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PREFACE

The chapters included in this book conform to the undergraduate syllabi of Physiology

of some universities.  It encompasses diverse aspects of life sciences ranging from Social

Physiology to Biostatistics and hence might be found useful by student of all general life

sciences.

The inspiration for formulation of this book was derived from my erstwhile students. I

also sincerely acknowledge the support rendered by Dr Nilansu Das of Surendranath College,

Mr. Nihar Ranjan Chakraborty of Uluberia College and Dr. Shruti Agrawal of Barrackpore

Rastraguru Surendranath Collage.

I hope this compilation of knowledge and information shall be found useful by the

students.

Dr Pratiti Ghosh
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CHAPTER - I

HEMATOLOGY

Physiology is the study of the mechanical, physical and biochemical functions of living
organisms. It is the branch of biology that deals with the functions and activities of life or
living matter  (organs, tissues, or cells)  and the physical and chemical phenomena involved;
the organic processes and phenomena of an organism or any of its parts or of a particular
bodily process. It integrates functioning of all chemical processes in a cell.

Hematology is that branch of Physiology which deals with the diagnosis, treatment
and prevention of diseases of the blood, bone marrow, as well as of the immunologic,
hemostatic (blood clotting) and vascular systems. It is due to the nature of blood, its invasion
into every tissue of the body, its universal solubility as well as easy accessibility, that
hematology deeply affects the understanding of many diseases.

Bloods Groups – ABO and Rh
Human blood is classified or typed according to the presence or absence of certain

markers (called antigens) on the surface of red blood cells.  Blood typing is done before a
person receives blood transfusion, donates blood or organ for transplantation, before
surgery, when a woman is planning to be pregnant or first becomes pregnant, to determine
whether two people could be blood relatives or to identify a person suspected of committing
a crime.

Classical Blood Groups : ABO System
Of the different types of antigens present in the human blood cells and plasma, ABO

system or classical blood group, Rh factors are most important with respect to blood
transfusion and genetic variation. This ABO classification is based on the antigenic nature
of the RBC membranes. However, if an antigen is present in the RBC of blood, the
corresponding antibody must be absent from the plasma and vice-versa.

Depending on the major antigens, blood is broadly classified into four types :

Group Antigen Antibody 
(Isoagglutinins) 

% Indian 

O O  & β 40 
A A Β 9 
B B Α 40 

AB A & B - 11 
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The antigens A and B appear in the 6th week of fetal life and their concentration at
birth is 1/5th that of the adult which gradually rises during puberty and to adulthood.
Only 50% of newborn infants have an insignificant quantity of antibody in their plasma
which has been obtained from mother’s blood through the placenta.

Fig. 1.1 The ABO blood group antigens are attached to oligosaccharide chains that
project above the RBC surface and are attached to proteins and lipids that lie in the RBC
membrane. The ABO gene indirectly encodes the ABO blood group antigens. The ABO
locus on the gene, has three main allelic forms: A, B and O. The A and B alleles each
encode a glycosyl transferase that catalyzes the final step in the synthesis of the A and B
antigen respectively, from H antigen. The O allele encodes an inactive glycosyltransferase
so that the ABO antigen precursor (the H antigen) remains unmodified.

In presence of an unsuitable antibody, agglutination of the RBC occurs, i.e., A-antigen
when reacts with   or B-antigen with ,  there is agglutination. From these observations,
Landsteiner proposed a law “if an agglutinogen is present in the RBC, the corresponding
agglutinin must be absent from the plasma.”

Minor antigens (other than A, B and Rh) that occur on red blood cells can sometimes
also cause problems and so are also checked for a match, before giving a blood transfusion.

The Rhesus Blood Group System (Rh)
This system is next in importance to the ABO groups.  The Rh blood group antigens

are present in the red cells of 85% of the whites and 94% of Negroes. The most common of
the Rhesus antigens are C, c, D, d, E and e of which, D is the most potent.

Nacetyl-glucosamine Fucose

Nacetyl-galactosamine Galactose
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When rabbits and guinea pigs are immunized with the RBC of a Rhesus monkey and
the resulting antiserum is added to human RBC, agglutination occurs in a large proportion
of our RBC due to the presence of the antigen Rh (Rhesus) factor. Rh+ and Rh– refer to the
presence or absence of the most important antigens, though the strongest immunogenic
antigen with respect to Rh factor is D-antigen.  95-98% Indians bear the Rh factor. There is
no corresponding antibody in the plasma.

A pregnant Rh–woman is given an antibody injection called Rh immune globin (such
as RhoGAM that almost always prevents sensitisation from Rh+ foetus. Problems arising
from Rh sensitization have become very rare since the development of Rh immune globulin
injection.

MN factors
The other insignificant blood groups are P-system, Lutheran, Kell, Duffy, Kidd and

several other types. Of them P-system (presence or absence of P1 antigen) is a strong
system with regularly occurring antibody, which is unimportant in transfusion reaction
but is important in obstetric cases.

There are other supplementary antigens in the RBC membrane called M and N factors.
These M and N alleles of the MN blood group system with normal antigenicity are found
by sequencing the glycophorin A (GPA) gene. The systematic classification of these alleles
leads to major or minor variations of the standard alleles with no corresponding antibody.
These factors are of medico-legal importance for paternity test but have no role in blood
transfusion.

Blood Transfusion – Precaution and Hazards
Blood received in a transfusion must contain antigens that are the same as the antigens

on a person’s own red blood cells (compatible blood). On receiving a transfusion that
contains antigens different from own (incompatible blood), the antibodies in the recipient’s
plasma will recognize the transfused (donor) blood as foreign and will immediately attack
and destroy the donor red blood cells. This is called a transfusion reaction. A transfusion
reaction can be mild or cause serious illness and even death.

Importance of ABO group in Transfusion :
In blood transfusion, the blood groups of both donor and recipient are to be

determined before transfusion and only compatible or matched blood is to be transfused
to prevent dangerous hazards leading to occasional death. In principle, the RBC factor of
donor’s blood and plasma factor of recipient’s blood are taken into consideration. The
reverse situation is normally not considered because the plasma factor of donor’s blood is
more diluted with the greater volume of plasma of the recipient. Hence donor’s antibody
fails to react significantly with recipient’s antigen.

Blood Grouping Test : To determine an individual’s classical blood group, an isotonic
saline suspension of the subject's RBC is mixed with either antibody -   or  antibody -   in
a test serum on a slide.
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Table 1.1 :  Compatibility matching between rceipient and donor blood

Recipient's blood type Compatible donor's blood type 

A– A–, O– 
A+ A–, A+, O–, O+ 
B– B–, O– 
B+ B–, B+, O–, O+ 

AB– A–, B–, AB–, O– 
AB+ A–, A+, B–, B+, AB–, AB+, O–, O+ 
O– O– 
O+ O–, O+ 

 + is agglutination, i.e., incompatible

– is no agglutination, i.e., compatible

This type of test in grouping is known as Direct Cross Matching Test.  When no
agglutination occurs with both test serum, the blood group is known as O group but when
agglutination occurs in both, the blood group is AB. When agglutination occurs with serum
containing ,  the individual is of group B blood and similarly, ,  serum reacts with group
A blood.

From the above principle it appears that group A and B can only receive blood supply
from group O and their own group. Group AB contains no antibody in the plasma and
hence is called universal recipient. The cells of group O contain no antigen and are not
agglutinated by the members of any group and hence they are called universal donors.

Importance of Rh-factor in Transfusion :
In case of an individual whose RBC does not contain D-agglutinogen, anti-D

agglutinins are not naturally present in the plasma. Production of anti-D may occur due to
transfusion of an Rh–individual with Rh+ blood. It may also be caused by the presence of
a Rh+ foetus in a Rh–mother where the titer of anti-D is not likely to be high unless the
woman has one or more pregnancies.

So, if Rh+ blood is transfused to an Rh- patient, an anti-Rh factor (anti-D) will develop
in the recipient’s plasma in about 10-12 days. If a second transfusion of the same blood is
given to such a patient after 10-12 days, hemolysis, hemagglutination, hemolytic jaundice
and renal failure occur leading to the death of the patient. This indicates that the blood that
was so-called compatible in the first transfusion has become incompatible the second time,
so Rh factor should be carefully tested before transfusion.

