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ABNORMAL MORPHOLOGY OF 

RED BLOOD CELL

When a blood smear is inspected for abnormal 
morphology, two criteria must be met.

Firstly, is the abnormal morphology seen in every 
field to be examined ?

Secondly, is the morphology pathologic and not 
artificially induced ?



If these criteria are met, then the reviewer must 
make a general assessment of whether the 
morphology is due to shape (poikilocytosis) 
or size change (anisocytosis)

A reviewer takes into account the percentage of 
cells that vary in size at least 10 oil immersion 
fields.





Grading scale for red cell morphology

(anisocytosis/poikilocytosis)

Normal

• Slight

• 1+

• 2+

• 3+

• 4+

5%

• 5-10%

• 10-25%

• 25-50%

• 50-75%

• > 75%

At the level of 4+, the suffix –cytosis is acceptable, 
rather than a numerical grading



Size Variation

Makrosit

• ≥9 µm in diameter (MCV > 
100 fL)

• Mechanisms :

*megaloblastic macrocytic ( 
impaired DNA synthesis = 
macroovalocyte, 
hypersegmentation)

* non megaloblastic 
macrocytic (accelerated 
erythropoiesis = round 
polychromatophilic 
macrocytes)

Mikrosit

• Diameter < 7 micrometer 
(MCV < 80 micrometer)

• Mechanisms :

* impaired Hb synthesis

* Decreased/defective 
globin synthesis (with 
hypochromia = 
thalassemia; without 
hypochromia = 
sideroblastic anemia, lead 
poisoning)



Color Variation

Hypochromia

• Central pallor > 3 
micrometer

• Hypochromia grading :

1+ : one half of diameter

2+ : two third of diameter

3+ : three quarter of diameter

4+ : thin rim of Hb

Hyperchromia and Polychromasia

• Hyperchromia : Resulting 
from the increased volume 
of Hb and the decreased 
surface area

• Polychromasia : represents 
effective erythropoiesis

• Polychromasia grading :



Color Variation

• Polychromasia grading :

Slight: 1%

1+ : 3%

2+ : 5%

3+ : 10%

4+ : >11%



Shape Variations

Target Cells

• Mechanisme : is related to
excess membrane
cholesterol and
phospholipid and decreased
cellular Hb. As a result of an
increase in RBC surface
membrane

Spherocytes

• Mechanisms affecting the
red cell membrane result in
reduced surface to volume
ratio that results in a cell
with no central value



Ovalocytes and Ellyptocytes

• The result of a mechanical 
weakness or fragility of the 
membrane skeleton 

• Ellyptocytes are pencil, rod, 
or cigar-shaped and Hb 
appears to be concentrated 
on both ends of the cell

Stomatocytes

• Is thought to be the result 
of a membrane defect

• Is associated with 
abnormalities in red cell 
cation permeability that 
lead to changes in red cell 
volume, which may be 
either increased or 
decreased



Achantocytes

• A cell of normal or slightly reduced size,
possessing 3-12 spicules (blunt) of uneven
length distributed along the periphery of the
cell membrane

• It appears to be saturated with hemoglobin

• Contain an excess of cholesterol and an
increased cholesterol to phospolipid ratio



Fragmented cells (Schistocytes, 
burr cells, helmet cells)

• Defined as loss from the cell 
of a piece of membrane 
that may or may not contain 
hemoglobin

• In vasculitis, Thrombotic 
thrombocytopenic purpura,  
uremia, heart disease, 
cancer of the stomach, 
pulmonary emboli,myeloid 
metaplasia, DIC

Tear drops

• Appear in the peripheral as 
pear shaped red cells

• The exact physiologic
mechanism is unknown, yet
teardrop formation from
inclusion containing red cells

• Are prominently in idiopathic
myelofibrosis with myeloid
metaplasia, thalassemia
syndrome, iron deficiency



Variations in Red Cell Distribution

Agglutination

• If an erythrocyte antibody is 
present  in a patient’s 
plasma and a corresponding 
erythrocyte antigen is 
represented, such as cold 
antibody syndromes (cold 
hemagglutinin disease and 
paroxysmal cold 
hemoglobinuria)

Rouleaux

• Is the result of elevated
globulin or fibrinogen in the
plasma

• In this abnormal plasma 
appear as stacks of coin in
the peripheral smear

• Is seen in multiple
myeloma, Waldenstrom
macroglobulinemia, chronic
inflammatory disorders, and
some lymphoma





Red Cell Inclusions

Howell Jolly Bodies

• Are nuclear remnants
containing DNA

• 1 to 2 micrometer in size

• Develop in periods of 
accelerated or abnormal 
erythropoiesis

• May be seen following 
splenectomy, thalassemic 
syndromes, hemolytic 
anemia, megaloblastic 
anemia

