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Theoretical syllabus

weeks Topics
| Introduction importance of haematology. study the blood
contains.
Y The haemoto Poiesis in featus, children and adult.
Y The normal red blood cells, importance , Structure ,

erythropoiesis and Function.

¢ Polycythemia ,causes ,Clinical Signs and Laboratory
diagnosis.
0 Study the red cell morphology in health and disease.

Abnormality of R.B.C in size.

1 Abnormality of R.B.C in shape.

\ Abnormality of R.B.C in colour.

A The normal Hb. Of the blood, contain and importance .

q Study the types of normal Hb. Types .

). Common Hb. Variant .

) Anemia. definition, classification and types .

VY Anemia. Causes .clinical signs and laboratory Finding.

VY Megaloblastic anemia and Pernicious anemia.

V¢ Aphastic anemia and hemolytic anemia.

Vo Sickle Cell an. And acquired and autoimmune hemolytic
anemia.




Practical syllabus
weeks topics
) Knowlgment of haematology laboratory include system.
Y Study the erythrocyte Sedimentation rate.
Y Study of Packed Cell Volume.
¢ Study the Hb. Estimation
0 Study the absolute Values include M.c.V, M.c.H, and
M.c.H.c.
1 Abnormality of R.B.C in color, size and inclusion bodies.
\% Abnormality of R.B.C in shape.
A Examination.
q Study the Reticulocyte Count.
). Anemic types.
) Examination.
\Y Study the abnormal Hb. (Hb.S).
VY study the haemostasis disorders.
V¢ Study the bleeding time.
\o Study the Clotting time.
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(Y1 82lxall)

Hematology : is the study of the blood, is concerned largely abnormalities of
the blood . one of its primary function is detect anemia ) lack of hemoglobin )
,then the diagnosis of the type anemia to enable to right treatment to be give ,
other important hematology are investigation of coagulation defects and the

control of treatment in such diseases as coronary thrombosis and leukemia .

Blood : is fluid a viscous (thick) and type of connective tissue flows
throughout the body in the vascular system . Ph of the blood is(
V,Y0-V,£0), it is Warmer than body temperature Volume is Men=0-1
L, Women=¢-0 L

Blood consist of :
\- plasma
Y- formed element ( cells) :

Erythrocytes( red blood cells R.B.Cs) -a
B- Leukocytes ( white blood cells W.B.Cs

c- Thrombocytes (platelets )

NOTE.. using platelets as anti-coagulation can be separated when
blood coagulation during injury, the fluid remains after separation of
clot is called serum

Serum = plasma _ fibrinogen

VY



In healthy individuals there is a constant balance between the rates of
formation and the destruction of these cells . disturbance of this critical balance
is terms of either changes in rates of formation, disordered formation or
increased utilization and destruction is essentially responsible for the
pathologic condition .

Plasma:- over half of the total volume of blood is plasma, the plasma itself is
4./ water many different substances dissolved or suspended in the water, make
up the other \ - %, after water, the next largest percentage of material in the

plasma is protein, the plasma proteins include the following :
\-Albumin : manufactured in the liver.

Y-Anti-bodies: produced by WBC globulin .

Y-Clotting factors : fibrinogen manufactured in the liver.

¢- A system of enzymes made up of several protein, collectively known as

complement ,help anti-bodies in their fight against pathogens.

* Nutrients are also found in plasma (e.g carbohydrate, amino acid ,the product of

protein digestion
**|ipids and mineral salts.

Functions of Blood
Regulation

pH >

Body temperature >

Fluid and electrolyte balance >

'Y



Distribution
Gases ,(Oxygen and carbon dioxide) >
Nutrients >
Hormones >
Wastes >
Protection >
Clotting mechanisms >

Phagocytosis and antibody production >

Plasma
(percentage by weight)
Proteins 79  Sae
ercentage by
volume
& #7 WwWater
//- 91°%6
= - therzs;/olute = .
556 —

Formed elements
{(nmnumber per cubic mm)

D Sl sl

Enumerate plasma proteins ? e

5

Albumins
58°%%

Globulins
38°%

Fibrinogen
a%

lons
Nutrients
Waste products
Gases

Regulatory
substances

- Neutrophils 60°-—70%

: W 20°%—25%
.7“::.‘ o . e %—8"/0
Eosinophils 2°-—4°
Basophils 0.5%— 1%

What are function of the blood? e

V¢



pre-test) (Ld)l ,LasY|

Q /what is the origin of blood?

