
COMPLETE BLOOD COUNT (CBC) 
 
             A complete blood count gives important information about the  numbers of cells in the blood, 
especially red blood cells, white blood cells, and platelets.This count helps  diagnose some conditions, 
such as anemia, infection, and many other disorders. Blood  collected  for  these  tests  are  capillary  
or  venous  blood. Complete Blood Count consists in: 
-White blood cell (WBC, leukocyte) count.  
-White blood cell types (WBC differential). The major types of white blood cells are neutrophils, 
lymphocytes, monocytes, eosinophils, and basophils. Immature neutrophils, called band neutrophils, 
are also part of this test. Each type of cell plays a different role in protecting the body.  
-Red blood cell (RBC) count 
-Platelets count. 

Other red blood cell tests that may be done include reticulocyte count counts the number of 
immature red blood cells (reticulocytes) in a blood sample. Generally, only a few reticulocytes are 
present in the blood in relation to mature red blood cells. However, recent bleeding or mature red 
blood cells being destroyed can cause a lot of new reticulocytes made.   

CBCs  may  be performed  either  manually  (microscopic in hemocytometer) or  by  using 
 automated hematology analyzers. 

 
 

 COUNTING RED BLOOD CELLS  
 
 Erythrocyte count is a current clinical exploration. They are incomplete cells, lacking nucleus, 

unable to synthesize proteins which explains the limited lifetime (120 days). It has a biconcave disc 
shape that is the adaptation to O2 transport function (great area for a low volume).  
 
MICROSCOPICAL METHOD 
 
PRINCIPLE: the red cells are counted in a known volume of blood that has been diluted to a known 
proportion. The number of erythrocytes is calculated per mm ³. 

 
MATERIALS REQUIRED: needles, cotton, alcohol, Hayem solution, Thoma counting chamber, 
pipette Potain for collecting and dilution of the blood. Hayem solution is a hypertonic solution 
required to stabilize erythrocytes; it contains:  

                                         Sodium chloride...... 1 g 
                                         Sodium sulphate ....... 5 g 
                                         Mercury dichloride...... 0.5 g 
                                         Distilled water ....... 200 ml 

You can also use saline solution. 
Potain pipette consists of a graduated capillary tube with a bubble 

containing a red pearl. The capillary part under the dilution bubble is divided into 
10 units and upon the bubble the division 101 is marked. The volume of the 
capillary part is 100 times smaller than the volume of the bubble. When the blood 
is drawn to the 0, 5 marks and the diluting fluid to the 101 mark, the dilution of the 
blood is 1/200. The dilution is 1/100 if the blood is drawn to the 1 mark. The 
solution left in the stem of the pipette is not mixed with the solution in the bulb and 
therefore must be discarded before the mixture is placed in the counting chamber. 

The counting chamber is a thick glass slide on which a network with 
known size is marked. The slide is made thus, that by applying a cover glass, 
between the surface on which the network is marked and the cover glass surface, 
there is a space of 1/10 mm height. 

 
  
 

Figure   Potain pipette for erythrocytes 



 
 
           

                          
(a)  

 Figure no.   The counting chamber   (a) front view, (b) top view. 
 
 
       The network of Thoma chamber is a square having an area of 1 mm ² and is divided by 

triple lines into 16 squares with 1/5 mm side. Each such a square (1/5) is subdivided into another 16 
squares with 1/20 mm side. 

                               
 

Figure no.  Network chamber included: the center type Thoma 
 
TECHNIQUE 
1. The counting chamber and the cover glass must be very clean. This is why both of them are 

wiped with clean gauze. The cover glass is then applied on the chamber. 
2. The chamber is put on the microscope scale. The surface of the network will be  brought 

into the optical axis of the microscope. Moving the macrovisa, the objective of the microscope is 
lowered near the surface of the coverglass (the object lens 10X or 20X). 

Looking through the microscope, the objective is raised with the help of the macrovisa till the 
image of the network appears. The chamber is checked to be clean. 

