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White Blood Cells 

White blood cells, also called leukocytes or white corpuscles, are a part of the blood. Their main function is to participate in the immune system, in the immune response. In the blood, they are much less numerous than the red cells. The density of the leukocytes in the blood is 5000-7000/mm3. Leukocytes are classified into mononuclear and polynuclear cells. Each group includes various types of leucocytes with specific properties. They differ in size, shape, type of nucleus, appearance of cytoplasm and especially in their function. The numerical representation of different kinds of leukocytes is typical for certain conditions and diagnoses. Incidence of young forms of leukocytes may indicate haematological malignancies. 

Types of Leukocytes

There are several different types of leukocytes. They are classified into two groups, granulocytes and agranulocytes, based on the presence or absence of granules in the cytoplasm and the shape of the nucleus. Some of them have granules in their cytoplasm and are, therefore, called granulocytes. Granulocytes, the most numerous of the white cells, are also key mediators of allergy and other forms of inflammation. All cells are colorless, so to visualize them under the microscope, they are stained with different dyes. On the basis of how their granules take up dye in the laboratory, granulocytes are subdivided into three categories: neutrophils, eosinophils, and basophils. 
Apart from these granulocytes there are two types of agranular leukocytes. These are lymphocytes and monocytes. They are characterized by the absence of granules in their cytoplasm, which distinguishes them from granulocytes. 

Granular leukocytes (granulocytes)
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Neutrophils, the most numerous of granulocytes, are born in the bone marrow. They circulate in the blood for 6-10 hours, and then enter the tissues. They are motile, and phagocytic and will destroy damaged tissue and bacteria. They self destruct after one burst of activity. 
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Eosinophils are the largest of granulocytes. They are important in the defence against allergens and parasites, and are thought to be involved in the detoxification of foreign proteins. 
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Basophils are the rarest of the WBCs. They contain the anticoagulant, heparin histamine and serotonin. They play an important role in allergic reactions and inflammatory responses. 
Nongranular leukocytes (agranulocytes)
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Monocytes are the largest of the leukocytes. When monocytes leave the bloodstream and move into tissues, they enlarge and become macrophages, which engulf microbes and cellular debris. 
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Lymphocytes are divided into three major groups: T cells, B cells, and natural killer  (NK) cells. T and B cells are major players in adaptive immunity. NK cells make up a small percentage of lymphocytes and are part of innate immunity. Cellular immunity is accomplished by two types of lymphocytes: T cells, so named because they develop in the thymus, and NK cells which develop in both the bone marrow and the thymus.
How can leukocytes be distinguished? 
There are many ways of distinguishing leukocytes, e.g. with a microscope, or using cytochemical method. The most widely used method of distinguishing leukocytes is using haematology analyzer. It is suitable to combine these methods to improve precision of the result and to make the work of the haematologist easier.
Morfologické metody mikroskopicky

Although modern haematological analyzers are used to determine differential leukocyte budget, the manual setting by using a microscope remains the basis of good work in a haematological laboratory. The principle of determination consists in drawing blood to the test tube with anti-coagulable solution K3EDTA. 

Subsequently a blood smear is put on a glass slide. The next step is colouring by combination of colours Giemsa Romanowski and May-Grünwald and fixation of the paint in solution of methanol. Finally, the blood smear is assessed under a microscope. 

The advantage of the microscopic method is the possibility to assess potential pathology of individual cells, such as hypo or hypersegmentation, vacuolation, disturbances in dyeability, toxic granulation, various forms of reactive cells etc. Pathology of this kind cannot be recognized by most of the analyzers. This examination is, however, very time-consuming, and therefore analyzers were developed.   
Determination by basic cytochemical methods.
These methods are used to prove specific enzymes, which are contained by various types of leukocytes. Determination of alkaline phosphatase in leukocytes is most commonly used in haematology. Tests of myeloperixidase and acid phosphatase are primarily used for differentiation between myeloid and lymphoid tumors.
The assessment of differential number of leukocytes in analyzers

Nowadays, with the development of science and technology modern haematological analyzers are used to determine differential leukocyte budget. The analyzers are mostly automatic and their advantages are faster pace of analysis, accuracy, reliability and need of only small volume of sample. There are more laboratory methods that are used for blood counts in a common haematological laboratory. The following methods are used to determine the differential leukocyte budget: VCS system, the flow cytometry method, MAPSS, the Perox Method.
VCS system – What does thes abbreviation mean?
VCS means volume, conductivity, scatters.
This method uses electrical impedance and laser beam to identify cells. Cells pass individually through the low-frequency electric field and high-frequency alternating current. Then the cells are irradiated by the laser beam and according to the scattering of the laser light the cells are differentiated into different populations.

A flow cytometry method

Flow cytometry uses the principles of light scatter at different angles. The process begins with a population of single cells which are injected into a stream of fluid to the laser beam for examination.  Specialized software analyzes the data gathered to discover cellular properties such as size, internal complexity, phenotype, and health. This capability - measuring several parameters of tens of thousands of single cells is a matter of minutes.

.
The M.A.P.S.S (Multi Angle Polarised Scatter Separation) technology
The system is based on the flow cytometry, the so-called MAPSS technology. Again analyzer uses a laser beam to detect cells. The beam passing through the cell's internal structure is dispersed and captured by the detector in four spatial angles.

The „Perox“ Principle
The method by which the presence of myeloperoxidase is detected in order to define and identify the types of leukocytes. It uses the ability of absorption of the laser beam by myeloperoxidase.
Analyzer
Haematology analyzers are computerized, highly specialized machines that count the number of different types of red and white blood cells, blood platelets, haemoglobin, and haematocrit levels in a blood sample. They include programmable automated alarm systems for indicating results outside the reference range.
Digital morphology
The microscope is connected to a computer that differentiates pathological cells from normal ones by computer memory. The software detects cells according to previous morphology and accordingly classifies them in different populations.

What to say in conclusion?

My task was to create a separate database of individual types of leukocytes and also to describe and summarize the currently available methods for resolution of leukocytes in the laboratory. Haematology analyzers gradually improve can evaluate more and more parameters and can be used to establish an increasing number of samples. Despite the great progress of technology, there still remains a part of CBCs that must be evaluated microscopically. Analyzers are not yet able to identify immature or abnormal cells, and therefore the work of a haematologist is irreplacable. 
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