Q / how is blood regulated?

Hemaetopoiesis: Process of blood cell production in the bone

marrow also found in liver and spleen .

Stem cells: All formed elements(Wbc, Rbc, platelate) derived
from single population
7

Erythropoiesis: (the Process of red blood cell production) <
Sites of erythropoiesis in embryo:-

Early few weeks of embryo: nucleated RBCs are formed in yolk
sac.

From 1 week to V months of fetal life formed in liver and
spleen .

From V month's RBCs are formed in bone marrow

Bone marrow of flat bone continue to produce RBC into child
until adult life

Shaft of long bone stop to produce RBC at puberty while epiphysis
continued

\o



Regulation of Erythropoiesis

\-Hormonal Controls

(Erythropoietin) secretion in kidney produce RBC and Hemoglobin
amounts Erythropoietin, Availability of oxygen( if decrease oxygen
called Hypoxia induce the Erythropoiesis)

Y- Dietary Controls

(Adequate amino acids, lipids, and carbohydrate,lron, Vitamin B\Y and
folic acid.

yamdl all SIS 555 el 2uemss ks Hematopoiesis

Pronomoblast —|
l Cell in bone morrow ,large, dark blue cytoplasm, nucleus present
Early small
- L nucleus present , Hb synthesis ,protein synthesis, RNA present

1

late normoblast

l

Early Circulate in blood Y days
reticulocyte

l

Mature reticulocyte —+——> pale, biconcave disc .
R.B.C.

_L> Nucleus extruded, Hb synthesis , protein synthesis, RNA present

Notes: each pronomoblast gives V1 cell. # Total tince of erythropoiesis V days.

1



2

Nucleated RBCS occurs when : «*

Erythropoiesis occurs outside bone morrow ( Extramdiatly erythrocyte ) .\
When bone morrow is disease . .Y

Factors needed for( erythropoiesis ) substance : <

Metal (irone, mangenes, cobalt) -)
Vitamins (B\Y, C, E, B1) -Y

Amino acids -Y

Hormones (erythropoietin, thyroxine) -¢

Copynight © The McGraw-Hill Companies, Inc. Permission required for reproduction or deplay

Proerythroblast Myeloblast

¥
c&" Q Progranulocyto

Lymphoblast

‘ erythroblast
lnter‘ @ @
mediate Baso- Eosino- Neutro-
* erythroblast | philic philic philic
myelo- myelo- myelo-
Late cyte cyte cyte
Nucleus hroblast
=
Baso- Eosino- Neutro-
hilic hilic ilic
Retlculo- gand ga g:nd
l cyte cell cell } cell
v
O) C @ o
> Lymbhocyte
Red Basophil  Eosinophil Neutrophil Platelets
blood cell L : } v r——
l Granulocytes Agranulocytes

White blood cells

ARY



post/ test (sdad! Lo

What are Factors needed for erythropoiesis? ®
What is stages of erythropoiesis? @

g‘é‘ &_%.‘_»))\ EJU) 2_9_{“_»))\
pre-test) (L&)l ,LasY|

What is the shape of the red blood cells? @
Is the blood more in the men or women? e

Red blood cells

YA



Red cell a rise in bone morrow and remind for VY- days, o
after that it removed by phagocytic cell of )reticule endothelial
system(,take it and broken down some of its constituent
reutilized for formation of new red cells

Function

Transport oxygen from lungs to tissues and carbon dioxide
from tissues to lungs

Structure

Biconcave, a nucleate ,when stain by( romano
wsaky)(Lishman's stain ) it appear as pinkish in color

Thickness of the red cell is (Y,V-Y,¢) mm average Y >
mm

Diameter is (1,V-V,Y)mm >

The total number 0 million in each cubic millimeter. >
This is depended on sex and age . »

In Male (¢,0-1,0) in female (Y,9-0,1) million >

Abnormal red blood cells for many causes ?