3. The pulp of the finger is disinfected with alcohol and is pricked with sterile needle. The first 
blood drop is wiped away, the blood is drawn up promptly and exactly to the 0.5 (or 1.0) mark and 
diluted immediately (the dilution fluid is drawn up to the 101 mark). If there has been a slight excess 
of blood drawn up, this may be removed by touching the tip of the pipette lightly with a piece of 
gauze. 

4. The pipette tip is closed with the forefinger, the rubber tube (which has been used for 
aspiration) is bent and the pipette is fixed with the thumb. The pipette fixed this way is shaken 
immediately for about 2-3 minutes to facilitate the mixing. The first 2-3 drops from the pipette are 
discarded to eliminate the cell-free fluid from the capillary tube.  



                                            
Figure no.  Loading counting chamber 

 
5. A drop of diluted blood is put at the orifice made by the coverslip and counting chamber. 

The chamber is filled by capillary action, the fluid being allowed to enter in a controlled manner so 
that it spreads slowly and evenly over the entire surface. 

6. Moving the micro visa until the image becomes clear; it is checked if there are air bubbles. 
The procedure must be repeated in this case. 

The chamber is allowed to stand for a few minutes to permit settling of the red cells. 
7. The erythrocytes are counted in 5 squares with the side of 1/5 mm (since each of these 

squares contains 16 small squares, the red cells are counted in a total of 80 small squares - with the 
side of 1/20 mm). The four large squares in the corners and a central large square are counted. For any 
group of 16 small squares, the cells are counted in each small square, including in the count those cells 
that touch any one of the three lines or the single line on the left-hand and the top borders of the 
squares, but excluding those cells that any of the lines on the right-hand and bottom borders of the 
square. The cells are counted in each small square, first from left to the right beginning with the top 
row of four small squares, then from right to the left for the next row, and so on. The number of cells 
for each of the 5 groups of 16 squares is recorded separately and the results are added. 
 

Calculation: 
 
                                            N 
                             X = -------------- 
                                       n x d x v 
 
    N = number of erythrocytes counted 
    n = number of squares read (80) 
    d = dilution (1 / 200) 
    V = volume of a square = 1 / 20 x 1/20 x 1/10 = 1 / 4 000 
 
(X = N x 10 000 / mm ³) 
 

INTERPRETATION 
       Normal values are between:  
• 4 to 5 million / mm ³ for women 
• 5 ÷ 5.5 million / mm ³ for men 
        Physiological changes in the number of erythrocytes are subject to: 
Physiological variations: 
1. Sex. The number is increased at male because the sexual male hormones -testosterone- 

stimulate the erythropoetin secretion and production of proteins. 
2. Age. The new-born baby has a physiological polycythemia in the first 1-3 days after the 

birth. This is a sham polycythemia explained by the fact that the baby does not drink enough milk, but 
in the same time the water is lost through perspiration, urine and a hem concentration occurs. After 6-
12 weeks an anemia is present because of the fetal Hemoglobin (HbF) and this persists until the fifth 
month. 

3. Altitude. The people who live for instance at 5 000 m height (mountains) have 7.0-7.5 mil 
erythrocytes/mm3.The explanation of this increased number of red blood cells is the hypooxia which 
stimulates the erythropoesis. 

4. Exercise. The increased RBC number in the period of exercise is due two mechanisms: 



a) The permeability of the capillaries increases and the water is lost in the interstitium 
(hemoconcentration). 

b) The spleen contracts and throws erythrocytes in circulation (the spleen hematocrit    is 70-
80%) 

5) Digestion. After eating, the water is absorbed in the blood and decreases the RBC number. 
 
Pathological changes 
The increase of the erythrocyte number over 6.0-6.5 mill. /mm3 is called polycythemia or 

polyglobulia-Polyglobulia is of two types. 
a) polycythemia vera - primary polyglogulia. The cause is unknown. The RBC number is high 

increased up to 10-12 mills. /mm3 

b) Secondary polycythemia occurs in the diseases in which there is hypooxia. For instance: 
pulmonary sclerosis, heart failure, intoxications with carbon monoxide. 