During pregnancy, the fetus may be Rh+ whereas the mother is an Rh–. The Rh–
antigen from the fetus passes into the mother’s blood where it stimulates the formation of
anti-D which enters into the fetal blood through placenta and destroys the RBC of the
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fetus. The fetus may die causing abortion, or if alive, suffers from severe anaemia called
erythroblastosis fetalis.  The fetus is oedematous and hence after birth it dies within few
hours. The infant born alive at term, suffers from haemolytic jaundice or becomes so within
a day or so.

However, it has been observed than in the first pregnancy there is no danger but
serious complications occur in the subsequent cases depending on the degree of sensitivity
of the mother Rh (anti-D injection is life-saving).  If the mother has been previously
immunised by an Rh+ transfusion any time, even in childhood, a very high response may
occur during first pregnancy.

Agglutinins are usually not formed during pregnancy and thus a great majority of
matings between Rh- mother and Rh+ father result in normal child; probably fetal RBC
dose not usually cross the placental barrier and so maternal anti-D is not produced. In the
second pregnancy, anti-D can cause anaemia of the fetus since during delivery of first
pregnancy, fetal RBC enters mother’s blood due to damage of placenta and thus anti-D is
developed in the mother’s blood and remains there. This crosses to the second fetal blood
causing death of the second and later fetuses.

Hazards of Blood Transfusion
Severe transfusion reactions are rare today because blood typing is always done

before a person receives a blood transfusion. When whole blood is injected intravenously
into patients (blood transfusion), serious symptoms and even death can occur if the patient’s
serum contains antibodies that agglutinate the donor’s RBC. Red Blood Cells agglutinate
and then undergo hemolysis. Transfusion of mismatched blood cause post transfusion
hazards:

(a) Inapparent Hemolysis : The transfused RBCs are rapidly destroyed within the
recipient and thus the recipient’s blood returns to pre-transfusion state within a
week or so.

(b) Post-transfusion Jaundice : The transfused RBCs are hemolysed and the bilirubin
formed from the released hemoglobin in the liver accumulates in the blood in
very high concentration to produce hemolytic jaundice.

(c) Hemoglobinuria and Renal Failures : Soon after beginning the transfusion
(within 2-3 minutes), the patient complains of violent pain in the back and
tightness in the chest and burning sensation at the point of transfusion. These
symptoms are due to agglutination of RBC forming clumps that block capillaries,
which are then hemolysed. Released hemoglobin colours the plasma red and
some of the Hb is converted into the brown pigment bilirubin that accumulates
in the plasma and colours the tissue causing hemolytic jaundice.

At the same time urine volume is greatly decreased partly due to fall of arterial
blood pressure to 70 mm Hg and partly due to total vascular blockage in the kidneys which
leads to fall of GFR, leading to anuria. Consequently urea and other toxic substances
accumulate in the blood, thus reducing its pH. The Hb passing through the glomeruli is
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precipitated in the tubule as acid-hemoglobin. The lumen of the renal tubule is then blocked
which obstruct the flow of urine leading to renal failure and the patient ultimately dies
within 8-10 days mainly due to uraemia and hypokalemia.

Immunological Basis of Identification of ABO and Rh Blood Groups
The human serum has antibodies which agglutinate (if in sufficient concentration)

the cells of other individuals of different blood group. These natural antibodies or
isoantibodies are formed after birth and are stimulated by immunization with A and B
antigens derived from normal bacterial flora of the gut. An individual is immunologically
tolerant (i.e., does not react with) to ‘self’ (own) antigens. They will respond only to an
antigen to which he is already not tolerant or exposed.

Individuals secrete a glycoprotein (H-substance) that is the basic chain structure
material from which A and B substances are derived by the addition of the specific
saccharides. The group-specific substance A and B on the RBC membrane are glycoproteins
containing 85% carbohydrate and 15% protein.

Antigenic specificity is associated with the sugar component – group A specificity
with  -D-N acetyl galactosamine and group B specificity with  -D galactose. The
antibodies are of two types – anti A or   and anti B or .  In group O, there is no group
specific substance in the RBC but in the plasma there are both   and .  AB blood group
contains both antigens but no antibody in their plasma.

Blood group antigens A and B occur not only in the red cells but are widely distributed
in all tissues of the nervous system. 80% individuals also have blood group antigens in the
tissue fluids and secretion (except CSF).

Rh Antibodies : There are probably a minimum of 30 erythrocyte antigens which
should be termed Rh antigens. One system of nomenclature of the major Rh antigens is
based upon the CDE/cde Fisher-Race system. According to it there are three allelic genes
on paired chromosomes, which control the production of the Rh antigens. Of the six antigens
(C, D, E, c, d, e) d may not actually exist in some, since it has been impossible to produce
the antisera. This is due to lack of D gene as seen in the table below. Approximately 85%
per cent of all humans possess the D gene and are termed Rh+.

Table 1.2 : The genotypes of Rhesus factor positive individuals
along with their frequencies in the Caucasian population

Genotype Frequency  

CDe/cde 
CDe/CDe 
CDe/cDe 
CDE/cde 

31.7% 
16.5% 
11.5% 
10.9% 

Rh positive 

cde/cde 15.1% Rh negative 
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In contrast to the situation with ABO blood group antigens, isoantibodies are not
normally produced to the Rh antigens. Only during mismatched blood transfusions as in
previously mentioned pregnancy cases, do anti-Rh antibodies develop.  If this occurs, IgG
(7S) antibodies are produced in the Rh- individual to cause destruction of Rh+ RBCs, which
may be fatal to the Rh+ve fetus.

Function and Estimation of Hemoglobin
Hemoglobin is a crystallizable, conjugated protein consisting of an iron-containing

pigment (called heme or hematin) and a simple protein, globin. The composition of the
globin chain can vary, based on which there are several normal and abnormal forms of
hemoglobin.

The amount of hemoglobin in the blood averages between 12-16 grams/100 ml of
blood in adult females, about 14-18 in males.

Function : The principal function of hemoglobin is to combine and transport oxygen
from the lungs following inhalation and then deliver it to all body tissues, where it is
required to provide energy for the chemical reactions of all living cells. In the lungs, it
combines readily with oxygen to form a loose, unstable compound called oxyhemoglobin.
In the tissues of the body, where oxygen tension is low and carbon dioxide tension is high,
oxyhemoglobin liberates its oxygen in exchange for carbon dioxide. Carbon dioxide
(produced as the waste product of these reactions) is transported to the lungs through the
blood and then released with exhalation. Hemoglobin is made from two similar proteins
both of which must be present for the hemoglobin to pick up and release oxygen normally.
One of the component proteins is called alpha ( ) and the other is beta ( ), so adult
hemoglobin may be denoted by ,22  implying the existence of two and two   chains.
Before birth, the beta protein is not expressed, so is substituted by gamma (  ), thus the
fetal hemoglobin is denoted by .22

Estimation of Hemoglobin
1. Tallqvist’s method of hemoglobin estimation compares the colour of test blood

to a standard colour.
2. Haldane’s hemoglobinometer compares the colour of hemolysed blood saturated

with CO gas to a similar standardised tube.
3. Gower’s hemoglobinometer compares the colour of hemolysed blood saturated

with CO gas to that of a solution of picrocarmine gelatin serving as standard.
4. Von Fleischl’s hemoglobinometer uses coloured glass as standard.
5. Colorimetric method compares the colour of given blood with that of standard

using a colorimeter.
6. Van Slyke and Stadie’s method estimates iron in the hemoglobin to back calculate

the amount of Hb it is present in. It is a more accurate way.
7. Spectrophotometric method is based on the absorption of 540 nm wavelength of

light by cyanmethemoglobin, formed by treating hemoglobin with ferricyanide
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and KCN. The absorption of normal oxygenated hemoglobin occurs at 650nm
and deoxygenated hemoglobin at 1050 nm.

8. Sahli’s method of gross hemoglobin estimation is easy, inexpensive and may be
carried out in a lab with little hazard. In this method, hemoglobin is converted
to acid-hematin by adding 0.1N HCl and the colour developed is matched against
that of standard coloured glass.

Table 1.3 : Types of anemia

 RBC   
 
 

   

Polycythemia  Anemia  
Polycythemiavera    
    

 
Nutritional Hemolytic  Aplastic / 

Normochromic 
    
    
1.  Microcytic (iron 
 deficiency) 

   

2.  Microcytic 
 (Megaloblastic / 
 pernicious anemia) 

   

    
 (i)  Hereditary (ii) Acquired  
    
    

(i)   Enzymopathy: (G6PD) / Glycolysis 
(PK,  TI, HK) 

(i)   Autoimmune (WAHA, CAD, PCH) 
(ii)   Membrane (PNH) 

(ii)   Hemoglobinopathy-HPFH 
Thalassemia, Sickle-cell disease. 

