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Haematology 

Word of welcome 

 

Welcome to the module Biomedical Techniques (BMI3704). We hope that studying this module 

will be an exciting and memorable learning experience.  

 

The module is specially designed for you as a student of biomedical science; we assume that you 

have little knowledge of haematology. However, if you do have some background knowledge of 

the subject, the up-to-date information, applications and activities in this module will complement 

your knowledge. 

 

Purpose of the module 

 

This module will provide you with information on the cellular components of blood and blood-

forming tissues. The knowledge gained from this module will enable you to apply the fundamental 

concepts of haematology that are required in the diagnosis and monitoring of diseases by 

identification of cells of the blood, bone marrow and immune tissues. 

 

Outcomes of the module  

 

 Demonstrate understanding of the basic knowledge of the subject haematology, including 

terms, concepts, principles and theories 

 Interpret, evaluate and summarise text in your study guide  

 Gather, analyse and apply information on haematology 

 Think critically to solve problems related to the subject in a familiar setting (context)  

 Communicate information on haematology in a clear and structured way 

 

 



Learning time 

 

How much time should you spend on this module?  

 

This module carries 12 credits. It should, therefore, take you approximately 120 hours to 

successfully complete the module. This includes reading time, doing activities, assignments and 

preparing for the examination. The mind map below gives you an idea of how to spend your time. 

Remember that this is only an example and is not cast in stone. You will have to plan carefully 

and decide what will work for you as an individual.  

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Doing activities:  

20 hours  

Spending time 

on assignments: 

15 hours 

 

 

12 credits = 120 hours 

Preparing for 

the 

examination:   

40 hours 

 

 

Reading more 

than once and 

summarising: 

45 hours 

 



Learning approach of this module 

 

As many of you who have enrolled for this module have full-time jobs, you will only be able to 

study part-time. Much of what you will achieve is, therefore, dictated by your own effort and 

commitment. The most successful distance education students are, therefore, not necessarily the 

cleverest or the most experienced. Successful students are those who are the most disciplined, 

organised, willing to reflect critically on their learning, most able to apply theory to practice and 

successful in managing their time. 

 

To support you in your efforts, we have designed this module to get you actively involved in the 

learning process. This means you do not only have to read and write, but also apply what you have 

learnt. It is also important that you reflect on the success or failure of the application and that you 

learn from your mistakes. Learning is, therefore, not simply a theoretical exercise, but also a 

practical experiential one. 

 

Study materials  

There is NO prescribed textbook for this module.  

 

You will need 

 a workbook in which you can do your activities, summaries and review questions. You 

have to buy this book yourself; it is your book and you do not need to present it to us 

 access to the internet to download specified research articles 

 

Try to organise a study group with other students who are enrolled for this module. You can then 

discuss everything in your workbook in this group. 

 

 

 



 

Introduction to haematology 

The study of haematology is essential in medical science. This discipline covers the fundamental 

concepts of biology and chemistry that are relevant in the medical diagnosis and treatment of 

various disorders that are related to and manifest in the blood and bone marrow. You will now 

have the knowledge on the basic principles that govern haematology including the different 

processes and techniques that are daily routines in haematology laboratories. It is very important 

that medical technologists and employers comply with the various regulations that limit possible 

contamination of blood, promote safety of patients and technologists and provide guidelines for 

handling hazardous waste.  

Cellular morphology is very important in haematology as it guides technologists and physicians in 

the diagnosis and prognosis of blood-related disorders. Molecular biology is also very important 

in this field, as it comprises techniques that can be used to find the underlying genetic cause of 

blood-borne diseases.  

 

 

 

 

 

 

 

 

 



 

 

LEARNING UNIT 1: GENERAL PRINCIPLES OF HAEMATOLOGY 

 

1.1  Introduction 

Have you ever wondered why and how oxygen is taken to all the cells in the body? Have you asked 

yourself how and why nutrients are taken to body cells, so that these cells can carry out their 

physiological roles? In this learning unit, we will explore the general principles of haematology. 

Haematology is the science of blood tissue and the diseases associated with it. Topics covered in 

this scientific discipline includes haematopoiesis, cell morphology, and haematologic evaluation 

of peripheral blood and bone marrow, anaemias, thalassemias and malignant lymphomas. This 

learning unit will deal with the general principles of haematology. with special reference to the 

different components of blood, various blood cells and their origin from the bone marrow. The 

diagram below shows the cellular lineage of the bone marrow.  

 



 

 

Figure 1.1: Cellular lineage of bone marrow 

https://upload.wikimedia.org/wikipedia/commons/2/20/Illu_blood_cell_lineage.jpg  

 

1.2  Learning outcomes 

After studying this learning unit, you should be able to 

 describe the principles of haematology  

 describe the process of haematopoiesis 

 describe the humoral regulation of the process of haematopoiesis 

 

1.3  An introduction to haematology 

 

Haematology is the study of blood. This discipline covers the fundamental biology and chemistry 

concepts that are applicable in the medical diagnosis and treatment of diseases related to or 

https://upload.wikimedia.org/wikipedia/commons/2/20/Illu_blood_cell_lineage.jpg


manifested in the blood and bone marrow. The study of haematology involves the basic procedures 

such as complete blood count (CBC) to guide physicians in the diagnosis of various blood 

disorders. Medical technologists perform these tests to: 

(i) confirm physicians’ clinical impression of the possible disorder a patient may have 

(ii) establish and/or rule out a diagnosis 

(iii) detect suspected disorders 

(iv) monitor the effects of radiation or chemotherapy in cancer patients 

 

1.3.1  Important laboratory practices and documents 

Due to increased infections of blood-borne diseases such as Human Immunodeficiency Virus 

(HIV) and Hepatitis B virus (HBV) amongst patients, the Centre for Disease Control and 

Prevention (CDC) has come up with guidelines mandated by the Occupational Safety and Health 

Administration (OSHA) to prevent disease transmission between patients and medical 

technologists. Therefore, according to the guidelines, all human blood and other body tissues 

should always be treated as potentially infectious for HIV-1, HBV and other blood-borne 

microorganisms that can cause disease in humans. It is therefore very important that employers 

comply with the OSHA Bloodborne Pathogens Standard and the Occupational Exposure Standard, 

which specify that employers should: 

 educate and train all healthcare workers in standard precautions and in prevention of blood- 

borne diseases 

 provide proper equipment and protective supplies to minimise potential infection 

 monitor compliance with protective biosafety policies 

Safety in the laboratory should be detailed in a laboratory safety manual that complies with various 

regulatory agencies. This is important as these guidelines serve to protect both the patients and the  

laboratory personnel. Prevention of nosocomial infections can be effectively reduced through 

frequent handwashing between contact with patients. Medical personnel should avoid exposure to 

HIV and HBV. Although HIV transmission is less likely to occur via occupational exposure than 

HBV, medical personnel are still required to follow proper safety practices. Occupational exposure 

can be defined as the percutaneous injury (e.g. needle-stick or cut with sharp object) or contact of 



mucous membranes or non-intact skin with blood, tissues, blood-stained bodily fluids to which 

precautions apply, or a concentrated virus. 

The best prophylaxis against blood-borne pathogens is vaccination against hepatitis B and 

compliance with relevant precautions. For example, if an individual has not been vaccinated 

against HBV, hepatitis B immune globulin (HBIG) is usually administered concurrently with HBV 

vaccine after exposure to penetrating injuries. Occupational exposure should be considered an 

urgent medical concern to ensure management and administration of post-exposure treatment. 

Although the most effective strategy for reducing the risk of occupational transmission is to 

prevent occupational exposure, plans for post exposure management of healthcare personnel 

should be in place.  

 

1.3.2  Protective techniques for infection control 

Infection control efforts for HIV, HBV and other blood-borne pathogens must focus on prevention 

of exposure to blood. The risk of nosocomial transmission of HBV, HIV and other blood-borne 

pathogens can be minimised if laboratory personnel are aware of and adhere to essential safety 

guidelines. These include: 

(i) Selection and use of gloves 

Gloves for medical use are either sterile surgical or non-sterile examination gloves made of vinyl 

or latex. Both types are usually satisfactory for phlebotomy and as a protective barrier when 

performing technical procedures.  

(ii) Facial barrier protection and occlusive bandages 

A facial barrier is used if there is a potential for splashing or spraying of blood or certain other 

bodily fluids. These should be worn if mucous membrane contact with blood or certain body fluids 

is anticipated. The use of occlusive bandages is important to cover exposed skin on the arms, face 

and neck. 

 

 



(iii) Laboratory coats or gowns as barrier of protection 

Two colour-coded laboratory coats or an equivalent system has to be adopted by laboratory 

personnel to prevent contamination of blood/fluid samples as well as seepage through clothes or 

skin. 

Beyond usage of protective techniques, laboratory personnel must also adhere to safety practices 

including: 

 Handwashing 

 Decontamination of work surfaces, equipment and spills (This is usually done with diluted 

bleach or ethanol.) 

 Precaution when handling needles 

 Management of hazardous waste as per safety manual and policies 

 

1.3.3  Quality assurance in haematology laboratories 

Quality assurance in clinical haematology laboratories is used to ensure excellence in analytical 

performance. This is done to make sure that correct laboratory results are obtained in the shortest 

possible time and at a reasonable cost. The quality assurance system is divided into two major 

components: non-analytical factors and analysis of quantitative data (quality control).  

a. Non-analytical factors 

Laboratories must comply with the Clinical Laboratory Improvement Act of 1988 (CLIA' 88) and 

meet minimum requirements in order to be certified for performing clinical tests. Non-analytical 

factors that support quality testing are: 

1. Qualified personnel 

2. Established laboratory policies 

3. The laboratory procedure manual 

4. Proper procedures for specimen collection and storage 

5. Preventive maintenance of equipment  

6. Appropriate methodology  



7. Established quality-assurance techniques 

8. Accuracy in reporting results 

 

b. Analysis of quantitative data 

Analysis of quantitative data generated in the laboratory requires a basic knowledge of statistics. 

The basic statistical concepts of importance to quality assurance are the average (mean), median, 

mode, range, variance, standard deviation (SD), coefficient of variance and z score.  

The Levey-Jennings chart 

This is the traditional method of monitoring quality control. Confidence or control limits are 

calculated from the mean and SD. This system allows for the identification of control and out of 

control results. Changes such as systematic drift, increased dispersion, and an abrupt change in 

results can be observed through the graphic display as shown below with an example. 

 

Figure 1.2: An example of the Levey-Jennings chart showing quality control data with two 

data points deviating from the control  

Source: https://en.wikipedia.org/wiki/Laboratory_quality_control#/media/File:Levy-

Jennings_SampleChart.png  

There are three types of change that are commonly observed in the Levey-Jennings quality control 

approach. These include: 

https://en.wikipedia.org/wiki/Laboratory_quality_control#/media/File:Levy-Jennings_SampleChart.png
https://en.wikipedia.org/wiki/Laboratory_quality_control#/media/File:Levy-Jennings_SampleChart.png


1. Systematic drift or trend 

2. Dispersion of results 

3. Shift or abrupt change in results  

The rest of the quality control systems are computer based. 

Cumulative Sum (Cusum) Method 

This method allows for the rapid detection of shifts from the mean. In this method, decision limits 

can be manually calculated from the SD. However, computer systems are more efficient. This 

method can be used in conjunction with the Levey-Jennings method. 