The decrease of RBC number under 4.0 mills. /mm3 is called anemia. Anemias are 
functionally classified in two groups: 

a) Aregenerative or hyporegenerative anemias in which the bone marrow diminishes the 
production of RBCs.For instance exposure to X and gamma radiations, deficiency of some plastic 
factors that are necessary for the Hb synthesis, toxic substances 

b) Regenerative anemias in which the bone marrow functions normally. This type of anemia 
occurs after hyperhemolysis or hemorrhages. 

 
 

COUNTING WHITE BLOOD CELLS 
 
        
       The human body has a special system to fight various infections or toxic agents. This 

system is composed of leukocytes and tissue cells derived from leukocytes and work together 
preventing the disease by direct destruction of the infectious agent by phagocytosis and antibody 
forming. Leukocytes or mobile units of the defense system are formed in the bone marrow and 
lymphatic tissue (lymphocytes). They have the ability to identify and destroy foreign body aggressors. 
In the circulatory torrent granulocytes are present 4-8 hours and afterwards they pass in the tissues in 
which their presence is required. 
 

PRINCIPLE: cells (leukocytes) are counted in a known volume of blood diluted in a known 
proportion and it is calculated WBC per mm ³. 

 
MATERIALS REQUIRED: needles, cotton, alcohol, Turk solution, Burker-Turk counting 

chamber, Potain pipette for WBC, microscope. Turk solution is a solution 
required for leukocytes staining and erythrocytes lysis. It contains: 

     Glacial acetic acid ............... 1 ml 
     Distilled water ..................... 100 ml 
     1% methylene blue………….1 drop  
 
Potain pipette for leukocytes consists of a capillary gradual tube and a 

dilution bubble containing a pearl white. Capillary portion is divided into 10 units 
under the dilution bubble and above division 11 is marked. Aspiring blood to 0.5 
or 1 mark and dilution fluid to 11 marks provides a dilution of 1 / 20 and 1 / 10. 

 
        
 
 
 
 
 

Figure no     Potain pipette for leukocytes 



Counting chamber -hemocytometer- is a thick glass slide on which a network with known size 
is marked. The slide is constructed so that by applying the a cover glass, between the surface on which 
the network is marked and the cover glass surface there is a space of 1/10 mm height.        

        Network Burker-Turk chamber has an area of  9 mm ² and is divided into nine squares of 
1 mm by triple lines. Square in the center is the Thoma type: a square is divided into 16 squares (1 / 5) 
and which of these are divided into 16 small squares of side 1 / 20. The four corner squares are divided 
by double lines into 16 square (1 / 5 mm), which is used for counting leukocytes. 
 
TECHNIQUE 

1. Wipe with gauze and apply counting chamber slide 
2. Degrease and disinfect fingertip; prick the fingertip 
3. Delete the first drop of blood, and then blood draws to a division 0, 5 or 1 and complete 

with Turk solution to the division 11;  
4.  Shake the pipette for homogenization;  
5. Discard the first 2-3 drops of diluted blood and loaded chamber (by applying the pipette at 

the edge of blade);  
6. The counting chamber is fixed to a microscope; it clarifies the image handling of visa 

micrometer. 
The leukocytes are counted on 50 square (1 / 5 mm). 
 
   Calculation: 
                                       N 
                      X =------------------- 
                                   n x d x v 
   
   N = number of leukocytes counted 
    n = number of squares read (50) 
    d = dilution (1 / 10) 
    V = volume of a square = 1 / 5 x1 / 5 x1/10 = 1 / 250 
 
       (X = N x 50 / mm ³) 
 
