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BLOOD SMEAR
PREPARATION AND STAINING
I. Preparation of blood smear:
 Lab objective
 The student will prepare at least five slide smears which are even, smooth and have an
acceptable feathered edge.
 The student will stain two of the above smears with Wright’s stain so that all formed
elements are readily identifiable according to criteria outlined.
 Specimen
EDTA anticoagulated blood is preferred. Blood smears can also be made from finger stick
blood directly onto a slide.
 Reagents, equipment. and supplies
(a) Spreaders
Select a glass microscope slide with at least one smooth end.
Each spreader can be used repeatedly provided that the spreading edge remains smooth. The
edge must be wiped carefully and dried before and after each use, and the slide must be
discarded if the spreading edge becomes chipped
(b) Clean slides
It is essential to use clean, dry, dust-free slides: remember that grease and residual detergent
are equally liable to spoil a blood film.
New slides: Boxes of clean grease-free slides may be available. If not, proceed as follows.
Leave overnight in a detergent solution. Then wash thoroughly in running tap-water, rinse
in distilled water if available and wipe dry with a clean linen cloth. Before use, wipe the
surface with methylated spirits (95% ethanol) or methanol and dry with a clean cloth; then
keep covered to avoid having dust settle on the surface.
Used slides: Discard in detergent solution, heat to about 60oC for 20 minutes. Then wash in
running tap water, rinse in distilled water if available and treat as for new slides as described
above.0
 Procedure
 Three methods may be used to make blood smears:
1. The cover glass smear
2. The wedge smear
3. The spun smear.
 The spun smear requires an automatic slide spinner. For the purpose of this lab
exercise, we will use the wedge smear.
1. Fill a capillary tube three-quarter full with the anticoagulated specimen or a wooden
stick.
2. Place a drop of blood, about 2 mm in diameter approximately a inch from the frosted
area of the slide.
3. Place the slide on a flat surface, and hold the narrow side of the non frosted edge
between your left thumb and forefinger.
4. With your right hand, place the smooth clean edge of a second (spreader) slide on the
specimen slide, just in front of the blood drop.
5. Hold the spreader slide at a 30° angle, and draw it back against the drop of blood.
٤

6. Allow the blood to spread almost to the edges of the slide.
7. Push the spread forward with one light, smooth, and fluid motion. A thin film of blood
in the shape of a bullet with a feathered edge will remain on the slide.
8. Label the frosted edge with patient name, ID# and date.
9. Allow the blood film to air-dry completely before staining. (Do not blow to dry. The
moisture from your breath will cause RBC artifact.)

 Procedure notes
1. A good blood film preparation will be thick at the drop end and thin at the opposite end.
2. As soon as the drop of blood is placed on the glass slide, the smear should be made
without delay. Any delay results in an abnormal distribution of the white blood cells,
with many of the large white cells accumulating at the thin edge of the smear.
3. The blood smear should occupy the central portion of the slide and should not touch the
edges.
4. The thickness of the spread when pulling the smear is determined by the
1) angle of the spreader slide (the greater the angle, the thicker and shorter the smear).
2) size of the blood drop .
3) speed of spreading.
5. If the hematocrit is increased, the angle of the spreader slide should be decreased.
6. If the hematocrit is decreased, the angle of the spreader slide should be increased.
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7. Common causes of a poor blood smear:
a. Drop of blood too large or too small.
b. Spreader slide pushed across the slide in a jerky manner.
c. Failure to keep the entire edge of the spreader slide against the slide while making the
smear.
d. Failure to keep the spreader slide at a 30° angle with the slide.
e. Failure to push the spreader slide completely across the slide.
f. Irregular spread with ridges and long tail: Edge of spreader dirty or chipped; dusty
slide
g. Holes in film: Slide contaminated with fat or grease
h. Cellular degenerative changes: delay in fixing, inadequate fixing time or methanol
contaminated with water
8. Although this is the easiest and most popular methods for producing a blood smear, it
does not produce a quality smear. The WBC's are unevenly distributed and RBC
distortion is seen at the edges. Smaller WBC's such as lymphocytes tend to reside in the
middle of the feathered edge.
9. Large cells such as monocytes, immature cells and abnormal cells can be found in the
outer limits of this area.
10. Spun smears produce the most uniform distribution of blood cells.
11. Biologic causes of a poor smear
a. Cold agglutinin - RBCs will clump together. Warm the blood at 37° C for 5 minutes,
and then remake the smear.
b. Lipemia - holes will appear in the smear. There is nothing you can do to correct this.
c. Rouleaux - RBC’s will form into stacks resembling coins. There is nothing you can
do to correct this.
II. Fixing the films
 To preserve the morphology of the cells, films must be fixed as soon as possible after
they have dried. It is important to prevent contact with water before fixation is
complete. Methyl alcohol (methanol) is the choice, although ethyl alcohol ("absolute
alcohol") can be used. To prevent the alcohol from becoming contaminated by
absorbed water, it must be stored in a bottle with a tightly fitting stopper and not left
exposed to the atmosphere, especially in humid climates. Methylated spirit (95%
ethanol) must not be used as it contains water.
 To fix the films, place them in a covered staining jar or tray containing the alcohol for
2-3 minutes. In humid climates it might be necessary to replace the methanol 2-3 times
per day; the old portions can be used for storing clean slides.
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III. Staining the film:
 Romanowsky staining
 Romanowsky stains are universally employed for staining blood films and are generally
very satisfactory.
 There are a number of different combinations of these dyes, which vary, in their
staining characteristics.
1. May-Grunwald-Giemsa is a good method for routine work.
2. Giemsa stain is thought to produce more delicate staining characteristics.
3. Wright's stain is a simpler method.
4. Leishman's is also a simple method, which is especially suitable when a stained blood
film is required urgently or the routine stain is not available (e.g. at night).
5. Field's stain is a rapid stain used primarily on thin films for malarial parasites.
 Principle
The main components of a Romanowsky stain are:
A cationic or basic dye (methylene blue or its oxidation products such as azure B),
which binds to anionic sites and gives a blue-grey color to nucleic acids (DNA
or RNA), nucleoproteins, granules of basophils and weakly to granules of
neutrophils
An anionic or acidic dye such as eosin Y or eosin B, which binds to cationic sites
on proteins and gives an orange-red color to hemoglobin and eosinophil
granules.

Wright’s Stain

 Materials:
Slides can be stained manually or on automatic slide stainers. For this lab, we will use the
manual method.
1. Commercial Wright’s stain
2. Commercial buffer
3. Deionized water
4. 3 Coplin jars
5. Clothes pin or forceps for holding the slide
6. Paper towels
 Procedure
1. Attach a clothes pin (or use forceps) to the thick edge of the blood smear.
2. Place the slide in the Coplin jar with Wright’s stain. Allow to stand 5-10 seconds.
3. Raise the slide out of the stain and allow the majority of the stain to run off the slide.
4. Place the slide in the first jar containing deionized water. Allow to stand 10-20
seconds.
5. Remove the slide carefully and dip several times in the second jar containing deionized
water to rinse off the excess stain.
6. Wipe off excess fluid from the back of the slide. Place the slide upright on a paper
towel with the feathered edge up and allow to air dry.
7. When completely dry, examine the smear with the microscope as follows:
 Low power (10x) scan8. Determine the overall staining quality of the blood smear.
a. Stain should not be too dark or too pale.
b. There should be no stain precipitate present on smear.
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c. RBCs should be appropriate color of reddish pink.
d. Lymphocytes have dark purple nuclei with varying shades of blue cytoplasm.
e. Neutrophils have dark purple nuclei with reddish, granular cytoplasm.
f. Monocytes have a lighter purple nucleus with a gray-blue cytoplasm.
g. Eosinophils have bright red/orange granules.
h. Basophils have dark purple nuclei and granules.
9. Determine if there is a good distribution of the cells on the smear.
a. Scan the edges and center of the slide to be sure there are no clumps of RBCs,
WBCs or platelets.
b. Scan the edges for abnormal cells.
c. High power (40 x) scan
10. Find an optimal area for the detailed examination and enumerations of cells.
a. The RBCs should not quite touch each other.
b. There should be no area containing large amounts of broken cells or
Precipitated stain.
c. The RBCs should have a graduated central pallor.
d. Nuclei and cytoplasm of WBCs should be the proper color.
e. Platelets should be clearly visible.
 Notes on the staining procedure:
1. Whichever method is used, it is important to select dyes that are not contaminated with
other dyes or metallic salts.
2. Staining time must be specific for each lot of stains and so we must follow the kit
procedure.
3. Bone marrow time staining must be increased.
4. Staining characteristics of a correctly stained normal film:
 Nuclei
Purple
 Cytoplasm
 Erythrocytes
Deep pink
 Neutrophils
Orange-pink
 Lymphocytes
Blue; some small lymphocytes deep blue
 Monocytes
Grey-blue
 Basophils
Blue
 Granules
 Neutrophils
Fine purple
 Eosinophils
Red-orange
 Basophils
Purple-black
 Monocytes
Fine reddish (azurophil)
 Platelets
Purple
5. Staining faults
 Too faint:
 Stain deposit:

Staining time too short
Excessive washing after staining
Stain solution left in uncovered jar or tray
Stain solution not filtered
Dirty slides
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6. The phosphate buffer controls the PH of the stain. If the PH is too acid, those cells or
cell parts taking up an acid dye stain will stain pinker and the acid components that
stain with the basic dye show very pale staining. If the stain –buffer mixture is alkaline,
the red blood cells will appear grayish blue and the white cell nuclei will stain very
deeply purple. Therefore, to stain all cells and cell parts well, the PH of the phosphate
buffer is critical.
7. The staining rack must be exactly level to guard against uneven staining of the smear.
8. Insufficient washing of the smears when removing the stain and buffer mixture may
cause stain precipitate on the dried smear.
9. Excessive rinsing of the stained smear will cause the stain to fade.

