


Blood Smear 
Staining and examination of the smear
1. New methylene blue (NMB). 
2. Romanowsky stains (e.g., Giemsa stain, Wright’s stain, Diff-Quik®, Hemacolor®, etc.). These polychromic preparations stain certain acidic groups blue (RNA) to purple (mast cell and basophil granules and nuclear DNA), whereas basic groups stain red to orange (proteins, eosinophil granules).
Erythrocyte morphology 
1. Normal morphology :
 is biconcave disc with various degree of central pallor .
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a. Canine erythrocytes average 7 μm in diameter, are uniform in size, and have central pallor (biconcave disk).
b. Feline erythrocytes average 5.8 μm in diameter, have mild anisocytosis (i.e., variation in size), and exhibit very slight central pallor. Howell-Jolly bodies (nuclear remnants) occur in up to 1% of the erythrocytes. Rouleaux formation also may present.
c. Bovine erythrocytes average 5.5 μm in diameter. Anisocytosis is common, and central pallor is usually slight.
d. Equine erythrocytes average 5.7 μm in diameter and lack central pallor. Rouleaux formation is common.
e. Ovine erythrocytes are similar to those of the cow but smaller. The average diameter is 4.5 μm.
g. Camelidae (camel, llama, alpaca, etc.) erythrocytes are thin (about 1.1 μm) and ellipsoidal in shape with an average diameter of 6.5 μm, and usually have high erythrocyte counts.
	Species 
	Diameter 
(µm)
	Anisocytosis
	MCV
(fl)
	Rouleaux
	Central pallor
	Reticulocytes (%)
	Basophilic stippling
	Other marks

	Dog
	7
	-
	60-72
	+
	++++
	1
	-
	

	Cat
	5.8
	+
	39-50
	+++
	+
	0.5 aggregate
1-10% punctate
	-
	Howell- jolly   1%

	Horse
	5.7
	-
	36-52
	++++
	-
	0
	-
	

	Cow
	5.5
	+++
	37-53
	-
	+
	0
	+++
	

	Sheep
	4.5
	+++
	23-48
	+
	+
	0
	+++
	

	Goat
	3.2
	+
	15-30
	-
	-
	0
	++
	

	
	
	
	
	
	
	
	
	



2. Rouleaux formations :
[image: C:\Users\My Documents\Desktop\rbc\RBC ANA\File0236.JPG] are groups of erythrocytes resembling stacks of coins. The degree of rouleaux link with the erythrocyte sedimentation rate (ESR), and is usually associated with an altered surface membrane charge. Rouleaux is common in horses and cats in health. In certain diseases, normal membrane surface charge may be partially covered by excess protein (hyperfibrinogenemia, hyperglobulinemia). Rouleaux and an increased ESR will be observed. 
 (
a.
 
Marked
 rouleaux
 formation is common in 
equine
 blood in health, but may be 
absent
 in the
 
blood of severely 
anemic
 or 
starved 
 horses.
b.
 
Moderate
 rouleaux present in 
feline
 and 
mild in canine
 blood in health. 
Marked
 rouleaux may be observed during 
inflammatory and neoplastic
 diseases.
c.
 
Rouleaux 
formation is 
rare in ruminant
 blood in health and disease.
)
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3.  Agglutination :
[image: C:\Users\My Documents\Desktop\rbc\cold-aiha11351564192234.jpeg][image: C:\Users\My Documents\Desktop\rbc\RBC ANA\DSC_139.jpg][image: C:\Users\My Documents\Desktop\rbc\cold-aiha11351564192234.jpeg]is a grape-like aggregation of erythrocytes occurring in some blood specimens of animals with immune- mediated anemia. (antibody) . Microscopically, rouleaux can be distinguished from agglutination by diluted blood saline lead to rouleaux disappeared  but agglutination  does not.

  



4. Anisocytosis : 
is variation in the size of erythrocytes because of the presence of macrocytes and/ or microcytes among normocytes .
a. Macrocytes are large erythrocytes (↑MCV). Reticulocytes are usually macrocytic and polychromatophilic. Normochromic macrocytes may occur in certain conditions (e.g., FeLV infections, preleukemia of cats and dogs, erythroid aplasia of cats, and vitamin B12 deficiency). 
b. Microcytes are small erythrocytes (↓MCV). They may be observed in iron and pyridoxine deficiency anemia , also  hyponatremia. 
c. Spherocytes, associated with immune-mediated anemia, have a ↓ MCV as a result of a decreased membrane surface area with normal amount of hemoglobin. they appear swilling Microcyte do not flatten well on the blood smear, it's lose biconcave disk erythrocyte and central pallor , and become darker. May occur in venom of snake bite or bee sting , and anaplasmosis in cattle.

	5. Polychromasia: 
 refers to the blue-gray erythrocytes color when using Wright’s stain with residual RNA and mitochondria  that are generally large (macrocytic).  
Polychromatophilic   are young erythrocytes and synonymous with Reticulocytes .   
 increased in regenerative anemia.

