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Blood film ?7??7?

* A blood film or peripheral blood smear is a thin layer
of blood smeared on a microscope slide and then stained in such a
way to allow the wvarious blood cells to be examined
microscopically.

Blood Films

Properly Prepared Smears
(for microscopic analysis)

Thick Filam

Example of properly prepared thick and thin film blood smears



Aim of blood smear

* Blood films are usually examined to
investigate hematological problems (disorders of the blood)
and, occasionally, to look for parasites within the blood such

as malaria and filaria.

* Examination of thin blood films is important in the
investigation and management of anaemia, infections, and
other conditions which produce changes in the appearance
of blood cells and differential white cell count.

* A blood film report can provide rapidly and at low cost,
useful information about a patient’s condition.



The peripheral blood film (PBF) is of two types:

1. Thin blood film
2. Thick blood film

Three basic steps to make blood film:

Preparation of blood smear.

2 Fixation of blood smear.

Staining of blood smear.
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Preparation of blood smear
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1} THIN BLOOD FILM

Thin PBF can be prepared from anticoagulated blood
obtained by venepuncutre or from free flowing finger prick
blood by any of the following three techniques :

1. Slide method
2. Cover glass method
3. Spin method



Slide Method

Procedure

* Place a drop of blood in the centre of a clean glass
slide 1 to 2 cm from one end.

* Place another slide (spreader) with smooth edge at
an angle of 30-45° near the drop of blood.

* Move the spreader backward so that it makes contact with
drop of blood.

* Then move the spreader forward rapidly over the slide.
* A thin peripheral blood film is thus prepared
* Dry it and stain it.



Cover Glass Method

Procedure

* Take a clean cover glass.
= Touch it on to the drop of a blood.

= Place it on another similar cover glass in crosswise direction
with side containing drop of blood facing down.

= Pull the cover glass quickly.
* Dry it and stain it.

* Mount it with a mountant, film side down on a clean glass
slide.



Spin Method

This is an automated method.
Procedure

* Place a drop of blood in the centre of a glass slide.

= Spin at a high speed in a special centrifuge, cytospin.
* Blood spreads uniformly.

* Dry it and stain it.



THICK BLOOD FILM

This is prepared for detecting blood parasites such as
malaria and microfilaria.

Procedure:

* Place a large drop of blood in the centre of a clean glass slide.

* Spread it in a circular area of 1.5 cm with the help of a
stick or end of another glass slide.

*= Dryit

* Staing



STEPS FOR BLOOD FILM




The shape of blood film




Qualities of a Good Blood Film

i. It should not cover the entire surface of slide.
ii. It should have smooth and even appearance.
iii. It should be free from waves and holes.

iv. It should not have irregular tail.




The thickness of the spread when pulling the smear

is determined by .

1. The 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.

Notes:

1. If the haematocrit increased, the angel of the spreader
slide should be decreased.

2. If the haematocrit decreased, the angel of the
spreader slide should be increased.
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Parts of a Thin Blood Film

A peripheral blood film consists of 3 parts :

1. Head i.e. the portion of blood film near the drop of blood.
2. Body i.e. the main part of the blood film.

3. Tail i.e. the tapering end of the blood film.

Head Body Tail




Common cause of a poor blood smear:
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Drop of blood too large or too small
Spreader slide pushed across the slide in a jerky manner

Failure in keep the entire edge of the spreader slide against
the slide while making the smear

Failure in keep the spreader slide at a 30° angel with the
slide

Failure to push the spreader slide completely across the
slide

Irregular spread with ridges and long tail: edges of spreader
dirty or chipped : dusty slide

Holes in film — slide contaminated with fat or grease and air

bubbles

Cellular degenerative changes: delay in fixing inadequate
fixing time or methanol contaminated with water



Blood film with jagged tail made from a spreader with
achipped end.

Film which is too thick

Film which is too long, too wide, uneven thickness and
made on a greasy slide.

A well-made blood film.



Examples of unacceptable smears




Biologic causes of a poor smear :

1. Cold agglutinin - RBCs will clump together.
Warm the blood at 37° C for 5 minutes, and then

remake the smear.

