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Course code: MLS 510 

Course title: Medical Laboratory Haematology II  

Course credit load: 2 Units 

Series 1: Advanced Haematological 

Procedures And Anaemias 

• Part 1.1: Advanced Haematological Procedures 

• Sub-Part 1.1.1: Overview of advanced haematological techniques 

• Sub-Part 1.1.2: Specialised blood cell counts and morphology studies 

• Sub-Part 1.1.3: Advanced coagulation and bone marrow procedures 

• Sub-Part 1.1.4: Clinical applications of advanced haematological procedures 

• Part 1.2: Classification And Pathophysiology Of Anaemias 

• Sub-Part 1.2.1: Definition and general features of anaemia 

• Sub-Part 1.2.2: Morphological classification of anaemias 

• Sub-Part 1.2.3: Pathophysiological mechanisms of anaemia development 

• Sub-Part 1.2.4: Laboratory diagnosis of anaemias 

• Part 1.3: Clinical Significance And Case Studies In Anaemias 

• Sub-Part 1.3.1: Anaemias due to nutritional deficiencies (iron, vitamin B12, 

folate) 

• Sub-Part 1.3.2: Anaemias due to chronic disease and bone marrow failure 

• Sub-Part 1.3.3: Case examples and interpretation of laboratory findings 

• Sub-Part 1.3.4: Monitoring and management implications 

 

 

Introduction 

Haematology is a cornerstone of medical laboratory science, and advanced procedures provide 

clinicians with deeper insights into blood disorders and systemic health. Anaemia, one of the 

most common haematological conditions, affects millions worldwide and requires careful 

laboratory investigation to determine its cause and severity. By mastering advanced 

haematological procedures and understanding anaemias, learners are better equipped to 

contribute meaningfully to patient diagnosis and management. 
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The aim of this Series is to introduce you to advanced haematological procedures and to equip 

you with the knowledge and skills needed to classify, diagnose, and interpret different types of 

anaemias in clinical practice. 

We shall commence this Series by exploring advanced haematological procedures, including 

specialised blood cell counts, morphology studies, and bone marrow techniques. Next, we will 

move on to the classification and pathophysiology of anaemias, examining their definitions, 

morphological categories, and mechanisms of development. Finally, we will wrap up by 

considering the clinical significance of anaemias, focusing on nutritional deficiencies, chronic 

disease, and bone marrow failure, supported by case studies and monitoring implications. 

 

 

 

Series Learning Outcomes 

Upon completing this Series, you should be able to: 

• SLO 1.1 describe advanced haematological techniques used in specialised laboratory 

practice, 

• SLO 1.2 demonstrate procedures for specialised blood cell counts and morphology 

studies, 

• SLO 1.3 explain advanced coagulation and bone marrow procedures, 

• SLO 1.4 analyse the clinical applications of advanced haematological procedures, 

• SLO 1.5 define anaemia and outline its general features, 

• SLO 1.6 classify anaemias based on morphological characteristics, 

• SLO 1.7 explain the pathophysiological mechanisms underlying anaemia development, 

• SLO 1.8 apply laboratory diagnostic methods to identify different types of anaemias, 

• SLO 1.9 describe anaemias resulting from nutritional deficiencies such as iron, vitamin 

B12, and folate, 

• SLO 1.10 evaluate anaemias associated with chronic disease and bone marrow failure, 

• SLO 1.11 interpret case examples of anaemia using laboratory findings, and 

• SLO 1.12 assess the monitoring and management implications of anaemia in clinical 

practice. 
 

1.1 Advanced Haematological Procedures 
1.1.1 Overview of advanced haematological techniques 

Advanced haematological techniques refer to specialised laboratory methods used to 

investigate blood disorders beyond routine tests. These include procedures for detailed cell 

counts, bone marrow examinations, and advanced coagulation studies. They provide clinicians 

with precise information about blood composition and function, which is essential for diagnosing 

complex conditions such as leukaemia, anaemia, and clotting disorders. 
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Fill in the blank: Advanced haematological techniques are specialised laboratory methods used 

to investigate ______ disorders beyond routine tests. 

Figure 1.1: Categories of advanced haematological techniques  

 

1.1.2 Specialised blood cell counts and morphology studies 

Blood cell counts involve measuring the number of red blood cells, white blood cells, and 

platelets. Specialised counts may include reticulocyte counts, which assess bone marrow activity, 

and differential counts, which classify white blood cells into subtypes. Morphology studies 

examine the shape, size, and appearance of blood cells under the microscope, helping to identify 

abnormalities such as sickle cells or blasts in leukaemia. 

Fill in the blank: Reticulocyte counts are used to assess ______ activity. 
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Plate 1.1: Blood cell morphology studies  

 

1.1.3 Advanced coagulation and bone marrow procedures 

Coagulation studies investigate the ability of blood to clot. Advanced tests include prothrombin 

time (PT), activated partial thromboplastin time (APTT), and thrombin time, which help 

diagnose bleeding disorders. Bone marrow procedures involve aspiration or biopsy to examine 

marrow cells directly. These procedures are crucial for diagnosing conditions such as aplastic 

anaemia, leukaemia, and myeloproliferative disorders. 

Fill in the blank: Bone marrow aspiration or biopsy is essential for diagnosing conditions such as 

______. 
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Figure 1.2: Bone marrow procedures in haematology  

 

1.1.4 Clinical applications of advanced haematological procedures 

The clinical value of advanced haematological procedures lies in their ability to provide accurate 

diagnoses and guide treatment. For example, morphology studies can detect leukaemic blasts, 

coagulation tests can identify haemophilia, and bone marrow biopsies can confirm aplastic 

anaemia. These procedures are therefore indispensable in modern haematology practice. 

Fill in the blank: Coagulation tests such as PT and APTT are used to diagnose ______ disorders. 

Procedure Clinical application 

Morphology 

studies 

Microscopic examination of blood cells; detects leukaemia, anaemia types, and 

other haematological abnormalities 

Coagulation 

tests 

Assess clotting pathways; diagnose haemophilia, thrombophilia, and other 

clotting disorders 

Bone marrow 

biopsy 

Provides direct evaluation of marrow; confirms marrow failure, aplastic 

anaemia, or malignancy such as leukaemia and lymphoma 

Box 1.1: Clinical applications of advanced haematological procedures 

 

Pilot questions 1.1 

1. What are advanced haematological techniques used for? 
2. What does a reticulocyte count assess? 
3. Name two abnormalities detected in blood cell morphology studies. 



 

 LA-NET | ONLINE LEARNING VIDEO PLATFORM FOR POST-SECONDARY & HIGHER INSTITUTION STUDENTS 

4. Which tests are used to investigate blood clotting ability? 
5. What condition can be confirmed by bone marrow biopsy? 

 

 

1.2 Classification And Pathophysiology Of Anaemias 
1.2.1 Definition and general features of anaemia 

Anaemia is defined as a condition in which the number of red blood cells or the concentration of 

haemoglobin is lower than normal, resulting in reduced oxygen delivery to tissues. General 

features include pallor, fatigue, shortness of breath, and dizziness. Laboratory findings typically 

show decreased haemoglobin levels, reduced haematocrit, and abnormal red cell indices. 

Fill in the blank: Anaemia is a condition characterised by reduced ______ delivery to tissues. 

 
Figure 1.3: General features of anaemia  

 

1.2.2 Morphological classification of anaemias 

Anaemias can be classified based on morphology, which refers to the size and appearance of red 

blood cells. The three main categories are: 

• Microcytic anaemia: small red cells, often due to iron deficiency. 
• Normocytic anaemia: normal-sized red cells, often linked to chronic disease. 
• Macrocytic anaemia: large red cells, commonly associated with vitamin B12 or folate 

deficiency. 
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Fill in the blank: Anaemia with small red cells, often due to iron deficiency, is called ______ 

anaemia. 

Plate 1.2: Morphological classification of anaemias  

 

1.2.3 Pathophysiological mechanisms of anaemia development 

Anaemia develops through several pathophysiological mechanisms: 

• Blood loss: acute or chronic bleeding reduces red cell mass. 
• Reduced red cell production: caused by nutritional deficiencies, bone marrow failure, or 

chronic disease. 
• Increased red cell destruction: known as haemolysis, which may be due to inherited or 

acquired conditions. 

Fill in the blank: Increased destruction of red blood cells is referred to as ______. 
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Figure 1.4: Pathophysiological mechanisms of anaemia  

 

1.2.4 Laboratory diagnosis of anaemias 

The laboratory diagnosis of anaemia involves a combination of tests. These include complete 

blood count (CBC), red cell indices (MCV, MCH, MCHC), reticulocyte count, and peripheral 

blood smear. Additional tests such as iron studies, vitamin B12 and folate assays, and bone 

marrow examination may be required to determine the specific cause. 

Fill in the blank: The laboratory test that measures red cell size is known as ______. 

Test/Procedure Clinical significance 

Complete blood count 

(CBC) 
Provides overall blood cell counts; detects anaemia severity and type 

Red cell indices (MCV, 

MCH, MCHC) 

Characterize red cell size and haemoglobin content; help classify 

anaemia (microcytic, normocytic, macrocytic) 

Reticulocyte count 
Assesses bone marrow response and red cell production; 

distinguishes between production failure and increased destruction 

Peripheral blood smear 
Morphological evaluation of red cells; identifies abnormal shapes, 

inclusions, or parasites 

Iron studies, vitamin B12, 

folate assays 

Detect nutritional deficiencies causing anaemia (iron deficiency, 

megaloblastic anaemia) 

Bone marrow examination 
Confirms marrow pathology such as aplastic anaemia, leukaemia, or 

myelodysplasia 

Box 1.2: Key laboratory tests in anaemia diagnosis 

 



 

 LA-NET | ONLINE LEARNING VIDEO PLATFORM FOR POST-SECONDARY & HIGHER INSTITUTION STUDENTS 

Pilot questions 1.2 

1. What is the definition of anaemia? 
2. Name two general features of anaemia. 
3. What type of anaemia is associated with vitamin B12 deficiency? 
4. What is the term for increased destruction of red blood cells? 
5. Which laboratory test measures red cell size? 