(iii)  Drug-induced autoimmune 
(iv)  Drug-induced non-autoimmune 

(iii)  Membrane related Hereditary 
spherocythosis / elliptocytosis / 
stomatocytosis  

(v)   Hemolytic disease of the new-born 

    
 1. Hereditary 2.  Acquired  
 e.g. Fanconi Anemia e.g. Siderobiastic Anemia  
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Thalassemias
Thalassemias are genetically determined defects in globin chain synthesis causing

disordered hemoglobin production and abnormal erythropoiesis. Hemoglobinopathies
imply structural abnormalities in the globin proteins themselves. In thalassemia, too few
globins are synthesized, whereas in sickle-cell anemia (hemoglobinopathy) there is
incorrectly functioning globin.

The degree of correct globin chain synthesis in thalassemias varies according to the
nature of genetic defects, i.e., whether the subject is heterozygous or homozygous. Decrease
in   or   chain synthesis has a deleterious effect on RBC as hemoglobin cannot be formed.
Two major forms of the disease,    and   are predominant,   variety is less common and
there are some varieties which are found in combination with hemoglobinopathies. Either
or both of these conditions may cause anemia.

 The   thalassemias are seen particularly in people from the Chinese sub-continent,
South-East Asia and Africa;  the   thalassemias occur with highest frequency among those
of Mediterranean and African origin, Middle-East and Asia. They may form intracellular
inclusions, affect erythropoiesis, can cause hemolysis and increase metabolism. There is a
selective advantage for the thalassemia heterozygote over the homozygote in decreasing the
effects of malaria and this has influenced the geographical pattern of the disease.

More than three molecular mutations abolish or reduce globin gene expression. There
are four clinical syndromes of increasing severity in  N-thalassemias due to inheritance
of genetic defects affecting one, two, three or four of the  N-globin genes (chromosome
16) :

• Hydrops fetalis / Hb Barts syndrome  (still born infants are grossly oedematous
due to congestive heart failure from severe anemia).

• Hemoglobin H disease (one working gene for   globin, so hemoglobin is
unstable, causing the red blood cells to break down more quickly)

• A-thalassemia trait (causing neonatal hyperbilirubinaemia) and

• The ‘silent carrier’ state (jaundice, hepatosplenomegaly, kernicterus – surviving
infants have neurological defects).

 In the   thalassemia homozygous major, both   globin genes (chromosome 11) are
affected by mutation and regular blood transfusionsare required. This is manifested as
anaemia (hypochromic/microcytic), reticulocytosis, leucopenia and thrombocytopenia,
nucleated red cells, compensatory rise in HbF in the fetus, hyperplastic bone marrow with
excess RBC formation and may be megaloblastic anemia due to folate depletion.

Deranged tissue biochemistry is seen from raised bilirubin, liver cirrhosis and endocrine
abnormalities, e.g., diabetes.

Treatment is done by hypertransfusion, iron chelation, splenectomy, folic acid
supplements, genetic counseling and supportive care, etc.
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In case of   thalassemia heterozygous, one beta chain is affected by a mutation
decreasing or abolishing hemoglobin function.

Delta (  ) thalassemia : Hemoglobin contains mainly   and   chains but about 3%
of adult hemoglobin is made of   and   chains.   Just as with   thalassemia, mutations can
occur which affect the ability of this gene to produce   chains.

Sickle-cell Anemias
Sickle-cell disease is a general term for a group of genetic disorders caused by sickle

hemoglobin (HbS). Sickle-cell anemia is caused by a missense mutation in the  -globin
chain of hemoglobin, replacing the amino acid glutamic acid with the less polar amino acid
valine at the sixth position of the   chain. The association of two wild-type -globin sub-
units with two mutant  -globin subunits forms hemoglobin S, which polymerizes under
low oxygen conditions causing distortion of red blood cells and causing a tendency for
them to lose their elasticity. Abnormal forms are detected by gel electrophoresis where
various types of hemoglobin move at varying speed. Sickle cell hemoglobin (HbSS) and
Hemoglobin C with sickling (HbSC) are the two most commonly identifiable forms.

Sickle-cell disease is inherited in the autosomal recessive pattern. A person who
receives the defective gene from both father and mother develops the disease; a person
who receives one defective and one healthy allele remains healthy, but can pass on the
disease and is known as a carrier. If two parents who are carriers have a child, there is a
1-in-4 chance of their child developing the illness and a 1-in-2 chance of their child being
just a carrier.

The RBC change shape, like that of a banana. New RBCs are quite elastic, which
allows the cells to deform to pass through capillaries. Sickled cells cause a region of low
oxygen concentration which causes more red blood cells to sickle. Due to polymerization
of the abnormal sickle hemoglobin, the RBC membrane is damaged on deoxygenation and
can cause the cells to become stuck in blood vessels, depriving the tissues of oxygen and
causing ischaemia. Repeated sickling causes loss of this elasticity and the cells fail to return
to normal shape when oxygen concentration increases. The disease is chronic and lifelong.

Patients with sickle cell anemia have symptoms that vary in severity. Hemoglobin
level is 6-9 g/dl. Reticulocyte counts are elevated, as new red blood cells replace the rapidly
destroyed older cells. The white blood cell and platelet counts are high, in addition to the
sickle-shaped red blood cells that obstruct capillaries and restrict blood flow to an organ,
resulting in ischaemia, pain and organ damage.
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Normal RBC Sickle-celled RBC

Fig. 1.2 Sickle-cell anemia is an inherited, lifelong disease. The bone marrow forms
crescent shaped RBC which are stiff and sticky to the blood vessels of the limbs and
organs, causing pain, tiredness, organ damage and increasing risk of infection.

The patients have periodic painful attacks. The spleen is infarcted due to its narrow
vessels and function in clearing defective red blood cells. Liver failure may also occur with
time. Stroke, gallstones, tissue necrosis, bacterial bone infection, ischaemia, acute papillary
necrosis in the kidneys - all characterizes this anemia.

The malaria parasite spends part of its lifecycle in red blood cells. In a carrier, the
malaria parasite cannot digest polymerized hemoglobin and causes the red blood cell to
rupture, making the plasmodium unable to reproduce. So, a sickled-cell carrier is not prone
to disease. People with normal hemoglobin are susceptible to death from malaria. Those
with sickle-cell disease are susceptible to death from the complications of sickle-cell disease.
People with sickle cell trait, who have one gene for hemoglobin A and one gene for
hemoglobin S, have a greater chance of surviving malaria and also do not suffer adverse
consequences from the hemoglobin S gene.
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Table 1.4 : Normal Hematological Values for Healthy Individuals

Hematological Parameter Normal values in adult males 

Total Blood Volume  70 +/- 10 ml/kg 
Red Cell Count  5.5 +/- 1.0 × 1012/L 
Hemoglobin Concentration  155 +/- 25 g/L 0. 
Packed Cell volume (PVC)  47 +/-7 L/L 
Mean Cell Volume (MCV)  86 fl 
Mean Cell Hemoglobin (MCH)  29.5 pg 
Mean Cell Hemoglobin Concentration (MCHC)  325 g/L 
Leucocyte Count (Total Count)  7.5 +/-3.5 ×109/L 
Differential Leucocyte Count:   
 Neutrophils  2.0-7.5 × 109/L (40-75%) 
 Lymphocytes  1.5-4.0 × 109/L (20-45%) 
 Monocytes  0.2-0.8 × 109/L (2-10%) 
 Eosinophils  0.04-0.4 × 109/L (1-6%) 
 Basophils  0.02-0.1 × 109/L (1%) 
Bleeding Time (Ivy Method)  2-7 min 
(Template Method)  2.5-9.5 min 
Prothrombin Time  11-16 secs 
Clotting Time (Duke’s Method)  6 to 17 min (glass) / 19 to 60 min 
Erythrocyte Sedimentation Rate (ESR) 3.7 mm / hour 

 Red blood cell indices are measurements that describe the size and hemoglobin content
of red blood cells. The indices help in the differential diagnosis of anemia. They are also
called red cell absolute values or erythrocyte indices. Certain medications may affect the
test results.