2. Lipemia - holes will appear in the smear.
There is nothing you can do to correct this.

3. Rouleaux - RBC’s will form into stacks resembling coins.
There is nothing you can do to correct this.



Fixation of blood smear




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.

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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Staining of blood smear
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Various stains for peripheral blood film:

* Romanowsky stains are universally employed for staining

of blood films. All Romanowsky combinations have two
essential ingredients i.e. methylene blue and eosin or

dZUre.

* Methylene blue is the basic dye and has affinity for acidic
component of the cell (i.e. nucleus) and eosin/azure is
the acidic dye and has affinity for basic component of cell

(i.e. cytoplasm).

* Most Romanowsky stains are prepared in methyl alcohol
so that they combine fixation and staining.



Various stains included under Romanowsky stain are
as under:

Jenner stain
JSB stain

1. Leishman stain
/2. Glemsa stain
3. Wright stain

4. Field stain

s
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Leishman Stain:

Preparation

* Dissolve 0.2 g of powdered Leishman’s dye in 100 ml of
acetone-free methyl alcohol in a conical flask.

* Warm it to 50°C for half an hour with occasional shaking.
* Cool it and filter it.

Procedure for staining

* Pour Leishman’s stain dropwise (counting the drops) on the

slide and wait for 2 minutes. This allows fixation of the PBF in
methyl alcohol.

* Add double the quantity of buffered water dropwise over
the slide (i.e. double the number of drops).

* Mix by rocking for 8 minutes.
« Wash in water for 1 to 2 minutes.

* Dry in air and examine under oil immersion lens of the
microscope.



Boxer:-Mast cell tumor, well differentiated, Wright-Leishman stain. Well
differentiated mast cells have numerous, purple, cytoplasmic granules that
partially obscure nuclear morphology.




Metarubricyte (top left) and polychromatophilic erythrocyte (arro

regenerative anemia. A monocyte (top right) also is present (
blood, Wright-Leishman stain).




(Giemsa Stain

Preparation

« Stock solution of Giemsa stain is prepared by mixing 0.15 g of
Giemsa powder in 12.5 ml of glycerine and 12.5 ml of methyl
alcohol.

* Before use dissolve one volume of stock solution in nine volumes
of buffered water (dilution 1:9).
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Procedure:
* Fill staining dish with staining solution
Place thin film and thick films into the staining dish.

Stain blood slides for 45 minutes

Wash in water.
Dry it and examine under oil immersion lens of the
microscope.




Caution:

Thick films need careful
rinsing!

(since they are not fixed
before staining)

Mistake:

Thick films are not rinsed
properly! Blood is lost!




Wright's stain:

* Wright’s stain is used to differentiate nuclear and/or cytoplasmic
morphology of platelets, RBCs, WBCs, and parasites.

Procedure

* Thin blood films (only) = Dip Method

1. Dip air dried blood film in undiluted stain for 15 to 30 seconds
(double the staining time for bone marrow smears).

2. Decolorize the stained smears by immersion in distilled or deionized
water and air dry

3. Let air dry in a vertical position.

* Thin blood films (only) — Rack Method
1. Lay air dried slides on staining rack and flood with stain; stain for 10 to
15 seconds(double the staining time for bone marrow smears).

2. Add an equal wolume of deionized/distilled water and stain for 10
seconds.

3. Rinse the slide by dipping in deionized/distilled water for 30 seconds.The
slide may also be rinsed by swishing or washing with deionized /distilled

water.



Thick blood films (only):

Allow film to air dry thoroughly for several hours or overnight. Do
not dry films in an incubator or by heat, because this will fix the
blood and interfere with the lysing of the RBCs.

Note: If a rapid diagnosis of malaria is needed, thick films can
be made slightly thinner than usual, allowed to dry for 1 h, and
then stained.

Lake the thick film by immersing in distilled or deionized water for
10 min.

Allow the film to air dry thoroughly.

Fix air-dried film in absolute methanol for 30 seconds in a Coplin
jar containing absolute methanol.

Allow the film to air dry.