IV. MANUAL DIFFERENTIAL
 Lab objective
1. To determine the relative number of each type of white cell present in the blood by
performing differential cell counts on five relatively normal blood smears and five sets
of abnormal blood smears within a ± 15% accuracy of the instructor's values.
2. To determine within one qualitative unit the red cell, white cell, and platelet
morphology of each of the above blood smears.
3. To determine within ± 20% accuracy an estimate of the white cell counts and the
platelet counts of each of the above blood smears.
 Principle
A stained smear is examined in order to determine the percentage of each type of leukocyte
present and assess the erythrocyte and platelet morphology. Increases in any of the normal
leukocyte types or the presence of immature leukocytes or erythrocytes in peripheral blood
are important diagnostically in a wide variety of inflammatory disorders and leukemia.
Erythrocyte abnormalities are clinically important in various anemias. Platelet size
irregularities are suggestive of particular thrombocyte disorders.
 Specimen
Peripheral blood smear made from EDTA-anticoagulated blood. Smears should be made
within 1 hour of blood collection from EDTA specimens stored at room temperature to
avoid distortion of cell morphology. Unstained smears can be stored for indefinite periods
in a dry environment, but stained smears gradually fade unless coverslipped.
 Reagents, supplies and equipment
 Manual cell counter designed for differential counts
 Microscope, immersion oil and lens paper
 Procedure
1. Focus the microscope on the 10X objective (low power). Scan the smear to check for
cell distribution, clumping, and abnormal cells. In scanning the smear it is important
to note anything unusual or irregular, such as rouleaux or RBC clumping.
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2. Examine the peripheral edge of the smear. If there is an increased number of white cell
in this area, the differential count is inaccurate. Most of the cells at the edge of the
smear are the large white cells, namely neutrophils and monocytes. This, therefore,
shows poor distribution of white cell types and the smear is unacceptable.
3. If the smear is acceptable, estimate the white cell count by counting the number of
WBC in each of 5 or 6 low power fields. Average the numbers. Multiply the average
by 1000 and divide by 4. This number should be within ±20% of the actual white cell
count. If it is not within this range, the white cell count and the estimation should be
repeated.

(Average # WBC per 5 fields) x 100/4
4. Using the 100 X oil objective, place a drop of oil on the slide and examine the smear
for platelets morphology and number. Find a thin area where red cells are not
overlapping. In the appropriate area, count the number of platelets on about 4 or 5
successive fields.
5. Average the number and multiply by 20,000 to obtain a rough estimate of the platelet
count. A field with a normal platelet count would contain 8-20 platelets on 100X.
6. If platelets are clumped, this should be noted and one of the following comments added
to the report:
a. Platelet count may not be accurate due to clumping. Platelets appear adequate.
b. Platelet count may not be accurate due to clumping. Platelets appear decreased.
c. Platelet count may not be accurate due to clumping. Platelets appear increased.
d. Platelet count may not be accurate due to clumping. Platelets appear too clumped
for accurate estimate.
7. To perform the differential, choose the portion of the smear where there is close
proximity but little overlapping of the red cells. They should have a central pallor.
You should use the 100 X objective or 50X if available.
8. Begin the count in the thin area of the slide and gradually the slide as shown below.
Count each white cell seen and record on a differential cell counter, until 100 white
cells have been counted. If any nucleated red cells (NRBCs) are seen during the
differential count, enumerate them on a separate counter. They are not to be included
in the 100-cell differential count. They are reported as #NRBC/100 WBCs and the
WBC count must be corrected if there are 10 NRBCs / 100 WBC.
 Reporting results
 Results are expressed as a percentage of the total leukocytes counted.
 It is also helpful to know the actual number of each white cell type per µL of
blood. This is referred to as the absolute count and is calculated as follows:
Absolute number of cells/µl = % of cell type in differential x white cell count
 Reference values vary depending on age. For this exercise, the following values
will be used
Cell Type
Total WBC x 103
/µL
Neutrophils %
Lymphocyte %
Monocyte %
Eosinophil %
Basophil %

Birth
10-26

1 mo
5-19.5

6 yr
4.3-13.5

14 yr
4.5-11.0

37-57
25-35
3-9
1-3
0-1

25-35
50-65
2.5-7.5
1-4
0-1

45-55
35-45
0-8
1-4
0-1

50-65
30-40
0-10
0-4
0-1
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 White blood cells
 White blood cells, or leukocytes, are classified into two main groups; granulocytes
and nongranulocytes (also known as agranulocytes).
1. The granulocytes, which include neutrophils, eosinophils, and basophils, have
granules in their cell cytoplasm. Neutrophils, eosinophils, and basophils also
have a multilobed nucleus. As a result they are also called polymorphonuclear
leukocytes or "polys." The nuclei of neutrophils also appear to be segmented, so
they may also be called segmented neutrophils or "segs."
2. The nongranulocytes white blood cells, lymphocytes and monocytes, do not
have granules and have nonlobular nuclei. They are sometimes referred to as
mononuclear leukocytes.

 Leukocytosis, a WBC above 10,000, is usually due to an increase in one of the five types of
white blood cells and is given the name of the cell that shows the primary increase.
 Neutrophilic leukocytosis
= neutrophilia
 Lymphocytic leukocytosis
= lymphocytosis
 Eosinophilic leukocytosis
= eosinophilia
 Monocytic leukocytosis
= monocytosis
 Basophilic leukocytosis
= basophilia
1. Neutrophils
 Neutrophils are so named because they are not well stained by either eosin, a red
acidic stain, nor by methylene blue, a basic or alkaline stain.
 Neutrophils are also known as "segs", "PMNs" or "polys" (polymorphonuclear).
 They are the body's primary defense against bacterial infection. Normally, most of
the neutrophils circulating in the bloodstream are in a mature form, with the nucleus
of the cell being divided or segmented. Because of the segmented appearance of the
nucleus, neutrophils are sometimes referred to as "segs."
 The nucleus of less mature neutrophils is not segmented, but has a band or rod-like
shape. Less mature neutrophils - those that have recently been released from the
bone marrow into the bloodstream - are known as "bands" or "stabs".
 Increased neutrophils count (neutrophilia)
 An increased need for neutrophils, as with an acute bacterial infection, will cause an
increase in both the total number of mature neutrophils and the less mature bands or
stabs to respond to the infection. The term "shift to the left" is often used when
determining if a patient has an inflammatory process such as acute appendicitis or
cholecystitis.
 In addition to bacterial infections, neutrophil counts are increased in:
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1.
2.
3.
4.
5.

Many inflammatory processes.
During physical stress
With tissue necrosis that might occur after a severe burn
Myocardial infarction.
Granulocytic leukemia.

 Shift to left  Increased bands Means acute infection, usually bacterial.
Shift to right  Increased hypersegmented neutrophile.
 Decreased neutrophil count (neutropenia)
This take place in the following:
 Typhoid fever
 Brucelosis
 Viral diseases, including hepatitis, influenza, rubella, and mumps.
 An great infection can also deplete the bone marrow of neutrophils and
produce neutropenia.
 Many drugs used to treat cancer produce bone marrow depression and can
significantly lower the neutrophil count.
2. Eosinophils
Eosinophils are associated with antigen-antibody reactions.
1. The most common reasons for an increase in the eosinophil count are Allergic
reactions such as hay fever, asthma, or drug hypersensitivity.
2. Parasitic infection
3. Eosinophilic leukemia
Decreases in the eosinophil count may be seen when a patient is receiving corticosteroid drugs.
3. Basophils
 The purpose of basophils is not completely understood.
 Basophils are phagocytes and contain heparin, histamines, and serotonin.
 Tissue basophils are also called" mast cells." Similar to blood basophils, they
produce and store heparin, histamine, and serotonin.
 Basophile counts are used to analyze allergic reactions.
 An alteration in bone marrow function such as leukemia or Hodgkin's disease
may cause an increase in basophils.
 Corticosteroid drugs, allergic reactions, and acute infections may cause the
body's small basophile numbers to decrease.
4. Lymphocytes
 Lymphocytes are the primary components of the body's immune system. They are
the source of serum immunoglobulins and of cellular immune response. As a result,
they play an important role in immunologic reactions.
 All lymphocytes are produced in the bone marrow. The B-cell lymphocyte also
matures in the bone marrow and controls the antigen-antibody response that is
specific to an offending antigen; the T-cell lymphocyte matures in the thymus
gland, the T cells are the master immune cells of the body, consisting of T-4 helper
cells, killer cells, cytotoxic cells, and suppressor T-8 cells.
 In adults, lymphocytes are the second most common WBC type after neutrophils,
hence lymphocytosis is usually associated with neutropenia and lymphopenia is
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associated with neutropeina. In young children under age 8, lymphocytes are more
common than neutrophils.
 Lymphocytes increase (lymphocytosis) in:
 Many viral infections
 Tuberculosis.
 Typhoid fever
 Lymphocytic leukemia.
A decreased lymphocyte (lymphopenia) count of less than 500 places a patient at very high risk
of infection, particularly viral infections.
5. Monocytes
 Monocytes are the largest cells in normal blood. They act as phagocytes in some
inflammatory diseases and are the body's second line of defense against infection.
 Diseases that cause a monocytosis include:
 Tuberculosis
 Brucellosis
 Malaria
 Rocky Mountain spotted fever.
 Monocytic leukemia
 Chronic ulcerative colitis
 Procedure notes
1. A well-made and well-stained smear is essential to the accuracy of the differential
count. The knowledge and ability of the cell morphologist is critical to high-quality
results.
2. Before reporting significant abnormalities such as blasts, malaria or other significant
finding on a patient’s differential, ask a more experienced tech to review the smear for
confirmation. In clinical settings where a pathologist or hematologist is present, the
smear is set aside for Pathologist Review.
3. If disrupted cells are present such as smudge cells or basket cells, not them on the
report. It may be necessary to make an albumin smear to prevent the disruption of the
cells. RBC morphology and WBC morphology must always be performed on the nonalbumin smear.
4. When the WBC is very low (below 1,000/µL), it is difficult to find enough WBCs to
perform a 100-cell differential. In this situation, a differential is usually performed by
counting 50 cells. A notation on the report must be made that only 50 white cells were
counted. Multiply each percentage x 2.
5. When the WBC is very high (>50,000/µL), a 200-cell diff may be performed to
increase the accuracy of the diff. The results are then divided by 2 and a note made on
the report that 200 white cells were counted.
6. Never hesitate to ask questions concerning morphology or the identification of cells.
The differential is one of the most difficult laboratory tests to learn. In fact, learning
about cells and their morphology is a process that continues for as long as you perform
differentials.
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7. It is permissible to use a 50x objective to perform a differential, however keep the
following points in mind:
1) If the WBC is increased, you should use the 100x to ensure that you will not
skip cells in a field.
2) If you are having trouble identifying a cell, you must switch to the 100x in order
to get a more detailed view.
Characteristics of blood cells
Erythrocyte: Usually biconcave and circular outline, devoid of a nucleus. Number in man
varies between 5 and 5.5 million per cubic mm of blood. Erythrocytes carry oxygen from the
lungs to the tissues and carbon dioxide from the tissues to the lungs.
Neutrophil: Compare sizes of the neutrophil and the erythrocyte. Lobulated nucleus,
individual lobes connected by thin bridges. Cell type-specific cytoplasmic granules are small.
Neutrophils constitute 40 to 75 per cent of the total white blood cell count. The number of
neutrophils increases in inflammation, and they act as the first line of defense against invading
pyogenic organisms.
Eosinophil: Nucleus bilobed. Cell type-specific cytoplasmic granules are large and uniform in
size and stain intensely red with acid dyes. They constitute 1 to 3 per cent of total white count
and increase in number in allergic states and in parasitic infections.
Basophil: The nucleus is large but less lobulated than other white blood cells. Cell typespecific cytoplasmic granules are large and variable in size and have a strong affinity for basic
dyes. They constitute 0.5 to 1 per cent of white count and are believed to synthesize the heparin
and histamine found in circulating blood.