 

Trend line analysis  

In this method, control value or the change in SD introduced by the control value are tracked. The 

tracking value is then compared to known error limits for the control of both mean and SD. If the 

value exceeds determined limits, a message is sent to the technologist. 

Power functions 

In this method, quality control is measured by plotting the probability for rejection versus the size 

of the analytical error. 

Frequency distribution and histograms are used to represent statistical data in the haematology. 

 

1.4  Principles of blood collection 

Phlebotomists play an important role to ensure specimen collection, and handling is maintained at 

high standards to prevent pre-analytical mistakes that can lead to inaccurate results. Therefore, 

phlebotomist is well trained to deliver unexcelled customer satisfaction and avoid error. A properly 

collected blood specimen is essential to the quality results in the laboratory. The usual type of 

blood specimen used in haematology laboratory is an anticoagulated sample to prevent coagulation 



of whole blood in a specific manner. EDTA, heparin and sodium citrate are the most commonly 

used anticoagulants. Each of these coagulants are associated with particular laboratory techniques. 

 

1.4.1  Equipment and supply for safe blood collection 

Safe blood collection can be achieved by using proper needles, syringes and collection tubes. An 

evacuated tube system (figure 3) consisting of a double-pointed collection needle, a holder, and a 

sterile evacuated tube is commonly used device to collect venous blood. In special cases, 

disposable plastic syringes can be used to collect venous blood. 

 

Figure 1.3: Evacuated tube system 

Source: 

https://commons.wikimedia.org/wiki/File:Vacuette_needle_with_blood_collection_tube_01.jpg 

Capillary blood from sites such as fingertips can be collected in various types of microcollection 

tubes. The micro-hematocrit type of tube is the one most frequently used in haematology tests. 

These tubes may be plain or contain the anticoagulant heparin.  

 

1.4.2  Venous and capillary blood collection techniques 

Specific procedures must be followed in the collection of any type of blood sample. The 

identification of the patient is critical to the accuracy of laboratory testing. In the collection of 

venous blood, several procedural phases must be followed: 

https://commons.wikimedia.org/wiki/File:Vacuette_needle_with_blood_collection_tube_01.jpg


1. Initiation of the procedure – This includes identification of the patient, assembly of all 

necessary equipment, putting on gloves and preparing the necessary equipment to initiate 

blood collection. 

 

2. Selection of an appropriate site – When collecting venous blood, it should be done near 

the intravenous (IV) infusion, following the steps as described on pages 25–26 of your 

prescribed textbook.  

 

3. Preparation of the site – After an appropriate site has been chosen, the area should be 

cleansed with 70% alcohol and left to dry before performing venipuncture. 

 

4. Performance of venipuncture – Avoid touching the cleansed position and initiate the 

process of venipuncture.  

 

5.  Termination of the procedure – Release tourniquet as soon the blood begins to flow into 

the evacuated tube or syringe or immediately before the final amount of blood is 

withdrawn. 

Problems may be encountered in the phlebotomy procedure and the technologist is expected to be 

familiar with the various problems encountered during blood collection and the different solutions 

to these problems.  

Capillary blood collection is slightly different from the collection of venous blood and requires  

the following steps 

1. Identification of appropriate site  

2. Preparation of site 

3. Puncture of the skin 

4. Collection of blood sample 

5. Termination of the procedure 

 

 



1.4.3  Preparation of blood smear 

The preparation of the push-wedge type of blood smear is a common laboratory procedure. This 

procedure may need to be performed at the patient's bedside, although it is most frequently 

performed on EDTA-anticoagulated blood. The push-wedge briefly involves preparation of 

specimen, supplies and equipment before following the procedure as described on pages 32–34. 

The preparation of a high-quality blood smear is crucial to the quality of microscopic examination 

of erythrocytes, leukocytes and thrombocytes.  

  



1.5  Molecular genetics and cellular morphology 

Cells are the smallest organised units of a living organism. This is because cells have the ability to 

perform various functions that are essential for life processes.  

Cellular ultrastructure and organisation 

Cellular membranes are important structures of the cell. They provide a semipermeable separation 

between the cellular components and the surrounding environment. This is important for their 

function such as osmosis, cellular communication, active transport of molecules in and out of the 

cell, and so on. The cell membrane is mainly made up of various types of proteins, phospholipids, 

cholesterol, and some traces of polysaccharides. The arrangement of these macromolecules is 

governed by the fluid mosaic model.  

Within the cell are organelles which are functional units of a cell. These include mitochondria, 

lysosome, endoplasmic reticulum (ER), Golgi apparatus and so on. Organelles can be viewed using 

electron microscopy. In haematology, Wright stain is routinely used to differentiate cell features 

found in blood and bone marrow. An important feature of all cells is the nucleus. The nucleus is a 

double-layered organelle within the cell where DNA and RNA are stored. The nucleus functions 

as the control centre of the cell. In the nucleus, DNA is packaged into structures called 

chromosomes. There are 23 pairs of chromosomes (thus, 46 chromosomes) in normal human cells, 

of which 22 are called autosomes and the remaining pair consists of sex chromosomes. 

Chromosomes sometimes break, and a portion may be lost or attached to another chromosome. 

Deletion and translocation are terms used to describe these conditions. Chromosome analysis is 

important to geneticists and haematologists as it can give clues in the diagnosis and prognosis of 

haematological disorders such as leukaemia. Other genetic alterations called mutations act by 

affecting the protein products causing the disease. A perfect example of such is a mutation in the 

haemoglobin gene that causes sickle cell disease (anaemia).  

Molecular genetics in haematology  

Techniques commonly used in molecular biology are now being applied in haematology to detect 

abnormalities that cause haematological disorders. Most of these techniques focus on the analysis 



of the nucleic acids (DNA and RNA). Molecular biology provides new ways to establish a 

diagnosis, determine patient prognosis and monitor disease. These molecular techniques include: 

 polymerase chain reaction (PCR) 

 in situ hybridisation 

 Southern and Northern blotting 

 Microarrays 

 Cytogenetics 

The table below shows examples of haematological disorders that can be detected using molecular 

techniques. 

 

Table 1: Examples of haematological disorders that are detectable using molecular 

diagnostics 

Disorder Genetic locus/Gene 

Haemoglobinopathies 

- Sickle cell anaemia 

- β-Thalassemias 

- α-Thalassemias 

- α-Globin 

 

 

                  β-Globin 

Erythrocyte disorders 

- Hereditary spherocytosis 

- Hereditary elliptocytosis 

 

Membrane spectrin and ankyrin 

Membrane spectrin 

Leukocyte disorders 

- Chronic granulomatous disease 

- Neutrophil NADPH-oxidase 

 

               X-linked 

Lipid storage disorders 

- Gaucher disease 

- Niemann-Pick disease 

 

Glucocerebrosidase 

Sphingomyelinase 

Coagulopathies  



- Factor V Leiden (inheritance resistance to 

activated protein C [APC]) 

Factor V 

 

1.6  Process of haematopoiesis 

Haematopoiesis is the process of blood cell production, differentiation, and development. The 

haematopoietic system consists of the bone marrow, liver, spleen, lymph nodes, and the 

thymus. Haematopoiesis started taking place long before you were able to read this lesson - it 

began when you were a developing fetus inside of your mom. The process took place in your liver 

and spleen during that time. Once you were born – and ever since – it takes place in your bone 

marrow, found at the ends of your long bones.  

Process 

Interestingly, haematopoiesis forms three different types of blood cell from the same beginning 

cell, which is able to become more than one type of a cell. Cells with that ability are called stem 

cells. The beginning stem cell in haematopoiesis is classified as a haematopoietic stem cell, 

meaning it is a stem cell that can become any type of blood cell, and it is called a haemocytoblast. 

The process to make each type of blood cell is different. The anatomical sites of blood cell 

development are as follows: 

 Following gastrulation and mesoderm formation, the first hematopoietic cells are generated 

in the yolk sac. The first blood cells are primitive red blood cells (erythroblasts) formed 

during the first 2 to 8 weeks of life. 

 The onset of circulation between the yolk sac and embryo proper confounds the precise 

determination of haematopoietic sources. Gradually the liver becomes the site of blood cell 

development. By the second month of gestation, the liver becomes the major site of 

hematopoiesis, and granular types of leukocytes have made their initial appearance.  

 In the fourth month of gestation, the bone marrow begins to function in the production of 

blood cells. After the fifth foetal month, the bone marrow begins to assume its ultimate role 

as the primary site of haematopoiesis.  



 

Figure 1.4: The process of haematopoiesis in humans  

Source: 

https://upload.wikimedia.org/wikipedia/commons/6/69/Hematopoiesis_%28human%29_diagram.png  

The process of haematopoiesis follows a definite sequence of sites from embryonic life to foetal 

life, childhood and finally adulthood. In abnormal situations, blood production may revert to a 

more primitive state referred to as extramedullary haematopoiesis. Haematopoietic cell production 

and maturation begins from the stem cell and can be divided into three phases according to cellular 

maturity. The multipotent stem cell is the progenitor of the two major cell lines namely lymphoid 

and nonlymphoid cell lines. Haematopoietic growth factors regulate the proliferation and 

differentiation of progenitor cells and the function of mature blood cells. These factors are being 

used to treat a variety of diseases.  

 

https://upload.wikimedia.org/wikipedia/commons/6/69/Hematopoiesis_%28human%29_diagram.png


1.4.1  Activity  

1. What are the functions of a haematology laboratory? 

2. What are the most basic procedures for preventing nosocomial infections? 

3. Briefly describe quantitative quality assurance methods in a haematology laboratory. 

4. Explain how one would collect capillary blood from a patient. 

5. Describe the process of haematopoiesis. 

 

1.4.2  Feedback 

To answer these questions, please read the learning unit carefully and consult various resources 

that can be found on the internet. 

Reflective questions 

o Think about what you have learnt in this unit. Make a list of the most important new 

insights you have gained. What do you know now that you did not know before? 

o Did you achieve the learning outcomes successfully or did you struggle? If you were 

struggling or could not complete the learning unit in the recommended time, which 

strategies could you apply to improve your learning?  

o How did the ideas in this learning unit correlate with what you thought or believed before 

you started the learning process? Have any of your thoughts or beliefs changed, and if so, 

how? 

o How might you change your own daily practices or lifestyle as a result of the knowledge 

you gained in this unit? 

 

  



Conclusion/summary 

This learning unit covers the basic principles of haematology, which include structure, and 

functions of a normal blood cell and its components. Also discussed in this learning unit are the 

different procedures for blood collection and blood smear preparation. Special emphasis is placed 

on quality assurance in a haematology laboratory as well as the process of haematopoiesis. 

Specifically, we look at the preparation and staining of blood and bone marrow smears, 

identification of normal and abnormal blood cells, specific haematological tests, and interpretation 

of results in the diagnosis of haematological diseases. In the next learning unit, we will focus on 

the erythrocytes commonly known as red blood cells.  

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

LEARNING UNIT 2: ERYTHROCYTES 

 

2.1 INTRODUCTION  

Do you know the saying “blood is thicker than water”? Although it is often used to emphasise that 

family comes first, it is also true for blood itself. Blood is thicker than water because it contains 

various molecules that give it its red colour and facilitate its function. One group of molecules 

present in the blood are erythrocytes, also called red blood cells (RBCs). These cells are mainly 

responsible for transporting oxygen to various parts of the body. Without erythrocytes, oxygen 

transport and levels in the body would be compromised, causing organ failure due to lack of 

oxygen, and ultimately death. In this learning unit you will gain insight into the structure and 

function of erythrocytes and what happens when the structure/function of the erythrocyte is 

compromised.  

