphocytes were higher in buffy coat smear compared to peripheral smear method. Cells in buffy coat smear showed 
morphological distortion and clustering in a dirty background with cell debris. The leukocyte distribution and morphological appear-
ance is different in buffy coat smear when compared with traditional peripheral smears. 
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Introduction
White blood cells (WBCs), also known as leukocytes, are im-

mune cells produced from the bone marrow, residing in blood 
and lymphatic circulation with the function of protecting the body 
against infections. The name “white blood cell” is derived from the 
physical appearance of a thin middle layer obtained after density 
gradient centrifugation of anti-coagulated blood [1]. This white 
layer of nucleated cells that appears between the red sediment 
layer at the bottom and the plasma at the top is also called buffy 
coat. WBCs make up around 1% of all blood cells. There are 5 ma-
jor types of white blood cells: Neutrophils, Eosinophils, Basophils, 
Lymphocytes and Monocytes with specific functions [2]. 

A WBC differential provides information about percentage or 
absolute value of the different types of white blood cells (Neutro-
phils, Eosinophils, Basophils, Lymphocytes and Monocytes) and 
also about abnormal cells if present. These results are compared 
against reference ranges to determine whether the values are nor-
mal, low, or high. A variation in WBC differential count helps to de-
termine various conditions such as autoimmune diseases, immune 
deficiencies, infections and blood disorders. It also forms impor-
tant diagnostic tool to monitor the effectiveness of chemotherapy 
and radiation in patients with cancer [3]. 

Buffy coat layer, mainly consisting of WBCs and platelets, is used 
for the detection of parasites [4], abnormal cells and extraction of 
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high quality DNA for research purpose [5]. Buffy coat can also be 
used to perform differential count, in cases with extremely low 
WBC count when automated and traditional differential count is 
difficult. 

Aim of the Study
The aim of this study is to compare the WBC differential count 

estimated in smears prepared from peripheral blood and buffy 
coat and analyse the main difference in results between these two 
methods.

Materials and Methods
Sample collection 

From 20 healthy individuals of 18-20 age group, 3 -5 ml of blood 
was collected in EDTA bottles by venepuncture. Smears were di-
rectly prepared on clean glass slides using a drop of well mixed 
blood from the EDTA added blood samples.

Using a Pasteur pipette, 1 ml of blood was filled in Wintrobe 
hematocrit tube without any air bubbles and was centrifuged at 
1000g for 6 minutes for getting the buffy coat layer [6]. The plasma 
layer was removed using the Pasteur pipette. The buffy coat layer 
was separated using the Pasteur pipette and transferred on to a 
Petri plate containing a 5 drops of plasma.

Smear preparation and staining

Smears were prepared on clean glass slides from the separated 
buffy coat. Leishman stain was performed as per standard protocol 
on both peripheral blood and buffy coat smears after proper drying 
[7]. The stained slides were focused using oil immersion objective 
of microscope. Hundred cells were counted from about twenty se-
quential fields in the tongue end of the smear were used to obtain 
the differential counts from both the smears. 

Quantification and statistical analysis 

The number of neutrophils, lymphocytes, eosinophils, mono-
cytes and basophils were counted and compared between smears 
prepared from buffy coat and peripheral blood. Students t-test was 
performed and p-value of lower than 0.5 was considered as pres-
ence of significance difference between the results from buffy coat 
and peripheral blood.

Observation and Results
Figure 1 Smears from peripheral blood and buffy coat layer. 

Peripheral blood smears contain RBC in the background while 
buffy coat smears have cellular remains at some places in the back-
ground. 

Figure 1

General observation 

The distribution of cells in peripheral blood smear was differ-
ent from that of buffy coat smear. Morphologically distorted WBCs 
were more observed on the feathered end of buffy coat smears. 
Large clusters of WBCs were also seen on the buffy coat smear. The 
background were clearer in peripheral smears when compared 
with buffy coat smear. Buffy coat smears presented swollen or en-
larged cells with occasional debris.

Differential count 

The number of neutrophil, lymphocyte and monocyte was 
higher in buffy coat smear compared to peripheral smear method. 
Percentage of Basophils and Eosinophils showed similar results in 
smears prepared from buffy coat and peripheral blood. 
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Percentage 
Cell types

Direct Smear 
(average)

Buffy coat smear 
(average)

Neutrophil % 58 43
Eosinophil % 3 3
Basophil % 1 1
Monocyte % 5 7
Lymphocytes % 33 46

Table 1

There was no significant difference between the number of 
monocyte (p-value = 0.13), eosinophil (p-value = 0.72) and baso-
phil (p-value = 0.86) in the results obtained from two methods. 
However, the number of neutrophils (p-value = 0.0034) and lym-
phocytes (p-value = 0.0021) were significantly higher in smears 
prepared from buffy coat when compared with peripheral smears.

Figure 2

Discussion
WBC differential count helps to detect qualitative and quanti-

tative abnormalities in different subsets of leukocytes [8]. An in-
crease in the number of leukocytes over the upper limits (called 
leucocytosis) is associated with conditions like bacterial infection, 
inflammatory diseases (arthritis, inflammatory bowel disease), 
leukaemia, trauma, use of steroids etc. A decrease below the lower 
limit (called leucopoenia) are usually associated with drug allergy, 
immune system disorders, low bone marrow function, side effects 
of chemotherapy or radiation therapy and viral infections [9]. 

There were significant difference in the distribution in the 
proportion of neutrophils and lymphocytes in buffy coat smear 
compared to peripheral smear in a previous study which was per-
formed to interpret the buffy coat smear from patients with leu-
kopenia [10]. In cases of leukopenia the preparation of buffy coat 
is simple and reproducible and provides reliable results [11]. If an 
automated differential count is flagged and a normal peripheral 
smear fails to reveal enough cells to count, buffy coat smear pro-
vides precise and accurate differential counts in low count samples 
[12]. Buffy coat smear have greater number of cells concentration 
per unit area and cells can be easily observed and counted in cases 
of samples with neutropenia, eosinopenia and lymphopenia [13]. 
Furthermore, preparing buffy coat smear increases the chance of 
detecting parasites like Plasmodium, trypanosomes, microfilariae 
and even loa loa. Preparation of buffy coat enables to concentrate 
the malarial parasites 3.24 times more than in normal peripheral 
smears [14]. 

However the buffy coat sample having no control or reference 
range and hence is usually considered to represent a manipulated 
result of the actual differential count. The cells in buffy coat smear 
display various morphological abnormalities and distortion even 
in blood from normal persons [15]. Our studies also showed more 
distorted cells and lysed cellular content in the background of buffy 
coat smear when compared to the peripheral smear. The spatial 
and temporal distribution tends to be uneven in the buffy coat 
smear making the reliability of differential count doubtful. This 
can be overcome to some extent by mixing appropriate volume 
of plasma with the buffy coat before making a smear on the clean 
glass slide [13]. But similar cells tend to crowd or aggregate in a 
buffy coat smear as confirmed by studies long back [16], which is 
the reason behind the clusters seen in the buffy coat smear.

Conclusion
The leukocyte distribution and morphological appearance is 

different in buffy coat smear when compared with traditional pe-
ripheral smears. There is significant numerical variation in number 
of cells such as neutrophils and lymphocytes which are compara-
tively more in blood circulation compared to cells like eosinophils 
and basophils.
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