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Differential WBC count

Introduction & principle: The differential WBC count is performed to determine the relative number of each type of WBC in the blood. In disease states a particular white blood cell type shows increase in number in the blood.
Methods: Manual method and Electronic cell counter
Materials and instruments of manual method:

· Whole blood using EDTA as anticoagulant or capillary blood drawn from a finger or toe puncture.
· Glass slide
· Microscope
· Alcohol 70%
· Lancet
· Leishman's stain – it's composition:
· Leishman's stain       0.15 g
· Methyl alcohol         100 ml
· Titrate Leishman's stain with 100 ml methyl alcohol (acetone free). Filter and keep well stoppered}
· Immersion oil and 100x lense.
· Differential cell counter 
Procedure

Prepare the blood smear
· Clean two slide, one to be covered with the blood film and one to be used as spreader.
· Clean the finger with alcohol, allow it to dry and then prick it with a disposable lancet to obtain a drop of blood.
· Make a fine touch of one end of a slide with the drop of blood (only a small amount is required).
· Place the edge of the other slide on the surface of the first slide just in front of the drop of blood and at an angle of 45˚.
· Draw the spreader back until it makes contact with the drop of blood.

· Push the spreader slowly and smoothly to the other end of the slide.
· Allow the film to dry at room temperature i.e. the blood smears should be air-dried
· They should be also labeled immediately with the student's name and the date at the end of slide.
Staining the blood smear by:-
· Put the dried slide on a staining rack.
· The blood smear should be stained as soon as possible certainly within 1 to 2 hours.
· Carefully drop Leishman's stain onto the blood film until the film is covered.
· Allow the stain to act for one to two minutes.
· Add distilled water to the stain and mix by blowing, this gives dilution of 1:1 or 1:2
· The diluted stain should act for 15-30 minutes
· Then wash it off with distilled water, continue washing until the film has a pink color.
· Shake off excess water and allow it to dry at room temperature 
Examination of the stained smear
· For examining the blood smear a microscope with a low-power objective (10 x) and an oil immersion objective (100 x) is necessary.

· Place the slide (smear side up) on the microscope stage.
· Examine the blood smear using the low power (10 x) objective. Choose an area where there are plenty of WBCs. This area is usually located near the wedge shaped end of blood smear.
· Place a drop of immersion oil on the selected site and carefully change to the oil immersion objective (100x)
· Perform the differential cell count and, at the same time examine the morphology of the WBCs.
Calculation: Count each WBC seen and record on a differential cell counter until 100 WBCs have been counted. For instance if 25 of the 100 WBCs where lymphocytes, then the percentage of lymphocytes is 25%.
The normal range of the different types of WBCs is as follows: 
	Cell type
	Percentage
	Number

	Neutrophils
Eosinophils
Basophils 

Monocytes 
Lymphocytes           
	50-70%

1-4%

0.4%

2-8%

20-40%
	3000 – 6000

150 – 300

0 – 100

300 – 600

1500 - 4000

	Total 
	100
	4000 – 11000/uL


Neutrophils:
· Stain with neutral dyes, phagocytic, the most abundant of the leukocytes (62% of WBCs count), often referred to as "band" and "segmented“
· "Neutrophilic leukocytosis" is an increase in neutrophils
· "Neutropenia" is a decrease in neutrophils
Common Causes of Neutrophilic Leukocytosis (increased neutrophils):
· Infections (especially) bacterial 
· Inflammatory disorders (non-infectious) rheumatic fever, collagen disease, rheumatoid arthritis, vasculitis, pancreatitis & thyroiditis.
Causes of Neutropenia (decreased neutrophils):

· This is seen in any acute insult to the body (both infectious and non-infectious).
· Familial benign neutropenia (often with monocytosis up to 50%) 
· acute viral infections 
· anorexia nervosa (starvation) 
· some bacterial or protozoal infections
Eosinophils

· These normally make up 2 - 3% of WBC count Stain with acid dyes. 
· Eosinophilic leukocytosis (increase in Eosinophils), Eosinopenia indicates a decrease in Eosinophils.
Causes of Eosinophilic Leukocytosis:

· Allergies (most common)
· parasites (second most common cause)
· other disease states:- scarlet fever, acute rheumatic fever , irradiation, rheumatoid arthritis, tuberculosis.
Causes of Eosinopenia:

· stress (acute or chronic)
· acute shock 
· major pyogenic infections 
· trauma & surgery 
·  endocrine ACTH, epinephrine, intermenstrual period ,diurnal variations, acromegaly. 
· drugs corticosteroids
Basophils (make up 0.4% of WBCs).