Normal Cell Maturation
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Introduction
- Red blood cells are the most common type of blood cell and the vertebrate body's principal
means of delivering oxygen from the lungs or gills to body tissues via the blood.
- Red blood cells are also known as RBCs, haematids or erythrocytes (from Greek erythros for
"red" and kytos for "hollow", with cyte nowadays translated as "cell"). "RBCs" should in
fact be referred to as "corpuscles" rather than "cells". Indeed, a 'cell' contains a nuclear
element, mature RBC's do not contain a nucleus in mammals.
- Mammalian erythrocytes are biconcave disks: flattened and depressed in the center, with a
dumbbell-shaped cross section. This shape (as well as the loss of organelles and nucleus)
optimizes the cell for the exchange of oxygen with its surroundings.
- Erythrocytes in mammals are a nucleate when mature; meaning that they lack a cell nucleus
and thus have no DNA, also lose their other organelles.
- As a result of the lack of nucleus and organelles, the cells cannot produce new structural or
repair proteins or enzymes and their lifespan is limited.
- Erythrocytes consist mainly of hemoglobin, and the color of erythrocytes is due to the heme
group of hemoglobin.
- The diameter of a typical human erythrocyte disk is 6–8 µm, much smaller than most other
human cells.
- A typical erythrocyte contains about 270 million hemoglobin molecules, with each carrying
four heme groups.
- Adult humans have roughly 2–3 × 1013 red blood cells at any given time (women have about
4 to 5 million erythrocytes per microliter (cubic millimeter) of blood and men about 5 to 6
million; people living at high altitudes with low oxygen tension will have more). Red blood
cells are thus much more common than the other blood particles.
Blood cells go through several stages of development; progression from one stage to the next is
not abrupt, so frequently the cell being studied may be between stages (when this occurs the
cell is generally given the name of the mature stage). As a cell transforms from the primitive
blast stage to the mature form found in the blood, there are changes in the cytoplasm, nucleus,
and cell size. Normally, all three of these changes occurs gradually and simultaneously. In
some disease states, however, changes will take place at different rates. For example, the
cytoplasm may mature more quickly than the nucleus. This occurrence is termed
asynchronism.

Cytoplasmic Maturation
The immature cytoplasm usually stain a deep blue color (basophilic) because of the high
content of RNA present as the cell matures, there is a gradual loss of cytoplasmic RNA and
therefore a lessening of blue color. In some cells (for example, the myelogenous cells),
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granules appear in the cytoplasm as the cell matures. At first, these granules are few and
nonspecific. As the cell matures further, these granules increase in number and take on
specific characteristics and functions. The amount of cytoplasm in relationship to the rest of the
cell usually increases as the cell matures.
Nuclear Maturation
The nucleus of the immature cell is round oval and is large in proportion to the rest of the cell.
As the cell matures the nucleus decreases in relative size and may or may not take on various
shapes (depending on the cell type). The nuclear chromatin transforms from a fine, delicate
pattern to become more coarse and clumped on the mature form, and the staining properties
change from a reddish purple to a bluish purple. Nucleoli present in early stages of cell
development usually disappear gradually as the cell ages.
Cell Size
As a cell matures, it usually becomes smaller in size. (for the new student, this change may be
difficult to detect. The normal mature red blood cells or small lymphocytes are generally of
relatively constant size and may be used as a guide for comparison) the student should know
the relative size of each cell type.
Identification of cells
In identifying a cell we should think of the following terms:
1. What is the size of the cell?
i. Small
ii. Medium
iii. Large
2. What are the characteristics of the cytoplasm?
i. Granular or nongranular; specific or nonspecific granules
ii. Color (staining properties).
iii. Relative amount.
3. What are the characteristics of the nucleus?
i. Shape
ii. Relative size. The size of the nucleus compared to the amount of
cytoplasm is expressed as the nuclear to cytoplasmic ratio (N/C
ratio)
iii. Chromatin pattern: smooth or coarse; Parachromatin visible or
not.
iv. Presence of or absence of nucleoli; number and size.
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ERYTHROCYTE MATURATION
The overall trend in RBC maturation is large, pale nucleus to darker, smaller nucleus to loss of
nucleus; increase in cytoplasm; gradual decrease in size; cytoplasm from intensely blue (full of
RNA) to grayish (mixture of RNA and hemoglobin) to reddish (full of hemoglobin, no RNA).
Identify the following cells.
1. Pronormobast (Rubriblast): (14-19 µm): Nucleus is large with fine chromatin and
nucleoli; cytoplasm is scant and basophilic.
2. Basophilic Normoblast (Prorubriblast):(12-17 µm): Slightly smaller nucleus with slight
chromatin condensation; increased cytoplasm and intensely blue (RNA abundance); no
granules and no nucleoli present.
3. Polychromatophilic Normoblast (Rubricyte): (12-15 µm): Moderately condensed
chromatin; lighter, grayish cytoplasm. The color of the cytoplasm is due to coloring by both
acidic and basic components of the stain. Basophilia is from staining of ribosomes and
acidophilia from hemoglobin. The nucleus is condensed and intensely basophilic with coarse
heterochromatin granules giving a characteristic checkerboard appearance.
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4. Orthochromatophilic Normoblast (Metarubricyte): (8-12 µm): Dark, opaque nucleus;
gray-red cytoplasm (trace blue). The nucleus has become pyknotic (a homogenous blue-black
mass with no structure) and there is abundant acidophilic hemoglobin. In some instances you
can detect the nucleus in the process of extrusion.
5. Reticulocyte: (7-10 µm) [Not visible with this preparation. Refer to the laser disc to see an
example.]: Nucleus has been extruded; cytoplasm is reddish-pale blue. RNA is still present.
6. Erythrocyte: (7-8 µm): No nucleus; orange-red cytoplasm; RNA is lost.
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RBCs Abnormal morphology
1- Microcytosis
Morphology:
Decrease in the red cell size. Red cells are smaller than ± 7µm
in diameter. The nucleus of a small lymphocyte (± 8,µm) is a
useful guide to the size of a red
Found in:
Iron deficiency anemia.
Thalassaemia.
Sideroblastic anemia.
Lead poisoning.
Anemia of chronic disease.
2- Macrocytosis
Morphology:
Increase in the size of a red cell. Red cells are larger
than 9µm in diameter. May be round or oval in shape,
the diagnostic significance being different.
Found in:
Folate and B12 deficiencies (oval)
Ethanol (round)
Liver disease (round)
Reticulocytosis (round)

3- Hypochromasia
Morphology:
Increase in the red cells' central pallor which occupies
more than the normal third of the red cell diameter.
Found in:
Iron deficiency
Thalassaemia
any of the conditions leading to Microcytosis

١٩

4- Polychromasia:
Morphology:
Red cells stain shades of blue-gray as a consequence
of uptake of both eosin (by hemoglobin) and basic
dyes (by residual ribosomal RNA). Often slightly
larger than normal red cells and round in shape - round
macrocytosis.
Found in:
Any situation with reticulocytosis - for example
bleeding, hemolysis or response to haematinic factor
replacement

5- Anisocytosis
Morphology:
An increase in the variability of red cell
size. Variation in erythrocyte size is now
measured by the red cell distribution width
(RDW). Always take the RDW into
account when interpreting the mean
corpuscular volume (MCV).

6- Poikilocytes: RBCs which have variation in shape.