 

2.2  LEARNING OUTCOMES 

After studying this learning unit, you should be able to: 

 describe the morphology of the erythrocyte  

 discuss the functions of erythrocytes  

 describe and classify the types of anaemia  

 describe various disorders associated with iron metabolism 

 

 

 



 

2.3  Morphology of the erythrocyte 

 

An erythrocyte is one of the formed elements in the peripheral blood, constituting the great majority 

of the cells in the blood – from immature forms to erythrocytic series. In humans, the normal mature 

erythrocyte is a biconcave disk without a nucleus, about 7,2 micrometres (µm) in diameter, 

consisting mainly of haemoglobin and a supporting framework called the stroma. The extreme size 

limits are generally considered 6,2 to 8,2 µm. The normal-sized erythrocytes are referred to as 

normocytic; the larger ones are called macrocytic whereas the smaller ones are referred to as 

microcytic. Erythrocyte formation (called erythropoiesis) takes place in the red bone marrow of the 

adult, and in the liver, spleen, and bone marrow of the foetus. It requires an ample supply of dietary 

elements such as iron, cobalt, copper, amino acids, and certain vitamins; also red blood cells or 

corpuscles. 

 

 

Figure 2.1: Red blood cells 

Source: https://upload.wikimedia.org/wikipedia/commons/1/14/Red_blood_cells.svg 

 

Figure 2.1 above shows the normal erythrocyte shape (normocytic). However, in many 

haematological and non-haematological disorders the red blood cells deviate from normal size, 

assume a variety of shapes, display colour changes, exhibit intracellular inclusions or appear in an 

https://upload.wikimedia.org/wikipedia/commons/1/14/Red_blood_cells.svg


altered pattern of distribution. The table below lists some of the clinical manifestations associated 

with various morphological changes of the erythrocytes. 

 

Table 2.1: Red blood cell morphology and related conditions 

 

Morphology Associated clinical 

conditions 

Morphology Associated clinical 

conditions 

VARIATIONS IN SIZE 

Anisocytosis Significant in severe 

anaemias 

 

Macrocytes Megaloblastic and 

macrocytic anaemias 

Microcytes  Iron deficiency anaemia 

Haemoglobinopathies 

VARIATIONS IN SHAPE 

Acanthocytes Neonatal hepatitis 

Hepatic haemangioma 

Post-splenectomy etc. 

Poikilocytosis Haemolytic anaemias 

Myelofibrosis 

Pernicious anaemias etc. 

Blister cells Pulmonary emboli in sickle 

cell anaemia 

Schistocytes 

(Schizocytes) 

Haemolytic anaemias related 

to burns or prosthetic 

implants 

Burr cells 

(echinocytes)  

Variety of anaemias 

Gastric carcinoma 

Bleeding gastric ulcers 

Uraemia etc. 

Pyknocytes Acute to severe haemolytic 

anaemias 

Hereditary lipoprotein 

deficiency 

Crenated 

echinocytes 

Result from osmotic balance 

and are not caused by 

disease 

Sickle cells 

(drepanocytes) 

Sickle cell anaemia 

Newborn ABO haemolytic 

disease 

Elliptocytes Anaemias associated with 

malignancy 

Stomatocytes Alcoholic cirrhosis 

Malignancies 



Hb C disease 

Haemolytic anaemias 

Thalassemia etc. 

Lead poison 

Thalassemia minor 

Hereditary spherocytosis 

Keratocytes Disseminated intravascular 

coagulation (DIC) 

Spherocytes Acquired haemolytic 

anaemias 

Blood transfusion reactions 

Congenital spherocytosis 

Knizocytes Haemolytic anaemia 

Hereditary spherocytosis 

Target cells 

(codocytes) 

Haemoglobulinopathies 

Haemolytic anaemias etc. 

Leptocytes Hepatic disorders 

Iron deficiency anaemia 

Thalassemia 

Teardrops 

(dacryocytes) 

Homozygous β-thalassemia 

Severe anaemia 

Pernicious anaemia 

ALTERATIONS IN COLOUR 

Hypochromia Iron deficiency Polychromatophilia Rapid blood regeneration  

 

2.4  Functions of the erythrocytes 

The functions of erythrocytes include transportation of oxygen and carbon dioxide. They owe their 

oxygen-carrying ability to haemoglobin, a combination of an iron-containing prosthetic group 

(heme) with a protein (globin). Haemoglobin attracts and forms a loose connection with free oxygen, 

and its presence enables blood to absorb some 60 times the amount of oxygen that the plasma by 

itself absorbs. Oxyhaemoglobin is red, which gives oxygenated blood its red colour. Erythrocytes 

are stored in the spleen, which acts as a reservoir for the blood system and discharges the cells into 

the blood as required. The spleen may discharge extra erythrocytes into the blood during 

emergencies such as haemorrhage or shock. 

 

Erythrocytes also are important in the maintenance of a normal acid-base balance, and, since they 

help determine the viscosity of the blood, they also influence its specific gravity. Their average life 

span is 120 days. Erythrocytes are subjected to considerable wear and tear in circulation and are 

eventually removed by cells of the reticuloendothelial system, particularly in the liver, bone marrow, 

and spleen. In spite of this constant destruction and production of erythrocytes, the body maintains 



a constant number, between 4 and 5 million per mm3 of blood in women and 5 to 6 million per mm3 

in men. A decreased number constitutes one form of anaemia. 

 

Erythrocytes are destroyed whenever they are exposed to solutions that are not isotonic to blood 

plasma. If they are placed in a solution that is more dilute than plasma (distilled water, for example) 

the cells will swell until osmotic pressure bursts the cell membrane. If they are placed in a solution 

which is more concentrated than plasma, the cells will lose water and shrivel or crenate. It is for this 

reason that solutions to be administered intravenously must be isotonic to plasma. 

 

Figure 2.2: The effect of osmotic pressure on red blood cells  

Source: https://en.wikipedia.org/wiki/Red_blood_cell  

 

Aged red cells are ingested by macrophages in the spleen and liver. The plasma protein transferrin 

transports the iron to the bone marrow, where it is incorporated into new red cells. The heme group 

is converted to bilirubin, a bile pigment secreted by the liver. About 180 million red blood cells 

are destroyed every minute. Since the number of cells in the blood remains more or less constant, 

this means that about 180 million red blood cells are manufactured every minute. 

 

Determination of the red blood cell volume is usually done as a preliminary step in determination 

of the total BLOOD VOLUME. A radioactive substance, usually chromium, is used to “tag” cells of 

a sample of blood drawn from the patient. The sample is then reintroduced into the circulating 

https://en.wikipedia.org/wiki/Red_blood_cell
http://medical-dictionary.thefreedictionary.com/blood+volume


blood and subsequent samples are taken to be evaluated for degree of radioactivity. The degree of 

dilution is used to calculate total blood volume. 

 

2.5  Classifications of anaemias 

If you have ever uttered the phrase, “I am so tired!” to a friend or coworker, I am sure your 

comment was met with a sympathetic pat on the back. We all live hectic lives and very few of us 

escape the occasional bout of fatigue. However, utter this same phrase to your doctor and you 

might be met with the prick of a needle as your doctor performs a blood test to determine if you 

have one of the most common causes of fatigue, known as anaemia. Anaemia results when there 

is a deficiency of red blood cells or a decreased amount of haemoglobin. This diminishes the 

blood's ability to carry oxygen and leads to symptoms like fatigue, light-headedness, and shortness 

of breath.  

In this section, we will look at how disorders associated with anaemia are classified. Classification 

of anaemia is a pretty broad topic, so it will be helpful for us to take a moment to understand a 

couple of terms.  

Anaemia terminology 

We have just learned that anaemia has to do with your red blood cells. In physiology, we use the 

term "cyte" when referring to a cell. In fact, "erythrocyte" is the fancy term for a red blood cell. 

We also mentioned that anaemia has a lot to do with the oxygen-carrying pigment of the red blood 

cell known as haemoglobin. In physiology, the term "chroma" is often used in association with 

haemoglobin. Chroma is the Greek word for colour, and it is associated with haemoglobin because 

haemoglobin bound to oxygen is what gives your blood its bright red colour.  

Let us look at a few more terms that will come in handy. Some classifications of anaemia deal with 

the size or volume of the red blood cell, so we use prefixes such as "normo" to mean normal, 

"micro" to mean small and "macro" to mean large.  

The haemoglobin content of the red blood cell can also be a factor with anaemia. We already 

learned that the prefix "normo" means normal, so that is easy. We also use the prefix "hypo" when 

referring to a quantity that is low and the prefix "hyper" when the quantity is high. That simple 

little terminology lesson can now help us with our understanding of the classifications of anaemia.  



Morphological classification 

Anaemia is classified in two ways, either morphological classification or pathophysiological 

classification. The morphological classification is based on the size or volume of the red blood 

cell and may be classified by the haemoglobin content of the red blood cell. A red blood cell of a 

normal size or volume is said to be normocytic. With our earlier terminology lesson, this term 

becomes easy to recall. With this understanding, it is easy to see that if the cell volume is decreased, 

then we will have an abnormally small cell, or it is said to be microcytic, and if the volume is 

increased, we will have an abnormally large cell, and we can use the term macrocytic.  

A morphological classification of anaemia can also be normochromic, which we know from our 

terminology lesson means red blood cells with normal haemoglobin content. Alternatively, they 

could be hypochromic, meaning low haemoglobin content, or hyperchromic, meaning high 

haemoglobin content.  

At this point you might be wondering why we would go to so much trouble to try and classify 

anaemias. The reason is that categorising an anaemia is useful in determining what is going on in 

the body and, therefore, defining the underlying condition. For example, if tests reveal small red 

blood cells (microcytic) and low haemoglobin content (hypochromic), then the physician would 

have a good indication that this patient might be dealing with iron-deficiency anaemia and could 

prescribe an appropriate treatment plan. It might help you to recall this fact by remembering that 

iron helps make blood cells, so if iron is deficient, then the cell volume and haemoglobin will be 

deficient – giving us microcytic, hypochromic cells.  

On the other hand, if the tests reveal large red blood cells (macrocytic) along with a normal 

haemoglobin concentration (normochromic), then the physician might suspect a deficiency of B12 

or folic acid as the underlying condition. 

 

2.5.1 Acute and chronic blood loss anaemias 

Acute blood loss is usually associated with traumatic conditions during or after surgery. It does 

not produce an immediate anaemia. A severe haemorrhage (bleeding) reduces an individual's total 

blood volume and can be very detrimental, causing collapse of the circulatory system. The earliest 

change in acute blood loss is a transient fall in the platelet count, which may rise to elevated levels 



within an hour. The next step is development of leucocytosis with a shift to the left. It could take 

up to 48 or 72 hours for the red blood cell to be apparent. In chronic blood loss, a noticeable 

anaemia is not observed until the storage iron is depleted. 

 

2.5.2 Aplastic and related anaemias 

Aplastic anaemia is one group of disorders also known as hypoproliferative disorders that are 

characterised by reduced growth or production of blood cells. Other anaemias classified in this 

group are those caused by deficiencies of erythropoietin, iron, folic acid and vitamin B12.   