Dip air dried blood film in undiluted stain for 15 to 30 seconds
(double the staining time for bone marrow smears).

Decolorize the stained smears by immersion in distilled or
deionized water and air dry

Let air dry in a vertical position.



Venous blood from Pekin duck (Wright's stain)




Field stain: (thin film)

Materials:
* Methanol (absolute)

Field’s stain Aund B
Tube with water

Staining dishes

Filter paper

Procedure:

A . Fix thin film with methanol
for 1 min.




B. Dry microscopic slide on filter paper
C. Immerse slide in Field’s stain B (Eosin) for 5 seconds

D. Immediately wash with water
E. Immerse slide in Field’s stain A (Methylene blue) for 10 sec

F. Immediately wash with water
G. Dry thin films




Field stain: (thick film)

Materials:

* Methanol No!

* Field’ stain Aund B
* Tube with water

* Filter paper

Procedure:
A. Immerse thick film in Field’s stain A (Methylene blue) for 3 sec
Do not forget:

* Thick films need to be
* haemolysed and are

* therefore not fixed with
* methanol




B. Rinse immediately in tap water

C. Immerse thick film in Field’s stain B (Eosin) for 3 seconds

D. Then rinse immediately with tap water
E. Let the slide carefully dry




Jenner stain:

* The Jenner stain Solution is a mixture of several thiazin
dyes in a methanol solvent

* lonic and noionic forces are involved in the binding of
these dyes

* The staining solution has anionic and cationic properties

* The negatively charged phosphoric acid groups of DNA
attract the purple polychromatic cationic dyes to the
nuclei

* The blue basophilic granules are stained by the
polychromatic cationic dyes



Immersion Staining Protocol:

Thoroughly dry blood or bone marrow smears
*« Fix smears in absolute methanol for 15 seconds to 5 minutes

« Stain smears in Jenners Stain Solution for 2 minutes

* Stain in mixture of 50ml of Jenners Stain Solution, 75ml of

PH 6.6 Phosphate Buffer Solution and 175ml deionized
water for 5 minutes

* Rinse in standing deionized water for 1.5 minutes or rinse
briefly in running deionized water

* Air dry smears
* Examine smears under a microscope



Horizontal Staining Protocol:

Place slide with thoroughly dried film in a horizontal
staining rack

Flood smear with absolute methanol for 15-30 seconds and
then drain

Flood smear with 1ml Jenners Stain Solution and let stand
for 3 minutes

Add 1mL of pH 6.6 Phosphate Buffer solution and 1 ml
deionized water to smear and let stand for 45 seconds

Rinse briefly with running deionized water
Air dry and examine under a microscope

Perform immuno chemical staining procedure according to
manufacturer.



].S.B. Stain:

Materials and reagents required:

* Eosin yellow (water soluble)

* Methylene blue

* Potassium dichromate

* Di-sodium hydrogen phosphate (dihydrate)
* 1% sulphuric Acid.

* Round bottom flask (2 lit.)

* Healing mantle

* Distilled water

» Staining jars.
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Staining technique:

Prepare thin and thick smears from malaria cases on micro slides
De-haemoglobinise the thick smear
Fix the thin smear in methanol for few minutes

Take 3 staining jars for J.5.B. |, J.5.B.ll and tap water

Dip the smears in 1.5.B. Il for few seconds and immediatedly wash
in water

Drain the slides free of excess water

Dip the smears in J.5.B.1 for 30-40 seconds
Wash well in water and dry

Examine the smears under oil immersion



Staining of Thick Smear:

* It can be stained with any of the Romanowsky stains

* listed above except that before staining, the smear is
dehaemoglobinised by putting it in distilled water for 10

minute

Autostainers

* Currently, automatic staining machines are available
which enable a large batch of slides to be stained with a
uniform quality.