 

1.3 Clinical Significance And Case Studies In Anaemias 
1.3.1 Anaemias due to nutritional deficiencies 

Nutritional anaemias occur when essential nutrients required for red blood cell production are 

lacking. The most common forms include iron deficiency anaemia, which results in microcytic 

red cells, and vitamin B12 or folate deficiency anaemia, which produce macrocytic red cells. 

These deficiencies impair haemoglobin synthesis or DNA replication, leading to ineffective 

erythropoiesis. 

Fill in the blank: Deficiency of vitamin B12 or folate typically results in ______ red cells. 

Plate 1.3: Nutritional anaemias  

 

1.3.2 Anaemias due to chronic disease and bone marrow failure 

Anaemia of chronic disease is associated with long-standing infections, inflammatory 

conditions, or malignancies. It is usually normocytic and results from impaired iron utilisation 

and reduced erythropoietin response. Bone marrow failure anaemias, such as aplastic anaemia, 
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occur when the marrow cannot produce sufficient blood cells. These conditions are serious and 

often require advanced diagnostic procedures like bone marrow biopsy. 

Fill in the blank: Anaemia of chronic disease is typically classified as ______ anaemia. 

Figure 1.5: Anaemias due to chronic disease and marrow failure  

 

1.3.3 Case examples and interpretation of laboratory findings 

Case studies provide practical insight into how laboratory findings are interpreted. For example, 

a patient with fatigue and pallor may show microcytic red cells and low serum ferritin, 

confirming iron deficiency anaemia. Another patient with neurological symptoms and 

macrocytic red cells may be diagnosed with vitamin B12 deficiency. A third case with 

pancytopenia and hypocellular marrow would suggest aplastic anaemia. 

Fill in the blank: A patient with macrocytic red cells and neurological symptoms may be 

diagnosed with ______ deficiency. 

Case example Laboratory findings Clinical significance 

Microcytic red cells + 

low ferritin 

Reduced mean corpuscular volume 

(MCV) and low serum ferritin 

Iron deficiency anaemia, often due 

to chronic blood loss or nutritional 

deficiency 

Macrocytic red cells + 

neurological 

symptoms 

Elevated MCV, low vitamin B12 

levels, abnormal peripheral smear 

Vitamin B12 deficiency 

(megaloblastic anaemia), may 

present with neurological features 

Pancytopenia + 

hypocellular marrow 

Low counts of red cells, white cells, 

and platelets; bone marrow biopsy 

shows hypocellularity 

Aplastic anaemia, indicating bone 

marrow failure 

Box 1.3: Case examples in anaemia diagnosis 
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1.3.4 Monitoring and management implications 

The management of anaemia depends on its cause. Nutritional anaemias are treated with 

supplementation, while anaemia of chronic disease requires addressing the underlying condition. 

Bone marrow failure may need transfusions or stem cell transplantation. Monitoring involves 

repeated laboratory tests to assess haemoglobin levels, red cell indices, and treatment response. 

Fill in the blank: The definitive treatment for severe bone marrow failure may involve ______ 

transplantation. 

Figure 1.6: Monitoring and management of anaemias  

 

Pilot questions 1.3 

1. What type of red cells are seen in iron deficiency anaemia? 
2. Anaemia of chronic disease is usually classified as what type of anaemia? 
3. Which deficiency causes macrocytic red cells and neurological symptoms? 
4. What laboratory finding confirms aplastic anaemia? 
5. What is the definitive treatment for severe bone marrow failure? 
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Series Summary 

This Series has introduced you to advanced haematological procedures and the study of 

anaemias, both of which are central to medical laboratory haematology. Its purpose was to equip 

you with the knowledge and skills needed to investigate blood disorders using specialised 

techniques and to understand the mechanisms and clinical significance of anaemias. These areas 

are highly relevant to patient diagnosis and management, making them essential competencies 

for laboratory professionals. 

We began by exploring advanced haematological procedures, including specialised blood cell 

counts, morphology studies, coagulation tests, and bone marrow examinations, and considered 

their clinical applications. We then moved on to the classification and pathophysiology of 

anaemias, examining their definitions, morphological categories, mechanisms of development, 

and laboratory diagnosis. Finally, we considered the clinical significance of anaemias, focusing 

on nutritional deficiencies, chronic disease, and bone marrow failure, supported by case studies 

and management implications. By completing this Series, you should now be able to describe, 

demonstrate, explain, analyse, and evaluate advanced haematological procedures and anaemias, 

as outlined in the Series Learning Outcomes. 

 

 

 

Glossary of Terms 

• anaemia: A condition in which the number of red blood cells or the concentration of 

haemoglobin is lower than normal, leading to reduced oxygen delivery to tissues. 

• aplastic anaemia: A serious form of anaemia caused by bone marrow failure, resulting in 

reduced production of all blood cell types. 

• blood cell counts: Laboratory measurements of the number of red blood cells, white 

blood cells, and platelets in a blood sample. 

• bone marrow biopsy: A procedure in which a small sample of bone marrow is taken to 

examine the production and health of blood cells. 

• coagulation studies: Laboratory tests that assess the ability of blood to clot, including 

prothrombin time (PT) and activated partial thromboplastin time (APTT). 

• erythropoiesis: The process of producing red blood cells in the bone marrow. 

• haemolysis: The destruction of red blood cells, which can lead to anaemia. 

• macrocytic anaemia: A type of anaemia characterised by large red blood cells, often 

caused by vitamin B12 or folate deficiency. 

• microcytic anaemia: A type of anaemia characterised by small red blood cells, 

commonly due to iron deficiency. 

• morphology studies: Microscopic examination of the shape, size, and appearance of 

blood cells to detect abnormalities. 

• normocytic anaemia: A type of anaemia in which red blood cells are normal in size but 

reduced in number, often associated with chronic disease. 
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• nutritional anaemia: Anaemia caused by deficiencies in essential nutrients such as iron, 

vitamin B12, or folate. 

• reticulocyte count: A test that measures immature red blood cells to assess bone marrow 

activity. 

 

 

Concept Check Questions 1 

Objective questions 

1. Advanced haematological techniques are primarily used to investigate ______ disorders 
beyond routine tests. (Linked to SLO 1.1) 

2. Reticulocyte counts are performed to assess ______ activity. (Linked to SLO 1.2) 
3. Which test measures the ability of blood to clot: PT, APTT, or CBC? (Linked to SLO 1.3) 
4. Anaemia with small red cells, often due to iron deficiency, is called ______ anaemia. 

(Linked to SLO 1.6) 
5. Increased destruction of red blood cells is referred to as ______. (Linked to SLO 1.7) 

Short-answer questions 

6. Define anaemia and state one general feature. (Linked to SLO 1.5) 
7. Explain the difference between microcytic and macrocytic anaemia. (Linked to SLO 1.6) 
8. Describe one laboratory test used in the diagnosis of anaemia. (Linked to SLO 1.8) 
9. Give one case example where laboratory findings confirm iron deficiency anaemia. 
(Linked to SLO 1.11) 
10. State one management implication for bone marrow failure anaemia. (Linked to SLO 
1.12) 

Long-answer questions 

11. Analyse the clinical applications of advanced haematological procedures in diagnosing 
blood disorders. (Linked to SLO 1.4) 
12. Evaluate the pathophysiological mechanisms of anaemia development, giving examples. 
(Linked to SLO 1.7) 
13. Assess the diagnostic and monitoring approaches for nutritional and chronic disease 
anaemias, using case examples. (Linked to SLOs 1.9, 1.10, 1.12) 

 

Answers to Concept Check Questions [Series 1] 
Objective questions 

1. Blood. 
2. Bone marrow. 
3. PT or APTT. 
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4. Microcytic. 
5. Haemolysis. 

Short-answer questions 

6. Anaemia is a condition of reduced haemoglobin or red blood cells, leading to pallor and 
fatigue. 
7. Microcytic anaemia has small red cells, usually due to iron deficiency, while macrocytic 
anaemia has large red cells, often due to vitamin B12 or folate deficiency. 
8. A complete blood count (CBC) measures haemoglobin, haematocrit, and red cell indices. 
9. A patient presenting with fatigue and pallor, showing microcytic red cells and low serum 
ferritin, confirms iron deficiency anaemia. 
10. Severe bone marrow failure may require stem cell transplantation. 

Long-answer questions 

11. Basic response: Advanced procedures such as morphology studies, coagulation tests, and 

bone marrow biopsies provide accurate diagnoses of conditions like leukaemia, haemophilia, and 

aplastic anaemia. 

Value-added response: These procedures also guide treatment decisions, monitor disease 

progression, and contribute to research in haematology. For example, bone marrow biopsy not 

only confirms aplastic anaemia but also helps assess response to therapy. 

12. Basic response: Anaemia develops through blood loss, reduced red cell production, or 

increased destruction. Examples include iron deficiency (reduced production) and haemolysis 

(increased destruction). 

Value-added response: Chronic disease anaemia illustrates impaired iron utilisation, while 

aplastic anaemia highlights marrow failure. Understanding these mechanisms allows clinicians to 

tailor interventions effectively. 

13. Basic response: Nutritional anaemias are diagnosed with CBC, red cell indices, and 

vitamin assays, while chronic disease anaemias are identified through normocytic red cells and 

iron studies. Monitoring involves repeated laboratory tests. 

Value-added response: Case examples show iron deficiency confirmed by low ferritin, vitamin 

B12 deficiency linked to neurological symptoms, and chronic disease anaemia associated with 

inflammatory markers. Monitoring ensures treatment efficacy and prevents complications. 

 

 

Answers to Pilot Questions [Series 1] 
Part 1.1: Advanced Haematological Procedures 

1. Advanced haematological techniques are used to investigate blood disorders beyond 
routine tests. 

2. Reticulocyte counts assess bone marrow activity. 
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3. Abnormalities such as sickle cells and leukaemic blasts can be detected in morphology 
studies. 