 

Figure 2.3: Aplastic anaemia is characterised by reduced production of blood cells  

Source: Author: Mr ST Malindisa 

 

Another type of anaemia characterised by reduced production of blood cells is 

- Fanconi's anaemia 



Fanconi's anaemia is the best described congenital form of aplastic anaemia. This type of anaemia 

is inherited through an autosomal recessive mode and is most frequent in children. Other related 

disorders include: 

o Pure red cell aplasia 

o Diamond-Blackfan syndrome 

o Transient erythroblastopenia of childhood 

o Congenital dyserythropoietic anaemia 

 

2.5.3 Hypochromic anaemias and disorders of iron metabolism 

Although an individual's need for dietary iron is small and will only manifest itself after iron sites 

in the body have been depleted, iron deficiency anaemia is one of the most frequently encountered 

types of anaemia. Iron deficiency anaemia can result from the following conditions: 

1. Nutritional deficiency 

2. Faulty or incomplete iron absorption 

3. Increased demand for iron that is not met 

4. Pathological or physiological excessive loss of iron 

 

The average adult has about 3,5 to 5 g of total iron of which less than 1 mg is lost a day. Iron loss 

occurs via intestinal epithelial and skin cell exfoliation, the bile and through urinary excretion. To 

compensate for this loss, an adult male would have to replace at least 1 mg of iron a day. For 

females, additional iron is needed for growth, pregnancy and lactation. About 70% (used by the 

haemoglobin) of the iron in our bodies is considered functional, whereas the 30% is nonessential 

and is stored. A typical iron deficiency anaemia will exhibit the following laboratory 

characteristics 

- Haemoglobin and Hct both decreased 

- Gradual loss of red blood cells 

- Red cells indices demonstrate decreased MCV, MCH and MCHC 

 



Serum ferritin is currently the accepted laboratory test for diagnosis of iron deficiency, and ferrin 

value of 12 µg/L or less is a highly specific indicator of iron deficiency. A newer test is sTfR. 

Ferrin detects deficient iron stores whereas sTfR detects erythropoiesis. Other iron deficiency-

related anaemias include: 

 Sideroblastic anaemia 

This anaemia is associated with mitochondrial iron loading in marrow erythroid precursors (ringed 

sideroblast) and ineffective erythropoiesis. It can be congenital or acquired. Sideroblastic anaemia 

is caused by congenital and acquired defects, malignant bone marrow disorders, secondary to drugs 

and toxins such as alcohol. 

 Anaemia of chronic inflammation or chronic diseases (AOI/AOD) 

Anaemia of chronic inflammation or chronic disorders (AOI/ACD) results from long-term or 

short-term inflammation. This type of anaemia is not associated with any nutritional deficiency 

but is caused by many biochemical changes that occur during inflammation. The main cause is 

thought to be the result of erythropoiesis failure, which is mostly likely caused by significant 

suppressors of erythropoiesis such as TNF, INF-α, INF-γ and IL1. 

 Hereditary haemochromatosis (HH) 

In contrast to iron overload caused by various conditions or diseases, hereditary haemochromatosis 

(HH) is an inborn error of metabolism that produces inappropriately high levels of gastrointestinal 

(GI) absorption of iron. This is an autosomal recessive inherited disorder that causes a progressive 

iron overload and excessive accumulation of iron in various organs.  

 

2.5.4  Megaloblastic anaemias 

The term “megaloblastic” refers to the abnormal marrow erythrocyte precursor seen in processes  

such as pernicious anaemia, and associated with altered DNA synthesis. Megaloblastic anaemias 

are classified into two major categories: (i) Vitamin B12 (cobalamin, Cbl) deficiency and (ii) Folic 

acid deficiency. Normal red cell maturation is dependent on many haematological factors, two of 

which are the vitamin B12 coenzymes (also called cobalamin) and folates. Macrocytic anaemias 

and megaloblastic dyspoiesis occur when one of these factors is absent. 



Megaloblastic anaemia caused by vitamin B12 deficiency is associated with: 

a. increased usage of vitamin B12 due to parasitic infections such as D. latum 

(tapeworm) and pathogenic bacteria 

b. malabsorption syndrome caused by gastric resection, gastric carcinoma and some 

form of celiac disease or sprue 

c. nutritional deficiency or diminished supply of vitamin B12 

d. pernicious anaemia, a condition associated with chronic atrophic gastritis 

 

 Megaloblastic anaemia caused by folic acid deficiency is associated with: 

a. abnormal absorption associated with celiac disease 

b. increased utilisation caused by pregnancy or some acute leukaemia 

c. treatment with antimetabolites that act as folic acid antagonists 

 

In addition to dietary and other causes of deficiencies of cobalamin, a deficiency of transcobalamin 

II (TC II) can produce a vitamin deficiency. Folic acid deficiencies appear to be less related to 

transport, but are typically associated with conditions of either dietary inadequacy or 

malabsorption syndromes. 

 

2.5.5  Haemolytic anaemias 

Haemolytic anaemias are characterised by increased red cell destruction and a decrease in the 

normal average lifespan of the erythrocyte. Increased bone marrow activity may compensate 

temporarily for this reduction. However, when the bone marrow loses the ability to produce 

erythrocytes to counteract loss of cells by haemolysis, haemolytic anaemia develops. There are 

acquired (extrinsic haemolytic anaemia) and inherited (intrinsic haemolytic anaemia) haemolytic 

disorders.  

Inherited haemolytic anaemias are be caused by: 

i. Structural membrane defects of the erythrocytes  

- Acanthocytosis 



- Hereditary spherocytosis 

- Hereditary elliptocytosis 

- Hereditary stomatocytosis 

- Rh null disease 

-  

ii. Erythrocytic enzyme defects 

- Glucose-6-phosphate dehydrogenase deficiency 

- Glutathione reductase 

- Hexokinase 

- Pyruvate kinase 

 

iii. Defects of the haemoglobin molecule 

- Hb C disorder 

- Hb S-C disorder 

- Hb S-S disorder (sickle cell anaemia) 

- Thalassemia 

 

The acquired haemolytic anaemias can be classified according to the agent or condition responsible 

for inducing the haemolysis. These categories include chemicals, drugs and venoms, infectious 

organisms, immune or antibody causes, physical agents and trauma. Patients with haemolytic 

anaemia will have decreased haemoglobin, Hct, and red blood cell count. Below are examples of 

what red blood cells look like in particular diseases listed in table 2.1. 

 



 

Figure 2.4: Haemolytic anaemia 

https://upload.wikimedia.org/wikipedia/commons/c/c1/Haemolytic_Anaemia.jpg  

 

    

Figure 2.5: A) Macrocytes and B) microcytes 

Sources A) https://upload.wikimedia.org/wikipedia/commons/a/a7/Macrocytes.jpg 

B) https://upload.wikimedia.org/wikipedia/commons/2/2a/Microcytosis.jpg  

 

Macrocytosis is the presence of red cells that are larger than normal (macrocytes). They occur in 

peripheral blood as a result of premature release from the marrow. They are commonly seen in 

patients with liver disease, alcoholism megaloblastic anaemia, haemolysis Vit B12 and folate 

deficiency, pregnant women, newborn infants, aplastic anaemia and hypothyroidism. Microcytosis 

is the presence of red cells that are smaller than normal. Normal adult red cells have a diameter of 

https://upload.wikimedia.org/wikipedia/commons/c/c1/Haemolytic_Anaemia.jpg
https://upload.wikimedia.org/wikipedia/commons/a/a7/Macrocytes.jpg
https://upload.wikimedia.org/wikipedia/commons/2/2a/Microcytosis.jpg


7.2 µm. Microcytes are commonly seen in hypochromia in iron-deficiency anaemia, thalassaemia 

trait, congenital sideroblastic anaemia and sometimes in anaemia of chronic diseases. 

Common haemoglobinopathies 

Haemoglobinopathies are the most frequent genetic disorders in the world. The two most common 

are sickle cell anaemia/sickle cell trait and thalassemia. These diseases may have a haemolytic 

manifestation. Approximately 25% of all haemoglobinopathies demonstrate decreased red cell 

survival that characterises haemolytic disease. What is common about haemoglobinopathies is that 

they are caused by an inherited or genetic defect related to haemoglobin. The defect could either 

cause irregular shape and structure of haemoglobin (sickle cell trait) or decreased synthesis of adult 

haemoglobin (thalassemia).  

  



 

I. Sickle cell disease 

Sickle cell disease is the general term for abnormalities of the haemoglobin structure and function 

in which the sickle cell gene is inherited from at least one of the parents. These genetic disorders 

are characterised by the production of haemoglobin S (Hb S); anaemia, and acute and chronic 

tissue damage secondary to the blockade of blood flow produced by abnormally shaped red blood 

cells as shown in figure 2.5.  

 

Figure 2.6: Sickle cell anaemia 

Sources: https://upload.wikimedia.org/wikipedia/commons/4/4e/Sickle_Cell_Anaemia_%28SCA%29.jpg  

https://commons.wikimedia.org/wiki/File:Risk-Factors-for-Sickle-Cell-Anemia_(1)2.jpg  

 

Sickle cells (drepanocytes) are found in patients with sickle cell anaemia and other sickle 

syndromes but not in sickle trait. They are banana-shaped red cells. They are commonly seen in 

patients with sickle cell anaemia – a hereditary blood disorder characterised by an abnormality in 

the oxygen-carrying haemoglobin molecule in the cytoplasm of the red cells, resulting in the 

formation of abnormal, rigid, sickle-shape red cells. Individuals who are heterozygous for sickle 

cell disease have immunity against the malaria parasite, as it requires globular haemoglobin and 

cannot infect sickle cell shaped haemoglobin. 

  

https://upload.wikimedia.org/wikipedia/commons/4/4e/Sickle_Cell_Anaemia_%28SCA%29.jpg
https://commons.wikimedia.org/wiki/File:Risk-Factors-for-Sickle-Cell-Anemia_(1)2.jpg


Other sickle cell disorders include 

- Sickle-β thalassemia 

- Sickle-C Disease 

- Sickle cell trait 

II. Thalassemia 

Thalassemia syndromes are also very common genetic disorders amongst humans. These 

syndromes are caused by an abnormality in the rate of production of the globin chains. The 

haemoglobin protein consists of two α and two β chains (shown in figure 2.6). Therefore, 

thalassemias are characterised by the absence or decrease in the production of one of the two 

constituent globin subunits of the haemoglobin molecule. The abnormality in rate of globin 

production can be altered by one of the following processes. 

i. Various mutations that lead to early termination of globin synthesis 

ii. Inefficient splicing of mRNA 

iii. Decrease gene expression 

iv. Reduction in globin synthesis 

v. Total or partial depletion of a globin 

 

Figure 2.7: The structure of the haemoglobin molecule 

Source: https://commons.wikimedia.org/wiki/File:1904_Hemoglobin.jpg  

 

  

https://commons.wikimedia.org/wiki/File:1904_Hemoglobin.jpg


Therefore, α-Thalassemia is characterised by decreased synthesis of the α-chains, whereas β-

Thalassemia is caused by decreased synthesis of the β-chain leading to accumulation of unstable 

γ-globin chains, ineffective erythropoiesis and shortened red cell survival. Other 

haemoglobinopathies include 

- Haemoglobin C disease 

- Haemoglobin SC disease 

- Haemoglobin E disease 

- Haemoglobin H disease 

- Methemoglobinemia 

- Unstable haemoglobins 

- Hereditary persistence of foetal haemoglobin 

 

2.1  Activity  

1. Name the sites of erythropoiesis from early embryonic stage of development until 

established in adults. 