7- Spherocytosis
Morphology:
Red cells are more spherical. Lack the central
area of pallor on a stained blood film.
Found in:
Hereditary spherocytosis
Immune haemolytic anemia
Zieve's syndrome
Microangiopathic haemolytic anemia.
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8- Target Cells
Morphology:
Red cells have an area of increased staining
which appears in the area of central pallor.
Found in:
Obstructive liver disease
Severe iron deficiency
Thalassaemia
Haemoglobinopathies (S and C)
Post splenectomy

9- Ovalcytes
Morphology:
oval shape red blood cell
Found in:
Thalassaemia major.
Hereditary ovalocytosis.
Sickle cell anemia
10- Elliptocytosis
Morphology:
The red cells are oval or elliptical in shape.
Long axis is twice the short axis.
Found in:
Hereditary elliptocytosis
Megaloblastic anemia
Iron deficiency
Thalassaemia
Myelofibrosis

11- Tear Drop Cells
Morphology:
Red cells shaped like a tear drop or pear
Found in:
Bone marrow fibrosis
Megaloblastic anemia
Iron deficiency
Thalassaemia
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12- Blister cell:
Morphology: Have accentric hallow area.
Found in: Microangiopathic hemolytic anemia

13- Schistocytosis
Morphology: Fragmentation of the red cells.
Found in:
DIC
Micro angiopathic haemolytic anemia
Mechanical haemolytic anemia

14- Stomatocytosis
Morphology:
Red cells with a central linear slit or stoma. Seen as
mouth-shaped form in peripheral smear.
Found in:
Alcohol excess
Alcoholic liver disease
Hereditary stomatocytosis
Hereditary spherocytosis

15- Burr (crenation ) cell:
Morphology:
Red cell with uniformly spaced, pointed projections
on their surface.
Found in:
hemolytic anemia
Uremia.
Megaloblastic anemia
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16- Acanthocytosis
Morphology:
are red blood cells with irregularly spaced
projections, these projections very in width but
usually contain a rounded end
Found in:
Liver disease
Post splenectomy
Anorexia nervosa and starvation

17- Echinocytes
Morphology:
Red cells are covered with 10 - 30 short spicules of
regular form.
Found in:
Uraemia
Severe burns
EDTA artifact
Liver disease

18- Sickle Cells
Morphology: Sickle shaped red cells
Found in: Hb-S disease

19- Rouleaux Formation
Morphology: Stacks of RBC's resembling a stack of coins.
Found in:
Hyperfibrinogenaemia
Hyperglobulinaemia
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20- Red cell-agglutination
Morphology: Irregular clumps of red cells
Found in:
Cold agglutinins
Warm autoimmune hemolysis

21- Eccentrocytes: are red cells with a ragged
appearing, poorly hemoglobinized fringe of cytoplasm
along one side of the cell

22- Keratocytes: are erythrocytes with a
blister-like vesicle, which may rupture, leaving
a 'bite-shaped' defect in the cell outline or one
or two horn-like projections on the same side
of the cell

Erythrocyte inclusion bodies
1- Howell-Jolly Bodies
Morphology:
Small round cytoplasmic red cell inclusion
with same staining characteristics as nuclei
Found in:
Post splenectomy
Megaloblastic anemia

2- Siderotic Granules (Pappenheimer Bodies)
RBCs which contain no hemoglobin iron
granules. They appear as dense blue, irregular
granules which are unevenly distributed in
Wright stained RBCs. Pappenheimer bodies can
be increased in hemolytic anemia, infections and
post-splenectomy.
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3- Basophilic stippling
Morphology:
Considerable numbers of small basophilic
inclusions in red cells.
Found in:
Thalassaemia
Megaloblastic anemia
Hemolytic anemia
Liver disease
Heavy metal poisoning.
4- Heinz Bodies
Represent denatured hemoglobin (methemoglobin - Fe+++)
within a cell. With a supravital stain like crystal violet,
Heinz bodies appear as round blue precipitates. Presence of
Heinz bodies indicates red cell injury and is usually
associated with G6PD-deficiency.

5- Cabot Rings
Reddish-blue threadlike rings in RBCs of severe
anemia's. These are remnants of the nuclear
membrane and appear as a ring or figure 8 pattern.
Very rare finding in patients with Megaloblastic
anemia, severe anemia's, lead poisoning, and
dyserythropoiesis.

6- Parasites of Red Cell: are protozoan
parasites which occur in many species of birds
and are the cause of avian malaria. Transmitted
by mosquitoes, infection with Plasmodium can
be a cause of hemolytic anemia
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Reticulocyte Count
Manual Method
Reticulocytes were first described as transitional forms of red blood cells by Wilhelm H. Erb in
1865. A reticulocyte is an immature erythrocyte that has lost its nucleus but retains aggregates
of RNA within its ribosomes. The amount of RNA decreases as the erythrocyte matures. After
the normoblast loses its nucleus, the reticulocyte usually remains 2 days in the bone marrow
and 1 day in the peripheral blood before becoming a mature erythrocyte. The reticulocyte
count, with its associated corrections, can be used to assess bone marrow erythrpoietic activity.
The test is also used to monitor the response of bone marrow response to treatment for anemia.
The reticulocyte count rises within days if the treatment is successful. It is also used following
bone marrow transplant to evaluate the new marrow's cell production.
The first step in a retic count is drawing the patient's blood sample. About 5 mL of blood is
withdrawn from a vein into EDTA or heparin tube.
After the sample is collected, the blood is mixed with a dye (New methylene blue) in a test
tube. The RNA remaining in the reticulocytes picks up a deep blue stain. Drops of the mixture
are smeared on slides and examined under a microscope. Reticulocytes appear as cells
containing dark blue granules or a blue network. The laboratory technologist counts 1,000 red
cells, keeping track of the number of reticulocytes. The number of reticulocytes is reported as a
percentage of the total red cells. When the red cell count is low, the percentage of reticulocytes
is inaccurately high, suggesting that more reticulocytes are present than there are in reality. The
percentage is mathematically corrected for greater accuracy. This figure is called the corrected
reticulocyte count or reticulocyte index.
Reticulocyte counts can also be done on automated instruments, such as flow cytometers, using
fluorescent stains. These instruments are able to detect small changes in the reticulocyte count
because they count a larger number of cells (10,000-50,000).
Reagents and Materials:
New Methylene Blue (Supravital stain)
Glass slides
Applicator sticks
Capillary tube
Procedure:
Mix equal amounts of methylene blue and EDTA or heparinized blood (two to three drops) on
a small test tube. If anemic use a larger proportion of blood; use a smaller proportion of blood
if polycythaemic.
Mix the tube and allow standing at room temperature or leaving in water bath or incubator at
37oC for 15-20 minutes
Mix blood and stain mixture thoroughly and make two thin smears. In an area in which cells
are close together but not touching under 100X count 1,000 RBC’s (500 on each of two slides).
Include reticulocytes in the 1,000 cells. Record the reticulocytes as a percentage of the total
number of red cells and in absolute numbers.
To ensure accuracy, another technologist count the smears again, values should agree within
20%.
No. of retic X 100
* Calculate the reticulocyte count =
1000 (RBC's observed)
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EXAMPLE: 25 reticulocytes in 1,000 total RBC’s
25x 100
Reticulocyte count =

= 2.5%
1000

Miller Disc Method of Counting
1. The Miller disc (fig) may be placed in one of the ocular lenses to aid in the counting of
the reticulocytes. The disc has two squares; square B is one ninth of square A.
2. 500 RBCs are counted in square B in consecutive fields, while reticulocytes are
counted in squares A & B. if a reticulocytes is seen during counting in square B, it is
counted both as an RBC and as a reticulocyte. When the counted is finished, the
number of reticulocytes in 4500 erythrocytes has theoretically been counted.
3. Calculate the reticulocyte count:
total reticulocytes in square A X 100
Reticulocyte (%) =
Total RBCs in square B X 9
Example: 100 reticulocytes were seen in square A, 500 RBCs were counted in square B
Reticulocyte (%) = 100 X 100 = 2.2 %
500 X 9

A
A

B

B

Figure: Miller counting disc for reticulocyte

Sources of Error:
1. Relatively more blood should be used if the hemoglobin is low.
2. Careful focusing of the microscope is essential. Platelet granules and leukocyte
granules will stain with the dye and these may be easily mistaken for reticulocytes.
3. If the procedure is followed carefully, the distribution of the reticulocytes on the
films will be good, and the allowable difference between the number of reticulocytes
per 500 RBC’s is 5 reticulocytes.
4. Howell-Jolly bodies, Heinz bodies, and iron particles, if present will also take up the
stain. Howell-Jolly bodies can be distinguished as large, very spherical bodies.
Heinz bodies are also spherical and is characteristically found clinging to the inside
of the plasma membrane giving the cell a "lumpy" appearance. If siderocytes are
suspected, a Prussian blue stain for iron should be performed to confirm their
presence.
5. An error may occur if the blood and stain are not mixed before smears are made.
The specific gravity of the reticulocytes is lower than that of the mature
erythrocytes, and thus reticulocytes settle at the top of the mixture during incubation.
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6. Moisture in the air and/or poor drying of the slide may cause areas of the slide to
appear refractile and could be confused for reticulocytes. The RNA remnants in a
reticulocyte are not refractile.

Interpretation:
The reticulocyte percentage may be misleading if one does not consider the degree of anemia
or of intense erythropoietic stimulation. The reticulocyte count may be truly elevated,
indicating increased effective erythropoiesis, or it may only appear elevated because the total
number of erythrocytes is decreased. To compensate for this the best and simplest method of
reporting Retic is the Absolute Retic Count.
Absolute Reticulocyte Count (ARC): is the actual number of reticulocytes in 1L of whole
blood.
This is calculated by multiplying the retic % by the RBCs count and dividing by 100.
Reference values are 25.0 - 75,0X109/L.
Calculation:
ARC = reticulocyte (%) X RBCs count (X1012) X1000
100
Example: if a patient's reticulocyte count is 2% and the RBCs count is 2.20X1012/L the ARC
would be calculated as follows:
ARC =