14



Abnormal erythropoiesis
In adequat hemoglobin .
Damage of cell

Attempte bone marrow to
copensate in case anemia by
increase production blood cell

v Vv Vv Vv

Abnormalities in blood cell shape and size?

\- Anisocytosis.. variation in size
Y-Poikilocytosis .... variation in shape
Y-Aniso chromasia ..... Unequall hemoglobin
¢- poly chromasia .... Sign is immaturity

0-spherocytosis ....irregular contracture or
fregmentatation

¢ Gdadl Hlasdl

What mean abnormal RBC IN SIZE AND SHAPE? .\
What mean Poikilocytosis .Y



pre-test)) L,la.ch\ Hlas|

How regulation of blood? e

Erythropoietin hormone

It is hormone secreted from the kidney (amino acid glycoprotein) ,
regulation red cell production ,in case of hypoxia as in anemia this
hormone will stimulation the bone morrow to produce more RBC
in chronic renal disease

A normal range (4-26 mu/ml).

Function: »

Regulate red cell production . .

Red cell maturation

Hemoglobin synthesis

Release of red cell from bone marrow to the circulation .

Y



Causes of increased erythropoietin?
e -Hypoxia

e Y-Anemia for example: A-hemolytic anemia
- B- hemorrhage anemia
- C- iron deficiency anemia
D- aplastic anemia

e Y-Renal disease for example
cysts

-hydronephrosis

-Renal transplantation

R

< ¢-Tumor's hepatic tumor
Ovarian tumor

Renal tumor

Yy



Causes of decrease erythropoietin?

Renal failure
Secondary anemia of chronic Kidny

disease

post test ¢ dhlisYl

-What are causes increase of hormone?

Yy



((pre-test) k)l HLasdl

Why the blood is red? e
Do all living things have red blood? e

Hemoglobin

Define: (abbreviated Hgb or Hb),the hemoglobin molecular present
inside RBC and is responsible for is main function which is carry OY to
the tissue and return COY from tissues to the lungs.

Hemoglobin is made up of four protein molecules (globin) globin
chains that are connected together.

Y¢



Hemoglobin = Heme + globin ( protein )

-globin is considered as a protein so that it synthesized by rough
endoplasm reticulum RER.

-Hemoglobin molecule consists of four polypeptide chains:

Two alpha chains a, each with Y¢) amino acids and Two beta chains B
globin, each with Y¢1 amino acids

in adult hemoglobin (molecule contains two alpha-globin
chains and two beta-globin chains. In fetuses and infants, beta
chains are not common and the hemoglobin molecule is made
up of two alpha chains and two gamma chains. As the infant
grows, the gamma chains are gradually replaced by beta chains,
forming the adult hemoglobin structure (after birth and reaches
adult level within Y-Y years).

-The iron contained in hemoglobin is also responsible for the red color
of blood.

Normal hemoglobin types include:

Hemoglobin A (Hb A): makes up about 9°7%-3AZ of .
hemoglobin found in adults; it contains two alpha (a) chains
and two beta ([3) protein chains.

Hemoglobin AY (Hb Ar ): makes up about Y/Z-Y7 of .
hemoglobin found in adults; it has two alpha (a) and two
delta (8) protein chains.

Hemoglobin F (Hb F, fetal hemoglobin): makes up to ‘7- .
Y%; it has two alpha (a) and two gamma (y) protein chains.

normal hemoglobin values?

Adult males: 'Y, to 'V, gm/dL

Yo



Adult women: Y to Y1 gm/d .
Newborns: YV to YY gm/dL .
Children: Y)Y to YY gm/dL

IF low hemoglobin level is referred to as anemia or low red blood
count. There are many reasons (causes) for anemia:-

such as nutritional deficiency (iron, vitamin BY, folate), «
loss of blood (traumatic injury, surgery, bleeding, «
bone marrow problems....etc. %

if Higher than normal hemoglobin levels referred to problem
such as in people living at high altitudes , in people who
smoke, Dehydration, polycythemia.......etc

hemoglobin measured?

Hemoglobin is usually measured as a part of the
routine complete blood count (CBC) test from a blood sample
and P.C.V

Note ..the method to know the type of Hb it is Electrophoresis
technique .