2. Name the substances for proper erythropoiesis and cite examples of deficient substances 

that can produce various types of anaemias. 

3. Describe the various types of condition that can produce disorders of erythropoietin. 

4. Specifically describe the outcomes of a deficiency in the production of globin. 

5. Name at least four haemoglobin analysis methods and explain the purpose of each 

procedure. 

6. Name the procedures that assess the quantities of either erythrocytes or haemoglobin. 

 

Feedback on activity  

Please refer to the following resources to help you answer the questions. 

What inside of blood accessed through 

https://www.youtube.com/watch?v=5MOn8XtyFw&index=1&list=PLbKSbFnKYVY3TEWjFRRiDGQeraE0C

BE6p by Khanacademy 

 

https://www.youtube.com/watch?v=5MOn8XtyFw&index=1&list=PLbKSbFnKYVY3TEWjFRRiDGQeraE0CBE6p
https://www.youtube.com/watch?v=5MOn8XtyFw&index=1&list=PLbKSbFnKYVY3TEWjFRRiDGQeraE0CBE6p


Blood cell lineages accessed through 

https://www.youtube.com/watch?v=ddifthdMNVc&list=PLbKSbFnKYVY3TEWjFRRiDGQeraE0CBE6p&ind

ex=8 by Khanacademy 

 

Types of anaemia accessed through https://www.youtube.com/watch?v=mOrRJBqm744 by Ninja 

Nerd Science 

 

Reflective questions 

o Think about what you have learnt in this unit. Make a list of the most important new 

insights you have gained. What do you know now that you did not know before? 

o Did you achieve the learning outcomes successfully or did you struggle? If you were 

struggling or could not complete the learning unit in the recommended time, which 

strategies could you apply to improve your learning?  

o How did the ideas in this learning unit correlate with what you thought or believed before 

you started the learning process? Have any of your thoughts or beliefs changed, and if so, 

how? 

o How might you change your own daily practices or lifestyle as a result of the knowledge 

you gained in this unit? 

 

Conclusion/summary 

The study of erythrocytes, also called red blood cells, is important as these cells are responsible 

for transporting oxygen to the cells of the body in need. In order to achieve this function, 

erythrocytes need to have the correct structure. Various mutations have an effect on the structure 

of erythrocytes, causing various diseases that are detrimental to human health. Medical 

technologists use this information and molecular techniques to study and diagnose various 

disorders caused by abnormalities in the structure or synthesis of erythrocytes.  

 

 

https://www.youtube.com/watch?v=ddifthdMNVc&list=PLbKSbFnKYVY3TEWjFRRiDGQeraE0CBE6p&index=8
https://www.youtube.com/watch?v=ddifthdMNVc&list=PLbKSbFnKYVY3TEWjFRRiDGQeraE0CBE6p&index=8
https://www.youtube.com/watch?v=mOrRJBqm744


Learning unit 3: Leukocytes 

 

3.1  Introduction  

Did you know that our bodies are a battlefield? Every single hour “enemy” germs in the 

environment we living in try to enter our bodies, and when they are successful, we sometimes get 

sick. Therefore, our bodies have defending “soldiers” that work to fight off these harmful invaders. 

These soldiers are leukocytes, also called white blood cells.  

Leukocytes are specialised cells that can defend our body from pathogens. These are amoeba-like 

cells that are capable of moving independently – they can move against the flow of blood and can 

slip through the walls of capillaries and enter the tissue . All leukocytes originate from cells in the 

bone marrow called haematopoietic stem cells. Leukocytes can in turn differentiate into a variety 

of different cell types that each have their own unique function. 

 

https://en.wikipedia.org/wiki/Haematopoiesis#/media/File:Hematopoiesis_simple.svg  

Figure 3.1: The development of different blood cells from haematopoietic stem cell to 

mature cells 

 

https://en.wikipedia.org/wiki/Haematopoiesis#/media/File:Hematopoiesis_simple.svg


 

3.2  Outcomes of the learning unit 

On completion of this learning unit, you should be able to: 

 explain the granulocytic and monocytic series  

 describe the function of mature neutrophils, eosinophils, basophils, and monocytes 

 Understand nonmalignant disorders of granulocytes and monocytes 

 Describe plasma cells and state their function 

 Discuss the differences between leukaemias and lymphomas 

 

3.3  Leukocytes: The granulocytic and monocytic series 

Five different leukocytes accomplish specific tasks based on their abilities and the type of invaders 

they are fighting. The following types of leukocytes are found in peripheral blood, in order of 

frequency: neutrophils, lymphocytes, monocytes, eosinophils and basophils. Leukocytes form a 

protective, movable army that helps defend the body against damage by bacteria, viruses, parasites, 

and tumour cells. As such, they have some very special characteristics. 

Based on function, leukocytes can be divided into the granulocytic, monocytic and lymphoid 

series. This learning unit discusses the granulocytic leukocytes, which can be further subdivided 

based on morphology into neutrophils, eosinophils and basophils and the monocyte-macrophage 

series (figure 3.1).  

 

3.3.1  Granulocytic series 

The cellular elements of the blood are derived from a single, multi-potential stem cell. This stem 

cell undergoes differentiation, multiplication and maturation within the bone marrow. After a 

progenitor cell becomes committed to a specific cell line, mitosis and early development take place  

in the proliferative compartment of the bone marrow. Neutrophilic granulocyte matures in the 



following sequence (figure 3.1): stem cell, myoblast, promyelocyte, myelocyte and metamyocyte. 

Once the metamyocyte stage has been reached, the proliferative phase ends. 

There are factors that influence the release of granulocytes from the bone marrow, namely 

chemical and physical factors. 

Chemical factors include neutrophil releasing factor and leukocytosis-inducing factor. The 

physical factor includes greater flexibility and mobility of cells, allowing cells to pass through the 

sinusoid barrier of the bone marrow. 

Follow the link below to understand more on white blood cell production. 

https://www.youtube.com/watch?v=v9GceAq-gNE  

 

3.3.2  The monocytic-macrophages series  

Cells of the mononuclear phagocyte system include the monocytes and their bone marrow 

precursors, macrophages. Macrophages have a variety of names, including histiocytes in the loose 

connective tissues, Kupffer cells in the sinusoids of the liver, osteoclasts in the bone and microglial 

cells in the nervous system. The name of the cell changes with the location of the cell; however, 

mature macrophages are distributed throughout the body. 

 

3.3.3  Normal values and functional properties of granulocytes and monocytes 

Defense against infectious diseases is the responsibility of both the phagocytic and the immune 

system. Neutrophils defend the human body against infectious agents and local noninfectious 

challenges. Macrophages participate in the phagocytic process and are important in the processing 

of antigens as part of the immune system. 

Infection with a pathogen triggers an acute inflammatory response involving cells and molecules 

of the immune system. 

https://www.youtube.com/watch?v=v9GceAq-gNE


The physical occurrence of damage to tissues, because of either trauma or microbial multiplication, 

initiates the events of phagocytosis. The events where cells are guided to the site of injury by the 

concentration gradient of chemotactic substances is called chemotaxis (figure 3.1.2). Neutrophils 

are the most abundant of the cells participating in phagocytosis and arrive at the site rapidly. 

Monocytes are slower in arriving. Engulfment of the foreign particles is the next step, followed by 

digestion. 

Antibacterial enzymes contained in granules, and alterations within the cell such as change in pH, 

destroy the engulfed bacteria. Lytic enzymes disrupt the cellular membrane of the phagocytic cells, 

which are in turn phagocytised or destroyed at the entry.  

 

 

Figure 3.2: Neutrophils migrate from blood vessels to the infected tissue via chemotaxis, 

where they remove pathogens through phagocytosis and degranulation 

https://en.wikipedia.org/wiki/Inflammation#/media/File:NeutrophilerAktion.png  

To understand the process of phagocytosis, click on the links below: 

https://www.youtube.com/watch?v=7VQU28itVVw  

https://www.youtube.com/watch?v=sJ8Sz0CcNKo  

 

https://en.wikipedia.org/wiki/Inflammation#/media/File:NeutrophilerAktion.png
https://www.youtube.com/watch?v=7VQU28itVVw
https://www.youtube.com/watch?v=sJ8Sz0CcNKo


3.3.4  Specialised functions of eosinophils and basophils 

Eosinophil is considered homeostatic regulator of inflammation that leaves the circulating blood 

when adrenal cortical hormone increases. Functionally, this means that the eosinophil attempts to 

suppress inflammatory tissue reactions to prevent excessive spread of inflammation. 

Eosinophil proliferates in response to antigenic stimulation and contains substances that 

inactivate factors released by mast cells and basophils. Eosinophil have the ability to interact 

with the larval stages of some helminthic parasites and to damage them by oxidative 

mechanisms. 

Basophils have high concentrations of heparin and histamine (plays an important role in acute, 

systemic allergic reactions) in their granules.  

 

Activity 3.1 

Do the following activity and add it to your portfolio. 

3.1.1 Discuss production and development of monocytes and macrophages. 

3.1.2 Describe morphological characteristics of monocytes. 

3.1.3 Discuss the roles of macrophages. 

3.1.4 What do you understand by the term “phagocytosis”? 

3.1.5 Phagocytosis can be divided into three stages. Explain. 

 

Feedback on activity 3.1 

3.1.1 Remember, cells of the macrophage system are formed from the progenitor cells in the 

bone marrow. You should have mentioned that these cells are derived from the CFU-GM and 

explain more on this. 



3.1.2 Note that morphological identification of the monocyte is more difficult than that of the 

neutrophilic, eosinophilic or basophilic granulocytes. 

 

3.4  Nonmalignant disorders of granulocytes and monocytes 

The diagnosis of nonmalignant disorders of granulocytes and monocytes is dependent on 

laboratory assay along with a patient's history and physical examination. Nonmalignant disorders 

of granulocytes range from general increases or decreases in the total leukocytes count to 

qualitative disorders, such as a defect in the killing ability of leukocytes. 

A variety of laboratory tests are used to assess disorders related to granulocytes and monocytes. 

These include the following: 

Quantitative disorders (change in number) – cytosis / philia (increase in number) and cytopenia 

(decrease in number). 

Qualitative disorders – morphologic changes 

                 - Functional changes 

 

3.4.1  Quantitative disorders 

Disorders of quantitative type involve either increase in leukocytosis or leukocytopenia in the total 

leukocyte count, or a specific disorder.  

Increase in neutrophils, eosinophils and basophils are referred to as neutrophilia, eosinophilia and 

basophilia, respectively. An increase in monocytes is referred to as monocytosis. Neutrophils can 

be associated with physical stress, infection, inflammation, drugs, and hormones. Eosinophilia can 

be related to bronchial asthma, parasitic infections and pulmonary and gastrointestinal disorders, 

whilst basophilia can be associated with asthma, smallpox, and chickenpox and drug therapy. 

Monocytosis is not a precisely defined state; however, tuberculosis, fever of unknown origin and 



inflammatory bowel disease are a few of the disorders associated with an increase in circulating 

monocytes. 

A decrease in leukocytes is caused primarily by either decreased production of normal 

granulocytes or increased destruction of circulating granulocytes. Decrease in neutrophils, 

eosinophils and basophils are referred to as neutropenia, eosinopenia, and basopenia respectively. 