The relationships between the hematocrit, the hemoglobin level and the RBC are
converted to red blood cell indices through mathematical formulas. These formulas were
worked out and first applied to the classification of anemias by Maxwell Wintrobe in 1934.
The indices include: Mean Corpuscular Volume (MCV); Mean Corpuscular Hemoglobin
(MCH);  Mean Corpuscular Hemoglobin Concentration (MCHC).

Total Count
Counting the total number of red cells and/or white cells in blood is its total count

that is usually done by hemocytometer, Improved Neubauer Haemocytometer. These tests
are included in general health examinations and help to investigate a variety of illnesses,
including infection, allergy and leukemia.
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The white blood cell count provides a clue to the presence of illness. WBCs protect
the body by fighting infection and attacking foreign material. When extra white cells are
needed, the bone marrow increases production. The lifespan of white blood cells ranges
from 13 to 20 days, after which they are destroyed in the lymphatic system.

Instrument
Improved Neubauer Haemocytometer consists of a special glass slide (counting

chamber), a graduated pipette for RBC count and another pipette for WBC count, diluting
fluid and cover slips.

The RBC pipette has three graduations – two (0.5 and 1) are present on the stem of
the pipette and the third (110) just above the bulb. The bulb of the pipette holds 100 times
the volume of fluid contained in the stem of the pipette up to mark 1. Blood is drawn to
mark 1 and RBC dilution fluid is drawn up to 101 to dilute the blood 100 times, as the last
part of the fluid in the stem is not available for the dilution. If blood is drawn up to mark
0.5, the dilution will be 1:200.

The WBC pipette is similar but the third mark is at 11, giving a dilution of 10 with the
WBC dilution fluid.

The counting chamber is a ruled area of 9 square millimeters. The central one is ruled
into 25 groups of 16 small squares, each group separated by triple lines. The side of each
small square is 1/20th mm.

The RBC diluting fluid used to count RBC, consists of sodium chloride, citrate, formalin
and Hayem’s solution (corrosive sublimate).

Fig. 1.3 Neubauer Hemocytometer is a special type of microscope slide that consists of
two chambers. Special cover glass is supported over the chambers at a height of 0.1 mm so
that the entire counting grid lies under the  volume of 0.9 mm² on one side. The cell
suspensions are introduced into the cover glass. The hemocytometer is placed on the
microscope stage and the cell suspension is counted. The ruled area consists of several
large 1 × 1 mm (1 mm² ) squares, which are subdivided in three ways; 0.25 × 0.25 mm
(0.0625 mm²), 0.25 × 0.20 mm (0.05 mm²) and 0.20 × 0.20 mm (0.04 mm²). The
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central, 0.20 × 0.20 mm marked, 1 × 1 mm square is further subdivided into 0.05 × 0.05
mm (0.0025 mm²) squares. Placing the cover slip (0.1 mm) at the raised edges of
hemocytometer,  gives each square a defined volume.

Method of Counting RBC :
A drop of diluted blood from the RBC counting pipette is introduced into the counting

chamber under the cover slip, which is 1/10th mm high from the surface of the counting
chamber. The volume of each small square is 1/4000 cu mm. RBC is counted in 5 groups of
16 small squares. To avoid repetition in counting those on a line are counted only when on
the top left or on the bottom right lines.

The number of red cells per cu mm 
countedsquaressmallofNumber

4000dilutioncountedcellsofNumber 


Method of Counting WBC :
The white cells are counted in the four corners of 1 square millimeter (sq. mm) and in

the central ruled area on both sides of the counting chambers of the haemocytometer (10
sq. mm in all). The white cells are recognized by the refractive appearance and by the slight
colour given to them  by the stain contained in the diluting fluid. Cells touching the boundary
are not counted. The WBC dilution fluid consists of glacial acetic acid to hemolyse the red
cells, genetian violet to stain the nuclei of leucocytes and thymol to prevent contamination.

Number of leucocytes per mm 
countedmm.sq1ofNumber

10DilutioncountedcellsofNumber 


Normal total white cell count is 5,000 – 10,000.

Significance :
1. Abnormal variations in WBC count :

Conditions or medications that weaken the immune  system, such as AIDS or
chemotherapy, cause a marked decrease in white cells. Recovery from illness
can  be monitored by the white cell count. Counts continuing to rise or fall to
abnormal levels indicate a worsening condition; counts returning to normal
indicate improvement. e.g., Leucopenia, Leucocytosis and Leukemia which have
beeen discussed later.

2. Abnormal variations in RBC :

Diminished count signifies anemia; whereas increased count  indicates
polycythemina, cholera, acute gastro-enteritis, congestive cardiac failure.

Differential Count
There are five types of white blood cells or leukocytes, each with different functions:

neutrophils, lymphocytes, monocytes, eosinophils, and basophils. The differential reveals,
if these cells are present in a normal distribution, or if one cell type is increased or decreased.
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This information helps diagnose specific types of illness. Determination of the percentage
of different varieties of leucocytes is known as the differential count of white blood
corpuscles. It is based on the morphology and staining property of the granules, being
classified into two main groups: granulocytes and nongranulocytes (also known as
agranulocytes).

1. Granular Leucocytes or Granulocytes : These are cells with granular cytoplasm
that are formed in the bone marrow from the time of birth. The granules take
any of the three neutral or acidic or basic stains. This group includes the following
three varieties :

(a) Neutrophil polymorphonuclear leucocytes (60–70% of the WBC,) are
multilobed and the granules in the cytoplasm take neutral stain. There
are usually 3000-6000 cells per cu. mm.

(b) Eosinophils comprise 1-4% of the WBC, accounting for 150-400 cells per
cu mm. Their nucleus is 2-3 lobed, granules are coarse and stain with
acid dyes.

(c) Basophils comprise 0–1% (0–100 cells per cu mm blood) of the WBC count.
The nucleus is lobed and cytoplasm contains granules of various sizes
that take deep basic stain.

Agraranulocytes Granulocytes

Lymphocyte Monocyte Neutrophil Eosinophil Bsiphil
Fig. 1.4 White blood cells are derived from multipotent hematopoietic stem cell in the
bone marrow and are involved in cell defense. There are approximately 7000 WBC per
microliter of blood, with an average lifespan of 3-4 days. Depending on the presence of
granules in their cytoplasm, they may be agranulocytes (monocytes, lymphocytes) or
granulocytes, which can be further classified as eosinophils or basophils or neutrophils,
depending on their uptake of acidic, basic or neutral stain respectively.

2. The agranulocytes do not contain any granules. They are broadly classified into
two types:

(i) Lymphocytes derived from the reticuloendothelial system and a few from
the bone marrow, are basophilic agranulocytes. They comprise 25-30%
(1500-2700 cells per cu mm) of the total count of WBC and may be of two
types:

(a) Small lymphocytes – are 7.5 µ in diameter, with a large round
nucleus and a thin rim of cytoplasm. Their number diminishes with
age.
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(b) Large lymphocytes – are 12 µ in diameter, with round or oval or
kidney shaped nucleus. Reddish purple metachromatic granules
may sometimes be found in such cells.

(ii) Monocytes are large cells with round or oval nucleus when young and
convoluted when old.  They are similar to lymphocytes in origin and
staining properties, comprising 5–10% (350-800 per cu mm) of the WBC
count.

Method : The differential count is done by spreading a drop of blood on a microscope
slide, which is stained with a Leishman stain and examined under a microscope. One hundred
white cells are counted and identified as neutrophils, bands,  lymphocytes, monocytes,
eosinophils or basophils. Any atypical or immature cells also are counted. Band is an immature
neutrophil. Cells are identified by the shape and appearance of the nucleus, the colour of
cytoplasm (the background of the cell) and the presence and colour of granules and thus
the percentage of each cell type is reported. At the same time, red cells and platelets are
examined for abnormalities in appearance. Blood auoto-analyzer performs an automated
differential count.

Significance : Variation in different cell types implies diseased condition.  Neutrophils
increase in response to bacterial infection.

Lymphocytes fight viral infections and some bacterial infections. Large lymphocytes
called atypical lymphocytes, are seen during infectious mononucleosis and other illnesses.

Monocytes increase during severe infections and other conditions to remove debris
and microorganisms by phagocytosis.

Eosinophils and basophils increase in response to allergic reactions and parasitic
infection.

Agranulocytosis is the condition with decreased count of granulocyte usually as the
after-effect of certain drugs.