4. Prothrombin time (PT), activated partial thromboplastin time (APTT), and thrombin time 
are used to investigate blood clotting ability. 

5. Bone marrow biopsy can confirm aplastic anaemia. 

Part 1.2: Classification And Pathophysiology Of Anaemias 

1. Anaemia is defined as a condition in which red blood cells or haemoglobin are reduced, 
leading to decreased oxygen delivery to tissues. 

2. Pallor and fatigue are common general features of anaemia. 
3. Vitamin B12 deficiency is associated with macrocytic anaemia. 
4. Increased destruction of red blood cells is called haemolysis. 
5. Mean corpuscular volume (MCV) measures red cell size. 

Part 1.3: Clinical Significance And Case Studies In Anaemias 

1. Iron deficiency anaemia presents with microcytic red cells. 
2. Anaemia of chronic disease is usually normocytic. 
3. Vitamin B12 deficiency causes macrocytic red cells and neurological symptoms. 
4. Pancytopenia with hypocellular marrow confirms aplastic anaemia. 
5. Stem cell transplantation is the definitive treatment for severe bone marrow failure. 
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Figures and Plates 

• Figure 1.1: Categories of advanced haematological techniques  

AI-generated using prompt: “Generate a diagram showing categories of advanced 

haematological techniques including cell counts, bone marrow studies, and coagulation 

procedures.” 

Suggested OER search string: “advanced haematological techniques categories OER”. 

• Plate 1.1: Blood cell morphology studies  

AI-generated using prompt: “Generate an image showing normal and abnormal blood cell 

morphology under the microscope.” 

Suggested OER search string: “blood cell morphology normal abnormal OER”. 

• Figure 1.2: Bone marrow procedures in haematology  

AI-generated using prompt: “Generate a diagram showing steps in bone marrow 

aspiration and biopsy.” 

Suggested OER search string: “bone marrow aspiration biopsy procedure OER”. 

• Figure 1.3: General features of anaemia  

AI-generated using prompt: “Generate a diagram showing general features and laboratory 

indicators of anaemia such as pallor, fatigue, low haemoglobin, and reduced 

haematocrit.” 

Suggested OER search string: “anaemia general features laboratory indicators OER”. 

• Plate 1.2: Morphological classification of anaemias  

AI-generated using prompt: “Generate an image showing microcytic, normocytic, and 

macrocytic red blood cells side by side.” 

Suggested OER search string: “morphological classification anaemia microcytic 

normocytic macrocytic OER”. 

• Figure 1.4: Pathophysiological mechanisms of anaemia  

AI-generated using prompt: “Generate a diagram showing mechanisms of anaemia 

development including blood loss, reduced production, and increased destruction.” 

Suggested OER search string: “pathophysiological mechanisms anaemia blood loss 

haemolysis OER”. 

• Plate 1.3: Nutritional anaemias  

AI-generated using prompt: “Generate an image showing microcytic red cells in iron 

deficiency and macrocytic red cells in vitamin B12 deficiency.” 

Suggested OER search string: “nutritional anaemia iron deficiency vitamin B12 folate 

OER”. 

• Figure 1.5: Anaemias due to chronic disease and marrow failure  

AI-generated using prompt: “Generate a diagram showing mechanisms of anaemia of 

chronic disease and bone marrow failure.” 

Suggested OER search string: “anaemia chronic disease bone marrow failure OER”. 
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• Figure 1.6: Monitoring and management of anaemias  

AI-generated using prompt: “Generate a diagram showing monitoring and management 

strategies for nutritional anaemia, chronic disease anaemia, and bone marrow failure.” 

Suggested OER search string: “anaemia monitoring management strategies OER”. 

Boxes 

• Box 1.1: Clinical applications of advanced haematological procedures  

AI-generated using prompt: “Create a text box listing clinical applications of advanced 

haematological procedures including morphology studies, coagulation tests, and bone 

marrow biopsy.” 

Suggested OER search string: “clinical applications advanced haematological procedures 

OER”. 

• Box 1.2: Key laboratory tests in anaemia diagnosis  

AI-generated using prompt: “Create a text box listing key laboratory tests used in 

anaemia diagnosis including CBC, red cell indices, reticulocyte count, and peripheral 

smear.” 

Suggested OER search string: “laboratory diagnosis anaemia CBC red cell indices OER”. 

• Box 1.3: Case examples in anaemia diagnosis  

AI-generated using prompt: “Create a text box listing case examples of anaemia 

diagnosis with laboratory findings.” 

Suggested OER search string: “case examples anaemia diagnosis laboratory findings 

OER”. 
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course code: MLS 510 

Course title: Medical Laboratory Haematology II  

Course credit load: 2 Units 

Series 2: Disorders Of Iron Metabolism And 

Related Deficiencies 

• Part 2.1: Fundamentals Of Iron Metabolism 

• Sub-Part 2.1.1: Role of iron in the body 

• Sub-Part 2.1.2: Absorption, transport, and storage of iron 

• Sub-Part 2.1.3: Regulation of iron homeostasis 

• Part 2.2: Disorders Of Iron Metabolism 

• Sub-Part 2.2.1: Iron deficiency anaemia 

• Sub-Part 2.2.2: Iron overload and haemochromatosis 

• Sub-Part 2.2.3: Laboratory diagnosis of iron metabolism disorders 

• Part 2.3: Vitamin B12 And Folate Deficiencies 

• Sub-Part 2.3.1: Role of vitamin B12 and folate in red cell production 

• Sub-Part 2.3.2: Causes and clinical features of deficiencies 

• Sub-Part 2.3.3: Laboratory diagnosis and case examples 

• Part 2.4: Clinical Significance And Case Studies 

• Sub-Part 2.4.1: Integrated interpretation of iron, vitamin B12, and folate 

deficiencies 

• Sub-Part 2.4.2: Case studies illustrating diagnosis and management 

• Sub-Part 2.4.3: Monitoring treatment response 

 

Introduction 

Iron is a vital element in the human body, playing a central role in oxygen transport, energy 

metabolism, and cellular function. When iron balance is disturbed, either through deficiency or 

overload, serious health consequences can arise. Similarly, deficiencies in vitamin B12 and 

folate, which are closely linked to red cell production, can lead to significant haematological 

disorders. This Series is therefore highly relevant to the study of medical laboratory 
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haematology, as it focuses on the mechanisms, disorders, and clinical implications of iron 

metabolism and related deficiencies. 

The aim of this Series is to equip you with the knowledge and skills to explain the fundamentals 

of iron metabolism, analyse disorders such as iron deficiency anaemia and haemochromatosis, 

and evaluate the role of vitamin B12 and folate deficiencies in haematological practice. 

We shall commence this Series by examining the fundamentals of iron metabolism, including its 

role in the body, absorption, transport, storage, and regulation. Next, we will move on to 

disorders of iron metabolism, focusing on iron deficiency anaemia, iron overload, and 

haemochromatosis, together with their laboratory diagnosis. Subsequently, we will explore 

vitamin B12 and folate deficiencies, considering their role in red cell production, causes, clinical 

features, and diagnostic approaches. Finally, we will wrap up by integrating these concepts 

through case studies, highlighting diagnosis, management, and monitoring of treatment response. 

 

Series Learning Outcomes 

Upon completing this Series, you should be able to: 

• SLO 2.1 define the role of iron in the body and its importance in oxygen transport and 

metabolism, 

• SLO 2.2 explain the processes of iron absorption, transport, and storage, 

• SLO 2.3 analyse the regulation of iron homeostasis and its clinical relevance, 

• SLO 2.4 describe the features of iron deficiency anaemia, 

• SLO 2.5 evaluate the causes and consequences of iron overload and haemochromatosis, 

• SLO 2.6 apply laboratory diagnostic methods to identify disorders of iron metabolism, 

• SLO 2.7 explain the role of vitamin B12 and folate in red cell production, 

• SLO 2.8 describe the causes and clinical features of vitamin B12 and folate deficiencies, 

• SLO 2.9 interpret laboratory findings in cases of vitamin B12 and folate deficiencies, 

• SLO 2.10 integrate knowledge of iron, vitamin B12, and folate deficiencies in clinical 

case analysis, 

• SLO 2.11 assess management and monitoring strategies for patients with iron 

metabolism and related deficiencies. 

 

2.1 Fundamentals Of Iron Metabolism 
2.1.1 Role of iron in the body 

Iron is a vital mineral that plays a central role in oxygen transport, energy metabolism, and 

cellular function. It is a key component of haemoglobin, the protein in red blood cells that 

carries oxygen from the lungs to tissues. Iron is also part of myoglobin, which stores oxygen in 

muscles, and several enzymes involved in energy production. Without adequate iron, the body 

cannot produce sufficient haemoglobin, leading to anaemia and impaired oxygen delivery. 
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Fill in the blank: Iron is a key component of ______, the protein that carries oxygen in red blood 

cells. 

Figure 2.1: Role of iron in the body  

 

2.1.2 Absorption, transport, and storage of iron 

Iron absorption occurs mainly in the duodenum and upper small intestine. Dietary iron exists in 

two forms: haem iron, found in animal sources, and non-haem iron, found in plant sources. 

Haem iron is absorbed more efficiently. Once absorbed, iron binds to transferrin, a transport 

protein that delivers iron to tissues. Excess iron is stored in the liver, spleen, and bone marrow as 

ferritin and haemosiderin. 

Fill in the blank: The protein responsible for transporting iron in the blood is called ______. 
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Figure 2.2: Absorption, transport, and storage of iron  

 

2.1.3 Regulation of iron homeostasis 

Iron homeostasis refers to the balance between iron absorption, utilisation, and storage. The 

hormone hepcidin, produced by the liver, plays a central role in regulating iron levels. When 

iron stores are high, hepcidin reduces absorption by blocking iron release from intestinal cells 

and macrophages. When iron levels are low, hepcidin production decreases, allowing more iron 

to enter the bloodstream. This regulation prevents both deficiency and overload. 

Fill in the blank: The hormone that regulates iron absorption and release is called ______. 