A decrease in monocytes is referred to as monocytopenia. Neutropenia may be caused by bone 

marrow injury or nutritional deficiencies. Eosinopenia is rare and can be stress-related. Basopenia 

can be induced by the action of hormones, such as cortisone. 

 

3.4.2  Qualitative disorders 

Disorders of the qualitative type include defective locomotion and defective bacterial killing. 

Qualitative disorders of monocytes-macrophages include Gaucher's disease and Niemann-Pick 

disease. Both these disorders represent enzyme deficiencies that result in accumulation of 

undegraded lipid products in macrophages. 

 

3.5  Leukocytes: Lymphocytes and plasma cells 

3.5.1  Anatomical origin and development of lymphocytes 

Lymphocytes and plasma cells cooperate in defending the body against disease through 

recognition of foreign antigens and antibody production. Following embryonic and foetal 

development, the bone marrow becomes the sole provider of undifferentiated stem cells. Further 

development and proliferation of these cells continue in the primary tissues – the bone marrow and 

thymus; and the secondary tissues – the lymph nodes, spleen and gut-associated lymphoid tissue 

(GALT). In the primary tissues, lymphocytes differentiate into one of the major categories of 

lymphocyte: T cells or B cells. 

Lymphocytes, mostly of the T type, move freely between the blood and lymphoid tissues. The 

process of recirculation is important in the dissemination of immunological information. 



Approximately 5% of the total body lymphocyte mass is present in the circulating blood. In 

newborn infants, lymphocytes, mostly T cells represent 90% of the total peripheral leukocytes, 

whereas the adults have an average of 35% lymphocytes in the circulating blood with a distribution 

of 60% to 80% T cells and 20% B cells. 

 

3.5.2  Morphological characteristics of normal lymphocytes 

Stages of lymphocyte development include lymphoblast, prolymphocyte and mature lymphocyte. 

Mature lymphocytes can be classified as either large or small types. Maturational characteristics 

of lymphocyte are generally consistent with those in other leukocytes when stained with Wright 

stain.  

Lymphocytes can assume variant morphological features. Variant lymphocytes may be referred to 

as atypical, reactive or Downey cells. Five to six per cent of variant lymphocytes can be found in 

healthy persons. However, an increase in these forms is associated with a variety of disorders 

including; infectious mononucleosis, viral hepatitis and viral pneumonia. The features of variant 

lymphocytes can include an increased amount of cytoplasm, cytoplasmic vacuolation and a dark-

blue cytoplasm. Nucleoli may be seen in the nucleus of some variant types. 

 

Figure 3.3: A stained lymphocyte surrounded by red blood cells viewed using a light 

microscope 

https://en.wikipedia.org/wiki/Lymphocyte#/media/File:Lymphocyte2.jpg  

https://en.wikipedia.org/wiki/Lymphocyte#/media/File:Lymphocyte2.jpg


 

3.5.3  Functions and membrane characteristics of lymphocytes 

The categories of lymphocyte that are recognised as functionally active are T cells, B cells and NK 

and K-type cells. T lymphocytes are responsible for cellular immune responses and either helping 

or suppressing the activation of B lymphocytes. B lymphocytes serve as primary source of cells 

responsible for humoral immune responses. NK and K-type lymphocytes lack mature surface 

markers of T and B cells. These two types of cell destroy target cells through the nonphagocytic 

process referred to as cytotoxic reaction. 

All cells of the immune system have specialised receptors on their membrane surfaces. In the past, 

surface membranes could be studied only by use of the electron microscope or specialised 

agglutination test. The introduction of monoclonal antibody tests allows for the identification of 

subpopulations of lymphocytes including T-cell subsets of helper/inducer and 

suppressor/cytotoxic. Functional testing may be used to evaluate the response of lymphocytes to 

mitogens. 

 

3.5.4  Plasma cell development and maturation 

Plasma cells are not normally found in circulating blood but can be seen in nonmalignant or 

malignant disorders. However, few plasma cells can be seen in circulating blood in severe chronic 

infections or viral disorders. Increased numbers of plasma cells are associated with malignant 

conditions such as multiple myeloma. Plasma cells arise from stimulated B lymphocytes. 

Abnormal forms of the plasma cell include Russell body inclusions, grape cells and flame cells 

(figure 3). 



 

https://en.wikipedia.org/wiki/Plasma_cell#/media/File:Dutcher_and_Russell_bodies.jpg  

Figure 3.4: Plasma cells with Dutcher and Russell bodies 

 

3.6  Leukocytes: Nonmalignant lymphocytic disorders 

3.6.1  Introduction  

The normal range for lymphocytes in an adult is 22% to 40%, with absolute values of 1,1 to 4,4 X 

109/L. When there is an increase in the blood lymphocyte concentration – greater than the upper 

normal – the condition is referred to as lymphocytosis. A decrease to less than the normal limit is 

called lymphocytopenia.  

 

3.6.2  Lymphocytosis  

Lymphocytosis is natural and normal in infants and children up to approximately 10 years old, 

with total lymphocyte count as high as 9,0 x109/L. In adolescence and adulthood, non-malignant 

conditions associated with an absolute lymphocytosis include acute viral infections (e.g. infectious 

mononucleosis) and some bacterial infections (e.g. whooping cough and brucellosis). Malignant 

conditions that produce lymphocytosis include cancer, lymphocytic leukaemia (acute and chronic 

forms), the leukemic phase of lymphomas, and Waldenström’s  macroglobulinemia.  

https://en.wikipedia.org/wiki/Plasma_cell#/media/File:Dutcher_and_Russell_bodies.jpg


 

3.6.3  Disorders associated with lymphocytosis  

Epstein-Barr virus (EBV) causes infectious mononucleosis. This same virus is associated with 

Burkitt's lymphoma, a malignant tumour of the lymphoid tissue occurring mainly in African 

children. EBV is a human herpes virus that has been isolated with increasing regularity.  

Acute infectious lymphocytosis is a poorly defined benign condition caused by a virus, probably 

a member of the Coxsackie group. This is usually a mild disorder occurring in epidemics, with 

children being the most common victims. Cytomegalovirus (CMV), a herpes family virus, can 

cause congenital infections in the newborn. The clinical syndrome resembles infectious 

mononucleosis. 

Whooping cough is an infection caused by B. pertussis, a bacterial organism that produces 

inflammation of the entire respiratory tract. This illness occurs primarily in children who have not 

been immunised. Toxoplasmosis is an infection produced by the protozoa T. gondi. Both the 

clinical and the laboratory finding resemble those of infectious mononucleosis. 

 

3.6.4  Lymphocytopenia  

Lymphocytopenia is generally defined as less than 3.0x109/L lymphocytes in adults or less than 

1.5x109/L lymphocytes in children. A decrease in lymphocytes is a common response to stress and 

to the administration of corticosteroids or may be seen in a healthy person with no apparent cause. 

Specific categories of lymphocyte disturbances include immune deficiency disorders. 

 

3.6.5  Immune disorders associated with lymphocytopenia 

Immune deficiency disorders may be caused by defects in the quality (defects) or quantity 

(deficiencies) of lymphocytes and maybe congenital or acquired. These conditions are usually 

classified as either T cell or B cell disorders. Some of the less common disorders involved both T 

and B cells.  



AIDS is a contemporary example of leukopenia and lymphocytopenia. The number of circulating 

T lymphocytes has decreased severely. A decreased lymphocyte proliferative response to soluble 

antigens and mitogens exists in these disorders. This condition additionally demonstrates defective 

natural killer cell activity. T lymphocyte subset distribution is also altered, with a decrease in the 

helper/inducer T cells and an increase in the number of suppressor/cytotoxic T cells. Systemic 

Lupus Erythematosus (SLE) are collagen–vascular disorders. It occurs most frequently in young 

adult females. A characteristic manifestation of SLE is a butterfly rash over the bridge of the nose. 

The renal system usually deteriorates because of high levels of immune complexes in the blood. 

Testing for antinuclear antibody is the most significant screening in SLE. 

 

3.7  Characteristics of leukaemias and lymphomas 

Leukaemias and lymphomas are both neoplastic proliferative diseases predominantly involving 

leukocytes. Leukaemia diseases are characterised by an overproduction of immature or mature 

cells of various leukocytes and /or blood. Lymphomas are similar to leukaemias; however, 

lymphomas are solid tumours of lymph nodes and associated tissues or bone marrow.  

Click on the link below to understand the difference between leukaemia and lymphoma. 

https://www.youtube.com/watch?v=SLf16laFapw  

The clinical symptoms, the maturity of the affected cells, and the total leukocyte count determine 

whether a leukaemia will be classified as acute or chronic. Acute leukaemias are characterised as 

having symptoms of short duration, many immature cell forms in the bone marrow and/or 

peripheral blood, and an elevated total leukocyte count. Chronic leukaemias have symptoms of 

long duration, mostly mature cell forms in the bone marrow and/or peripheral blood and total 

leukocyte counts that range from extremely elevated to less than normal.  

The prognosis of survival in untreated acute forms is from several weeks to several months, 

compared with the untreated chronic forms, which can have a prognosis of survival ranging from 

months to many years after diagnosis. 

https://www.youtube.com/watch?v=SLf16laFapw


The commonly encountered types of leukaemia are separated into three broad groupings by cell 

type: 

 Myelogenous 

 Monocytes  

 Lymphatic 

Untreated leukaemias and lymphomas are ultimately fatal. Specific treatment requires accurate 

diagnosis and classification of the disorder by the clinical laboratory. 

The occurrence of leukaemias and lymphomas has been related to a variety of factors. These 

factors include: 

1. Oncogenes  

2. Environmental exposure 

3. Chemical and drug exposure  

4. Host factors and disease associations 

5. Infectious agents 

 

Activity 3.2 

3.2.1 Describe several ways in which cancer-predisposing agents can act. 

3.2.2 What are the roles of oncogenes? 

 

3.8  Feedback 

To answer these questions, please read the learning unit carefully and consult various resources 

that can be found on the internet. 

 

 

 



Reflective questions 

o Think about what you have learnt in this unit. Make a list of the most important new insights 

you have gained. What do you know now that you did not know before? 

o Did you achieve the learning outcomes successfully or did you struggle? If you were 

struggling or could not complete the learning unit in the recommended time, which 

strategies could you apply to improve your learning?  

o How did the ideas in this learning unit correlate with what you thought or believed before 

you started the learning process? Have any of your thoughts or beliefs changed, and if so, 

how? 

o How might you change your own daily practices or lifestyle as a result of the knowledge 

you have gained in this learning unit? 

 

Conclusion/summary 

The study of leukocytes (also called white blood cells) is important as these cells are responsible 

for defending our body from pathogens. Leukocytes accomplish specific tasks based on their 

abilities and the type of invaders they are fighting. There are types of leukocytes found in 

peripheral blood, in order of frequency: neutrophils, lymphocytes, monocytes, eosinophils and 

basophils. Leukocytes form a protective, movable army that helps defend the body against damage 

by bacteria, viruses, parasites, and tumour cells.  

 

 

 

 

 

 



Learning unit 4: Principles and disorders of haemostasis and 

thrombosis 

 

4.1  Introduction 

Right now, as you are sitting there studying, blood is flowing throughout your body. Your veins 

carry this blood towards your heart to keep you alive. When something clogs them up, things can 

become dangerous. 

 

Maintenance of blood fluidity within the vascular system is an important human physiological 

process. Haemostasis is the process of forming clots in the walls of damaged blood vessels and 

preventing blood loss while maintaining blood in the fluid state within the vascular system. 