Arneth Count
Arneth Count is a method of determining the percentages of neutrophils in a

population. The  poly-morphonuclear neutrophils are grouped with the help of differential
counting based on the number of lobes (1 - 5) in the nucleus. This is also known as Neutrophil
Lobe Count, though the name is basically no longer in use.

Neutrophils are about 10-12   in diameter comprising about 60-70% of adult blood.
Their nucleii are Multi-lobed (>2 to 7) so they are known as polymorphs. The youngest cell
has a single nucleus, the more mature the cell, the greater the number of lobes. Arneth
(1904) divided them into five groups. The arneth index or count is determined on the basis
of the number of nuclear lobes, as follows:
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Group I II III IV V
Fig. 1.5 Josef Arneth described the nucleus of neutrophil according to their number of
lobes, which increases with their age. The Arneth count or Arneth index determines the
percentage of neutrophils with one, two, three, four and five or more lobes.
Group I : One-lobed nucleus, round, oval, indented or horseshoe shaped – 5-10%.
Group II : Two-lobed nucleus – 25-39%
Group III : Three-lobed nucleus – 45-47%
Group IV : Four-lobed nucleus – 16-18%
Group V : Nucleus with five or more lobes - 2%
In addition, 17% of normal females contain sex chromatin body (drumstick like mass)

adjacent to nucleus.
Significance : An increase in the percentage of neutrophils with fewer lobes (shift to

the left), is seen in bacterial infections, whereas an increased number with hypersegmentation
of the nuclei (shift to the right), is seen in cobalamin and folate deficiency and megaloblastic
anaemias. Cells with three lobed nuclei are most commonly found, fully mature and
functionally most efficient. If cells of Group I and II comprise >45% of blood, it implies an
increase of immature cells so a less efficient defensive system. Conversely, a relative increase
in number of the cells belonging to Group III, IV or V, indicates diminished leucopoiesis
with increase of hypermature and senile cells.

Haematocrit (Blood Separation) value or Packed Cell Volume (PCV)
Packed Cell Volume gives an estimate of the amount of RBC in blood. PCV is a

substitute of blood count as it can be used as a simple screening test for anemia. In addition
to accurate estimation of hemoglobin and red cell count, knowledge of the PCV enables the
calculation of absolute values.

The two methods of direct determination of PCV that are in use are:
• Macro method using Wintrobe tube
• Micro method using capillary tubes.
A blood sample is drawn from a vein in the arm or by a finger-prick (children and

adults) or heel-prick (newborns) and test is carried out.
Wintrobe’s Method
 Wintrobe tubes (1-ml) are 2.5-3 mm in diameter, 110 mm in length, calibrated at

1 mm intervals to 100 mm. Anticoagulant treated venous blood is mixed and filled into this
tube to centrifuge at 2000-2300 g for 30 min for effective separation of cells. (Fig. 1.6)
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The height of the column of red cells is taken as PCV. The volume occupied by RBC
is expressed as a fraction of the total volume of the blood (45-50%). Above the RBC, a
greyish red layer of leucocytes is seen as a zone of buffy coat topped by a thin creamy layer
of platelets (2-3%), just below the plasma (48-52%).

Fig. 1.6 Wintrobe tube is smaller in diameter than the Westergren tube and only 100
mm long. EDTA anticoagulated blood without extra diluent is drawn into the tube and
the rate of fall of RBC is measured in mm after 1 hour. 

Micro Method

The use of capillary tubes is convenient for routine works. Capillary tubes 75mm in
length and having an internal diameter of 1mm are filled with heparinised blood leaving at
least 15 mm unfilled. The tube is sealed by a plastic seal or by dry heating and spun at
12000 g for 3-5 min. When packing is as complete as possible, the column of cells is translucent.
Plasma trapping by this method is less than that by Wintrobe’s method.

Significance : Pregnancy usually causes a slightly decreased PCV due to extra fluid
of the blood. Living at high altitudes results in an increased PCV.  This is the body's response
to the decreased oxygen available at these heights.

A decreased PCV indicates anemia, vitamin or mineral deficiencies, recent bleeding,
liver cirrhosis and malignancies.

The most common cause of increased PCV is dehydration, polycythaemia vera (more
than the normal number of red blood cells due to bone marrow defect), macrocytic anemia,
spherocytosis, thalassemia, hypochromic anemia and sickle-cell anemia, where it may be as
high as 20%,  if all cells are sickled.  The test is also used to assess blood transfusion
effectiveness.

Mean Cell Volume (MCV)
The Mean Corpuscular Volume or MCV, is a measure of the average RBC volume,

showing how big it is. It can be calculated (in litres) by dividing the hematocrit by the RBC
count (number of red blood cells per litre). The result is typically reported in femtolitres.

If the PCV and the number of red cells per liter are known, the MCV can also be
calculated:

If the PCV is ‘x’, 1 liter of blood contains ‘x’ liter of red cells. So, if there are ‘y’ RBC
per liter, they occupy a volume of ‘xy’ liter. In practice the PVC is divided by the cell count
in millions per µl and multiplied by 1000. The answer is expressed in fl.

Therefore, volume of one cell = x/y femtoliters (fl).

MCV is the average cell volume as calculated  by dividing the PCV by total red cells
per liter, multiplied by 1013.
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Significance : The normal range is 80-96 fL. The MCV measurement allows
classification of anemia.  Normocytic anemias have normal-sized cells and a normal MCV;
microcytic anemias have small cells and a  decreased MCV; and macrocytic anemias have
large cells and an increased MCV.

In microcytic anemia (MCV below normal range) or macrocytic anemia (MCV above
normal range), pernicious anemia (macrocytic), MCV can range up to 150 femtolitres. An
enlarged MCV is also associated with alcoholism (a ratio of Aspartate Transaminase : Alanine
Transaminase of 2:1). In iron deficiency anemia (microcytic), it can be as low as 60 to 70
femtolitres. In case of thalassemia, the MCV may be low too.

Mean Cell Hemoglobin (MCH)
The Mean Corpuscular Hemoglobin, or "Mean Cell Hemoglobin" (MCH), is a measure

of the mass of hemoglobin contained by a RBC. It is calculated by dividing the total mass of
hemoglobin by the RBC count or calculated as hemoglobin per dl divided by total red cell
per liter multiplied by 1013.

MCH = (10 x Hemoglobin) / (Red Blood Cell Count)

A value of >30 pg/cell as Mean Corpuscular Hemoglobin (MCH) indicates normal,
whereas less than that suggests abnormal hemoglobin synthesis

Significance : It is reported as part of a standard total blood count. It is diminished
in microcytic  anemias and increased in macrocytic anemias.

Mean Cell Hemoglobin Concentration (MCHC)
MCHC represents the average hemoglobin concentration in red cells, calculated as

Hb per dl, divided by PCV and multiplied by 1012. A normal value in humans is 26.3 to 33.8
picograms/cell.

If there is ‘c’ gm of hemoglobin per liter of blood and value of PCV is d; then

MCHC is = c/d gm per L.

MCHC = (Hemoglobin x 100) / (Hematocrit)

Significance : 28 - 33% MCHC value indicates normal levels. Lower values indicates
iron deficiency anemia, whereas greater than that signifies spherocytosis or unstable
hemoglobin. MCHC is not that useful as other indices for anemia evaluation, more useful
indices being hematocrit or MCV.

Acute hemostatic failure commonly occurs as emergency cases and surgery when
simple quick and reliable tests are done which are called first-line tests. e.g., Prothrombin
Time, Bleeding Time, Clotting Time.

Prothrombin Time
Prothrombin Time (PT) is the rate at which prothrombin is converted to thrombin in

citrated blood with added calcium. The time required for coagulation of citrated plasma
after addition of thromboplastin-calcium mixture is known as prothrombin time. It is used
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to assess the ability of extrinsic coagulation system of the blood to react with factors V, VII,
X and the fibrinogen concentration of plasma. Normal Prothrombin time is 10 –13 seconds.

Principle : The test measures the clotting time of plasma in the presence of an optimal
concentration of tissue extract (thromboplastin) and indicate the overall efficiency of the
extrinsic clotting system. Prothrombin or factor II, is one of several clotting factors produced
by the liver. Adequate amounts of vitamin K are needed to produce prothrombin. The
prothrombin time is lengthened by low levels of blood proteins (blood clotting factors), or
their decrease in activity or absence of any of the factors, presence of an inhibitor of any of
the factors.