Regulator Clinical significance 

Hepcidin 
Liver-derived peptide hormone; controls absorption and release of iron by degrading 

ferroportin, thereby regulating systemic iron entry  

Transferrin 
Plasma protein that transports iron in the blood to tissues; essential for iron delivery 

to erythrocytes and other cells  

Ferritin 
Intracellular protein that stores iron in tissues; reflects iron reserves and protects 

against iron toxicity  

Box 2.1: Key regulators of iron homeostasis 

 

Pilot questions 2.1 

1. What is the main role of iron in haemoglobin? 
2. Which form of dietary iron is absorbed more efficiently? 
3. Name the protein responsible for transporting iron in the blood. 
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4. In which organs is iron stored as ferritin? 
5. What hormone regulates iron absorption and release? 

 

 

2.2 Disorders Of Iron Metabolism 
2.2.1 Iron deficiency anaemia 

Iron deficiency anaemia is the most common nutritional disorder worldwide. It occurs when 

iron intake, absorption, or storage is insufficient to meet the body’s needs. Causes include poor 

diet, chronic blood loss, or malabsorption conditions such as coeliac disease. Clinical features 

include pallor, fatigue, brittle nails, and sometimes pica (craving for non-food substances). 

Laboratory findings show microcytic, hypochromic red cells and low serum ferritin. 

Fill in the blank: The laboratory marker that reflects iron storage levels is ______. 

Plate 2.1: Red cell morphology in iron deficiency anaemia  

 

2.2.2 Iron overload and haemochromatosis 

Iron overload occurs when excessive iron accumulates in the body, leading to tissue damage. 

Haemochromatosis is a genetic disorder characterised by increased intestinal absorption of iron, 

resulting in deposition in organs such as the liver, pancreas, and heart. Clinical features include 

skin pigmentation, diabetes, liver cirrhosis, and cardiomyopathy. Laboratory findings show 

elevated serum ferritin and transferrin saturation. 

Fill in the blank: The genetic disorder associated with excessive iron absorption is called ______. 
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Figure 2.3: Organ involvement in haemochromatosis  

 

2.2.3 Laboratory diagnosis of iron metabolism disorders 

The laboratory diagnosis of iron metabolism disorders involves several tests. For iron 

deficiency, serum ferritin, transferrin saturation, and red cell indices are measured. For iron 

overload, serum ferritin and transferrin saturation are elevated, and genetic testing may confirm 

haemochromatosis. Bone marrow iron staining can also provide direct evidence of iron status. 

Fill in the blank: Elevated serum ferritin and transferrin saturation are typical findings in ______. 

Test/Procedure Clinical significance 

Serum ferritin 
Reflects iron stores; low levels indicate deficiency, high levels 

suggest overload or inflammation 

Transferrin saturation 
Measures iron transport capacity; low saturation indicates 

deficiency, high saturation suggests haemochromatosis 

Red cell indices (MCV, 

MCH, MCHC) 

Assess red cell morphology; help classify anaemia types 

(microcytic, normocytic, macrocytic) 

Genetic testing 
Confirms hereditary haemochromatosis and other genetic iron 

metabolism disorders 

Bone marrow iron staining 
Provides direct evidence of iron status; gold standard for assessing 

iron stores in complex cases 

Box 2.2: Key laboratory tests in iron metabolism disorders 

 

 

 



 

 LA-NET | ONLINE LEARNING VIDEO PLATFORM FOR POST-SECONDARY & HIGHER INSTITUTION STUDENTS 

Pilot questions 2.2 

1. What is the most common nutritional disorder worldwide? 
2. Which laboratory marker reflects iron storage levels? 
3. What genetic disorder is associated with excessive iron absorption? 
4. Name two organs affected by iron overload in haemochromatosis. 
5. Which laboratory findings are typical in iron overload? 

 

2.3 Vitamin B12 And Folate Deficiencies 
2.3.1 Role of vitamin B12 and folate in red cell production 

Vitamin B12 and folate are essential nutrients required for DNA synthesis and red blood cell 

production. Folate is necessary for the formation of nucleotides, while vitamin B12 is required 

for the recycling of folate into its active form. A deficiency in either nutrient disrupts DNA 

replication, leading to the production of abnormally large red cells known as macrocytes. This 

results in megaloblastic anaemia, characterised by ineffective erythropoiesis and reduced 

oxygen delivery. 

Fill in the blank: Deficiency of vitamin B12 or folate leads to the production of abnormally large 

red cells called ______. 

Figure 2.4: Role of vitamin B12 and folate in red cell production  
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2.3.2 Causes and clinical features of deficiencies 

Deficiencies of vitamin B12 and folate may arise from poor dietary intake, malabsorption, or 

increased requirements. Vitamin B12 deficiency is often linked to pernicious anaemia, where 

intrinsic factor is absent, preventing absorption. Folate deficiency may occur in pregnancy, 

alcoholism, or prolonged drug use. Clinical features include pallor, fatigue, glossitis, and in 

vitamin B12 deficiency, neurological symptoms such as numbness and memory loss. 

Fill in the blank: The absence of intrinsic factor leads to impaired absorption of ______. 

Plate 2.2: Clinical features of vitamin B12 and folate deficiencies  

 

2.3.3 Laboratory diagnosis and case examples 

The laboratory diagnosis of vitamin B12 and folate deficiencies involves measuring serum 

vitamin B12 and folate levels, red cell indices, and examining peripheral blood smears. 

Macrocytic red cells and hypersegmented neutrophils are typical findings. Bone marrow 

examination may reveal megaloblastic changes. Case examples include patients presenting with 

macrocytic anaemia and neurological symptoms, confirming vitamin B12 deficiency, or pregnant 

women with folate deficiency leading to anaemia. 

Fill in the blank: Hypersegmented ______ are a typical finding in megaloblastic anaemia. 

Finding Clinical significance 

Macrocytic red cells 
Elevated mean corpuscular volume (MCV); hallmark of 

megaloblastic anaemia 

Hypersegmented 

neutrophils 

Characteristic morphological change seen in peripheral smear; 

supports diagnosis 
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Finding Clinical significance 

Low serum vitamin B12 or 

folate 
Confirms nutritional deficiency as underlying cause 

Megaloblastic changes in 

marrow 

Bone marrow shows large, immature red cell precursors; diagnostic 

of megaloblastic anaemia 

Box 2.3: Laboratory findings in vitamin B12 and folate deficiencies 

 

Pilot questions 2.3 

1. What is the role of vitamin B12 and folate in red cell production? 
2. Deficiency of vitamin B12 or folate leads to the production of what type of red cells? 
3. What condition results from the absence of intrinsic factor? 
4. Name one clinical feature unique to vitamin B12 deficiency. 
5. Which laboratory finding is typical in megaloblastic anaemia? 

 

2.4 Clinical Significance And Case Studie 
2.4.1 Integrated interpretation of iron, vitamin B12, and folate deficiencies 

In clinical practice, deficiencies of iron, vitamin B12, and folate often present with overlapping 

features such as pallor and fatigue, yet their laboratory findings differ. Iron deficiency typically 

produces microcytic, hypochromic red cells, while vitamin B12 and folate deficiencies result in 

macrocytic red cells and megaloblastic changes. By integrating laboratory results such as serum 

ferritin, transferrin saturation, vitamin assays, and peripheral smears, clinicians can distinguish 

between these conditions and provide targeted treatment. 

Fill in the blank: Iron deficiency anaemia is characterised by ______ red cells, while vitamin 

B12 deficiency produces macrocytic red cells. 



 

 LA-NET | ONLINE LEARNING VIDEO PLATFORM FOR POST-SECONDARY & HIGHER INSTITUTION STUDENTS 

Figure 2.5: Comparative laboratory findings in iron and vitamin deficiencies  

 

 

2.4.2 Case studies illustrating diagnosis and management 

Case studies provide practical examples of how laboratory findings guide diagnosis and 

management. For instance, a patient with fatigue and microcytic red cells plus low ferritin 

confirms iron deficiency anaemia, requiring iron supplementation. Another patient with 

macrocytic red cells, glossitis, and neurological symptoms may be diagnosed with vitamin B12 

deficiency, requiring parenteral vitamin B12 therapy. A pregnant woman with folate deficiency 

and macrocytic anaemia would benefit from folate supplementation to prevent complications. 

Fill in the blank: A patient with macrocytic red cells and neurological symptoms is most likely 

suffering from ______ deficiency. 

Case example Laboratory findings Management strategies 

Microcytic red cells + 

low ferritin 

Reduced MCV, low serum 

ferritin 

Iron supplementation, dietary 

modification, treatment of underlying 

cause (e.g., chronic blood loss) 

Macrocytic red cells + 

glossitis + neurological 

symptoms 

Elevated MCV, low serum 

vitamin B12, megaloblastic 

changes in marrow 

Vitamin B12 replacement (oral or 

parenteral), monitoring neurological 

recovery 

Macrocytic red cells + 

pregnancy 

Elevated MCV, low serum 

folate 

Folate supplementation, dietary advice, 

prevention of neural tube defects 

Box 2.4: Case examples in iron and vitamin deficiencies 
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2.4.3 Monitoring treatment response 

Monitoring treatment response is essential to ensure effective management of deficiencies. In 

iron deficiency anaemia, haemoglobin levels and ferritin are re-evaluated after supplementation. 

For vitamin B12 deficiency, neurological symptoms and red cell indices are monitored following 

therapy. Folate deficiency requires follow-up to confirm correction of macrocytosis and to 

prevent recurrence, especially in pregnancy. Regular laboratory testing and clinical assessment 

help track progress and adjust treatment as needed. 

Fill in the blank: Monitoring treatment response in iron deficiency anaemia involves repeated 

measurement of ______ levels. 