INTERPRETATION 
Normal values: 4000 ÷ 10 000 / mm ³ 
Changes:  
Increasing the number of leukocytes is called leukocytosis and decreased white blood cell 

number is called leucopenia. 
 Physiological variations: 
1) the new-born baby has leukocytosis of 20 000 ÷ 30 000/mm ³ within the first 2-3 weeks; the 

child up to 1 year shows leucocytosis; 
2) in pregnancy, the last two months of pregnancy and the first after birth (20 000 ÷ 30 000 / 

mm ³) leukocytosis; 
3) in the menstruation period an increased number; 
4) exercise: at rest numerous leukocytes adhere to the walls of capillaries and venules, in the 

effort increasing speed of movement, leukocytes are involved in circulatory torrent; 
5) emotions - leukocytosis. 
 Pathological variations: 
-Leukocytosis - adaptive reaction (reversible):  infections, trauma, inflammation 
                        - inadaptative (irreversible): leukemias (over 100,000 / mm³, with immature 

cells) 
-Leucopenia (occasionally the bone produces a small number of white blood cells): 
                   - X-ray or gamma irradiation 
                   - Viral infection: influenza, hepatitis 
                   - Some parasites: malaria. 

 



WHITE CELL (LEUKOCYTE) DIFFERENTIAL COUNT 
 
       
       Leukocytes are divided into:  
I. Granulocytes which contain granulations in the cytoplasm named incorrectly in the past 

polymorph nuclear leukocytes (PMNs) for the reason that they should be provided with more nuclei; 
in fact they have only one polylobated nucleus. According to the affinity for acid or basic dyes, the 
granulocytes are grouped in:  neutrophils, eosinophils, basophils. 

II. Mononuclear leukocytes: monocytes, lymphocytes. 
The differential count of white cells on stained smears represents the percentage 

corresponding to each class of white cells from the total number of white cells counted. Observation: 
Since the differential count concerns only the leukocyte series, the number of white cells is recorded 
separately from other nucleated forms. In recording results, the number of each class of leukocytes is 
also expressed as a percentage of the total number of leukocytes counted. 

To recognize the different leukocytes, first blood smear have to be stained using the Giemsa's 
method. The Giemsa's stain is a neutral one because it is a mixture of two dyes, an acidic and a basic 
one (eosin is acid and methylene blue is basic).  

MATERIALS 
Methyl alcohol, Giemsa solution, cotton, alcohol, gauze, glass slides, sterile needles, distilled 

water, microscope, immersion oil  
Work Technique. 
1) With usual aseptic precautions, fingertip is pricked. 
2) First blood drop is discarded by wiping it with sterile dry gauze. 
3) A drop of blood is placed on a slide, and using a second slide, is spread evenly over 

the surface of the glass in a thin film 
 
 

  
            Figure  
 
 
4) The smear prepared is allowed to dry. 
5) The smear is fixed for 5 minutes with methanol. 
6) Diluted Giemsa stain is put over the blood smear to cover it fully. Stain is kept for 20-

30 minutes.  
7) The blood smear is washed with distilled water. 
8) Slide is allowed to dry. 
9) The smear is visualized under oil immersion. 
  
The different WBCs are identified from their characters such as size, nucleus, presence or 

absence of granules in the cytoplasm. Size of WBC is compared to that of RBC which is 7-8.5µm. 
There are counted between 200 and 400 WBCs and then the count is converted as percentage. 
Differential WBC count can be expressed  by relative (%) and absolute values (/mm3). 

 
  



                          
 

                                         Figure no. Leukocyte types on blood smear 
 
1. RBCs (erythrocytes) are pink, almost round, with the edges well outlined, being a bit light-

colored in the middle due to the depression in the central zone. The diameter 7-8.5 µm. 
2. Neutrophils have a diameter of about 12 to 15 mm, polilobed nucleus, cytoplasm has 

granulations turns violet (affinity for acid and basic dyes). Granulations are lysosomes containing over 
30 types of enzymes able to degrade foreign substances embedded. Because of this content play an 
essential role in the destruction of microbes. The lobes number depends on the age of the cell. 
According to Arneth, the number of lobes increases in the same time with the age of the cell. Band 
neutrophils or unsegmented neutrophils are called the young neutrophils having a nucleus with a 
single or maximum 2 lobes and they are less than 4% of circulating neutrophils. Segmented 
neutrophils are called the cells with 3 or more lobes of the nucleus. If young blood elements 
predominate is considered deviation on left white blood cell counts, if are highly mature elements, the 
deviation is to the right. 