Causes of basophilia include:
· allergic reactions 
· chicken pox 
· chronic hemolytic anemias 
· Hodgkin's disease status
· drugs estrogens antithyroid medications
· Basopenia: A rapid decrease in basophils is associated with an anaphylactic     reaction 
Monocytes

Develop in bone marrow

· Migrate into inflammatory exudates
· Monocytosis seen in chronic inflammatory disorders
· Monocytes can migrate out of the bloodstream and become tissue macrophages under the influence of cytokines.   
Monocytosis (increased monocytes) 

· Recovery phase of acute infection                     

· Chronic inflammatory disorders tuberculosis, syphilis, brucellosis, Crohn's disease, sarcoidosis, ulcerative colitis, systemic lupus, rheumatoid arthritis & polyarteritis nodosa. 
· Hematologic neoplasms
· Drugs carbon, disulfide poisoning & phosphorus.
Lymphocyte (make up 30% of WBC count) 

Lymphocytes develop in: thymus (T-cell lymphocytes), lymph nodes, bone marrow (B-cell lymphocytes). Lymphocyte produces specific antibodies in response to antigens 
Lymphocytosis (increased number/percentage of lymphocytes):

· Relative : Total number of circulating lymphocytes unchanged but WBC count low due to neutropenia. "Relative lymphocytosis" is normal in infants and children (aged 4 months - 4 years  
· Absolute: Number of lymphocytes increases 
Mild to moderate lymphocytosis associated with

· Viral infections with exanthema, such as measles, rubella, chicken pox.
· Bacterial infections if associated with leukocytosis; indicates chronic infectious state; brucellosis, typhoid, paratyphoid fever, tuberculosis & syphilis.
Severe lymphocytosis (80-90% mature lymphocytes) occurs in the following conditions:
· Lymphocytic leukemia (most common) 
· Infectious diseases (often with leukocytosis) pertusis, infectious mononucleosis.
· Poisonings by lead, carbon, disulfide.
Lymphopenia (decreased number of lymphocytes):

· Characteristic of AIDS

· Acute infections 
· Hodgkin's disease 
· systemic lupus 
· renal failure 
· carcinomatosis 
· Drugs: corticosteroids, lithium…etc. 
· radiation (lymphocytes most sensitive to whole-body irradiation 
Notes :  

1. The numbers of leukocytes changes with age and during pregnancy a follows: 

· On the day of birth, a newborn has a high white blood cell count, ranging from 9,000 to 30,000 leukocytes. This number falls to adult levels within two weeks. 
· The percentage of neutrophils is high for the first few weeks after birth, but then lymphocyte predominance is seen. Until about 8 years of age, lymphocytes are more predominant than neutrophils. 
· In the elderly, the total WBC decreases slightly. 
· Pregnancy results in a leukocytosis, primarily due to an increase in neutrophils with a slight increase in lymphocytes. 

2. Leukopenia occurs when the WBC falls below 4,000. Viral infections, overwhelming bacterial infections, and bone marrow disorders can all cause leukopenia. Patients with severe leukopenia should be protected from anything that interrupts skin integrity, placing them at risk for an infection that they do not have enough white blood cells to fight. For example, leukopenic patients should not have intramuscular injections, rectal temperatures or enemas.
3. Leukocytes: critical low and high values 
· A WBC < 500 makes the patient at risk for a fatal infection. 
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A WBC > 30,000 indicates massive infection or a serious disease such as leukemia.
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Neutrophils 

nucleus with several lobes and fine purple granules in the cytoplasm. 
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Eosinophils 

large granules that can be stained bright red with an acidic dye - e.g. eosin. 

most often bi-lobed nuclei. 
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Basophils 

multi-lobulated nuclei and large granules which stain blue with basic dyes. 
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Lymphocytes 

can be large or small. 

spherical with very large nucleus taking up most of the cytoplasm. 

The cytoplasm has no granules. 
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Monocytes 

large cells. 

large indented nuclei, often kidney-shaped 

very fine cytoplasmic granules. 
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