Abnormal type of Hb : There are thousand types of Hb some are there
that are common

synthesis of abnormal Hb genetic condition (e.g Sickle cell anemia) -\
reduced synthesis of normal globin chains genetic condition (e.g -Y
Thalassemia)

¥


https://www.medicinenet.com/anemia/article.htm
https://www.medicinenet.com/anemia/article.htm
https://www.medicinenet.com/dehydration/article.htm
https://www.medicinenet.com/polycythemia_high_red_blood_cell_count/article.htm
https://www.medicinenet.com/complete_blood_count/article.htm
https://www.medicinenet.com/complete_blood_count/article.htm

also found more type:

Types of Abnormal Hemoglobin

1. Hemoglobin S: This type of hemoglobin is present in sickle
cell disease.

2. Hemoglobin C: This type of hemoglobin does not carry
oxygen well.

3. Hemoglobin E: This type reduced synthesis of B chain may
cause P thalassemia.

4. Hemoglobin D: This type of hemoglobin is present in a sickle
cell disorder.

5. Hemoglobin H (heavy hemoglobin): This type of hemoglobin
may be present in certain types of thalassemia.

post test ¢ dadl HlusYl

- Explain Normal hemoglobin types?

Yv
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(pre-test)) il L)

-Give me meaning of Anemia?

Anemia

It is a condition of deficiency of number of R.B.C. in the .
blood or the content of Hemoglobin inside the R.B.C. or
both .

Classification of Anaemia :

A- According to etiology* :

\- Aplastic anemia : Due to decrease in number of R.B.C. produced by
the bone marrow .

Aplastic anemia : primary (cause unknown). .

YA



Secondary : - Drug(e.g chloramphenicol cytotoxic
drugs).

-Exposure to X ray radiation
Y- Heamorrhagic anaemia : Due to blood loss .
- Acute (accidents) Rx. : Blood transfusion .
- Chronic (e.g bleeding peptic ulcer ) Rx. : Treat the cause .
Y- Nutritional anaemia :

(Iron, Iron deficiency anaemia .Vit B\Y , Megaloblastic anemia,Folic
acid )

¢- Pernicious anaemia :Due to deficiency of intrinsic factor secraeted
from stomach . Rx. : Vit B\Y ampules for life .

0- Haemolytic anaemia : Due to increase destruction of R.B.C.
- Heridetary factor (Sickle cell anaemia)

- Erythroblastosis foetalis incompatable blood transfusion .

B- According to morphology™** :

\- Normocytic Normochromic anemia: Size of R.B.C. normal, Hb
content is normal ,But there is deficiency in number of R.B.C. e.g
(Renal failure ).

Y- Microcytic hypochromic anemia : Size of R.B.C smaller ,Hb content
is less. e.g : Iron deficiency anemia

¥4



Y- Macrocytic Normochromic or hyperchromic anaemia : size of
R.B.C. larger, Hb content normal or more but there is decrease in
number of R.B.C.

e.g :Megaloplastic anaemia due to decrease in vit B\Y ,Folic acid,
Intrinsic

factor.

¢- Macrocytic hypochromic anaemia : size of R.B.C. larger, Hb content
less ,e.g :Anaemia associated with twin pregnancy due to decrease in
Fe & Vit B\ Y.

Fate of R.B.C. (haemolysis of R.B.C.):

Life span of R.B.C. is \Y - days after that the R.B.C. are destroyed and
haemolysed .

R.B.C. Destroyed and haemolysed Hb Globin
(protein)

Haem ¢ (Fe) atoms

Haem ¢ (Fe) atoms

Bilivirdin (pigment) Biliribin pigment (unconjugated)
Liver cells Conjugated bilirubin (bilirubin + glucoronic acid )
Common bile duct Small intestine (duodenum) Large
intestine

Stericobiliogen Stericobilin (in stool brown colour)



Fate and Haemolysis of R.B.C. :

After haemolysis of R.B.C. most of Iron and globin protein is used to
build up new R.B.C., the rest will be taken by the reticulo-endothelial
system which are phagocytes present in bone marrow, spleen, liver.
At beginning Hb loose its OY and so become dark blue in colour . Then
change to green due to presence of bilivirdin which is converted to
bilirubin (yellow pigment) . This is transferd

through plasma liver cells where it will be excreated as bile through
the common bile duct in to the duodenum, then go to large intestine
to be excreated to outside with faeces as stericoblin . If this process
fails at any step it will lead to Jaundice .