3. Eosinophils have a diameter around 13 to 15 mm, contain coarse shining red granules in the 
cytoplasm, the nucleus is usually bilobated. The cytoplasm is basophil, but it is not seen because of the 
multitude of the granulations. They destroy parasites and detoxify foreign proteins in the body arrived. 
They are stationed in large numbers in the intestinal mucosa and lung (input). 

4. Basophils have a diameter of 10 ÷ 12 mm, three-lobed nucleus. Granulations unequal, often 
conglomerated and intensely blue colored. Their function is mainly secretory: histamine, chemo tactic 
factors for eosinophils. 

5. Monocytes have a diameter between 15 ÷ 24 mm. The nucleus has a deep depression on one 
side, which gives it a kidney shape (bean shape). The cytoplasm is bluish-gray and contains fine red 
granules contain numerous enzymes that gives it a ground glass appearance. Due to high enzyme 
content they have a strong phagocytic activity: germs, viruses, antigen-antibody complex, cellular 
debris, tumor cells, and mineral powders. 

6. There are small lymphocytes (diameter about 8 µm) and about 10% are large lymphocytes 
with a diameter between 12-14 m. Their nucleus is large, round, almost completely filling the cell. The 
thin rim of blue cytoplasm surrounding the nucleus has no granules. 

 
  
INTERPRETATION 
 
Normal values are: 
Neutrophils 60-65%  
Eosinophils 1-3%  
Basophils 0.15-0.5%  
Monocytes 4-8%  
Lymphocytes 25-35% 



Band neutrophils = maximum 10% from segmented neutrophils = 2-6% 
 
Variations are: 
1.Neutrophils: 
a)Neutrophilia — increased neutrophils in: 
• bacterial infections 
• tissue breakdown: burns, trauma, myocardial infarct, tumors 
          •   blood diseases: leukemia, hemorrhage 
  
b) Neutropenia — low neutrophil number 
• viral infections: hepatitis, measles, mumps 
• bacterial infections: typhoid fever, brucellosis, septicemia 
• parasitic infections: malaria 
• bone marrow insufficiency 
• radiation 2)Eosinophils: 
a)Eosinophilia = increased eosinophils 
• parasitic infections: trichinellosis 
• allergic diseases  
b)Eosinopenia—reduced neutrophils 
• ACTH, glycocorticoids administration 
• stress 
3)Basophils: increased basophils number occurs in granulocytic and basophilic leukemias 
4)Monocytes: the monocytes are increased in 
• viral infections: infectious mononucleosis, chickenpox, mumps 
• bacterial infections: tuberculosis, sub acute endocarditis 
• other diseases: malignant tumors, monocytic leukemia, liver cirrhosis 
5) Lymphocytes: 
a) Lymphocytosis: 
• normal in children up 5 years old, there is a physiological lymphocytosis up 50% 
• viral infections: virus pneumonia, hepatitis, measles mumps 
• bacterial infections: tuberculosis, syphilis, healing infections 
• lymphatic leukemia 
b) Lymphopenia: 
• lymphatic system and blood diseases: Hodgkin disease, lupus 
• ACTH, glycocorticoids administration. 
 
 

RETICULOCYTE COUNT 
 
INTRODUCTION 
Reticulocytes are immature RBCs that contain remnant cytoplasmic ribonucleic acid (RNA) 

and organelles such as mitochondria and ribosomes. A reticulocyte count (also known as a retic count, 
reticulocyte index, or corrected reticulocyte) is a measurement and percentage of how many 
reticulocytes are in the blood.  It is a mandatory exploration for diagnosis of anemia; it’s able to 
determine if the bone marrow is functioning properly and responding adequately to the body's need for 
red blood cells (RBCs), can  help to detect and distinguish between different types of anemia or to 
monitor response to treatment, such as that for iron-deficiency anemia. In addition, it’s useful to 
monitor bone marrow function following treatments such as chemotherapy and to monitor function 
following a bone marrow transplant.     