	6. Hypochromia 
is decreased cytoplasmic staining intensity and [image: C:\Users\My Documents\Desktop\rbc\screen_shot_2014-11-01_at_42126_pm-1496D05331171B6FC21.png]  increased ↑central pallor of the erythrocyte caused by insufficient ↓Hb within the red cell.
 The most common cause of hypochromia is iron deficiency, but it also occur with molybdenium poisoning and lead poisoning caused inhibition of  hemoglobin synthesis.
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7. Poikilocytosis is a general term for an abnormally shaped erythrocyte. Normally in goats. Sometimes due to errors in Blood smears like if there is delay time between blood collection and analysis. Specific types of poikilocytes include the following:
[image: C:\Users\My Documents\Desktop\rbc\echinocytes1360335834602.jpg]a. Echinocytes (Crenated Erythrocytes) are spiculated erythrocytes with many evenly spaced, uniform projections on the periphery of the erythrocyte. Appear normally in goat kids. or artifacts in blood smears preparation (excess EDTA ,prolong sample storage ). in case of  RBC ↓ATP , dehydration like in glomeruloneohritis , neoplasms , immune –mediated hemolytic anemia , some drugs.
[image: C:\Users\My Documents\Desktop\rbc\iDOij5nuC3GUcf56T3h.NQ_m.png][image: C:\Users\My Documents\Desktop\rbc\image001.jpg][image: C:\Users\My Documents\Desktop\rbc\image001.jpg] 
		


[image: C:\Users\My Documents\Desktop\rbc\d.-ojlBipRgLOYNZmuq.Zg_m.jpg]
b. Keratocytes :are erythrocytes with one or two projections 	
[image: C:\Users\My Documents\Desktop\rbc\slide_21.jpg]that form like a ruptured vesicle. These abnormalities often 
result from oxidative damage to the erythrocyte membrane,
 as listed for Heinz body formation.
[image: C:\Users\My Documents\Desktop\rbc\schistocyte.png][image: C:\Users\My Documents\Desktop\rbc\بدون عنوان-1.jpg]
	
[image: C:\Users\My Documents\Desktop\rbc\بدون عنوان-1.jpg] c. Schistocytes (schizocytes) :are irregular erythrocyte
 fragments that result from shearing by intravascular fibrin 
or by turbulent blood flow within the vasculature. 


[image: C:\Users\My Documents\Desktop\rbc\acanthocytes1315461367655.jpg][image: C:\Users\My Documents\Desktop\rbc\Acanthocytes-this-blood-smear-taken-from-patient-with-Abetalipoproteinemia.jpg][image: C:\Users\My Documents\Desktop\rbc\بدون عنوان-1نسخ.jpg]d. Acanthocytes : are spiculated erythrocytes with two or more irregular, often blunted, projections. These cells are thought to form as a result of altered lipid: cholesterol ratios in the erythrocyte membrane. In animals, acanthocytes are associated with hemangiosarcoma (especially involving the liver), glomerulonephritis, lymphoma, and liver diseases. 

	


e. Fusocytes :are elongated erythrocytes that are seen in healthy Angora goats.

[image: C:\Users\My Documents\Desktop\rbc\tumblr_lvhv4vIgQH1r2d4ym.jpg][image: C:\Users\My Documents\Desktop\rbc\tumblr_lvhv4vIgQH1r2d4ym.jpg]f. Elliptocytes (ovalcyte) :are oval cells that are seen in  healthy camelids. Occasionally, elliptocytes may be
 observed in iron deficiency. 



[image: C:\Users\My Documents\Desktop\rbc\11022200_m.jpg]g. Dacryocytes: are teardrop-shaped erythrocytes that may result from 
 the inability of the erythrocyte to return to its pre-existing shape after
 deforming in the blood vessels (decreased deformability). 

h. Leptocytes : are thin cells with an increased membrane :volume ratio; they may appear folded due to the excess increased cell membrane. Leptocytes have been associated with portosystemic shunts. Polychromatophilic erythrocytes (reticulocytes)

i. Target cells (codocytes) : are a type of leptocyte that are bull's eye-shaped, but resemble a target on smears due to the distribution of Hb centrally and peripherally in the cell. Target cells may be associated with liver disease, iron deficiency anemia, and reticulocytosis.
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[image: C:\Users\My Documents\Desktop\rbc\tumblr_lvhd26eSae1r2d4ym.jpg]
j. Stomatocytes : are a type of leptocyte that are
 bowl-shaped with  oval areas of central pallor on	
 blood smears. This change in shape results from
 expansion of the inner layer of the cell membrane. 

8. Erythrocyte inclusions
	1-Basophilic stippling : represents punctate aggregation of residual RNA in Romanowsky-stained (Wright- or Diff-Quik®-stained) cells. As aggregate reticulocytes This often occurs in anemic sheep and cattle, and occasionally in feline anemia
	2- Punctate reticulocytes (containing small, blue-stained dots) are derived from aged aggregate reticulocytes and persist for at least two weeks. Like aggregate reticulocytes, they are increased with increased erythropoiesis. Reticulocyte counts increase in regenerative anemia.