L”S J-*JJ ‘ 2 LM?')’ ‘post —test:

- Classification of Anaemia according to morphology?

)



(pre-test)) Al Hlesdl

Polycythemia? what is meaning -

Polycythemia or Erythrocytosis

It is a pattern of blood cell changes includes increased
in HB above \V,omg\dl in male

Above Y0,0 mg\dl in female

Also increased in RBC count above 1. .,. . .mm cubic
and | increased in P.C.V

Y'Y



CLOTTED
BLOOD

Type of Polycythemia

Type )... primary polycythemia (rubra vera ) due to
endogenous myloprolifration

is a slow-growing blood cancer in bone marrow makes
too many red blood cells. These excess cells thicken in
blood, slowing its flow. They also cause complications,
such as blood clots, which can lead to a heart attack or
stroke

Type Y.... Secondary
Type Y...relative

Yy



CAUSES

Pathological causes :

Physiological causes:

1. Increased erythropoietin

2. Plasma loss (burns) 1. high altitude
3. Cardio vascular disease. .
4. Pulmonary disease. 2. Heavy smoking

5. Hepatocellular carcinoma 3 Dehy dration

6. Massive uterine fibrosis

4. Stress

Clinical featur

Headache. )\

Dyspnea .Y

Hemorrhage ( nasal .gastrointestinal ) .Y
Blurred vision .¢

Hypertension .0

Gout .1

Ye
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What mean of Megaloblastic anemia? e

Megaloblastic anemia:

Anemia characterized by macrocytic blood picture and megaloblastic
maturation of haemopoeitic cells. So in this type of anemia, the
erythroblasts in the bone marrow show a characteristic abnormality-
maturation of the nucleus being delayed relative to that of the

cytoplasm.

Here the defect is in the DNA synthesis so the maturation of nucleus
being delayed relative to that of cytoplasm, the nuclear chromatin
maintains an open, stippled, lacy appearance despite normal
hemoglobin formation in the cytoplasm of erythroblast as they

mature.

:Causes

). Vitamin B\Y deficiency.

Y. Folate deficiency.

Yo



Y. Abnormalities of vitamin B\Y or folate metabolism e.g.

trascobalamin Il deficiency.
¢. Other defect of DNA synthesis:
A. Congenital enzyme deficiencies e.g. aortic aciduria.

B. Acquired enzyme deficiencies e.g. alcohol, drug.

:AbsorptionVitamin B12 (Cobalamin)

Average daily diet contains 0-Y. pg of vitamin B\Y mainly in foods of
animal origin such as liver , meat, fish ,eggs and milk —well in excess of
\ ug daily requirements. but does not occur in fruit, cereals or

vegetables.

The vitamin consists of a small group of compounds, the Cobalamin, which

have the same basic structure.

A normal diet contains a large excess of B\Y compared with daily

needs.

In the stomach ,gastric enzymes release vitamin B. Y from food and

at gastric PH its binds to carrier protein called R protein .

B\Y is combined with glycoprotein intrinsic factor (IF) which is

synthesized by parietal cells.

1



The IF-B\Y complex can then bind to specific surface receptors,

cubilin, for IF in the distal ileum where B\Y is absorbed.

Transport: the trasncobalamines

Vitamin B\Y is absorbed into portal blood where it becomes attached
to the plasma-binding protein trasncobalamines Il (TC Il) which

delivers B\Y to bone marrow and other tissues.

Although TCll is the essential plasma protein for transferring B\Y into
the cells of the body, TCIl deficiency cause megaloblastics anemia
because of failure of B\Y to enter the marrow (and other cells) from
the plasma but the serum B\Y level in TCII deficiency is normal. This is
because most of B\Y in plasma is bound to another transport protein,
TClI which is a glycoprotein largely synthesized by granulocytes and

macrophages.

of megaloblastics anemia Clinical features

\. The onset is usually insidious with gradually progressive symptoms
and signs of anemia.

Y. Mild jaundice (lemon yellow tint).

Y. Glossitis (beefy-red, sore tongue).

v



¢. Angular stomatitis.