Thrombosis is pathological clot formation that results when haemostasis is excessively activated 

in the absence of bleeding. Essential components of fluidity, haemostasis and thrombosis are the 

blood flows produced by the cardiac cycle, the vascular endothelium and the blood itself. Under 

normal physiological conditions, there is a delicate equilibrium (eucoagulability) between the 

pathological states of hypercoagulability and hypocoagulability in the circulating blood. 

 

4.2  Outcomes of the learning unit 

On completion of this learning unit, you should be able to: 

 explain haemostasis and thrombosis principles 

 describe normal and abnormal coagulation 

 

  



4.3  Principles of haemostasis and thrombosis 

 

4.3.1  Introduction 

  

The maintenance of circulatory haemostasis is achieved through the process of balancing bleeding 

and clotting. Haemostasis depends on several components. The four major components include: 

 Vascular system 

 Platelets (thrombocytes) 

 Blood coagulation factors 

 Fibrinolysis and ultimate tissue repair 

 

Functionally, several processes are involved in haemostasis following injury to a small blood 

vessel: 

 Blood vessel spasm 

 Formation of platelet plug 

 Contact between damaged blood vessel, blood platelet and coagulation proteins 

 Development of blood clot around injury 

 Fibrinolytic removal of excess haemostatic material to re-establish vascular integrity 

 

4.3.2  Blood vasculature: structure and function  

 

4.3.2.1 Arteries and veins 

 

Arteries are blood vessels that carry blood away from the heart to other tissues. An easy way to 

jog your memory when thinking about arteries is to remember that arteries carry blood away from 

the heart. Because arteries are the first vessels that the heart pumps blood through, they experience 

the highest blood pressure, so they have thick elastic walls to withstand the high pressures. These 

large arteries expand when the pressure of the blood rises and then recoil when the heart relaxes 

between beats to provide a smooth flow of blood through your body. 



 

Veins are blood vessels that carry blood toward the heart from various tissues. Veins are far from 

the initial pressure of the heartbeat and therefore under low pressure. Their walls are thinner than 

those of the corresponding arteries, and their inner diameter tends to be larger. Arterioles are the 

microscopic continuation of arteries. Microscopically sized veins are referred to as venules. 

Venules connect the capillaries to the veins. Blood passes from the arterial to the venous system 

via the capillaries. Capillaries are the thinnest-walled and most numerous of the blood vessels. 

 

4.3.3  Vasculature physiology 

 

4.3.3.1 The role of vasoconstriction in haemostasis 

 

Vascular injury to a large or medium size artery or vein requires rapid surgical intervention to 

prevent exsanguination. When a smaller blood vessel is injured, contraction occurs to control 

bleeding. This contraction of the blood vessel wall is called vasoconstriction. 

 

Click the link below to learn more about vasoconstriction. 

https://www.youtube.com/watch?v=P5_nQ_Zd2ss  

https://www.youtube.com/watch?v=PwnnczoFJno 

 

4.3.3.2 The role of the endothelium  

 

The endothelium is involved in the metabolism and clearance of molecules such as serotonin, 

angiotensin and bradykinin that affect blood pressure regulation, the movement of fluid across the 

endothelium and inflammation.  

 

With respect to blood coagulation, one of the basic characteristics of normal, intact endothelium 

is its non-reactivity with platelets and its inability to initiate surface contract activation of clotting 

XII. Endothelin-1 is the only family member in endothelial cells. Endothelia-2 has no unique 

physiological functions compared with endothelin-1. Endothelin-3, like endothelia-1, circulates in 

the plasma, but its source is not known. Endothelium is highly active metabolically and is involved 

https://www.youtube.com/watch?v=P5_nQ_Zd2ss
https://www.youtube.com/watch?v=PwnnczoFJno


in the clothing process by plasminogen activator, which, if appropriately stimulated, is released 

and activates plasminogen, which ensures rapid lysis of fibrin clots. Additionally, the endothelium 

from prostaglandin precursors and strongly inhibits platelet aggregation and adhesion. 

 

Minimal interactions leading to platelet activation or clot formation occur between the circulating 

blood and intact endothelial surface. However, disrupted endothelial cells release thromboplastic 

substances that can initiate coagulation. Collagen, in particular, initiates contact activation of factor 

XII; thereby initiating blood coagulation. Disruption of the endothelium directly activates all four 

components of haemostasis. 

 

4.3.4  The megakaryocytic cell series 

 

Mature platelets (thrombocytes), metabolically active cell fragments, are the second critical 

component in the maintenance of haemostasis. These nuclear cells circulate in the peripheral blood 

after being produced from the  cytoplasm of bone marrow megakaryocytes, the largest cells found 

in the bone marrow.  

 

Bone marrow megakaryocytes are derived from pluripotential stem cells. The sequence of 

development from megakaryocytes to platelets is thought to progress from the proliferation of 

progenitors to polyploidization, that is, nuclear end reduplication, and finally to cytoplasmic 

maturation and the formation of platelets.  

 

 

 

 



 

Figure 4.1: Megakaryocytic cell series 

https://en.wikipedia.org/wiki/Megakaryocyte#/media/File:Illu_blood_cell_lineage.jpg  

 

4.3.5  Platelet kinetics, lifespan, and normal values  

An average megakaryocyte product approximately 1,000 to 2,000 platelets. Marrow transit time, 

or the maturation period of the megakaryocyte, is approximately five days. Platelets initially enter 

the spleen where they remain for two days. Following this period platelets are in either the 

circulating blood or the active splenic pool. At all times, approximately two thirds of the total 

number of platelets are in the systemic circulation whereas the remaining one third exist as a pool 

of platelets in the spleen that freely exchange with the general circulation.  

 

A normal person has an average of 250 x109 L (range, 150x109/L to 450 x109/L) platelets in the 

systemic circulation. Platelet turnover or effective thrombopoiesis averages 350x109/L ± 4, 3 

x109/L day. The lifespan of mature platelets is 9.0 days ±1 day. At the end of their lifespan, the 

liver and spleen and other tissues of the mononuclear phagocytic system phagocytise platelets.  

 

Platelets normally move freely through the lumen blood vessels as components of the circulatory 

system. For haemostasis to occur, platelets must not only be present in normal quantities but must 

also function properly. Following damage to the endothelium of a blood vessel a series of events 

occur, including adhesion to the injured vessel, shape change, aggregation, and secretion. Each 

structural and functional change is accompanied by a series of biochemical reactions that occur 

https://en.wikipedia.org/wiki/Megakaryocyte#/media/File:Illu_blood_cell_lineage.jpg


during the process of platelet activation. The platelet plasma membrane is the focus of interactions 

between extracellular and intracellular environments. Agonists that lead to platelet activation are 

varied and include a nucleotide (ADP), lipids (thromboxane A2, platelet–activating factors), a 

structural protein (collagen), and a proteolytic enzyme (thrombin). 

 

A platelet count is a fundamental component in the evaluation of a patient. Examination of the 

peripheral blood smear for platelet number and morphology is critical because many clinical clues 

may be obtained from an evaluation of platelet quantity and morphology. If a platelet count is 

normal but a patient has a suggestive bleeding history, an assessment of platelet function should 

be conducted.  

 

4.3.6  Blood coagulation factors  

 

Bleeding from small blood vessels may be stopped by vasoconstriction and the formation of a 

platelet plug, but the formation of a clot (thrombus) usually occurs as part of the normal process 

of haemostasis. The soluble blood coagulation factors are critical components in the formation of 

a thrombus. 

 

4.3.7  Basic concepts of blood coagulation 

 

Blood coagulation is a sequential process of chemical reactions involving plasma proteins, 

phospholipids, and calcium ions (figure 4.2). The prothrombin group consists of factors II, VII, IX 

and X. All these factors are dependent on vitamin K during their synthesis. The contact group 

consists of factors XI, XII, prekallikrein (Fletcher factor), and high molecular-weight kininogen 

(Fitzgerald factor). These factors are involved in the intrinsic coagulation pathway. Each of the 

individual coagulation factors has some unique characteristics. 

 

The initiation of the coagulation process may occur via one of two pathways and the intrinsic 

pathway. Regardless of the initiating pathway, the two pathways converge into a final common 

pathway. The outcome of this process is the conversion of circulating insoluble coagulation factors 

into a gelatinous fibrin clot with entrapped blood cells, a blood clot. As repair of damaged tissue 



takes place, the clot is lysed and the particulate matter is removed by the mononuclear phagocytic 

system. 

 

The intrinsic and extrinsic pathways are now thought to function in an interrelated manner in vivo, 

and previously established in vitro methods are valid to screen for abnormalities. Varieties of 

laboratory procedures are valuable in assessing coagulation factors. General procedures include 

the APTT, the PT, the thrombin time, and quantitative fibrinogen concentration assay. More 

specialised or classic procedures can be performed in special circumstances. 

 

 

Figure 4.2: Intrinsic and extrinsic pathway of coagulation 

https://en.wikipedia.org/wiki/Coagulation#/media/File:Coagulation_full.svg  

 

  

https://en.wikipedia.org/wiki/Coagulation#/media/File:Coagulation_full.svg


4.3.8  Normal protective mechanisms  

 

4.3.8.1 Against thrombosis 

In the blood circulation, the predisposition to thrombosis depends on the balance between 

procoagulant and anticoagulant factors. The normal flow of blood prevents the accumulation of 

procoagulant material. This mechanism reduces the chance of local fibrin formation. Another 

normal mechanism against inappropriate thrombosis is the removal from the blood of activated 

clotting factors by hepatocytes. This process, along with the naturally occurring inhibitors, limits 

intravascular clotting and fibrinolysis by inactivation of such factors as XIa, IXa, Xa, and IIa. 

Removal of articulate material by the cells of the mononuclear phagocytic system is also important 

in preventing the initiation of coagulation. 

 

The in vivo existence of a natural anticoagulant system is essential to prevent thrombosis. These 

natural anticoagulant systems include antithrombin III, heparin cofactor II, and protein C and its 

cofactor, protein S. AT-III and HC-II are protease inhibitors. When activated, protein C is capable 

of degrading activated factors V (Va ) and VIII (VIIIa) in the presence of the cofactors protein S.  

 

4.3.9  Modern view of haemostasis  

In addition to other discoveries, thrombin has been found to have a far more important role as an 

activator and inhibitor than previously thought. 

 

4.4  Disorders of haemostasis and thrombosis 

 

4.4.1  Vascular disorder  

Abnormal bleeding involving the loss of red blood cells from the microcirculation expresses itself 

as purpura, which is characterised by haemorrhages into the skin, mucous membranes, and internal 

organs. 

 

Purpura may be associated with a variety of vascular abnormalities including: 

1. direct endothelial cell damage 

2. an inherited disease of the connective tissue 



3. decreased mechanical strength of the microcirculation 

4. mechanical disruption of small venules, microthrombi (small clots) 

5. vascular malignancy 

 

4.4.2  Abnormal platelet morphology  

When examining a peripheral blood smear for platelets, the morphology of the platelets should be 

observed. Abnormal variations in size should be noted.  

