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Blood Components

Hematopoiesis refers to the production of blood cells and platelets.  Whole blood is composed of fluid and cells.

The cellular portion is made up of red blood cells (erythrocytes) white blood cells (leukocytes) and platelets (thrombocytes)

All blood cells arise from the same stem cell.  In response to various chemical messengers, called cytokines, the stem cells begin to differentiate into one of two types, myeloid or lymphoid.  Further differentiation in response to additional cytokines results in forming cell types.  The primary cytokine responsible for erythrocyte production is erythropoietin (EPO) 

The myeloid line differentiates into erythroblasts which become erythrocytes, megakaryoblasts, which become platelets, and the myeloblast, which become granulocytes and monocytes.

The lymphoid line differentiates into lymphoblasts which become lymphocytes.

Erythrocytes: Normal morphology features vary among different species.  Normal canine erythrocytes are biconcave disk shaped and have a distinct central pallor.  Feline erythrocytes are round with no central pallor

Rouleaux formation is a group of erythrocytes in stacks.  This can be a sign of increased fibrinogen or globulin concentration.  It can also be an artifact seen in blood that is held too long before preparing the blood slide or in blood that has been refrigerated.

Agglutination, which appears as rouleaux, occurs in immune-mediated disorders.  An antibody coats the cell causing bridging or clumping.  If you add a drop of saline to a drop of blood rouleaux formation will disperse and agglutination will not.

Abnormalities in Erythrocytes

Anisocytosis: Variation in Size

Anisocytosis may indicate the presence of macrocytes (large cells) and/or microcytes (small cells).  The presence of macrocytes can occur in animals with regenerative anemia.

The presence of microcytes may be seen with iron deficiency.

Polychromasia: Variation in Color

Polychromatic erythrocytes exhibit a bluish tint.  The tint is due to a small amount nucleus retained in the cytoplasm.  These are young cells and may appear as a reticulocyte. 

Hypochromasia is a decrease in color, due to a decreased staining intensity caused by insufficient hemoglobin within the cell.  Iron deficiency is the most common cause.  Hypochromatic should be differentiated from cells with the center “punched out”.  A punched out appearance can be an artifact due to improper smear technique. 

Hyperchromatic refers to cell that appears darker than normal cells.  This gives the appearance that the cell is over saturated with hemoglobin.  The erythrocyte has a fixed maximum capacity for hemoglobin and over saturation can NOT occur.

Poikilocytosis: Variation in Shape

Poikilocytosis is a major deviation in the normal shape of the erythrocyte.  The term poikilocytosis is an umbrella term that is used for any and all abnormally shaped erythrocytes and does not suggest a specific diagnosis.

Leukocytes

Neutrophil: front line in battle
These are usually the most numerous leukocytes in the blood and are primarily responsible for fighting infections.

Segmented neutrophil: Mature cells that have a segmented, irregular shaped nucleus.

Band Neutrophil: An immature cell characterized by a horseshoe shaped nucleus.

Hyper-segmented neutrophil: A ‘senior’ cell that is characterized by having 5 or more ‘lobes’ in the nucleus.

The neutrophil is the first line of defense against invaders.  The entire population of neutrophils is replaced approximately 2 ½ times per day.

In times of trauma or bacterial invasion, the body calls the neutrophils to accumulate at the site of the injury or infection. The neutrophils form a barrier between the body and the infection.  The neutrophils will then call the rest of the leukocytes to help.  The neutrophil eats and digests foreign bacteria (phagocytosis).  Neutrophils can only live about 4 days in tissue, after that they will be replaced by mainly monocytes.

Lymphocyte: guard dog of the body
These are the second most common leukocyte in the blood and their primary function is immune regulation.  In the mature cell, the nucleus is round and occupies most of the cell.  These cells will be slightly smaller than neutrophils.

There are two types of lymphocytes.

Long lived lymphocytes that can survive for years.  These are also called T-cells and they have the capacity to initiate cell mediated immune responses. 

Short lived lymphocytes live for hours, days, weeks or at most, months.  These are cells that can produce antibodies.  Lymphocytes are able to migrate between the lymphatic tissue and circulating blood.  The majority of the circulating cells are long lived.

Monocyte:  buzzard in the blood

These are the third most common cell seen in the blood and they have diverse functions.  The primary function is to seek out invaders and eat them.  Once they have been called to help fight an infection, the monocyte will move into the tissue and transform into a macrophage (big eater).  They can complete this transformation in about 24 hours.  Tissue macrophages are more numerous than circulating monocytes.

In some conditions, the monocyte will start to phagocytize while in the bloodstream.  An example of this would be when a pet is suffering from hemolytic anemia (the red blood cells are breaking apart releasing the hemoglobin).  The monocyte will confuse healthy red blood cells with diseased red blood cells and eat them all.

Eosinophil:  the allergy slayer

Eosinophils originate in the bone marrow.  Under normal conditions, they do not return to circulation after reaching the tissue.  There are 300 – 400 eosinophils in the bone marrow for every one circulating in the blood.  Eosinophils are attracted to tissues where there is a high histamine release.  Eosinophils are parasitocidal (destroy parasites), bacteriocidal (destroy bacteria) and phagocitic.

The primary function is to deactivate histamines.  A major source of histamines comes from the disruption of tissue mast cells and basophils in the blood.  They degranulate, releasing histamine rich granules into the tissue.  Eosinophils neutralize histamines resulting in an anti-inflammatory effect.  

Foreign substances and decomposing body protein can be detoxified be eosinophils and then phagocytized.

There is a direct correlation between the amount of contact between the tissue of the host and the parasite that determines the extent of the eosinophilia.

Basophils:  the unknown stranger

Basophils have a poorly defined function and are relatively rare in canine and feline blood.  They are produced in the bone marrow and have a life span of 10 to 12 days.  Basophils contain heparin in a bound form with histamine, serotonin, and hyaluronic acid., all of which are easily released.

Injury to tissue releases histamine and seratonin to initiate the inflammatory response and attract eosinophils.

Heparin is a powerful anticoagulant.

Platelets

Platelets (also called thrombocytes) play a large role in clotting.  They are disk shaped with a sticky surface.  Platelets are produced in the bone marrow and stored in the spleen.

When there is damage to a blood vessel, the platelets detect the presence of air.  They rush to the damaged area and begin to break apart.  The platelets react with fibrinogen to form fibrin.  Fibrin resembles very fine thread.  The threads form a web like structure that traps blood cells.  The mesh of cells hardens and forms a scab.

Platelets need calcium and vitamin K to help form a clot.

Platelets also store and transport chemicals, and engulf foreign bodies.