	[image: C:\Users\My Documents\Desktop\rbc\reticulocyte1322409184661.png]
	[image: ]


[image: C:\Users\My Documents\Desktop\rbc\3677.jpg]3-Howell-Jolly
 bodies are basophilic nuclear remnants within the
 cytoplasm of erythrocytes. These structures are observed more
 frequently in accelerated erythropoiesis or postsplenectomy. 

4- The Heinz body is a round structure that protrudes from the membrane of the erythrocyte or appears as a small refractile spot in the cytoplasm. Heinz bodies are comprised of denatured, precipitated Hb caused by oxidation. They are often attached to the inner cell membrane. Because Heinz bodies are derived from hemoglobin, they are the same color as the remainder of the cytoplasm and can be indistinct with Romanowsky staining.
[image: C:\Users\My Documents\Desktop\rbc\تنزيل.jpg]	[image: C:\Users\My Documents\Desktop\rbc\12b237527b9098fd08a18bbca8c59b08.jpg]	[image: C:\Users\My Documents\Desktop\rbc\12b237527b9098fd08a18bbca8c59b08.jpg]

5- Parasites can occur:
a-Within the erythrocyte (intracellular) e.g. Cytauxzoon felis, Babesia cati, B. felis (cats); Anaplasma marginale, A. centrale (cattle); Babesia bovis, B. bigemina (cattle); Theileria mutans, T. annulata (cattle); Babesia canis, B. gibsoni (dogs); Babesia equi, B. caballi (horses); and Babesia ovis, B. motasi (sheep).
2-Within depressions on the membrane surface (epicellular) e.g.  Mycoplasma haemofelis  (cats), M. haemocanis (dogs) and Eperythrozoon wenyoni (cattle), 
3-Within the plasma (extracellular) e.g. (1) Microfilariae: Dipetalonema reconditum (dogs), Dirofilaria immitis (dogs), and Setaria sp. (horse).
(2) Trypanosomes: Trypanosoma theileri, T. congolense, T. vivax (cattle); Trypanosoma cruzi, (dogs); and Trypanosoma brucei, T. evansi (horses).
[image: C:\Users\My Documents\Desktop\rbc\mycoplasma_haemofelis-155414D63FA1443504A.png][image: C:\Users\My Documents\Desktop\rbc\images (1).jpg][image: C:\Users\My Documents\Desktop\rbc\548px-Babesien_Hund.jpg]
		
	
	a		b		c


	[Erythrocyte morphology]  التشخيصات المرضية//   المرحلة الربعة                        
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1V- Variation of red cells shape (Poikilocytosis)

7- Keratocytes (horn cell):

e Morphology:
Part of the cell fuses back leaving

two or three horn-like
projections. The keratocyte is a
fragile cell and remains in
circulation for only a few hours.

e Foundin:
- Uraemia
- Severe burns
- EDTA artifact
- Liver disease
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Summary of Abnormal Red Blood Cell Morphologies and Disease

States That May Be Associated with these abnormal Morphologies

*Howell-Jelly:
Megaloblastic anaemia
Mylodysplastic
Basophilic
Stippling:

Lead Poisoning
Thalassaemia
Significant anaemia
Dyserythropoiesis
Rouleaux
formation:

High level of circulating
acute-phase proteins.
with High ESR rate.
autoimmune conditions
myeloma
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Summary of Abnormal Red Blood Cell Morphologies and Disease

States That May Be Associated with these abnormal Morphologies

*Hypochromic:
Iron Deficiency
Sideroblastic Anaemia
Thalassaemia
Microcytosis:
Found with Hypochromic
Macrocytosis:
Megaloblastic Anaemia
High reticulocytes count
Liver disease
Mylodysplastic syndrome
Target Cells:

Liver Disease
Hemoglobinopathies
Thalassaemia
Sideroblastic anemia
Spherocytes:
Hemolytic anemia

Post transfusion
Hereditary
sphercocytosiss

Tear-Drop Cells:
Severe Anaemia
Myloproliferative disorders
Elliptocytes:
Hereditary elliptocytosis
Iron-deficiency anaemia
Thalassaemia
Stomatocytes:
Acute alcoholism
Malignancies

Helmet Cells:
G6PD deficiency
Pulmonary emboli
Schistocytes:

«Sickle cells:
Sickle cell anaemia
Sickle thalassaemia

Acanthocytes:
Congenital
abetalipoproteinemia
Vitamin E deficiency
Alcohol intoxication
Post-splenectomy
Burr Cells:

Liver disease

Renal disease
Severe burns
Bleeding gastric ulcers

Disseminated intra-vascular coagulopathy

(DIC)

Thrombotic Thrombocytopenia purpura

(TTP)

Hemolytic uremic syndrome
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