Disorders of platelet size include: 

1. Wiskott-Aldrich syndrome  

2. May-Hegglin anomaly  

3. Alport syndrome 

4. Bernard-Soulier syndrome  

 

4.4.3  Quantitative platelet disorders  

The normal range of circulating platelets is 150x109/L to 450x109/L. When the quantity of 

platelets decreases to levels below this range, a condition of thrombocytopenia exists. If the 

quantity of platelets increases, thrombocytosis is the result. Disorders of platelets can be classified 

quantitative (thrombocytopenia or thrombocytosis) or qualitative (thrombocytopathy). 

 

Thrombocytopenia can result from a wide variety of conditions, including the use of extracorporeal 

circulation in cardiac bypass surgery or in alcoholic liver disease.   

 

Heparin induced thrombocytopenia (HIT) and associated thrombotic events, relatively common 

side effects of heparin therapy, can cause substantial morbidity and mortality. Most 

thrombocytopenic conditions can be classified into the following major categories: 

 Disorders of production 

 Disorders of destruction (including decreased megakaryocytopoiesis and ineffective 

platelet production, and disorders of utilisation)  

 Disorders of platelet distribution and dilution 

 

4.4.4  Disorders of production 



Decreased production of platelets may be caused by hypoproliferation of the megakaryocytic cell 

line or ineffective thrombopoiesis caused by acquired conditions or hereditary factors. 

Thrombocytopenia caused by hypoproliferation can result from acquired damage to hematopoietic 

cells of the bone marrow caused by factors such as: 

 irradiation 

 drugs and cancer chemotherapeutic agents 

 chemicals  

 alcohol 

 

Hypoproliferation may also result from non-malignant conditions such as: 

 infections 

 lupus erythematosus granulomatous disease (such as sarcoidosis) 

 idiopathic cause 

 

Ineffective thrombopoiesis may result in decreased platelet production. Thrombocytopenia of this 

type is the manifestation of a nutritional disorder, such as: 

 Deficiency of vitamin B12 or folic acid 

 Iron deficiency anaemia (usually results in a decrease in megakaryocyte size and the 

suppression of megakaryocyte end proliferation and size) 

 

Hereditary thrombocytopenia includes: (i) Fanconi's syndrome (ii) constitutional aplastic anaemia 

and its variants, a megakaryocytic thrombocytopenia (TAR syndrome), (iii) X-linked 

amegakaryocytic thrombocytopenia, (iv) Wiskott-Aldrich syndrome, (v) May-Hegglin anomaly, 

(vi) and hereditary macrothrombocytopenia (e.g. Alport syndrome). 

 

4.4.5  Disorders of destruction or utilisation 

Increased destruction or utilisation of platelets may result from a number of mechanisms. This can 

be caused antigens, antibodies, drugs, or foreign substances. Bacterial sepsis causes increased 

destruction of platelets owing to the attachment of platelets to bacterial antigen-antibody immune 

complexes. Antibodies of either autoimmune or isoimmune origin may produce increased 

destruction of platelets.  



 

Accelerated consumption of platelets is another cause of thrombocytopenia. One of the most 

important and frequently encountered forms of increased consumption of platelets is 

immunological thrombocytopenic purpura (ITP). This antibody-related response, which may be 

preceded by infection, is believed to have a devastating effect on platelet survival. Immune 

thrombocytopenic purpura may complicate other antibody-associated disorders such as systemic 

lupus erythematous (SLE). Patients with immunological thrombocytopenic purpura usually 

demonstrate petechial, bruising, menorrhagia, and bleeding after minor trauma.  

 

4.4.6  Disorders of platelet distribution  

A platelet distribution disorder can result from pooling of platelets in the spleen, which is frequent 

if splenomegaly is present. This type of thrombocytopenia develops when more than, a double or 

triple increase in platelet production is required to maintain the normal quantity of circulating 

platelets.  

 

Thrombocytosis defined as a substantial increase in circulating platelets over the normal upper 

limit of 450x 109/L. Thrombocytosis is usually grouped according to cause: reactive or benign 

aetiologies versus platelet elevations linked to a specific haematological disorder.  

https://www.youtube.com/watch?v=VxwLQBg4j0k  

https://www.youtube.com/watch?v=prGq6D_Zkxc  

4.4.7  Qualitative platelet disorders  

If platelets are normal in numbers but fail to function properly, one of four separate categories of 

platelet dysfunction can exist. These include the more common acquired and less frequent 

hereditary causes. Hyperactive platelets associated with hypercoagulability and thrombosis make 

up an additional category of abnormal platelet function. 

 

 A blood plasma inhibitory substance can cause acquired platelet function defects. In 

addition, acquired platelet dysfunction is commonly seen in the myelopoliferactive 

syndromes and uraemia. Miscellaneous disorders can be associated with platelet 

dysfunction.  

 Many drugs can induce platelet function defects resulting in haemorrhage.  

https://www.youtube.com/watch?v=VxwLQBg4j0k
https://www.youtube.com/watch?v=prGq6D_Zkxc


 Hereditary platelet dysfunction is caused by an inherited platelet defect that is either 

structural or biochemical. Hereditary disorders include adhesion disorders, Benard Soulier 

syndrome, and primary aggression disorders, such as Glanzmann’s thrombasthenia and 

essential anthrombia; and secondary aggregation disorders such as hereditary storage pool 

defect and hereditary aspirin-like defects.   

 

4.4.8  Bleeding disorders related to blood clotting  

Bleeding and defective fibrin clot formation are frequently related to a coagulation factor.  

Disorders of the blood coagulation factors can be grouped into three categories: 

 defective production 

 excessive destruction 

 and pathological inhibition  

 

A condition of defective production may be related to a deficiency of vitamin K. Severe liver 

disease may produce decreased plasma levels of fibrinogen, although low levels of fibrinogen 

rarely produce haemorrhage. Hereditary clotting defects including classic haemophilia 

(haemophilia A) and von Willebrand disease are examples of hereditary disorders that represent 

functionally inactive factor VII.  

 

Haemophilia has been used as a paradigm for understanding the molecular pathological processes 

that underlie hereditary disease. The cloning of factor VIII facilitated the identification of 

mutations that lead to haemophilia A, an inherited deficiency of factor VIII coagulant activity that 

causes severe haemorrhage. Von Willebrand's disease may be an acquired or inherited disorder. 

The congenital disorder is autosomal dominant in most cases. Three broad types of von Willebrand  

disease (pseudo-von Willebrand disease) is caused by an abnormal platelet receptor for vWF. 

Acquired von Willebrand's disease may complicate other diseases, such as lymphoproliferative 

and autoimmune disorders, and proteolysis degradation of vWF complicates myeloproliferative 

disorders. 

 

A deficiency of factor IX is known as haemophilia B or Christmas disease. A deficiency of factory 

XI is referred to as haemophilia C. Fibrinogen deficiency as a genetic disorder may represent a 



defect of production or dysfunctional molecules. Hereditary deficiencies of the other coagulation 

factors are relatively rare. Examples of rare defects include factor XII deficiency, in which no 

clinical bleeding tendencies are apparent, and factor XIII deficiency, which is associated with 

spontaneous abortion and poor wound healing.  

 

4.4.9  Disorders of destruction and consumption  

Blood coagulation factors can be destroyed in vivo by enzymatic degradation or by pathological 

activation of coagulation with excessive utilisation of the clotting factors. Enzymatic destruction 

can result from bites by certain species of snakes whose venom contains an enzyme that degrades 

fibrinogen to a defective fibrin monomer. In vivo activation of coagulation by tissue 

thromboplastic-like materials can produce excessive utilisation of clotting factors. Conditions that 

can cause this consumption of coagulation factors include obstetrical complications, trauma, burns, 

prostatic and pelvic surgery, shock, advanced malignancy, septicaemia, and intravascular 

haemolysis. 

 

Primary and secondary fibrinolysis are recognised as extreme complications of a variety of 

intravascular and extravascular disorders and may have life-threatening consequences. Primary 

fibrinolysis is associated with conditions in which gross activation of the fibrinolysis mechanism 

with subsequent fibrinogen and coagulation factor consumption occurs. The important 

characteristics of primary fibrinolysis is that no evidence of fibrin deposition occurs. Primary 

fibrinolysis occurs when large amounts of plasminogen activator enter the circulatory system 

because of trauma, surgery, or malignancies.  

 

Although the same clinical conditions may also induce secondary fibrinolysis or DIC, the 

distinction between the two is essentially in the demonstration of fibrin formation. 

In secondary fibrinolysis, excessive clotting and fibrinolysis activity occur. Increased amounts of 

FSPs and fibrin monomers are detectable because of the action of thrombin on the fibrinogen 

molecule. Excessive clotting only causes this fibrinolysis process, therefore, it is a secondary 

condition. This distinguishes between primary and secondary fibrinolysis.  

 

4.4.10  The hypercoagulable state 



Thrombi may form because coagulation is enhanced or because protective devices such as 

fibrinolysis are impaired. An increase in the likelihood of blood to clot is referred to as the 

hypercoagulable state.  

Hypercoagulable states include various inherited and acquired clinical disorders characterised by 

an increased risk for thromboembolism. Primary hypercoagulable states include relatively rare 

inherited conditions that lead to disordered endothelial cell thrombomodulin-dependent activation 

of APC, impaired heparin binding of ATIII, or down regulation of membrane-associated plasmin 

generation.  

The major inherited inhibitor disease states include ATIII deficiency, protein C deficiency, and 

protein S deficiency. Secondary hypocoagulation states may be seen in many heterogeneous 

disorders. 

Acquired inhibitors of clotting proteins, also known as circulating anticoagulants, inactivate or 

inhibit the usual procoagulant activity of coagulation factors. Inhibitors are frequently 

characterised as specific (those directed against a coagulation factor), or nonspecific (those 

directed against a complex of factors), such as the lupus anticoagulant (LA). The majority of these 

inhibitors exhibit biochemical properties, suggesting that they are immunoglobulins. Inhibitors 

may arise following transfusion of blood products or in patients with no previous haemostatic 

disorders. Acquired inhibitors can be a significant cause of haemorrhage.  

Specific inhibitors against factors II, V, VII, VIII, XI, XII and XIII and vWF have been detected 

in patients with individual factor deficiencies. However, some inhibitors of factors II, V, VII, IX, 

and XII and vWF have been observed in patients having no deficiencies of coagulation factors.  

  



Activity 4.1 

4.1.1 The development of blood clots within the deep veins in your body is known as _____. 

1. thrombosis 

2. ketosis 

3. hombosis 

4. alliosis 

4.1.2 Describe the sequence of events in the intrinsic and extrinsic pathways. 

4.1.3 Describe the activities of antithrombin III as a normal body defence mechanism. 

 

4.2  Feedback 

To answer these questions, please read the learning unit carefully and consult various resources 

that can be found on the internet. 

Reflective questions 

o Think about what you have learnt in this unit. Make a list of the most important new 

insights you have gained. What do you know now that you did not know before? 

o Did you achieve the learning outcomes successfully or did you struggle? If you were 

struggling or could not complete the learning unit in the recommended time, which 

strategies could you apply to improve your learning?  

o How did the ideas in this learning unit correlate with what you thought or believed before 

you started the learning process? Have any of your thoughts or beliefs changed, and if so, 

how? 

o How might you change your own daily practices or lifestyle as a result of the knowledge 

you have gained in this unit? 

  



Conclusion/summary 

This learning unit covers the basic principles and disorders of haemostasis and thrombosis. Make 

sure that you understand all the disorders and the causes of each. Remember that the maintenance 

of circulatory haemostasis is achieved through the process of balancing bleeding and clotting.  

 