Jaswant Singh Battacharya (JSB) Stain for thick and thin films:
* This is the standard method used by the laboratories under

the National Malaria Eradication Programme in India
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Precautions in Staining of peripheral blood film

1} Dark blue blood film:

It can be due to overstaining, inadequate washing or

improper pH of the buffer. In this RBCs are blue, nuclear chromatin
is black,granules of the neutrophils are overstained and granules

of the eosinophils are blue or grey.
2} Light pink blood film:

In this RBCs are bright red, the nuclear chromatin is pale
blue and granules of the eosinophils are dark red. It can be due to
understaining, prolonged washing, mounting the film before
drying and improper pH of the buffer.

3} Precipitate on the blood film:

This could be due to inadequate filtration of the stain, dust
on the slide, drying during staining and inadequate washing.
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WHITE BLOOD CELLS
(LEUCOCYTES)



Objectives

@ Introduction

@ Leucopoiesis

@ Classification

@ Morphology

@ Properties

“® Functions

@ Applied physiology
@ Recent advances



“Introduction

“ Why leucocytes called white cells??

“ Gabriel Andral,a French professor of medicine and
William Addison, an English country
practitioner,reported simultaneously the first
description of leucocytes (1843)

@ Play important role in immunity of the body



Leucopoiesis

Definition

The process of development and maturation of
white blood cells(leucocytes), is called
leucopoiesis.
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Normal
counts inhibit

Regulation of leucopoiesis—

Granulopenia or dead granulocytes & monocytes

l Releases

G-CSF
M-CSF
GM-CSF
Interleukins
l Stimulate

>
| ‘ Bone Marrow \
Increased formation

Granulocytes

Monocytes/macrophages

—



Normal rangé of WBC

"At birth,in full term infant: 10,000-25,000/pl
of blood

*"|nfants upto 1 yr of age:6000-16,000/pl of
blood

*Adults:4000-11,000/ul of blood



Variations in WBC count
TLC > 11,000/uL(Leucocytosis)

Physiological Pathological

1.Age 1.Acute bacterial

2 Exercise infections
(pyogenic org.)

3.Mental stress

2.Burns
4.Pregnancy

5.After food intake
6.Exp.to low temp.

3.Post-operative
period

4. Tuberculosis

5.Glandular fever




THC < 4000/puL( Le ucupe_nia)

1.Infections by non-pyogenic organisms e.g.
typhoid fever

2.Viral infections, influenza,smallpox,mumps
etc

3.Protozoal infections
4.Starvation & malnutrition
5.Aplasia of bone marrow

6.Bone marrow depression



“Classification

"Granulocytes

Neutrophils
Eosinophils

Basophils

®"Agranulocytes

=

Lymphocytes
Monocytes



Neutrophils —

1. Cell size- 10-14um

: '\ 2. Nucleus- central or eccentric; 2-6
' lobes;deep purplish blue
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3. Cytoplasm- faint pink

4. Granules- fine(pin-point); violet-

Normal values e
pink in color

e Differential:40
-75%
* Absolute:2000

-7500/l of
blood




BAND CELL (THE “BABY” NEUTROPHIL)




SEGMENTED NEUTROPHIL (THE ADULT)
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HYPER-SEGMENTED NEUTROPHIL
(THE SENIOR CITIZEN)
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Eosinophils —

1. Cellsize- 10-14um

2. Nucleus- central or eccentric; 2-3
lobes; purplish blue; “spectacle
shaped”

3. Cytoplasm- acidophilic;bright

pink in color
Normal values

e Differential: 1-
6% red

* Absolute:40-
440/ul of blood

4. Granules- large; coarse; crimson




EOSINOPHIL (THE ALLERGY SLAYER)
GRANULES STAIN RED
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Basophils —

1. Cellsize- 10-14um
45-: 2. Nucleus- central; 2-3 lobes;

a‘“# purplish blue; overlaid with
granules
3. Cytoplasm- basophilic; full of
Normal values granules
iglfferentlalz 0- 4. Granules- very coarse,deep
: purple or blue
* Absolute: O-

100/ul of blood







Normal values
*Differential:
2-10%

e Absolute:500
-800/pl of
blood

Monocvte —

1.