Basophilic Stippling

• Contain ribosomes can 
potentially form stippled 
cells

• May be found in any 
condition showing defective 
or accelerated heme 
synthesis, lead  intoxication, 
and thalassemia syndromes



Siderotic granules and
Pappenheimer bodies

• Small, irregular magenta 
inclusions seen along the 
periphery of red cells

• Usually appear in clusters, 
as if they have been gently 
placed on the red cell 
membrane

• Resulting from an excess of 
available iron throughout 
the body

• Pappenheimer bodies (wright
stain)

• Siderotic granules (Prussian
blue)

• Are found in sideroblastic
anemias and in any condition
leading to hemochromatosis
or hemosiderosis, also may be
seen in hemoglobinopathies, 
or following splenectomy



Heinz bodies

• Are formed as a result of 
denatured or precipitated 
hemoglobin

• They are large (0.3 to 2 
micrometer) inclusions that 
are rigid and secerel distort 
the cell membrane

• May be seen in the alpha 
thalassemic syndromes, 
G6PD deficiency under 
oxidant stress, and in any of 
the unstable hemoglobin 
syndromes, and in red cell 
injury resulting from 
chemical insult



Cabot rings

• Are found in heavily 
stippled cells 

• Appear in a figure of eight 
conformation similar to the 
beads of a necklace

• They are not composed of 
DNA, but they do contain 
arginine-rich histone and 
non hemoglobin iron

• May be found in 
megaloblastic anemias and 
homozygous thalassemia 
syndromes, and 
postsplenectomy



ABNORMAL MORPHOLOGY OF 

WHITE BLOOD CELL

White blood cells may exhibit several morphological 
changes, and the neutrophils are the cell type 
primarily affected. 

Most of these neutrophilic changes originate in the 
cytoplasm in response to various pathologic 
processes.



Severe infections, inflammatory conditions, or 
other leukemoid reactions may be 
accompanied by toxic granulation, toxic 
vacuolization, or the presence of Dohle 
Bodies.



Toxic granulation describes medium to large 
granules that are evenly scattered throughout 
the cytoplasm of segmented 
polymorphonuclear neutrophil leukocytes.

This granules are seen in metabolically active 
neutrophilia and are composed of 
peroxidases and acid hydrolases



Although non specific, they may occur in 
patients with severe bacterial infection, 
toxemia of pregnancy, or vasculitis, or in 
patients with receiving chemotherapy



Toxic vacuolization refers to the round, clear 
unstained areas that are dispersed randomly 
throughout the cytoplasm of neutrophils in 
patients with overwhelming infections

Dohle bodies are oval, blue, single or multiple 
inclusions originating in RNS, and are 1 to 3 
micrometer in diameter



Dohle bodies may be seen in peripheral blood 
smears of patients with severe infections, and 
in patients receiving chemotoxic drugs. 

Dohle bodies are also characteristically observed 
in certain congenital qualitative WBC 
disorders such as May-Hegglin anomaly and 
the Chediac Higashi disorder



Hypersegmented neutrophil is a neutrophil with
more than five lobes, indicating a nuclear
maturation abnormality such as that seen with
vitamin B12 deficiency.

This is also called a shift to the right, indicating that
older cells ar not leaving the blood stream as 
soon as expected and is indicative of a DNA 
maturation problem or a problem in cell
function



Bacterial infections

In addition to these morphological changes, 
severe bacterial infections are also commonly 
associated with a moderate leukocytosis and 
a shift to the left in granulocytosis.

Mild infections are characterized by a slight 
leukocytosis, with or without the shift to the 
left.



Shift to the left implies a release of younger 
granulocytes specifically bands and 
metamyelocytes from the bone marrow 
storage pool. 

These particular cell populations may often be 
observed during an infection or inflammatory 
process.



Physiologic leukocytosis is defined as an
increased WBC count without a shift to the
let or any associated morphological changes
previously described for granulocytes.

This transient condition may be associated with
such stimuli as exercise, intense emotional
stress, or the administration of epinephrine
or glucocorticoids.



ABNORMAL MORPHOLOGY 

OF PLATELET

The normal platelet structure measures
approximately 2 to 4 micrometer, with a 
discoid shape and even blue granules
dispersed throughout a light blue cytoplasm.

In pathologic states, pletelets may appear as 
blue or gray agranular discs; they may be
extremely large and may show tailing or
streaming of the cytoplasm.



A close and thorough examination of platelet 
morphology provides important information 
about the patients’s hemostatic capability.

Gross variation in platelet morphology may be 
seen in infiltrative disease of the bone 
marrow (e.g., idiopathic myelofibrosis or 
metastatic infiltrates).



Large platelets may be seen in any disorder
associated with increased platelet turnover, 
such as may occur with idiopathic
thrombocytopenic purpura or bleeding
disorders.

In addition to the elevated platelet count, 
morphological changes may also occur
postsplenectomy.