2 X (2.20X1012/L) X1000
= 44.0X109/L
100

The reticulocyte count can increase either because more reticulocytes are in the circulation, or
because there are fewer mature cells. Therefore, the observed reticulocyte count may be
corrected to a normal hematocrit of 45%.
Corrected retic count (%) =

observed count X measured HCT (%)
45
Counts corrected for hematocrit are not perfect indices of production, because the reticulocyte
count can also be altered by premature release of the cells from the marrow ("shift") instead of
losing their reticulum in 1 day like normal reticulocytes, theses cells take up to 2.5 days to lose
their reticulum. If shift cells (5) are detected in the Wright- stained smear, an empirical
correction must be applied for RBC maturation.
The maturation time of the reticulocyte is taken as:
Hematocrit_% Maturation Time_ (Days)
45
1.0
35
1.5
25
2.0
15
2.5
Corrected retic count (%)
Retic Production Index =
# Days (Maturation time)
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Although there is some difference of opinion, correction of the reticulocyte count for shift
clearly improves diagnostic results. For the shift correction to be valid there must be a normal
relationship between degree of anemia and the increased erythropoietin concentration which
produces shift. This is validated by examination of the smear. This index, when compared to
the expected marrow response in the anemic subject indicates the state of erythropoiesis. An
index equal to or grater than 3 is considered to represent an adequate bone marrow response.
An index of less than 2 is inadequate.
Normal results
Adults have reticulocyte counts of 0.5-2.5%. Women and children usually have higher
reticulocyte counts than men.
Abnormal results
A low reticulocyte count indicates that the bone marrow is not producing a normal number of
red blood cells. Low production may be caused by a lack of vitamin B, folic acid, or iron in the
diet; or by an illness affecting the bone marrow (for example, cancer ). Further tests are needed
to diagnose the specific cause.
The reticulocyte count rises when the bone marrow makes more red cells in response to blood
loss or treatment of anemia.
Counts in newborn may be somewhat higher (2-6%) but return to adult levels in 1-2 weeks.
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Sickle Cell
Overview
Sickle cell anemia is an inherited disorder that leads to the production of an abnormal
hemoglobin variant, hemoglobin S (HbS or HgbS). In the red blood cell (RBC), this variant
can form polymers in low oxygen conditions, changing the shape of the RBC from a round disc
to a characteristic crescent (sickle) shape. This altered shape limits the RBC’s ability to flow
smoothly throughout the body, limits the hemoglobin’s ability to transport oxygen, and
decreases the RBCs lifespan from 120 days to about 10-20 days. The affected person can
become anemic because the body cannot produce RBCs as fast as they are destroyed. Also,
sickled blood cells can become trapped in blood vessels reducing or blocking blood flow. This
can damage organs, muscles, and bones and may lead to life-threatening conditions.
Hemoglobin S production arises from an altered (mutated) “S” gene. Hemoglobin S differs
from normal adult hemoglobin (hemoglobin A) only by a single amino acid substitution (a
valine replacing a glutamine in the 6th position of the beta chain of globing). A person with
one altered S gene will have sickle cell trait. In those who have sickle cell trait, 20% to 40% of
the hemoglobin is HbS The person does not generally have any symptoms or health problems
but can pass the gene on to his children.
When a person has two copies of the S gene (homozygous SS), he has sickle cell anemia. In
sickle cell disease, as much as 80% to 100% of the hemoglobin may be HbS. Those individuals
who carry both abnormal genes have sickle cell disease. In this condition the person may not
experience any symptoms under 'normal' conditions, but may experience episodes called
'sickling crises' brought on by, for example, infection or dehydration. During such episodes
symptoms can include joint pain, abdominal pain, fever and seizures. In the long-term,
sufferers may experience haemolytic anaemia (breakdown of red blood cells), growth
impairment, jaundice and increased risk of serious infections.

Sickle cell test:
A sickle cell test is a blood test done to screen for sickle cell trait or sickle cell disease. Sickle
cell disease is an inherited blood disease that causes red blood cells to be deformed (sickleshaped).
If the screening test is negative, it means that the gene for sickle cell trait is not present. If the
screening test is positive, then further haemoglobin testing must be performed to confirm
whether one mutated gene or both are present. In unaffected individuals HbS is not present.

Principle:
 When a drop of blood is sealed between a cover slip and a slide, the decline in oxygen
tension due to oxidative processes in the blood cells leads to sickling. This is the common
diagnostic test for sickle cell anemia and sickle cell trait used in clinical laboratories.
 In another method, a saline citrate suspension of blood is allowed to stand in a test tube
under a layer of paraffin oil until sickling takes place.’ In employing any of the common
diagnostic tests for sickling it is desirable to obtain blood which has a low. fraction of
oxyhemoglobin.
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 When we add a chemical reducing agents. Sodium dithionite or sodium metabisulfite. This
rapidly reduces oxyhemoglobin to reduced hemoglobin, and this property suggested its use
in testing erythrocytes for sickling.

Sodium Metabisulfite Method
Specimen:
Whole blood using heparin or EDTA as anticoagulant. Capillary blood may also be used.

Reagent and equipment:
1. Sodium Metabisulfite 2% (w/v); prepared by dissolving 0.2 gm sodium metabisulfite in
10 ml DW. Stable for 8 hours at room temperature.
2. Petroleum jelly.
3. Cover glass.
4. Microscope.

Procedure:
1. Place one drop of the blood to be tested in a glass slide.
2. Add 1- 2 drops of sodium metabisulfite to the drop of blood and mix well with an
applicator stick.
3. Place a cover glass on top of the sample and press down lightly on it to remove any air
bubbles and to form a thin layer of the mixture. Wipe of the excess sample.
4. Carefully rim the cover gloss with the petroleum jelly, completely sealing the mixture
under the cover slip.
5. Examine the preparation for the present of sickle cells after one hour using 40 X
objective. In some instances, the red blood cells may take on a holly-leaf form. This
shape is found in sickle cell trait, and, when present, the test is reported as positive.
6. If there is no sickling present at the end of one hour, allow the preparation to stand at
room temperature for 24 hours, and examined at that time.
7. When sickle cells or the holly leaf form of the cells are present the results are reported
as positive. Normal looking red cells or slightly crenated red blood cells as reported as
negative.

Discussion:
1. The sickle cells or the holly-leaf form of the cell must come to a point or points to
be considered positive. Elongated cells with a round end must not be confused with
sickle cells.
2. Sickling of the cells is maximum at 37oC and decreased as the temperature lowers.
3. This test should not be performed on infants less than six months old.
4. With this method it is not possible to distinguish sickle cell trait from sickle cell
disease. Hence if the test is positive, it is advisable to perform hemoglobin
electrophoresis to determine the presence of the trait or the anemia and to positively
identified the type of the sickling hemoglobin present.

Solubility test
Erythrocytes are lysed by saponin and the released hemoglobin is reduced by sodium
hydrosulfite in a concentrated phosphate buffer. Under these conditions, reduced HbS is
characterized by its very low solubility and the formation of crystals. The presences of
HbS or HbC are indicated by the turbid solutions. The normal HbA under these same
conditions results in a clear non-turbid solutions.
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Fetal hemoglobin (Hb F)
- Is the main hemoglobin that transports oxygen around the body of the developing baby
during the last 7 months of pregnancy.
- Is the best suited to the conditions in the womb and the oxygen transport needs or babies still
in their mothers' wombs?
- A few weeks before birth the baby starts to make increasing amounts of adult hemoglobin
(Hb A).
- After birth the baby makes less hemoglobin F and more hemoglobin A.
- Hemoglobin F does not turn into hemoglobin A.
- Hb F and Hb A are completely different hemoglobin.
- Hemoglobin F is made up of 2 alpha chains and 2 gamma chains.
- Baby takes about 2 years to completely switch over to adult haemoglobin.
- A baby who makes normal fetal hemoglobin will not necessarily be able to make normal
adult hemoglobin.
- Sickle cell disease is caused by abnormal adult hemoglobin, called hemoglobin S
- Newborn babies with sickle cell disease make hemoglobin F and hemoglobin S
- Babies with sickle cell disease experience more problems as hemoglobin F is turned off.
-Hydroxyurea, one of the new drugs used to treat sickle cell disease in adults works by turning
hemoglobin F back on.

Hb F increased in:
1.
2.
3.
4.
5.

Hereditary persistence of fetal hemoglobin
Sickle cell anemia
Acquired a plastic anemia
Megaloblastic anemia
Paroxysmal nocturnal hemoglobin

Specimen: Whole blood with anticoagulant (EDTA)
Principle:
A red blood cell hemolysate is prepared to lyse the red blood cell and free the hemoglobin.
These tests utilize the characteristics of Hb F to resist denaturation in an alkaline solution. The
hemolysate is added to cyanmethemoglobin reagent and then exposed to an alkaline reagent,
sodium hydroxide, for specified period. During this time normal Hb is destroyed, but the fetal
Hb remains intact.
Ammonium sulfate is added to stop the denaturation process and to precipitate the denaturated
hemoglobin. The solution is filtered, measured spectrophotometerically, cyanmethemoglobin
solution to determine the percent of hemoglobin.
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Procedure:
1. Prepare hemolysate (R1) by add 0.5ml blood to 9.5ml drapkien then mixed
2. Transfer 2.8ml from R1 to new tube and add 200 µl NaOH (2N) mixed and
incubation at R.T 2 min
3. At the end of 2 min exactly add 2 ml saturation ammonium sulfate and
mixed then incubation 5-10 min at R.T
4. Filter the solution by filter paper
5. Read the filtrate at 540 nm

Total Hb
1. Add 0.4ml blood from (R1) to 6.75 ml D.W and mixed
2. Read it on 540nm.

%Hb F = (Abs of HbF / Abs of total Hb*10) *100
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Hemoglobin A2
Hemoglobin A2 is a normal variant of hemoglobin A that consists of two alpha and two delta
chains and is found in small quantity in normal human blood.
Very small amounts of hemoglobin A2 up to 3.5% are normally found in the adult. Elevated
level (up to 8%) generally indicate β. Thalassemia trait, although some patients with
homozygous. Thalassemia may show an increased HbA2. Decreased level may be found in
iron deficiency anemia, Hb H disease, hereditary persistence of Hb F, fibroblastic anemia, and
in carriers of αThalassemia.
The anion exchange micro chromatography procedure outlined below is an accurate and easily
performed method for HbA2 Quantization.

Principle
A hemolysate is prepared from the patients red blood cells. A specific amount of hemolysate is
then added to the top of the resin column. The diethyl amino ethyl DEDE resin is a preparation
of cellulose attached to positively charged molecules, thus giving the cellulose appositive
charge.