One Stage Prothrombin Time Method :

To 0.1 ml of plasma in a glass tube at 37oC, 0.1 ml of  thromboplastin (calibrated) is
added. The mixture is allowed is to warm and 0.1 ml of warmed CaCl2 (0.025 mol/L)
added, mixed and timed till the end-point of clotting.

The visual properties of a clot depend on the rate of its formation : the shorter the
clotting time, the more opaque and easier to detect the clot. A slowly forming clot may
appear as fibrin threads.

Significance : Prothrombin time (PT) is measured to determine a possible cause for
abnormal bleeding or bruising. It is estimated to screen for deficiencies of vitamin K and
the above mentioned blood clotting factors as they may lead to hemophilia and for
monitoring the effects of the medication warfarin, which is used to prevent blood clots.
Adequate amounts of vitamin K are needed to produce prothrombin. Besides, prothrombin
levels are monitored along with liver function tests. Plasma stored at 4° C shortens PT due
to factor VII activation in cold.

The warfarin dosage is adjusted for people being treated to prevent the formation of
blood clots, so that the prothrombin time is about 1.5 to 2.5 times the normal value. Similar,
is the case for  people with artificial heart valves.

Bleeding Time
Bleeding time is the duration of bleeding after controlled, standardized puncture of

the earlobe or forearm. It is the time required for complete stoppage of free flow blood
from a deep puncture wound on  skin surface. It depends on capillary integrity, on adequate
number of platelets and on their ability to adhere to the subendothelium to form aggregates.

Standard Template Method : A sphygmomanometer cuff is placed around a patient’s
arm above  the elbow and inflated to 40 mm Hg. An area without superficial veins is
chosen to make 6 mm long and 1 mm deep incision, blotted off gently at 15s intervals.
Cessation of bleeding marks the endpoint, when the cut edges are opposed for healing.

Ivy’s Method : Two separate punctures, 5-10 cm apart are made in quick succession
using a  disposable lancet. A cutting depth of less than 2.5 mm and 1 mm long is made and
timed.
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Significance : The bleeding time test is used to assess the vascular (blood vessel) and
platelet  factors associated with hemostasis (blood clot formation). Initially, there is a spastic
contraction of the cut vessels; then, platelets adhere to the wall of the vessel to plug the
hole. The failure of either processes results in a prolonged bleeding time.

A prolonged bleeding time may indicate thrombocytopenia  (platelet count below
50 × 109/L); congenital platelet disorders as in thrombasthenia (defective clot retraction
and platelet aggregation), storage pool defect, vascular abnormalities or severe deficiency
of factors V and XI etc.

A high bleeding time may be acquired due to drugs like aspirin, presence of normal
or abnormal proteins or platelet abnormalities.

Clotting Time
Clotting time or coagulation time is the time required for the whole blood to coagulate

outside  the body in a glass tube. When blood is shed, it loses its fluidity in a few minutes
and sets into semi-solid jelly with granules, threads and mesh in which blood cells become
entangled, this phenomenon is called coagulation or clotting. This is a property of plasma
alone and the platelets to some extent. On further keeping, the clot retracts into a smaller
volume and presses out a clear straw-coloured fluid called serum that does not clot.

Normal coagulation time according to the method of Lee and White is 6 to 17 minutes
in a glass tube and 19 to 60 minutes in a siliconised tube.

Methods :

1. Capillary or Glass Tube Method : A hand finger is pricked and blood made to
flow into a 60 mm capillary glass tube. A small bit of the glass tube is carefully
broken off every 15 seconds until a fine thread of clotted blood appears when
the tube is broken. The period between appearance of blood in the finger and
the formation of this thread is known as coagulation time. The average value is
3-4 minutes.

2. Wright’s Coagulometer : The blood filled tubes are sealed on both sides and
placed in a water bath at 37 oC. When the blood that is expelled at intervals of 30
seconds from a particular tube, has the form of worm-like clot, the end point is
reached.

3. Method of Lee and White : 1 ml of blood is drawn from a vein into test tubes,
(8 mm in diameter), which are closed with a rubber cork. At 5 minutes after
withdrawal of blood, the first tube is gently tilted 45o and at 1 minute intervals,
until it can be inverted 180o without blood flowing. The period between drawing
of blood and when it can be inverted without flowing, is known as coagulation
time.

Significance : The purpose of coagulation is to stop hemorrhage. When bleeding
occurs, the shed blood coagulates and the bleeding vessels become plugged off by clot,
retraction of which compresses the broken vessels further and the bleeding thus stops. The
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time required for blood to coagulate is prolonged in hemophilia, in obstructive jaundice,
some anemias, leukemias and some of the infectious diseases.

If all the first line investigations (Prothrombin Time, Partial Thromboplastin Time,
Thrombin time, Platelet Count) are normal in a patient who continues to bleed from the
site of injury or after surgey, there are other serious diagnoses.

Erythrocyte Sedimentation Rate
Due to plasma proteins and cells, human blood is five times more viscous than distilled

water. Viscosity of blood determines the peripheral resistance of blood during its flow
through the blood vessels and thus contributes to maintain blood pressure.

In circulation, the RBC remains suspended in plasma but if an anticoagulant is added
to the blood and let stand in a glass tube, the corpuscles sediment gradually at the bottom
of the tube (heavier) while the plasma remains as a clear supernatant fluid. This process is
called sedimentation and the rate of settling down or sedimentation of RBC is known as
Erythrocyte Sedimentation Rate.

Sedimentation continues in four phases of 15 min duration approximately :

1. Short stage of aggregation with minimum fall – rouleaux formation

2. Moderate fall when fibrinogen and globulin in plasma develop fine threads
trapping rouleaux  in its meshwork.

3. True sedimentation – maximum velocity of fall.

4. Sedimented protein – cells that undergo packing at the bottom leaving an upper
layer of clear plasma.

ESR is measured in relation to a fixed time or distance by the methods of Wintrobe,
Westergreen  or Cutler. The tube is put in a vetrical position, the lower end of which is
placed on a rubber cap and the upper end remains open. Supernatant plasma separates out
at the top of the vertical column of blood after an hour and its height is measured in mm.
This is expressed as the Erythrocyte Sedimentation Rate.  Normal values by Wintrobe’s
method are 0.0–9 mm per hour for males, and for females, an average of 0-15 mm per hour
is normal.
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Fig. 1.7 Erythrocyte sedimentation rate (ESR) may be measured by Wintrobe’s method
or Westergren method, each producing slightly different results. The RBCs sediment
because their density is greater than that of plasma, especially when there is an alteration
in the distribution of charges on the surface of the RBC (which normally keeps them
separate from each other) resulting in their aggregates known as rouleaux.

Significance : The ESR is an easy, inexpensive, nonspecific test that has been used for
many years to help diagnose conditions associated with acute and chronic inflammation
complaining of headaches, neck or shoulder pain, pelvic pain, anemia, unexplained weight
loss and joint stiffness. Other case may include infections, cancers and autoimmune diseases.

Moderately elevated ESR is observed in anemia, infection and old age. If the ESR is
elevated, it is due to the result of globulins or fibrinogens. Females tend to have higher
ESR especially during menstruation and pregnancy. It is used for the diagnosis and
monitoring of children with rheumatoid arthritis or Kawasaki’s disease (autoimmune disease
affecting lymph node). Although a low ESR is not usually important, it can be seen with
polycythemia (a condition where a patient makes too many red blood cells), with extreme
leukocytosis (patient has too many white blood cells) and sickle-cell anemia.

Other parameters remaining same, an accelerated rate of sedimentation suggests
organic disease, rather than functional disorder, acting as a guide to progress of a disease.
Drugs such as oral contraceptives, theophylline and vitamin A can increase ESR. It also
increases with rise in oxygen, cholesterol, fibrinogen and -globulin, in all acute general
infections.

Drugs such as aspirin, cortisone and quinine may decrease it. ESR decreases with rise
in carbon dioxide, albumin, nucleoprotein and lecithin and during severe dehydration.
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Anemia – Types (Definition and Causes)
Anemia is one of the common blood disorders that occur when the level of healthy

red blood cells (RBCs) in the body becomes too low. It is defined as a reduction in the
number or volume of circulating red blood cells or an alteration in hemoglobin. This can
lead to health problems because RBCs contain hemoglobin (normal 11-13 gm %), which
carries oxygen to the body's tissues.