Figure 2.6: Monitoring treatment response in iron and vitamin deficiencies  

 

Pilot questions 2.4 

1. What type of red cells are seen in iron deficiency compared to vitamin B12 deficiency? 
2. Which laboratory marker confirms iron deficiency anaemia? 
3. What clinical feature is unique to vitamin B12 deficiency? 
4. Which nutrient deficiency is particularly significant in pregnancy? 
5. What laboratory test is repeated to monitor treatment response in iron deficiency 

anaemia? 
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Series Summary 

This Series has focused on disorders of iron metabolism and related deficiencies, highlighting 

their importance in laboratory haematology and clinical practice. Its purpose was to help you 

understand how iron, vitamin B12, and folate contribute to red cell production, and how 

imbalances in these nutrients lead to distinct haematological disorders. These topics are highly 

relevant because they represent some of the most common and clinically significant causes of 

anaemia worldwide. 

We began by examining the fundamentals of iron metabolism, including its role, absorption, 

transport, storage, and regulation. We then explored disorders of iron metabolism, such as iron 

deficiency anaemia and haemochromatosis, alongside their laboratory diagnosis. Following that, 

we studied vitamin B12 and folate deficiencies, considering their role in DNA synthesis, causes, 

clinical features, and diagnostic findings. Finally, we integrated these concepts through case 

studies, showing how laboratory results guide diagnosis, management, and monitoring of 

treatment response. By completing this Series, you should now be able to define, explain, 

analyse, and evaluate iron metabolism and related deficiencies, apply laboratory diagnostic 

methods, and assess management strategies, as outlined in the Series Learning Outcomes. 

 

Glossary of Terms 

• duodenum: The first part of the small intestine where most iron absorption takes place. 

• ferritin: A protein that stores iron in tissues such as the liver, spleen, and bone marrow. 

• folate: A B-vitamin required for DNA synthesis and red blood cell production. 

• haem iron: Iron derived from animal sources, absorbed more efficiently than non-haem 

iron. 

• haemochromatosis: A genetic disorder causing excessive absorption of iron, leading to 

organ damage. 

• haemosiderin: An iron-storage complex formed when there is excess iron in the body. 

• haemoglobin: The protein in red blood cells that carries oxygen from the lungs to tissues. 

• hepcidin: A hormone produced by the liver that regulates iron absorption and release. 

• macrocytes: Abnormally large red blood cells, typically seen in vitamin B12 or folate 

deficiency. 

• megaloblastic anaemia: A type of anaemia caused by impaired DNA synthesis due to 

vitamin B12 or folate deficiency, resulting in large, immature red cells. 

• myoglobin: A protein in muscle cells that stores oxygen for use during activity. 

• non-haem iron: Iron derived from plant sources, absorbed less efficiently than haem 

iron. 

• pica: A craving for non-food substances, sometimes seen in iron deficiency anaemia. 

• transferrin: A protein in the blood that transports iron to tissues. 
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• vitamin B12: A nutrient essential for DNA synthesis, red blood cell production, and 

neurological function. 

 

 

Concept Check Questions 2 

Objective questions 

1. Iron is a key component of ______, the protein that carries oxygen in red blood cells. 
(Linked to SLO 2.1) 

2. The protein responsible for transporting iron in the blood is called ______. (Linked to 
SLO 2.2) 

3. The hormone that regulates iron absorption and release is ______. (Linked to SLO 2.3) 
4. The most common nutritional disorder worldwide is ______. (Linked to SLO 2.4) 
5. The genetic disorder associated with excessive iron absorption is ______. (Linked to SLO 

2.5) 
6. Deficiency of vitamin B12 or folate leads to the production of abnormally large red cells 

called ______. (Linked to SLO 2.7) 
7. The absence of intrinsic factor leads to impaired absorption of ______. (Linked to SLO 

2.8) 
8. Hypersegmented ______ are a typical finding in megaloblastic anaemia. (Linked to SLO 

2.9) 

Short-answer questions 

9. Define iron homeostasis and state its importance. (Linked to SLO 2.3) 
10. Explain one clinical feature of iron deficiency anaemia. (Linked to SLO 2.4) 
11. Describe one organ affected by iron overload in haemochromatosis. (Linked to SLO 2.5) 
12. State one clinical feature unique to vitamin B12 deficiency. (Linked to SLO 2.8) 
13. Identify one laboratory test used to monitor treatment response in iron deficiency 
anaemia. (Linked to SLO 2.11) 

Long-answer questions 

14. Analyse the processes of iron absorption, transport, and storage, and explain their 
clinical relevance. (Linked to SLOs 2.2, 2.3) 
15. Evaluate the laboratory diagnosis of iron metabolism disorders, giving examples of iron 
deficiency and iron overload. (Linked to SLO 2.6) 
16. Assess the diagnostic and clinical significance of vitamin B12 and folate deficiencies, 
using case examples. (Linked to SLOs 2.7, 2.8, 2.9, 2.10) 
17. Discuss monitoring and management strategies for patients with iron metabolism and 
related deficiencies. (Linked to SLO 2.11) 
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Answers to Concept Check Questions [Series 2] 
Objective questions 

1. Haemoglobin. 
2. Transferrin. 
3. Hepcidin. 
4. Iron deficiency anaemia. 
5. Haemochromatosis. 
6. Macrocytes. 
7. Vitamin B12. 
8. Neutrophils. 

Short-answer questions 

9. Iron homeostasis is the balance between iron absorption, utilisation, and storage, 
ensuring adequate supply without deficiency or overload. 
10. Pallor is a common clinical feature of iron deficiency anaemia. 
11. The liver is commonly affected by iron overload, leading to cirrhosis. 
12. Neurological symptoms such as numbness or memory loss are unique to vitamin B12 
deficiency. 
13. Serum ferritin measurement is used to monitor treatment response in iron deficiency 
anaemia. 

Long-answer questions 

14. Basic response: Iron is absorbed in the duodenum, transported by transferrin, and stored 

as ferritin. These processes ensure oxygen transport and energy metabolism. 

Value-added response: Clinically, impaired absorption leads to iron deficiency anaemia, while 

excessive absorption causes haemochromatosis. Understanding these pathways helps in 

diagnosis and treatment. 

15. Basic response: Iron deficiency shows low serum ferritin and microcytic red cells, while 

iron overload shows elevated ferritin and transferrin saturation. 

Value-added response: Genetic testing confirms haemochromatosis, and bone marrow iron 

staining provides direct evidence of iron status. These tests guide both diagnosis and 

management. 

16. Basic response: Vitamin B12 and folate deficiencies cause macrocytic anaemia, with 

laboratory findings of hypersegmented neutrophils and low serum levels. 

Value-added response: Case examples include pernicious anaemia due to lack of intrinsic factor, 

and folate deficiency in pregnancy. These highlight the clinical significance of early diagnosis 

and supplementation. 

17. Basic response: Monitoring involves repeated laboratory tests such as haemoglobin, 

ferritin, and vitamin assays, alongside clinical assessment. 

Value-added response: Management strategies include iron supplementation, parenteral vitamin 
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B12 therapy, and folate supplementation in pregnancy. Long-term monitoring prevents 

recurrence and complications. 

 

 

Answers to Pilot Questions [Series 2] 
Part 2.1: Fundamentals Of Iron Metabolism 

1. Iron enables haemoglobin to carry oxygen. 
2. Haem iron is absorbed more efficiently. 
3. Transferrin. 
4. Liver, spleen, and bone marrow. 
5. Hepcidin. 

Part 2.2: Disorders Of Iron Metabolism 

1. Iron deficiency anaemia. 
2. Serum ferritin. 
3. Haemochromatosis. 
4. Liver and pancreas (also heart). 
5. Elevated serum ferritin and transferrin saturation. 

Part 2.3: Vitamin B12 And Folate Deficiencies 

1. They are required for DNA synthesis and red cell production. 
2. Macrocytes. 
3. Vitamin B12 deficiency (pernicious anaemia). 
4. Neurological symptoms such as numbness or memory loss. 
5. Hypersegmented neutrophils. 

Part 2.4: Clinical Significance And Case Studies 

1. Microcytic red cells in iron deficiency; macrocytic red cells in vitamin B12 deficiency. 
2. Low serum ferritin. 
3. Neurological symptoms. 
4. Folate deficiency. 
5. Haemoglobin levels (and ferritin). 
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Figures and Plates 

• Figure 2.1: Role of iron in the body  

AI-generated using prompt: “Generate a diagram showing the role of iron in 

haemoglobin, myoglobin, and enzymes involved in energy metabolism.” 

Suggested OER search string: “role of iron haemoglobin myoglobin enzymes OER”. 

• Figure 2.2: Absorption, transport, and storage of iron  

AI-generated using prompt: “Generate a diagram showing iron absorption in the intestine, 

transport by transferrin, and storage as ferritin in the liver and bone marrow.” 

Suggested OER search string: “iron absorption transport storage transferrin ferritin 

OER”. 

• Figure 2.3: Organ involvement in haemochromatosis  

AI-generated using prompt: “Generate a diagram showing organ damage due to iron 

overload in haemochromatosis, including liver, pancreas, and heart.” 

Suggested OER search string: “haemochromatosis organ damage iron overload OER”. 

• Figure 2.4: Role of vitamin B12 and folate in red cell production  

AI-generated using prompt: “Generate a diagram showing the role of vitamin B12 and 

folate in DNA synthesis and red cell production, highlighting macrocyte formation.” 

Suggested OER search string: “vitamin B12 folate role DNA synthesis red cell 

production OER”. 

• Plate 2.1: Red cell morphology in iron deficiency anaemia  

AI-generated using prompt: “Generate an image showing microcytic, hypochromic red 

cells typical of iron deficiency anaemia.” 

Suggested OER search string: “iron deficiency anaemia red cell morphology OER”. 

• Plate 2.2: Clinical features of vitamin B12 and folate deficiencies  

AI-generated using prompt: “Generate an image showing clinical features of vitamin B12 

and folate deficiencies such as pallor, glossitis, and neurological symptoms.” 

Suggested OER search string: “vitamin B12 folate deficiency clinical features OER”. 

• Figure 2.5: Comparative laboratory findings in iron and vitamin deficiencies  

AI-generated using prompt: “Generate a diagram comparing laboratory findings in iron 

deficiency, vitamin B12 deficiency, and folate deficiency.” 