When the hemolysate is added to the column, the PH of the buffer present determines the net
negative charge of the Hb, which then binds to the positively charged cellulose resin. The Hb
are selectively removed from cellulose according to the PH of the developer. In this procedure
the HbA2 (originally bound to the resin) is released from the resin and eluted by the developer
as it passes through the column. Most other normal and abnormal HbS remain bound to the
resin in the column. The eluted HbA2 is then measured spectrophotometrically and compared
with the amount of total Hb in the specimen to calculate the percent of HbA2 present.
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Procedure
1. Hemolysate preparation
1- Blood 50 µl
2- Distilled water 200 µl
3- Good mixing and leaved it for some time at R.T.

2. Separation and reading HbA2
4. Remove the upper of the Micro column and then snap the tip off the bottom. Then,
using the rounded end of a pipette, push the upper disc down to resin surface taking
care not to compress it. Let the micro column drain completely to waste.
5. Take 50 µl from hemolysate and put it on the upper disc and let the column drain to
waste.
6. Add 200 µl from reagent (1) buffer and put it on the upper disc and let the column drain
to waste.
7. Place the micro column over a test tube and add 3.0 ml from buffer.
8. Collect the elute ( Hb A2 fraction)
9. Shake thoroughly and read absorbance (Abs) of the HbA2 fraction at 415 nm against
distilled water (Abs HbA2)

3. Reading of total hemoglobin
10. Put in test tube 12.0 ml distilled water and 50 µl hemolysate and then read at 415nm
against distilled water.

Calculation
% Hb A2 = (Abs HbA2 / Abs Hb total) X 25

Notes:

 This test must not be performed before six months age.
 If the patient heterozygous for β- thalassemia also has iron deficiency, the hemoglobin
A2 may be within the normal range.
 If the patient has received a transfusion recently this test should not be performed.
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Gluose-6-phosphate dehydrogenase (G-6-PD)
Glucose-6-Phosphate Dehydrogenase (G6PD) deficiency is the most common human enzyme
deficiency in the world; it affects an estimated 400 million people. G6PD deficiency is also
known as "favism," since G6PD deficient individuals are also sometimes allergic to fava beans.
G6PD deficiency is an allelic abnormality which is inherited in an X-linked recessive fashion.
When someone has G6PD deficiency, complications can arise; hemolytic anemia and
prolonged neonatal jaundice are the two major pathologies associated with G6PD deficiency.
Both of these conditions are directly related to the inability of specific cell types to regenerate
reduced nicotinamide adenine dinucleotide phosphate (NADPH); this reaction is normally
catalyzed by the G6PD enzyme.
In G6PD deficient individuals, anemia is usually caused by certain oxidative drugs, infections,
or fava beans. When any one of these agents, or their metabolites, enters a G6PD deficient red
blood cell, hemoglobin becomes denatured, thus destroying its function as the principal oxygen
carrying molecule. In addition to being susceptible to hemolytic anemia, G6PD deficient
individuals are also predisposed to prolonged neonatal jaundice. This can be a potentially
serious problem as it can cause severe neurological complications and even death.

Principle:
Glucose-6-phosphate dehydrogenase (G6PDH, D-glucose-6-phosphate) catalyzas the first step
in the pentose phosphate shunt ,oxidising glucose-6-phosphate (G-6-P)to 6phosphogluconate(6-PG) and reducing NADP to NADPH,which illustrate by the following
equation:
G-6-P + NADP+

G-6PDH

6-PG + NADPH + H+

NADP is reduced by G-6-PDH in the presence of G-6-P. The rate of formation of NADPH is
directly proportional to the G-6-PDH activity and is measured spectrophotometrically as an
increased in absorbance at 340nm. Prodution of asecond molar equivalant of NADPH by
erythrocyte 6-phosphogluconate dehydrogenase (6-PGDH) according to the reaction :

6-PG + NADP+

G-6PDH

Ribulose-5- phosphate + NADPH + H+ + CO2

Specimen collection and storage
Whole blood collected with EDTA, heparine or acid citrate dextrose .Red cell G-6-PDH is
stable in whole blood for one week refrigrated (2-8ºc),but is unsteble in red cell
hemolysates.since activity is reported in term of number of red blood cell or gram hemoglobin,
the red cell count or hemoglobin concentration should be determined prior to performing the
G6PDH assay.
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Procedure
The temreture of the reaction mixture should be maintained at 30ºc or some other constant
tempreture.
1.
prepare reaction mixture:
 Add 0.01ml blood directly to vial containing G-6-PDH assay
solution and mix throughly to completely suspend erythrocytes,
lat stand at room tempreture(18-25ºc) for 5-10min.
 Add 2.0ml G-6-PDH substrate solution directly to vial and mix
gently by inverting several times.
 Transfer contents of vial to cuvet.
3. Place cuvet in constant tempreture cuvet compartment or water bath and incubate for
approximatly 5min to attain therma; equilibrium.
4. Read and record absorbance (A1) of test at 340 nm vs water or ptassium dichromate
solution. This is initial A .(if using awater bath or incubator ,return cuvet to it)
5. Exactly 5min later, again read and record (A2), this is final A.
6. To determine G-6-PDH activity do the following calculation.

Calculation:
 ΔA permin= A2-A1/5
 G-6-PDH activity is expressed as U/1012 erythrocyte (RBC)or as U/g hemoglobin
(Hb).
 G-6-PDH (U/1012 RBC) =
ΔA per min X 3.01 X 1012 X TCF / 0.01 X 6.22 X (N X 10*6) X 1000

Where:
3.01
1012
0.01
6.22
N X 106
1000
TCF

= total reaction volume(ml)
= factor for expressing activity in 1012 cells
= sample volume (ml)
= millimolar absorptive of NADPH at 340 nm
= red cell count (red cells/mm³) determined for each specimen
= conversion of red cell count from mm³ to ml
=temperature correction factor (1at 30ºc)

This equation reduced to:
G-6-PDH ( U/1012 RBC)= ΔA/min X (48,390/N) X TCF

Where:
N
TCF

= red cell count divided by 106
= temperature correction factor (1at 30ºc)
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 G-6-PDH(U/gHb) = ΔA per min X 100 X 3.01 / ((0.01 X6.22 X Hb(g/dl)) X TCF
= ΔA per min X 4839 / Hb (g/dl) X TCF

Where:
100
3.01
0.01
6.22
Hb (g/dl)
TCF

= factor to convert activity to 100ml
= total reaction volume (ml)
= sample volume (ml)
= mill molar absorptive of NADPH at 340 nm
= hemoglobin concentration determined for each specimen
= temperature correction factor (1 at 30ºc)

Note: If anemia and/or leukocytosis is present: Use buffy coat free blood sample for
assay (platelets and WBCs marked activity in this enzyme)

Normal range:
G-6-PDH (U/1012 RBC): (146-376)
G-6-PDH (U/gHb): (4.6-13.5)

Qualitative method in G-6-DP determination:
Principle
Glucose -6-phosphate dehydrogenase,present in the red blood cell hemoysate, act on glucose 6-phosphate and reduces NADP to NADPH which, with the help of PMS, reduces blue colored
2,6Dichlorophenol Indophenol into acolorless form.the rate of decolorization is proportional to
the enzynme activity. The reaction can be represented as:
G-6-phosphate +NADP

6-phosphogluconic acid +NADPH

NADPH+2,6Dichlorophenol indophenol
(Blue color)

NADP+Redued DCPIP (colorless)

Rate of declorization is directly proportional to the activity of G-6-PD.

Note:

 Fresh blood sample should be use since refrigeration reduces the enzyme activity.
 Heparine sample should not be use as interfer with enzyme reaction.
 Avoid exposure of substrate vial to the light (it is photosensitive).
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Procedure:
Step1: Preparation of red cell hemolysate:
Purified water
: 2.5ml
Fresh blood
: 0.05ml
Mix well and allow standing for 5min at R.T.

Step2: Assay of the enzyme:
a. Add 1mi of the hemolysate (step 1) to the vial of solution 1 and mix gently.
b. Add immediately about 1ml of reagent 3.
c. Seal the vial with aluminium foil and incubate in water bath at 37ºc.

Observe: thetime taken for the color change from initial deep blue to reddish purple. Follow
up to amax. Of 6 hours with 30 min intervals.

Results:
Normal : 30-60 min.
G-6-PD deficient (heterozygous males, homozygous female): 140min-24hr
G-6-Pdcarriers (heterozygous females):
90min-several hours.
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Sugar water screening test
The sugar water test is a sample screening procedure for paroxysmal nocturnal hemoglobinuria
(PNH)in which patient red blood cells are abnormally sensitive to destruction by normal
constituent in plasma.
If the sugar water is positve the sucrose hemolysis test should be performed before adiagnosis
of PNH is made.
Specimen:
Citrated Whole blood (1 part 0.109 M sodium citrate to 9 part whole blood)
Principle:
Whole blood is mixed with asugar water solution and incubated at R.T., PNH red cells are
abnormaally sensitive to lysis by complement theat show hemolysis mean positive result of
PNH.
Procedure:
1. Pipet 1.8ml of sugar water solution in to each two 12X75mm test tubes, labeled patient
and control (normal).
2. Add 0.2ml of well mixed control and patient's whole blood to the respective test tubes.
3. Invert each test tube gently of mixture.
4. Incubate both tubes at R.T. for 30min.
5. At the end of incubation, remix each test tube very gently. Remove 0.5ml of the
mixture from each test tube and add to 9.5ml Drabkin's reagent as total for each tube.
6. Mix well and allow sitting at R.T. for 10min.
7. Centrifuge the remainig blood-sugar water mixtures at 1200-1500g for 5min.
8. Add 0.5ml of each supernatant to 9.5 Drabkin's labeled as test for each tube.
9. Read the test and total for each tube at 540nm, Read against Drabkin's.
10. Calculate the percent of hemolysis for each specimen as shown below:

%hemolysis= (O.D. test/O.D. total) X100
Normal range:
 Hemolysis of 5% or less is considered negative and with in normal limits.
 Hemolysis of 6-10% is border line.
 Positive results will show greater than 10% hemolysis, and must be confirmed by the
sucrose hemolysis test.
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Sucrose hemolysis test
The sucrose hemolysis test is used as confirmatory test for PNH when the sugar water test is
positive.
Specimen:
Citrated Whole blood (1 part 0.109M sodium citrate to 9 part whole blood)
Principle:
Washed red blood cells are incubated in an isotonic solution containing normal ABO
compatible serum. At low ionic concentration, red blood cells absorb complement component
from serum. Because PNH red blood cells are much more sensitive than normal red cells they
will hemolysis under these condition, while normal cells will not hemolysis.
Procedure:
1. Place 1ml of patient and control bloods in respective 12x75mm test tubes. Wash red
cells by adding 0.85% sodium chloride to each tube. Centrifuge specimen at 12001500g for 5min.Carefully remove supernatant . Wash the red blood cells a second time
in the same manner.
2. Prepare a 50% solution of red cells for both patient and control: add 3drops of washed
red blood cells to 3 drops of 0.85% sodium chloride. mix.
3. In to appropriately labeled 12x75mm test tubes(one tube for each patient and control,
and one tube for control, and one tube for the blank),pipette 1.7ml of sucrose solution.
Add 0.1ml of ABO compatible serum (or serum from a type AB donor)to each tube.
4. Add 0.2ml of the 50% suspension of red cells to each appropriately labeled tube, gently
mix each tube by inversion.
5. Incubate all tubes at R.T. for 30min.
6. While the tube are incubating, label 13x100mm test tubes, ”total” and “test” for each
patient and control, and 1 tube for the blank. Pipet 9.5ml of Drabkin's reagent in to each
test tube.
7. At the end of the 30min incubation remix each blood sacrose tube very gently. Remove
0.5ml of the mixture from each test tube and add to the appropriately labeled “total"
tube containing Drabkin's reagent. Transfer 0.5ml from the tube labeled blank to the
Drabkin's tube labeled blank. Mix well by inversion. Allow to sit fo 10min.
8. Centrifuge the remaining blood-sugar water mixtures at 1200-1500g for 5min.
9. Add 0.5ml of each supernatant to the appropriately labeled ”test” tube contain
Drabkin's reagent. Mix all tubes well by inversion and allow to sit for 10min.
10. Transfer above mixtures to cuvette and read in spectrophotometer at 540nm, setting the
blank at 0.0 O.D. Record the O.D. reading for each sample.
11. Calculate the percent of hemolysis for each specimen as shown below:

%hemolysis = (O.D. test/O.D. total) X 100
Normal range:
 Hemolysis of 5% or less is considered negative and with in normal limits.
 Hemolysis of 6-10% is border line.
 Positive results will show greater than 10% hemolysis, and must be confirmed by the
sacrose hemolysis test.
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Osmotic Fragility Test
Introduction
Definition:
Osmotic fragility is a test to measures red blood cell (RBC) resistance to hemolysis when
exposed to a series of increasingly dilute saline solutions.
The sooner hemolysis occurs, the greater the osmotic fragility of the cells.
Why the Test is performed?
This test is performed to detect Thalassemia and hereditary spherocytosis.
Hereditary spherocytosis is a common disorder in which red blood cells are defective because
of their round, ball-like (spherical) shape. These cells are more fragile than normal.
Spherical cells are said to have increased osmotic fragility because they are less likely to
expand and break open in salter water than normal red blood cells (which are indented or
curved inward on both sides).
Cells that are flatter than normal are more likely to expand, and thus have decreased osmotic
fragility.
Thalassemia is an inherited condition that affects the portion of blood (hemoglobin) that carries
oxygen.
Some red blood cells are more fragile than normal, but a larger number are less fragile than
normal.
- When spherocytes (HS) are suspected on the basis of an elevated mean corpuscular
hemoglobin concentration or on examination of a peripheral blood smear, the osmotic fragility
test may be used to confirm the presence of spherocytes. The test does not distinguish between
spherocytes in HS and in acquired autoimmune hemolytic anemia;
the test only indicates that a proportion of the red cells have decreased surface-to-volume ratios
and are more susceptible to lysis in hypo- osmotic solutions. HS patients who are experiencing
significant elevations in reticulocytes may not fall outside of the normal range.
Cells with increased surface-to-volume ratios, such as occur in thalassemia and iron deficiency,
may show decreased osmotic fragility.
For patients with acute hemolysis, a normal red cell osmotic fragility test result cannot exclude
an osmotic fragility abnormality since the osmotically labile cells may be hemolyzed and not
present.
Recommend testing during a state of prolonged homeostasis with stable hematocrit.
Normal Range: Hemolysis begins 0.45% and complete 0.35%
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Purpose
1- To aid diagnosis of hereditary spherocytosis & Thalassemia.
2- To supplement a stained cell examination to detect morphologic RBC abnormalities.

Material
Specimen: whole blood
Collection Medium: Na Heparin tube or Lithium Heparin tube.
Minimum: 5 ml whole blood.
Rejection Criteria: Hemolyzed specimen.
Methodology: Spectrophotometer.

Procedure
1- We will do this dilution:
Test tube
1
2
3
4
5
6
7
8
9
10
11
12
13
14

1%Nacl(ml)
10.0
8.5
7.5
6.5
6.0
5.5
5.0
4.5
4.0
3.5
3.0
2.0
1.0
0.0

D.W. (ml)
0.0
1.5
2.5
3.5
4.0
4.5
5.0
5.5
6.0
6.5
7.0
8.0
9.0
10.0

Final conc. (%)
1.00
0.85
0.75
0.65
0.60
0.55
0.50
0.45
0.40
0.35
0.30
0.20
0.10
0.00

2- Then we divide every volume in 2 tubes so now we get 28 tubes.
3- Add 50 micron of whole blood to every tube.
4- let the tubes at R.T for 30 min at 2500 rpm.
5- Well mixing by using the vortex.
6- Centrifuge for 5 minutes at 2500 rpm.
7- Now we will measure the absorbance in the tubes by using spectrophotometer (540 nm).
8- calculate the % of hemolysis by using:

% of hemolysis= (Abs of tube / Abs of tube 14) * 100%

٤٣

Reading:
- We measure the absorbance from tube No. 6:
Tube No.
6
٧
٨
٩
١٠
١١
٢
١
١٣

Reading for group 1
0.0057
0.008
0.132
0.261
0.716
0.832
0.846
0.865
0.887

Reading for group 2
0.005
0.008
0.134
0.341
0.711
0.836
0.854
0.867
0.886

Average
0.0054
0.008
0.133
0.251
0.714
0.834
0.850
0.866
0.887

% hemolysis
0.61
0.91
15.0
28.3
٨١
94.3
95.8
98.7
١٠٠

Discussion:
Interfering factors :
1- Completely fill the collection tube and invert it gently several times to mix the sample
and anticoagulant thoroughly.
2- Handle the sample gently to prevent accidental hemolysis.
3- In some cases, RBCs don't hemolysis immediately; incubation in solution for 141 hours
improves test sensitivity.
4- Presence of hemolytic organisms in the sample.
5- Severe anemia or other conditions with fewer RBCs available for testing .
6- Recent blood transfusion.
7- Old sample.
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Electronic cell counter
PRINCIPLE
1. The counting of the cellular elements of the blood (erythrocytes, leukocytes, and
platelets) is based on the classic method of electrical impedance.
2. Electrical resistant principle, which depend on the fact that blood cells are non
conductive to electricity, so when they pass through electrical field they will
increase the electrical resistance.
3. The counting chamber consists of a beaker, two electrodes with a direct current, an
orifice with specified dimension; when suspended cells passes through the aperture
it will increase the electrical impedance between the two electrodes, manifested as a
pulse (sum of pulse= count). The pulse height indicate cell volume.

Performance:
1. The aspirated whole blood specimen is divided into two aliquots and mixed with an
isotonic diluent.
2. The first dilution is delivered to the RBC aperture bath, and the second is delivered to
the WBC aperture bath.
3. In the RBC chamber, both the RBCs and the platelets are counted and discriminated by
electrical impedance
4. Particles between 2 and 20 fL are counted as platelets, and those greater than 36 fL are
counted as RBCs.
5. Red cell histograms - histograms are derived by plotting the size of each red cell on x
axis and the relative number on the y axis. They are used to determine the average size,
distribution of size, and to detect subpopulations
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Sources of error in cell count include:
1. Cold agglutinins - low red cell counts and high MCVs can be caused by a increased number
of large red cells or red cell agglutinates. If agglutinated red cells are present, the automated
hematocrits and MCHCs are also incorrect. Cold agglutinins cause agglutination of the red
cells as the blood cools.
Cold agglutinins can be present in a number of disease states, including infectious
mononucleosis and mycoplasma pneumonia infections.
If red cell agglutinates are seen on the peripheral smear, warm the sample in a 37 degrees C
heating block and mix and test the sample while it is warm. Strong cold agglutinins may not
disperse and need to be redrawn in a pre-warmed tube and kept at body temperature.

2. Fragmented or very microcytic red cells
these may cause red cell counts to be decreased and may flag the platelet count as the red cells
become closer in size to the platelets and cause an abnormal platelet histogram. The population
is visible at the left side of the red cell histogram and the right end of the platelet histogram.

3. Platelet clumps and platelet satellitosis: these cause falsely decreased platelet counts.
Platelet clumps can be seen on the right side of the platelet histogram. Decreased platelet
counts are confirmed by reviewing the peripheral smear. Always scan the edge of the smear
when checking low platelet counts.
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4. Giant platelets: these are platelets that approach or exceed the size of the red cells. They
cause the right hand tail of the histogram to remain elevated and may be seen at the left of the
red cell histogram.

5. Nucleated red blood cells: these interfere with the WBC on some instruments by being
counted as white cells/lymphocytes .

Hb measurement
•

•
•

A reagent to lyse RBCs and release hemoglobin is added to the WBC dilution before
the WBC's are counted by impedance After the counting cycles are complete, the WBC
dilution is passed to the heamoglobinometer for hemoglobin determination (light
transmittance read at a wavelength of 535 nm).
Hemoglobin, on most automated systems, is measured as cyanmethemoglobin.
Red cells are lysed and potassium ferricynide oxidizes hemoglobin to methemoglobin,
which combines with potassium cyanide forming cyanmethemoglobin. The brown
color is measured spectrophotometrically and the corresponding hemoglobin reported.