Symptoms of anemia may be a loss of appetite, constipation, headaches, noises in the
ears, irritability, and/or difficulty concentrating or with memory. Established anemia
produces such symptoms as weakness, fatigue, coldness of the extremeties, depression,
dizziness, overall pallor (pale complexion), pale and brittle nails (lack of iron), pale lips and
eyelids, pallor in the palms of the hands, soreness in the mouth, restless leg syndrome, and
a cessation of menstruation and/or a loss of libido. Pallor results when blood flow is diverted
away from the skin, or other areas, in order to meet the more critical needs of the body, as
the brain and heart.

Anemia can be caused by excessive destruction of RBC, blood loss or inadequate
production of RBC. It is classified according to cause of origin or due to dietary deficiencies
or genetic defect or  physiological/pathological cause including hemolytic anemia such as
blood loss due to hemorrhage, hookworm infection, bleeding piles or peptic ulcer, cancer,
etc.

• Anemia caused by dietary deficiencies, include deficiency of folic acid and vitamin
B12 (megaloblastic anemia), iron deficiency anemia, deficiency of vitamin C,
pyridoxine and certain hormones.

• Anemia caused by general defect includes defective formation of erythropoietin,
haemoglobins (hemoglobinopathies and thalassemias), RBC and some enzymes
in RBC.

• Anemia may be due to other causes like drugs, toxic chemicals, infection and
antibodies, all of which destroy RBC.

Development of RBC in the bone marrow (Erythropoiesis) : The normal development
and formation  of RBC in the bone marrow takes about 120 hours (5 days) from Erythroblast,
Pronormoblast or Proerythroblast Basophilic or Early normoblast, Intermediate normoblast,
Late normoblast, Reticulocyte and finally Red Blood Cell.

I.  Classification of Anemia (Based on the Morphology and Size of RBC)
1. Microcytic Anemia :  RBCs often appear hypochromic (paler than usual) and microcytic

(smaller  than usual) when viewed under a microscope. It is primarily a result of
hemoglobin synthesis failure/insufficiency. It includes thalassemia, anemia of chronic
disease, iron deficiency anemia, lead toxicity associated anemia and sideroblastic
anemia.
(a) Iron/copper Deficiency Anemia is the most common type of anemia. Ferrous

iron is a constituent of haem and is required for synthesis of its protoporphyrin
which is not possible in iron deficiency.
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Copper Deficiency : Copper containing enzymes ferro oxidases I and II are
essential in the transport of iron from the intestines to the bone marrow. So
both copper and iron are required to cure iron deficiency anemia.  This anemia
can also be due to bleeding lesions of the alimentary tract when proper absorption
of all nutrients do not occur.  In elderly people, the chances are higher that
bleeding from the  gastrointestinal tract could be due to a cancer.

(b) Sideroblastic Anemia : These are a heterogeneous group of disorders
characterized by  excessive iron deposits within the mitochondria of normoblasts
in the bone marrow due to defective haem synthesis. In sideroblastic anemia,
serum, reticuloendothelial cells, parenchymal tissue stores of iron are also
increased, interfering with function of liver, pancreas and heart. Sideroblastic
anemia is further classified into:

(i) Hereditary Sideroblastic Anemia is X-linked with Aminolevulinic Acid
synthase (rate-limiting enzyme in porphyrin and heme biosynthesis)
deficiency. It sometimes responds to high doses of pyridoxine.

(ii) Acquired Sideroblastic Anemia may be idiopathic (without any known
cause) or associated with drug toxicity linked with alcohol addiction,
drugs used in tuberculosis or cancer or lead poisoning.

2. Normocytic Anemia occurs when the overall Hb levels are decreased due to acute
blood loss, chronic disease or bone marrow failure, but the red blood cell size (MCV)
remains normal.

Aplastic Anemia (Stem Cell Defect) is of such a kind that occurs when the bone
marrow  cannot make enough RBC. Radiation, viral infection and toxic effects of
antibiotics may damage the stem cell or committed erythroid cell, causing pancytopenia
(decrease in erythroid and myeloid cells). Some childhood cancers and certain chronic
diseases affect the ability of the bone marrow to make blood cells. The anemia is
characterized by a marked decrease in the number of RBC, WBC and platelets and is
usually fatal.

3. Macrocytic anemia can be further divided into "megaloblastic anemia" or "non-
megaloblastic macrocytic anemia".

(a) Megaloblastic and Pernicious Anemia (Macrocytic Normochromic Anemia) :

It results from a lack of intrinsic factor in gastric secretions (a substance needed to
absorb vitamin B12 from the gastrointestinal tract), resulting in Vitamin B12 deficiency. The
inability to make intrinsic factor may be the result of chronic gastritis or the result of a
gastrectomy (removal of all or part of the stomach). Megaloblastic (pernicious) anemia
may also be associated with type I diabetes, thyroid disease or family history of the disease.
The megaloblastic anemias are often present with neutrophil hypersegmentation (6-10 lobes).

Megaloblastic anemia and pernicious anemia are caused by deficiency of vitamin B12
and folic acid (pteroylglutamic acid) respectively. Both these vitamins form,  coenzymes
that are required for the synthesis of DNA. Folate deficiency normally does not produce
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neurological symptoms, while B12 deficiency does. Megaloblastic anemia is the most common
cause of macrocytic anemia.

The erythroblastic cells of the bone marrow fail to mature, become larger than normal
(megaloblasts), flimsy, irregular, large membrane instead of the regular biconcave
appearance. They carry normal amounts of oxygen but their life span decreases to half due
to their increased fragility. So RBC intermediates are large in number but total RBC count
is reduced.

(b) The Non-megaloblastic Macrocytic :

Anemias have different etiologies (i.e., there is unimpaired DNA synthesis) which
occur, for example in alcoholism. Alcoholism or drugs such as methotrexate and other
drugs that inhibit DNA replication are common causes.

4. In Dimorphic Anemia, two types of anemia occur simultaneously, e.g., macrocytic
as well as  hypochromic, due to hookworm infestation, leading to deficiency of iron,
vitamin B12 or folic acid or following blood transfusion.

II. Classification of Anemia According to Deficiencies
1. Anemia due to Inadequate Erythropoietin :

Development of stem cell in the bone marrow into pronormoblast is controlled by
the hormone erythropoietin (hemopoietin). The kidney releases an enzyme called renal
erythropoietic factor, which hydrolyzes erythropoietinogen into erythropoietin, inadequacy
of which leads to RBC deficit.

2. Anemia due to Vitamin Deficiency (Ascorbic Acid and Pyridoxine) :

Vitamin C also contributes to the absorption of iron, particularly from non-haem
sources such  as plant foods. Pyridoxine and ascorbic acid play a role in biosynthesis of
haem, accounting for anemia due to their deficiency.

3. Anemia due to Deficiency of Hormones :

Anemia commonly occurs in thyroid deficiency (myxoedema and cretinism) and
hypopituitarism (Simmond’s disease) owing to depressed bone marrow activity.

4. Anemia due to Genetic Defect :

(a) Hemoglobinopathies : Mutations affecting structural genes alter the amino acid
sequences resulting in abnormal hemoglobins, e.g., sickle cell anemia,
thalassemias.

(b) In Cooley’s anemia and Mediterranean anemia, adequate synthesis of the chains
is a problem.  The stability of Hb containing   or   chains is poor. Crystal
formation and pressure in splenic pulp cause hemolysis & thus anemia.

(c) Defective Haem formation  is affected in congenital porphyria and
atransferrinaemia that affect multiple genes. Porphyria is a hereditary disease
in which the formation of the porphyrin present in haem is hampered. Transferrin
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carries iron in plasma to the bone marrow but in congenital atransferrinaemia it
is absent, restricting iron incorporation so that hemoglobin formation not
possible.

5. Defective Formation of RBC :

In some hereditary disorders many genes are defective,  thus affecting RBC membrane,
resulting in change of shape of RBC causing the erythrocytes to be sequestered and destroyed
by the spleen. This leads to a decrease in the number of circulating RBCs and hence, anemia.
In hereditary spherocytosis, the RBC is spheroid in shape; in hereditary elliptocytosis it is
elliptical in shape. So the cells are easily destroyed while passing through the spleen.

6. Defective Metabolism of RBC :

Hereditary deficiency of different enzymes of the glycolytic and hexose
monophosphate pathways like glucose-6-phosphate dehydrogenase and pyruvate kinase
lead to shortening of life span of RBC and their more rapid hemolysis.