Hematological finding

-Decrease Hb, RBC, PCV, MCH, but normal MCHC.
-Increase MCV USUALLY >\ Y -fl

-Reticulocytes count low for degree of anemia.

-Serum ferritin elevated.

Managements of megaloblastics anemia

-If a patients with severe megaloblastics anemia is very ill , the
treatment must be started before vit.B\Y and red cell folate results
are available., that treatment should always include both folic acid and
vitamin B\Y .

The use of folic acid alone in the presence of vit.B\Y deficiency may
results in worsening of neurological deficits.

- Blood transfusion rarely needed except if angina or heart failure
present.

Post-test?

-List megaloblastics anemia of Clinical features?
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What mean Sickle cell anemia?

What mean Thalassemia?

Red Blood Cells

J=iell pll ,88)-Sickle cell anemia :-

Define: (abbreviated HbS) is genetic disease results from a single
glutamic acid to valine situation replace of beta globin poly peptide
chain, it is inherited from parents’ this type is more common in Africa
, result in abnormally-shaped (sickled) red blood cells These abnormal
red blood cells cannot easily pass through small blood vessels leading

to inadequate oxygen for the tissues of the body.

Type of Sickle cell anemia:-
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\-the cell like sickle ,due to abnormal Hb inside RBC,it is inherited
from two parents.

Y-the cell is like leaf of tree, this type inherited from one parents’.
Laboratory features:-

The blood film shows : - the cell is like sickle Y-target cell Y-
pokilocytosis

¢-polychromasia .
Clinical feature :-

Some of Clinical feature , Sever bone pain due to affects in morrow,
hypoxia , severe anemia, tachycardia etc....

Treatments might include medications and blood transfusions.

Normal Thalassemia

Malformed

red blood cell
Red Blood Cell

White Blood Cell ‘ ‘ ' White Blood Cell

"9
%”4

'.Q‘ Q /
®

Platelet Platelet

K

Y-Thalassemia :

it is congenital disorder in which there is defection in hemoglobin
production one or more of Hb sub unite, failure to synthesis specific
type of globin chain (alpha or beta).

Type of Thalassemia:



In Beta Thalassemia failure synthesis beta chain so called (beta -\
Thalassemia) it is more common type of Thalassemia in the
Mediterranean area, it is Asymptomatic, occurs when one or
both of the two genes needed for making the beta globin chain

of hemoglobin are variant.

Alpha Thalassemia reduce or absent alpha chain synthesis so -Y
called (alpha Thalassemia) is common in southeast Asia.it is
symptomatic ,occurs when one or more of the four genes
needed for making the alpha globin chain of hemoglobin are
variant or missing

Laboratory features: -Y
Hypo chronic, target cell ,schisto cytosis ,polychromasia ,total iron
binding capacity is normal , serum ferritin is normal , one
electrophoresis we see in HbAY and HbF

People who have alpha or beta thalassemia trait can
have mild anemia. However, many people who have
these types of thalassemia have no signs or
symptoms.

Post —test/what are Types of Thalassemia?
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https://www.nhlbi.nih.gov/health/health-topics/topics/anemia/
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- IS chemical material benzene ,hair dyes are dangerous ?
s> Y 23 8Aplastic anemia (A.A)
result from effect in bone 4Ll &b Sl ABpgncytopenia

morrow, decreased in WBC, Hemoglobin and Platelets.
Classification :

\) Primary Aplastic anemia congenital is associated with other

disease
Acquired , autoimmune disease
Y)Secondary Aplastic anemia causes:

a) Treatment high-dose radiation or ionizing radiation,

chemotherapy for cancer
b) Exposure chemical e.g. benzene ,hair dyes,
c) drug e.g. chlorampheniral, antibiotics cytotoxic

d) infection e.g. chronic hepatitis
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Laboratory Feature :

\. Anemia (Hb)

Y. Reticulopenia : decreased mature RBC
Y. Leukopenia : decreased WBC

¢. Thrmocytopenia :decreased platelets

0. Bone marrow finding hypo-cellulary with replacement of

marrow by fat tissue in about V- Z.

Post test ?

-Enumerate Laboratory Feature of Aplastic anemia?
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