Suggested OER search string: “comparative laboratory findings iron vitamin B12 folate 

deficiency OER”. 

• Figure 2.6: Monitoring treatment response in iron and vitamin deficiencies  

AI-generated using prompt: “Generate a diagram showing monitoring strategies for iron 

deficiency, vitamin B12 deficiency, and folate deficiency.” 
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Suggested OER search string: “monitoring treatment response iron vitamin B12 folate 

deficiency OER”. 

Boxes 

• Box 2.1: Key regulators of iron homeostasis  

AI-generated using prompt: “Create a text box listing key regulators of iron homeostasis 

including hepcidin, transferrin, and ferritin.” 

Suggested OER search string: “iron homeostasis regulation hepcidin transferrin ferritin 

OER”. 

• Box 2.2: Key laboratory tests in iron metabolism disorders  

AI-generated using prompt: “Create a text box listing key laboratory tests for iron 

metabolism disorders including serum ferritin, transferrin saturation, red cell indices, 

genetic testing, and bone marrow iron staining.” 

Suggested OER search string: “laboratory diagnosis iron metabolism disorders ferritin 

transferrin OER”. 

• Box 2.3: Laboratory findings in vitamin B12 and folate deficiencies  

AI-generated using prompt: “Create a text box listing laboratory findings in vitamin B12 

and folate deficiencies including macrocytic red cells, hypersegmented neutrophils, and 

megaloblastic marrow changes.” 

Suggested OER search string: “laboratory diagnosis vitamin B12 folate deficiency OER”. 

• Box 2.4: Case examples in iron and vitamin deficiencies  

AI-generated using prompt: “Create a text box listing case examples of iron deficiency, 

vitamin B12 deficiency, and folate deficiency with laboratory findings and management.” 

Suggested OER search string: “case examples iron vitamin B12 folate deficiency OER”. 
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Course code: MLS 510 

Course title: Medical Laboratory Haematology II  

Course credit load: 2 Units 

Series 3: Haemochromatosis, Storage Disorders, 

And Radioisotopes In Haematology 

• Part 3.1: Haemochromatosis And Iron Overload Disorders 

• Sub-Part 3.1.1: Pathophysiology of haemochromatosis 

• Sub-Part 3.1.2: Clinical features and complications 

• Sub-Part 3.1.3: Laboratory diagnosis and genetic testing 

• Sub-Part 3.1.4: Management strategies 

• Part 3.2: Storage Disorders In Haematology 

• Sub-Part 3.2.1: Overview of storage disorders affecting blood and bone marrow 

• Sub-Part 3.2.2: Lysosomal storage disorders (e.g., Gaucher disease) 

• Sub-Part 3.2.3: Clinical manifestations and laboratory findings 

• Sub-Part 3.2.4: Case studies and management approaches 

• Part 3.3: Radioisotopes In Haematology 

• Sub-Part 3.3.1: Principles of radioisotope use in haematology 

• Sub-Part 3.3.2: Diagnostic applications (e.g., iron kinetics, red cell survival 

studies) 

• Sub-Part 3.3.3: Therapeutic applications and safety considerations 

• Sub-Part 3.3.4: Clinical case examples 

• Part 3.4: Clinical Integration And Case Studies 

• Sub-Part 3.4.1: Comparative analysis of haemochromatosis, storage disorders, and 

radioisotope applications 

• Sub-Part 3.4.2: Case studies demonstrating diagnosis and management 

• Sub-Part 3.4.3: Monitoring and follow-up strategies 

 

Introduction 

In the last Series, we explored disorders of iron metabolism and related deficiencies, focusing on 

how imbalances in iron, vitamin B12, and folate contribute to anaemia and other haematological 

conditions. Building on that foundation, this Series turns to haemochromatosis, storage disorders, 
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and the use of radioisotopes in haematology. These topics are particularly important because they 

highlight advanced diagnostic and therapeutic approaches, as well as the broader clinical 

implications of iron overload and inherited metabolic conditions. 

The aim of this Series is to provide you with the knowledge and skills to explain the mechanisms 

of haemochromatosis, describe storage disorders relevant to haematology, and evaluate the 

diagnostic and therapeutic applications of radioisotopes in clinical practice. 

We shall commence this Series by examining haemochromatosis and iron overload disorders, 

including their pathophysiology, clinical features, laboratory diagnosis, and management. Next, 

we will move on to storage disorders in haematology, with a focus on lysosomal storage diseases 

such as Gaucher disease, their manifestations, and case studies. Subsequently, we will explore 

radioisotopes in haematology, considering their principles, diagnostic applications, therapeutic 

uses, and safety aspects. Finally, we will wrap up with clinical integration and case studies, 

bringing together haemochromatosis, storage disorders, and radioisotope applications to illustrate 

diagnosis, management, and monitoring strategies. 

 

Series Learning Outcomes 

Upon completing this Series, you should be able to: 

• SLO 3.1 define the pathophysiology of haemochromatosis and explain how iron overload 

develops, 

• SLO 3.2 describe the clinical features and complications associated with 

haemochromatosis, 

• SLO 3.3 analyse laboratory diagnostic methods and genetic testing used in 

haemochromatosis, 

• SLO 3.4 evaluate management strategies for patients with haemochromatosis and iron 

overload, 

• SLO 3.5 explain the nature of storage disorders relevant to haematology, including 

lysosomal storage diseases, 

• SLO 3.6 describe the clinical manifestations and laboratory findings of storage disorders 

such as Gaucher disease, 

• SLO 3.7 interpret case studies to assess diagnosis and management approaches in storage 

disorders, 

• SLO 3.8 define the principles of radioisotope use in haematology, 

• SLO 3.9 apply radioisotope techniques in diagnostic procedures such as iron kinetics and 

red cell survival studies, 

• SLO 3.10 evaluate therapeutic applications of radioisotopes and discuss safety 

considerations, 

• SLO 3.11 integrate knowledge of haemochromatosis, storage disorders, and radioisotope 

applications in clinical case analysis, 

• SLO 3.12 assess monitoring and follow-up strategies for patients with these conditions. 
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3.1 Haemochromatosis And Iron Overload Disorders 
3.1.1 Pathophysiology of haemochromatosis 

Haemochromatosis is a genetic disorder characterised by excessive absorption of dietary iron. 

Normally, the hormone hepcidin regulates iron absorption by controlling its release from 

intestinal cells. In haemochromatosis, mutations in genes such as HFE reduce hepcidin activity, 

leading to uncontrolled iron absorption. Over time, iron accumulates in organs including the 

liver, pancreas, and heart, causing progressive tissue damage. 

Fill in the blank: The hormone that regulates iron absorption and release is ______. 

Figure 3.1: Pathophysiology of haemochromatosis  

 

 

 

3.1.2 Clinical features and complications 

The clinical features of haemochromatosis develop gradually as iron accumulates. Early 

symptoms include fatigue, joint pain, and abdominal discomfort. As the condition progresses, 

complications such as liver cirrhosis, diabetes mellitus, cardiomyopathy, and skin pigmentation 

may occur. These complications reflect the toxic effects of iron deposition in tissues. 

Fill in the blank: Excess iron deposition in the pancreas can lead to ______. 
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Plate 3.1: Clinical features of haemochromatosis  

 

3.1.3 Laboratory diagnosis and genetic testing 

Diagnosis of haemochromatosis involves laboratory tests and genetic analysis. Elevated serum 

ferritin and transferrin saturation are typical findings. Liver function tests may reveal damage, 

while imaging can show iron deposition. Genetic testing for HFE mutations confirms the 

diagnosis. In advanced cases, liver biopsy may be performed to assess iron content and tissue 

damage. 

Fill in the blank: Elevated serum ferritin and transferrin saturation are typical findings in ______. 

Test/Procedure Clinical significance 

Serum ferritin 
Reflects iron stores; elevated levels suggest iron overload, though can also 

rise in inflammation 

Transferrin 

saturation 

Indicates iron transport capacity; high saturation is a hallmark of 

haemochromatosis 

Liver function tests 
Assess organ damage; abnormal results may indicate hepatic injury due to 

iron deposition 

Genetic testing 
Confirms HFE gene mutations (e.g., C282Y, H63D) associated with 

hereditary haemochromatosis 

Liver biopsy 
Directly evaluates iron deposition and fibrosis; used when diagnosis is 

uncertain or to assess severity 

Box 3.1: Key laboratory tests in haemochromatosis 
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3.1.4 Management strategies 

Management of haemochromatosis focuses on reducing iron levels and preventing organ 

damage. The main treatment is therapeutic phlebotomy, where blood is removed regularly to 

lower iron stores. In some cases, iron chelation therapy may be used. Lifestyle modifications, 

such as avoiding iron supplements and limiting alcohol intake, are also important. Early 

diagnosis and treatment can prevent complications and improve quality of life. 

Fill in the blank: The main treatment for haemochromatosis is regular ______. 

Figure 3.2: Management strategies in haemochromatosis  

 

Pilot questions 3.1 

1. What genetic disorder is characterised by excessive absorption of dietary iron? 
2. Which hormone regulates iron absorption and release? 
3. Name one complication of iron deposition in the pancreas. 
4. Which laboratory markers are typically elevated in haemochromatosis? 
5. What is the main treatment strategy for haemochromatosis? 
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3.2 Storage Disorders In Haematology 
3.2.1 Overview of storage disorders affecting blood and bone marrow 

Storage disorders are a group of inherited metabolic conditions in which abnormal substances 

accumulate within cells due to defective enzymes. In haematology, these disorders often affect 

the bone marrow, spleen, and liver, leading to anaemia, organ enlargement, and impaired blood 

cell function. They are clinically significant because they can mimic other haematological 

diseases and require specialised diagnostic approaches. 

Fill in the blank: Storage disorders are caused by defective ______ that lead to accumulation of 

abnormal substances in cells. 