7. Anemia due to Antibodies :

(a) Autoimmune Hemolytic Anemia may be produced by activation of complement
system. The immune system mistakes RBCs for foreign invaders and begins
destroying them. Fragmentation and alteration of the shape of RBC to a rigid
spherocyte makes them prone to hemolysis.

(b) Isoimmune Hemolytic Anemia is mainly seen in newborn (Erythroblastosis
fetalis).

8. Specific Anemia :

(a) Fanconi anemia is a hereditary disorder or defect featuring aplastic anemia and
various other abnormalities.

(b) Warm autoimmune hemolytic anemia is an anemia caused by autoimmune attack
against red blood cells, primarily by IgG.

(c) Cold agglutinin hemolytic anemia is primarily mediated by IgM.

III. Anemia Due to other Causes
1. Drugs : Some drugs affect stability of RBC and cause hemolytic anemia e.g.

ampicillin and ibuprofen affect extravascular hemorrhage, acetaminophen and
quinine are responsible for intravascular hemorrhage.

2. Toxic Chemicals : Lead poisoning interferes with haem synthesis.

3. Infections : Malaria and some other viral diseases are a common cause of
hemolytic anemia. Many viral diseases affect adversely the stability of RBC.

4. Anemia Caused by Blood Loss : Excessive bleeding due to injury, surgery or a
problem with the blood's clotting ability, chronic intestinal bleeding from
Inflammatory Bowel Disease (IBD), from heavy menstrual periods in women,
all can cause anemia.
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 In severe anemia, viscosity of blood halves, along with decrease in resistance and
increase in venous return. If there is less RBC and hypoxia is added to it, the tissue vessels
dilate and the workload of the heart is increased to meet their demands, which may
ultimately result in cardiac failure.

High levels of hemoglobin and RBCs help fetal blood carry enough oxygen to
developing babies in the relatively oxygen-poor environment in utero. Thus, infants are
born with some protection from iron deficiency. After the child is born, more oxygen is
available and the baby's hemoglobin level normally drops to a low point at about 2 months
of age, a condition known as physiologic anemia of infancy. This temporary and expected
drop in the blood count is considered normal and no treatment is required because the
infant's body soon starts making red blood cells on its own. Further, the HbF is replaced
by HbA at this stage.

Leucocytosis
An increase in number of circulating leucocytes to greater to than 11 × 109 / L is

known as  leucocytosis. Increase in any of the five types of WBC may have different causes,
like:

(a) Neutrophilia (> 7.5 × 109 /L) is the commonest cause that is associated with
toxic granulation and  is seen during acute infection (septicaemia), tissue damage,
(burns/ gangrene), neoplasia with abnormal proliferation of cells, haemorrhage
and haemolysis, leukemia, metabolic disorders (diabetes, gout, uraemia) and
due to drugs (prednisolone) or strenuous exercise.

(b) Eosinophilia (> 0.44 × 109 / L) is associated with allergy (hay fever, asthma)
urticaria; parasitic infestations; skin disease (eczema, dermatitis);
myeloproliferative diseases; neoplasia – Hodgkins disease; parasitic infection
and post irradiation.

(c) Monocytosis (> 0.8 × 109 /L) is observed in relation to infection (tuberculosis,
typhus, malaria,  kala-azar); inflammatory disorders (rheumatoid arthritis, SLE);
neoplasia and hematological malignancy.

(d) Basophilia (> 0.1 × 109 /L) occurs in myxoedema, chicken pox or
myeloproliferative disorders.

(e) Lymphocytosis (> 3.5 × 109 /L) is seen in association with acute infection – rubella,
mumps,  chronic infection – tuberculosis, hepatitis, etc.

Leucopenia
Condition when the total WBC counts is diminished, usually below 4000 per cu mm

(4 × 109 /L) of blood, the state is referred to as leucopenia. Clinical causes associated with
it may include enteric fever, chronic kala-azar, chloramphenicol, heavy metal contamination,
hypoplastic anemia, myelofibrosis (replacement of bone marrow by fibrous tissue), radiation
effect, anticancer drugs, agranulocytosis, hypersplenism and aleukemia (deficiency of
leucocytes in the blood).



Hematology 29

Leukemia
Leukemia is a malignant neoplasm characterized by disordered clonal proliferation

of immature haemopoietic cells. Causative factors are : (a)  heredity (20-30 times more
chance of occurring in mongolism, i.e., trisomy of chromosome 21); (b) ionizing radiation,
(c) drugs and (d) nuclear explosions. Leukemia is increased in immunosuppressed individuals
and by retroviral infections.

Leukemia may be broadly classified into acute lymphoblastic or myeloblastic leukemia
(ALL/AML) and chronic lymphocytic leukemia (CLL).

They may be observed with symptoms of anaemia. In addition, the clinical features
observed are myeloblastic leukemia, neutropenia (less neutrophils), thrombocytopenia (less
platelets), bone pain especially in children, lymph node enlargement, hepatomegaly and
splenomegaly, CNS infiltraton causing headaches, vomiting, visual changes, papilloedema
(due to raised intracranial pressure) and cranial nerve palsies.

Purpura
Increased bleeding time is clinically manifested with bleeding from various part of

the body.  Purple discolorations caused by bleeding underneath the skin are known as
purpura, which is of the following types:

• Idiopathic (unknown cause) Thrombocytopenic Purpura (ITP) is characterized
by too few platelets in the blood because they are being destroyed by the immune
system. Thrombotic Thrombocytopenic Purpura (TTP) is a blood disorder
characterized by low platelets, low RBC count and neurological abnormalities.
It is an autoimmune disorder which may be virus triggered. It is manifested by
thrombocytopenia (decrease in number of platelets), normal or increased
megakaryocytes in bone marrow and bleeding tendencies from various part of
the body.
Indices may reflect iron deficiency anemia; increased WBC during bleeds;
development of platelet antibodies and increased number of immature
megakaryocytes. Bleeding time is prolonged and the onset can be explosive
(especially in children). Bleeding may be spontaneous or after cut at skin, mucous
membranes (bleeding gums), along with menorrhagia (painful menstruation)
and haematuria (blood in urine). Retinal hemorrhages indicate severity, whereas
CNS bleeds may be fatal.

• Henoch-Schonlein Purpura is the blood disorder in which blood vessel
inflammation leads to bruising under the skin (purpura), which usually occurs
in children. It is a hypersensitive reaction to streptococcal or viral infection,
drugs or foodstuffs (particularly seafood). This is very common in childhood
showing purpuric lesion on buttocks, arms and legs along with colicky abdominal
and joint pain. Hematuria and proteinuria may occur with oedema.

• Disseminated Intravascular Clotting (DIC) is a disorder of diffuse activation
of the clotting cascade that results in depletion of clotting factors in the blood.
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• Drug/ Infection Induced Purpura (Reactionary) is caused by a variety of drugs
on infections.

• Purpura based on vascular disorders are microvascular injury, as seen in senile
(old age) purpura when blood vessels are more easily damaged; hypertensive
states; deficient vascular support and vasculitis, as in the case of Henoch-Schönlein
purpura.

Questions :
1. What is the pathophysiological significance of determination of ESR?

2. Name the different methods known for estimation of hemoglobin in blood.

3. Who discovered ABO blood group?

4. Mention the blood group in which there is no agglutination but there are anti-A and
anti-B agglutinins.

5. What is Arneth count?

6. What is Rh-factor?

7. What is erythroblastosis foetalis?

8. What is the significance of determination of ESR?

9. What are the hazards of incompatible blood transfusion?

10. What are the precautions of blood transfusion?

11. If father is Rh+/Rh– and mother is Rh–/Rh–, mention the probable blood groups (in
%) of the offspring.

12. How is PCV determined?

13. What is the physiological significance of prothrombin time?

14. What is leucopenia?

15. What is the difference between TC and DC?

16. What is the function of Hemocytometer instrument?

17. What is the physiological significance of determination of PCV?

18. What is the physiological significance of determination of MCH and MCV?

19. What is the difference between leukemia and leucopenia?

20. What is clotting time? What is the significance of measurement of clotting time?

21. What is purpura?

22. What is the difference between leukemia and leucocytosis?

23. Describe the immunological basis of identification of blood groups.
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24. Write a short note on abnormal hemoglobins.

25. State the major functions of hemoglobin.

26. Describe the physiological causes of different types of anemias.

27. Write a short note on sickle cell anemia.

28. Write a short note on different types of anemia.

29. Describe a method for hemoglobin estimation.
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