PRINCIPLE 
Reticulocytes are visualized by staining with supravital stains (methylene blue or brilliant 

cresyl blue) that precipitate the RNA and organelles.  These stains cause the ribosomal and residual 
RNA to coprecipitate with the few remaining mitochondria and ferritin masses in living young 
erythrocytes to form microscopically visible dark-blue clusters and filaments (reticulum). A 
reticulocyte count can be obtained manually by placing a drop of blood on a slide, making a smear, 



staining it, and examining it under a microscope. The number of reticulocytes is compared to the total 
number of RBCs and is reported as a percentage of reticulocytes. Most often, however, a reticulocyte 
count is performed with an hematology analyzer and can be done simultaneously with a CBC, which 
includes an RBC count, hemoglobin and hematocrit. Either an absolute number of reticulocytes and/or 
a percentage of reticulocytes can be reported. 

PROCEDURE (MANUAL RETICULOCYTE COUNT PROCEDURE) 
(1) Place 3 or 4 drops of new methylene blue and 3 or 4 drops of blood (venous or capillary) in 

a small test tube. 
(2) Mix the tube contents and allow to stand for a minimum of 15 minutes. This allows the 

reticulocytes adequate time to take up the stain. 
(3) At the end of 15 minutes, mix the contents of the tube well. 
(4) Place a small drop of the mixture on a clean glass slide and prepare a thin smear. 
(5) Allow smear to air-dry. 
(6) Place the slide on the microscope stage and, using the low power objective, locate the thin 

portion of the smear in which the red cells are evenly distributed and are not touching each other. 
(7) Switch to oil immersion magnification and count the number of reticulocytes in 5 fields of 

200 RBCs. 
Calculation  
                    Reticulocyte count (%) = number of  retics counted/10 
INTERPRETATION 
Both a relative percent retics and an absolute retics are reported: 
 a. Relative number - # of retics in total of 1000 RBC's = percent (%). 
 b. Absolute number - retics % x the RBC count/cmm = thousands/cmm 
Reference Interval 
                       Relative             Absolute 
Adult Males: 0.5 - 2.5%        18-158 x 10 /L9 
Adult Females: 0.5 - 4.0 %      18-158 x 10 /L9 
Newborn: 1.8 - 8.0%               220-420 x 10 /L9 
 
High reticulocyte levels could indicate: 

• acute bleeding;  if someone has chronic blood loss, then the number of reticulocytes 
will stay at an increased level as the marrow tries to keep up with the demand for new 
RBCs 

• chronic blood loss 
• hemolytic anemia 
• kidney disease 
• Erythroblastosis fetalis, also called hemolytic disease of  newborn 

 
Low reticulocyte levels could indicate: 

• iron deficiency anemia 
• folic acid deficiency 
• aplastic anemia 
• radiation therapy 
• cirrhosis of the liver 
• kidney disease 
• vitamin B12 deficiency 
• bone marrow failure (caused by drug toxicity, an infection, or cancer) 

When an individual does not have anemia, or has a high RBC count (polycythemia), a high 
reticulocyte count may indicate an overproduction of RBCs. Some conditions that may cause this 
include: polycythemia vera, tumor that produces excess erythropoietin, newborns, may be high during 
pregnancy, people who move to higher altitudes. 

In order to get a more accurate assessment of bone marrow function, a calculation called a 
corrected reticulocyte count or reticulocyte index (RI) may be reported. The RI is calculated by 



comparing the person's hematocrit with a normal hematocrit value. Other calculations that may also be 
reported include the reticulocyte production index (RPI) and an immature reticulocyte fraction (IRF). 
 

 

 
       
 
Figure  Reticulocytes along with ringed sideroblasts in the bone marrow smear 
 
 
 
 
 
 
 
 
 
 
 
 
 

 