Figure 3.3: Mechanism of storage disorders  

 

3.2.2 Lysosomal storage disorders (e.g., Gaucher disease) 

Lysosomal storage disorders are a subgroup of storage disorders caused by deficiencies in 

lysosomal enzymes. One example is Gaucher disease, which results from deficiency of the 

enzyme glucocerebrosidase. This leads to accumulation of glucocerebroside in macrophages, 

producing characteristic Gaucher cells in the bone marrow. Clinical features include anaemia, 

thrombocytopenia, hepatosplenomegaly, and bone pain. 

Fill in the blank: Gaucher disease is caused by deficiency of the enzyme ______. 
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Plate 3.2: Gaucher cells in bone marrow  

 

3.2.3 Clinical manifestations and laboratory findings 

Storage disorders present with a range of clinical features depending on the specific condition. 

Common manifestations include anaemia, enlarged liver and spleen, bone pain, and in some 

cases neurological symptoms. Laboratory findings may show cytopenias, abnormal bone marrow 

morphology, and enzyme assays confirming the specific deficiency. Imaging studies can reveal 

organ enlargement and bone changes. 

Fill in the blank: Enlargement of the liver and spleen is referred to as ______ and ______. 

Feature Clinical significance 

Anaemia and cytopenias 
Result from bone marrow infiltration or impaired 

haematopoiesis 

Hepatomegaly and 

splenomegaly 
Due to accumulation of storage material in liver and spleen 

Bone pain and skeletal 

abnormalities 

Caused by infiltration of bone marrow and defective bone 

remodeling 

Abnormal bone marrow 

morphology 

Presence of characteristic storage cells (e.g., Gaucher cells, 

foam cells) 

Enzyme assays confirming 

deficiency 

Definitive diagnostic test; identifies specific lysosomal enzyme 

deficiencies 

Box 3.2: Clinical and laboratory features of storage disorders 
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3.2.4 Case studies and management approaches 

Case studies help illustrate the diagnosis and management of storage disorders. For example, a 

patient presenting with anaemia, splenomegaly, and bone pain may be diagnosed with Gaucher 

disease after enzyme assay confirmation. Management includes enzyme replacement therapy 

(ERT), which corrects the underlying deficiency, and supportive care such as blood transfusions 

or splenectomy in severe cases. Early diagnosis and treatment improve outcomes significantly. 

Fill in the blank: The main treatment for Gaucher disease is ______ replacement therapy. 

Figure 3.4: Management of storage disorders  

 

Pilot questions 3.2 

1. What causes storage disorders at the cellular level? 
2. Which enzyme deficiency leads to Gaucher disease? 
3. What are Gaucher cells and where are they found? 
4. Enlargement of the liver and spleen is referred to as what? 
5. What is the main treatment strategy for Gaucher disease? 
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3.3 Radioisotopes In Haematology 
3.3.1 Principles of radioisotope use in haematology 

Radioisotopes are unstable forms of elements that release radiation as they decay. In 

haematology, they are used to trace biological processes because their radiation can be detected 

externally. This allows clinicians to study iron kinetics, red cell survival, and bone marrow 

activity. The principle is simple: a radioisotope is introduced into the body, and its distribution or 

clearance is measured to provide diagnostic information. 

Fill in the blank: Radioisotopes are useful in haematology because their ______ can be detected 

externally. 

Figure 3.5: Principles of radioisotope use in haematology  

 

3.3.2 Diagnostic applications 

Radioisotopes have several diagnostic applications in haematology. For example, iron kinetics 

studies use isotopes such as ^59Fe to measure iron absorption and utilisation. Red cell survival 

studies employ isotopes like ^51Cr to label red cells and track their lifespan, helping diagnose 

haemolytic anaemias. Bone marrow scanning with isotopes can also reveal functional activity. 

These applications provide precise insights into blood disorders that cannot be obtained through 

routine laboratory tests. 

Fill in the blank: The isotope commonly used to study red cell survival is ______. 

Application Clinical significance 

Iron kinetics studies 

(^59Fe) 

Assess iron absorption, utilization, and turnover; useful in iron 

metabolism disorders 
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Application Clinical significance 

Red cell survival studies 

(^51Cr) 

Measure lifespan of red blood cells; help diagnose haemolytic 

anaemias and transfusion effectiveness 

Bone marrow activity 

scans 

Evaluate marrow function and distribution of haematopoiesis; detect 

marrow infiltration or failure 

Plasma volume 

measurements 

Determine blood volume status; useful in anaemia, polycythaemia, 

and transfusion planning 

Box 3.3: Diagnostic applications of radioisotopes in haematology 

 

3.3.3 Therapeutic applications and safety considerations 

Radioisotopes are also used therapeutically. For example, radioactive phosphorus (^32P) has 

been used in the treatment of polycythaemia vera to suppress bone marrow activity. Safety is a 

critical consideration, as radiation exposure must be minimised. Strict protocols are followed to 

ensure patient and staff safety, including shielding, dose monitoring, and disposal of radioactive 

materials. 

Fill in the blank: The radioisotope ^32P has been used in the treatment of ______. 

Figure 3.6: Therapeutic applications and safety in radioisotope use  

 

3.3.4 Clinical case examples 

Clinical case examples demonstrate the practical use of radioisotopes. A patient with suspected 

haemolytic anaemia may undergo a red cell survival study with ^51Cr, confirming shortened red 

cell lifespan. Another patient with unexplained anaemia may benefit from iron kinetics studies to 
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reveal impaired absorption. These cases highlight how radioisotopes complement routine 

laboratory tests by providing dynamic functional information. 

Fill in the blank: A red cell survival study using ^51Cr can confirm shortened ______ in 

haemolytic anaemia. 

Plate 3.3: Case example of radioisotope use in haemolytic anaemia  

 

Pilot questions 3.3 

1. Why are radioisotopes useful in haematology? 
2. Which isotope is used to study iron kinetics? 
3. Which isotope is used to study red cell survival? 
4. Name one therapeutic application of radioisotopes in haematology. 
5. What safety measures are important when using radioisotopes? 

 

3.4 Clinical Integration And Case Studies 
3.4.1 Comparative analysis of haemochromatosis, storage disorders, and 

radioisotope applications 

Clinical integration allows us to compare and contrast haemochromatosis, storage disorders, and 

radioisotope applications. Haemochromatosis is primarily a genetic iron overload disorder, while 

storage disorders involve enzyme deficiencies leading to accumulation of abnormal substances. 

Radioisotopes, on the other hand, are diagnostic and therapeutic tools that provide functional 



 

 LA-NET | ONLINE LEARNING VIDEO PLATFORM FOR POST-SECONDARY & HIGHER INSTITUTION STUDENTS 

insights into blood and marrow processes. By examining these together, learners can appreciate 

how different mechanisms produce overlapping clinical features such as anaemia, organ 

enlargement, and tissue damage, yet require distinct diagnostic and management approaches. 

Fill in the blank: Haemochromatosis is caused by excessive absorption of ______, while Gaucher 

disease is caused by enzyme deficiency. 

Figure 3.7: Comparative analysis of haemochromatosis, storage disorders, and radioisotope 

use  

 

3.4.2 Case studies demonstrating diagnosis and management 

Case studies highlight the practical application of knowledge. For example, a patient presenting 

with fatigue, skin pigmentation, and elevated ferritin may be diagnosed with haemochromatosis 

and managed with therapeutic phlebotomy. Another patient with anaemia, splenomegaly, and 

bone pain may be diagnosed with Gaucher disease through enzyme assays and treated with 

enzyme replacement therapy. A third patient with suspected haemolytic anaemia may undergo a 

red cell survival study using ^51Cr, confirming shortened red cell lifespan. These cases illustrate 

how laboratory and functional studies guide diagnosis and management. 

Fill in the blank: A red cell survival study using ^51Cr can confirm shortened ______ in 

haemolytic anaemia. 

Case example Diagnostic findings Management approaches 

Haemochromatosis 
Fatigue, skin pigmentation, 

elevated serum ferritin 

Phlebotomy to reduce iron overload; 

monitoring of organ function 
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Case example Diagnostic findings Management approaches 

Gaucher disease 

Anaemia, splenomegaly, bone 

pain; abnormal marrow 

morphology (Gaucher cells) 

Enzyme replacement therapy; supportive 

care for skeletal and haematological 

complications 

Haemolytic 

anaemia 

Red cell survival study with ^51Cr 

confirms shortened lifespan 

Treat underlying cause; transfusion 

support; immunosuppression if 

autoimmune 

Box 3.4: Case examples in haemochromatosis, storage disorders, and radioisotope applications 

 

3.4.3 Monitoring and follow-up strategies 

Monitoring and follow-up are essential to ensure effective management of these conditions. In 

haemochromatosis, ferritin levels and liver function tests are repeated to track iron reduction. In 

storage disorders such as Gaucher disease, enzyme activity and organ size are monitored to 

assess response to therapy. For radioisotope applications, follow-up ensures that diagnostic or 

therapeutic procedures achieve their intended outcomes while minimising radiation exposure. 

Regular monitoring helps prevent complications and supports long-term patient care. 

Fill in the blank: Monitoring treatment response in haemochromatosis involves repeated 

measurement of ______ levels. 

Figure 3.8: Monitoring and follow-up strategies in haematology  
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Pilot questions 3.4 

1. What is the main difference between haemochromatosis and storage disorders? 
2. Which laboratory marker is elevated in haemochromatosis? 
3. What is the main treatment for Gaucher disease? 
4. Which isotope is used in red cell survival studies? 
5. What laboratory test is repeated to monitor treatment response in haemochromatosis? 

 

Series Summary 

This Series has explored haemochromatosis, storage disorders, and the use of radioisotopes in 

haematology, emphasising their importance in both diagnosis and management of complex blood 

conditions. Its purpose was to help you understand how genetic iron overload, enzyme 

deficiencies, and functional imaging techniques contribute to haematological practice, and why 

they are clinically relevant for patient care. 