Sources of error
• Common sources of error in measuring hemoglobin include anything that will cause
turbidity and interfere with a Spectrophotometry method.
• Examples are a very high WBC or platelet count, lipemia and hemoglobin's that are
resistant to lysis, such as hemoglobin's S and C.

Hematocrit
•

hematocrit is the volume of the red cells as compared to the volume of the whole blood
sample. Hematocrits on the automated systems are calculated.
The volume of each red cell is measured as it is counted and a mean cell volume is
derived. The calculations are not precisely the same. But, they can be summarized as
mean corpuscular red cell volume (MCV) multiplied by the red cell count (RBC).
Hematocrits are reported in L/L or the traditional %.
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Sources of errors
•
•
•

Hematocrits calculated by automated instruments depend on correct red cell counts and
red cell volumes to arrive at an accurate hematocrit.
Hence, anything affecting the red cell count or volume measurement will affect the
hematocrit.
This method is not as sensitive to the ratio of blood to EDTA as the centrifuged
hematocrit

Correlating Hemoglobin and Hematocrit Values
• The hemoglobin times three roughly equals the hematocrit in most patients.
Example: 14.8 x 3 = 44 (patient's hematocrit result is 45 L/L)
11.0 x 3 = 33 (patient's hematocrit result is 32 L/L)
• The exception to this rule is in patients with hypochromic red cells. These patients will
have hematocrits that are more than three times the hemoglobin

Blood indicies
1. MCV The counter provides us with MCV which is derived from the histogram (sum of
pulse height / sum of pulse).
2. MCH is Mean Corpuscular Hemoglobin weight in picograms. This is the average
weight of the hemoglobin in picograms in a red cell. It is a calculated value.
MCH =hemoglobin in gm/L / red cell count in millions/L
3. MCHC is Mean Corpuscular Hemoglobin Content. This indicates the average weight of
hemoglobin as compared to the cell size. It is traditionally a calculated value.
MCHC =Hemoglobin in g/mL / HCT
4. RDW: The RDW (red cell distribution width) is a measurement of the width of the
bases of the RBC histogram the red cell size distribution and is expressed as the
coefficient of variation percentage. The RDW is increased in treated iron deficiency,
vitamin B12 deficiency, folic acid deficiency, post-transfusion.
MPV: The MPV is a measure of the average volume of platelets in a sample and is analogous
to the erythrocytic MCV.
Pct: analogues to HCT for RBCs

WBC's
•
•

The lysing reagent also cause WBC's membrane collapse around the nucleus , so the
counter actually measuring the nuclear size.
Cells lies between
(35-90)are considered lymphocyte.
(90-160) are considered MID cells,
(160-450) fl are neutrophil.
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Normal and linear limits

٤٩

INTERFERENCES THAT MAY CAUSE ERRONEOUS RESULTS
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Red Cells Histogram
* normal red cell histogram displays cells form (36- 360 ) fl
A- (24- 36 fl ) flag may be due
1- RBCs fragments
2- WBC's fragments
3- Giant plts
4- Microcyte
B- Shift to right :
- Leukemia
- Macrocytic anemia
- Megaloblastic anemia
C- Shift to left :
- Microcytic anemia (IDA)
D- Bimodal
- Cold agglutinin
- IDA, Megaloblastic anemia with transfusion.
-Sideroblastic anemia.
E- Trimodal
- Anemia with transfusion
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WBC's Histogram
* flags at 35 ,90 , 160, 450, fl
* Diff. lymphocyte ( 35-90) fl
*(monocyte, promyelocyte, myelocyte) (90-160) fl
*Granulocyte (160-450)fl
-30-35fl
1- NRBCs
2-Clumped plts
3- Heinz body
4- Malaria
5- Unlysed Red cell
- between lymph & mono
1- Blast forms
2- Plasma cell
3- Eosinophil
- between mono & qran
- Blast
- Eosinophil
- Immature granulocyte
- Far right flag
granulocytes count
- 35 flg
Cull

Plts histogram
•

•

(2-20 fl)
(0-2)
1- Air Babbles
2- Dust
3- Electronic and Electricalnoise
Over 20 fl
1- Microcyte
2- Scishtocyte
3- WBC's fragments
4- Giant Plts
5- Clumped plts

٥٢

Special stains
1-Leukocyte Alkaline phosphatase (LAP):
Purpose: Distinguishing the cells of leukemoid reactions with increase activity from these of
(CML) with decreased activity.
Principle: Alkaline phosphatase Activity is present in varying degrees in the neutrophil and
band form of the granulocytes /some times in B lymphocytes
.
LAP
* Naphthol As-M
Hydrolsed Fast blue
insoluble precipitate at
the site of enzyme activity
or {naphthol AS-BI} Alkaline PH Substrate RR dye
Interpretation:
Count 100 neutrophiles and score them (0/+4), then calculate the final score by adding the total
scores.
Grading:
*(0) No stain
*(+2) Moderate stain
*(+4) Strong stain without
*(+1) Faint stain
*(+3) Strong stain
cytoplasmic background
Normal Range: 30-185
LAP elevated in:
1- Leukomoid reaction.
2- Pregnancy
3- Polycythemia vera.
4- Aplastic anemia.
5- Multiuple myeloma
6- Obstructive juindice.
7- Hodgkins` disease.

LAP decreased in:
1- CML.
2- Paroxymal Nocturnal Hemoglobinuria.
3- Sickle cell anemia.
4- Hypophosphatasia.

**The following diseases will not affect LAP result:
1- Untreated hemolytic anemia.
2- Lymphosarcoma.
3- Viral hepatitis.
4- Secodery polycythemia.

2-Peroxidase stain :
Purpose: To differentiate a myelogenous or monocytic leukemia from acute lymphocytic
.leukemia
Principle: Peroxidase is present in the primary azurophilic granules of neutrophil, eosinophil
and monocyte & activity increased with maturation, no activity is found in red cells or
lymphocytes.
Peroxidase
H2O2 + 3-amino-9-ethylecarbazole
Insoluble red brown precipitate
Or (benzidine dihydrodase)
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Interpretation:
* Red – brown peroxidase found in: neutrophil and eosinophil {promyelocyte – Myelocyte –
Metamyelocyte}
* Finely granular staining found in: -Monocyte
* Negative stain
found in: -early Myeloblast, lymphblast, basophiles and
plasma cell
Notes:
*In acute leukemia, infection & myelodysplasia neutrophils show (-ve) stain
* Increase in CML
* Basophile May stain +ve in granulocytic leukemia
* Peroxidase stain show results similar to those of sudan Black B stain

3-Sudan Black B:
Purpose: To distinguish acute myelogenous and monocytic leukemia from lymphocytic
leukemia.
Principle: Sudan black B dye is fat soluble, then it stains fat particles (Steroles,
phospholipids and neutral fats) which present in the primary and secondery granules of
myelocytic and monocytic cells.
Interpretation:
* Myelogenous cells show coarse staining granules with faint staining pattern for
myelobast and increase staining with maturation.
*Auer rods are +vely stained.
*Monocytic cells show finely scatterd granules.
*-ve lymphoctic staining except Burkitt`s lymphoma cells, may show +ve staining
vacuoles.

4- Acid phosphtase ( with tartarate resistance)
Purpose: diagnosis of hairy cell leukemia.
Principle: ACP enzyme present in myelocytic, lymphocytes, monocytic, plasma cell, and
platelets in these cells ACP activity will inhibited in the presence of (L-tartarate) and
give no color, while hairy cell ACP will not inhibited and give (+ve).
Naphthol AS-BI
Phosphoric acid
**ACP isoenzymes
(L+)

ACP
Acid PH

Parasolinin

naphthol

Red precipitate

(0, 1, 2, 3a, 3b)
inhibited
(5)
Not inhibited

5-Non Specific Esterase: {with fluoride inhibition}
Purpose: Differentiate myelocytic and monocytic leukemia.
Principle: WBCS contain esterases, a group of lysosomal enzymes
α-naphthyl acetate

Non specific esterase

naphthyl compound

Parasolinin

Red ppt.

Interpretation
*(+ve) brick – red staining which found in:
-Megakaryocyte and platelets, Histocyte, Macrophage, Monocyte & Lymphoblast of ALL
*(- ve) for granulocytes
**If fluoride added, only monocyte non specific esterase will be inhabited.
٥٤

6- Periodic Acid – Schiff [PAS] Reaction:
Purpose: -Diagnosis of some acute lymphocytic leukemia
-subtypes of AML
-M 6
Principle: the stain indicates the presence of muccoproteins , glycoproteins and high
molecular weight carbohydrates in blood cells.
Glycoprotein Periodic acid

Schiff reagent

Aldehydes

Red ppt

Interpretation:
Normally all blood cells are (+ve) but Erythroblasts (-ve)
*Diffused stain pattern (Granulocytes)
*Granular stain (lymphocytes and monocytes)
*Plts deeply stained
*nRBCs (-ve) stain
*In diseases:
-In CML, lymphosarcoma and Hodgkins` disease (+ve) staining granules will increase.
- nRBCs in M6, thalassemia and other types of anemia may give [+ve] reaction.

7-Specific esterase or chloroacetate
Principle:
Chloroacetate
Naphthol (AS-D)
/ Esterase

naphthol

Fast blue BB

Blue precipitate

Interetaion:
*Myeloid cells (+ve)
*Monocyte and basophile (–ve) to weak (+ve)
*Other cells {lymph – plasma –megakaryocyte – nrbc } (-ve)
*Auer rods (+ve)

8-Iron stain (Prussian Blue Reaction):
Principle:
Sidrotic granules are found in the cytoplasm of developing cells in [BM] in the form of
Ferric [Fe+3].
[Fe+3] + Brussian blue (Perls` reagent)
blue color
*Perls' reagent is formed of (Potassium Ferricyanide + HCL)
* Sidrotic granules are found in nRBCs, some reticulocytes

٥٥