Cell size- 12-20pum

Nucleus- eccentric or central;
round or oval; pale bluish
violet

Cytoplasm- abundant; pale
blue; clear



MONOCYTE (THE SCAVENGER)

HAS VACUOLES




Normal values

*Differential:2
0-40%

* Absolute:
1500-4000/pl
of blood

Lymphocyte -

Cell size- LL:12-16pum; SL:7-
10pm
Nucleus- eccentric; large

round nucleus; deep purplish
blue

Cytoplasm- scanty; light blue
color



LYMPHOCYTE (THE GUARD DOG)
LARGE NUCLEUS
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Variation in counts

Neutrophilia

Absolute count >
10,000/ul of blood

*Physiological &

*Pathlogical causes

Neutropenia

Absolute count<
2500/ul of blood

eCauses??




Life Span Of WBC

@ Not constant.

d Neutrophils -> 2-5 days
d Eosinophils -> 7-12 days
4 Basophils  ->12-15 days
J Monocytes -> 2-5days
d Lymphocytes -> '2-1day
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" Properties Of WBC’s

. Diapedesis

. Ameboid movement
. Chemotaxis
’ Phagocytosis



CHEMOTACTIC

SUBSTANCE




FUNCTIONS



Neutrophils

“1¢*line of defense

* Granules contain enzymes like

Nucleotidases
Catalases

* Antibody like substances -> Defensins



= W N

Eosinophils
Defense (specially against parasites )

Role in allergic reactions

Substances present in granules
Major basic protein
Eosinophilic cationic proteins
Eosinophil peroxidase

Aryl sulphatase B
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Basophils

Role in allergic responses
Substances present in granules
Histamine

Heparin

Hyaluronic acid

Proteases & Myeloperoxidase
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Monocyvtes

1* line of defense
Motile & phagocytic

Precursors of tissue macrophages
secrete:

Interleukin 1
Colony stimulating factor
Platelet activating factor



Lymphocytes

@ Immunity

1.T- Lymphocyte -> Cellular Immunity

2.B- Lymphocyte -> Humoral Immunity



APPLIED
PHYSIOLOGY



Variation in counts

Neutrophilia

Absolute count >
10,000/ul of blood

*Physiological &

*Pathlogical causes

Neutropenia

Absolute count<
2500/ul of blood

eCauses??




Variaton in counts

Eosinophilia Eosinopenia
*Absolute count *Absolute count <
> 500/l of 50/ul of blood
blood

*Causes?? eCauses..??
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Basophilia

* Absolute
count >100/ul
of blood

e(Causes

Basopenia

*Decrease in
basophil count

*Causes




Lymphocytosis

e Absolute count>
4000/ul of blood

*Physiological
*Pathological
causes

Lymphopenia

*Absolute
count <
1500/l of
blood

*Causes??




Monocytosis Monocytopenia

eCount > 800/l eDecrease in
of blood monocyte count

eCauses?? *Rare




PATHOLOGICAL
VARIATIONS
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CYCLIC NEUTROPENIA

® Episodes of severe neutropenia usually
lasting for 3-6 days

® Can be familial & inherited with maturation
arrest
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_Hypereosinophtlic syndrome "

® Criteria of diagnosis
* Peripheral blood eosinophil >1.5 x 10°/L

* Persistence of counts more than 6 months

® Organs involved
“Heart
“Lung
* Skin

* Neurological



LEUCOCYTES BENIGN DISORDERS "
“_Qualitative changes (MORPHOLOGY)

@ Congenital
® Pelger-Huet anomaly

“ Bilobed and occasional unsegmented
neutrophils

® Autosomal recessive disarde
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~~ @ Chediak-Higashi syndrome

® Autosomal recessive disorder

® Giant granules in granulocytes, monocytes and
lymphocytes

® Recurrent pyogenic infections
* Lymphoproliferative syndrome may develop
® Treatment is BMT




Leukemia
@  WABC upto 1,000,00/cu.mm

® |t can be —

Acute — Lmphoblastic
Myeloblastic
2. Chronic — Lymphatic
Myeloid



RECENT
ADVANCES



1.Bone marrow transplantation
2.Apheresis & leucocyteapheresis

3.Use of special filters & leucocyte depleted
blood

4.Flow cytometry
5.Alpha interferon
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