We began with haemochromatosis, examining its pathophysiology, clinical features, diagnostic 

methods, and management strategies. We then moved on to storage disorders, focusing on 

lysosomal conditions such as Gaucher disease, their manifestations, laboratory findings, and 

treatment approaches. Subsequently, we studied radioisotopes in haematology, considering their 

principles, diagnostic and therapeutic applications, and safety protocols. Finally, we integrated 

these concepts through comparative analysis and case studies, highlighting monitoring and 

follow-up strategies. By completing this Series, you should now be able to define, describe, 

analyse, and evaluate these conditions, apply diagnostic and therapeutic methods, and integrate 

knowledge in clinical case analysis, as outlined in the Series Learning Outcomes. 

 

Glossary of Terms 

• enzyme replacement therapy (ERT): A treatment that provides patients with the 

missing enzyme to correct metabolic defects, commonly used in Gaucher disease. 

• ferritin: A protein that stores iron in tissues such as the liver, spleen, and bone marrow, 

often measured to assess iron levels. 

• Gaucher cells: Enlarged macrophages filled with lipid material, seen in the bone marrow 

of patients with Gaucher disease. 

• Gaucher disease: A lysosomal storage disorder caused by deficiency of the enzyme 

glucocerebrosidase, leading to accumulation of glucocerebroside. 

• glucocerebrosidase: The enzyme deficient in Gaucher disease, responsible for breaking 

down glucocerebroside. 

• haemochromatosis: A genetic disorder characterised by excessive absorption of dietary 

iron, resulting in iron overload and organ damage. 

• hepcidin: A hormone produced by the liver that regulates iron absorption and release; 

reduced activity contributes to haemochromatosis. 
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• iron overload: A condition where excess iron accumulates in the body, damaging organs 

such as the liver, pancreas, and heart. 

• lysosomal storage disorders: A group of inherited conditions caused by deficiencies in 

lysosomal enzymes, leading to accumulation of substances within cells. 

• radioisotopes: Unstable forms of elements that release radiation as they decay, used in 

haematology for diagnostic and therapeutic purposes. 

• therapeutic phlebotomy: A treatment for haemochromatosis involving regular removal 

of blood to reduce iron levels. 

• transferrin saturation: A laboratory measurement indicating the proportion of 

transferrin bound to iron, often elevated in haemochromatosis. 

 

Concept Check Questions 3 

Objective questions 

1. Haemochromatosis is characterised by excessive absorption of ______. (Linked to SLO 
3.1) 

2. The hormone that regulates iron absorption and release is ______. (Linked to SLO 3.1) 
3. Excess iron deposition in the pancreas can lead to ______. (Linked to SLO 3.2) 
4. Elevated serum ferritin and transferrin saturation are typical findings in ______. (Linked 

to SLO 3.3) 
5. The main treatment for haemochromatosis is regular ______. (Linked to SLO 3.4) 
6. Gaucher disease is caused by deficiency of the enzyme ______. (Linked to SLO 3.5) 
7. Enlargement of the liver and spleen is referred to as ______ and ______. (Linked to SLO 

3.6) 
8. The main treatment for Gaucher disease is ______ replacement therapy. (Linked to SLO 

3.7) 
9. Radioisotopes are useful in haematology because their ______ can be detected 

externally. (Linked to SLO 3.8) 
10. The isotope commonly used to study red cell survival is ______. (Linked to SLO 3.9) 
11. The radioisotope ^32P has been used in the treatment of ______. (Linked to SLO 3.10) 

Short-answer questions 

12. Define haemochromatosis and state its clinical significance. (Linked to SLO 3.1) 
13. Explain one complication of iron overload in haemochromatosis. (Linked to SLO 3.2) 
14. Describe one laboratory test used to diagnose haemochromatosis. (Linked to SLO 3.3) 
15. State one lifestyle modification important in managing haemochromatosis. (Linked to 
SLO 3.4) 
16. Describe Gaucher cells and their diagnostic importance. (Linked to SLO 3.6) 
17. Explain one clinical manifestation of storage disorders. (Linked to SLO 3.6) 
18. Identify one diagnostic application of radioisotopes in haematology. (Linked to SLO 3.9) 
19. State one safety measure when using radioisotopes therapeutically. (Linked to SLO 3.10) 
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Long-answer questions 

20. Analyse the pathophysiology of haemochromatosis and explain how it leads to organ 
damage. (Linked to SLOs 3.1, 3.2) 
21. Evaluate the laboratory diagnosis and management strategies for haemochromatosis. 
(Linked to SLOs 3.3, 3.4) 
22. Assess the diagnostic and clinical significance of Gaucher disease as a storage disorder. 
(Linked to SLOs 3.5, 3.6, 3.7) 
23. Discuss the principles, diagnostic applications, and therapeutic uses of radioisotopes in 
haematology, including safety considerations. (Linked to SLOs 3.8, 3.9, 3.10) 
24. Integrate knowledge of haemochromatosis, storage disorders, and radioisotope 
applications in clinical case analysis and monitoring strategies. (Linked to SLOs 3.11, 3.12) 

 

Answers to Concept Check Questions [Series 3] 
Objective questions 

1. Iron. 
2. Hepcidin. 
3. Diabetes mellitus. 
4. Haemochromatosis. 
5. Phlebotomy. 
6. Glucocerebrosidase. 
7. Hepatomegaly and splenomegaly. 
8. Enzyme replacement therapy. 
9. Radiation. 
10. ̂ 51Cr. 
11. Polycythaemia vera. 

Short-answer questions 

12. Haemochromatosis is a genetic disorder of excessive iron absorption, clinically 
significant because it causes organ damage. 
13. Iron deposition in the liver can lead to cirrhosis. 
14. Serum ferritin measurement is used to diagnose haemochromatosis. 
15. Avoiding iron supplements and limiting alcohol intake. 
16. Gaucher cells are enlarged macrophages containing lipid material, diagnostic of Gaucher 
disease. 
17. Splenomegaly is a common manifestation of storage disorders. 
18. Iron kinetics studies using ^59Fe. 
19. Shielding and dose monitoring are essential safety measures. 
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Long-answer questions 

20. Basic response: Haemochromatosis results from reduced hepcidin activity, causing 

excessive iron absorption and deposition in organs. 

Value-added response: Organ damage occurs through oxidative stress, leading to cirrhosis, 

diabetes, and cardiomyopathy. 

21. Basic response: Diagnosis involves elevated ferritin and transferrin saturation; 

management includes phlebotomy. 

Value-added response: Genetic testing confirms HFE mutations, and chelation therapy may be 

used in selected cases. 

22. Basic response: Gaucher disease is caused by glucocerebrosidase deficiency, leading to 

Gaucher cells and anaemia. 

Value-added response: Clinical significance includes hepatosplenomegaly, bone pain, and 

effective treatment with enzyme replacement therapy. 

23. Basic response: Radioisotopes trace biological processes, diagnose iron kinetics and red 

cell survival, and treat conditions like polycythaemia vera. 

Value-added response: Safety protocols such as shielding and disposal are critical, and 

radioisotopes provide dynamic functional insights beyond routine tests. 

24. Basic response: Integration involves recognising haemochromatosis as iron overload, 

Gaucher disease as enzyme deficiency, and radioisotopes as diagnostic tools. 

Value-added response: Monitoring strategies include ferritin levels in haemochromatosis, 

enzyme activity in Gaucher disease, and radiation safety in radioisotope use, ensuring 

comprehensive patient care. 

Answers to Pilot Questions [Series 3] 
Part 3.1: Haemochromatosis And Iron Overload Disorders 

1. Haemochromatosis. 
2. Hepcidin. 
3. Diabetes mellitus. 
4. Elevated serum ferritin and transferrin saturation. 
5. Therapeutic phlebotomy. 

Part 3.2: Storage Disorders In Haematology 

1. Defective enzymes. 
2. Glucocerebrosidase. 
3. Enlarged macrophages filled with lipid material, found in bone marrow. 
4. Hepatomegaly and splenomegaly. 
5. Enzyme replacement therapy. 

Part 3.3: Radioisotopes In Haematology 

1. Their radiation. 
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2. ^59Fe. 
3. ^51Cr. 
4. Treatment of polycythaemia vera with ^32P. 
5. Shielding, dose monitoring, and safe disposal of radioactive materials. 

Part 3.4: Clinical Integration And Case Studies 

1. Haemochromatosis is due to iron overload, while storage disorders are due to enzyme 
deficiencies. 

2. Serum ferritin. 
3. Enzyme replacement therapy. 
4. ^51Cr. 
5. Ferritin levels. 
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Figures and Plates 

• Figure 3.1: Pathophysiology of haemochromatosis  

AI-generated using prompt: “Generate a diagram showing reduced hepcidin activity in 

haemochromatosis and iron accumulation in liver, pancreas, and heart.” 

Suggested OER search string: “haemochromatosis pathophysiology hepcidin iron 

overload OER”. 

• Plate 3.1: Clinical features of haemochromatosis  

AI-generated using prompt: “Generate an image showing clinical features of 

haemochromatosis such as skin pigmentation, joint pain, and liver enlargement.” 

Suggested OER search string: “haemochromatosis clinical features liver skin 

pigmentation OER”. 

• Figure 3.2: Management strategies in haemochromatosis  

AI-generated using prompt: “Generate a diagram showing management strategies for 
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haemochromatosis including therapeutic phlebotomy, iron chelation therapy, and lifestyle 

modifications.” 

Suggested OER search string: “management haemochromatosis phlebotomy chelation 

therapy OER”. 

• Figure 3.3: Mechanism of storage disorders  

AI-generated using prompt: “Generate a diagram showing enzyme defects leading to 

accumulation of abnormal substances in cells in storage disorders.” 

Suggested OER search string: “storage disorders mechanism enzyme defect OER”. 

• Plate 3.2: Gaucher cells in bone marrow  

AI-generated using prompt: “Generate an image showing Gaucher cells in bone marrow 

aspirate, with enlarged macrophages containing lipid material.” 

Suggested OER search string: “Gaucher disease bone marrow Gaucher cells OER”. 

• Figure 3.4: Management of storage disorders  

AI-generated using prompt: “Generate a diagram showing management approaches for 

storage disorders including enzyme replacement therapy, supportive care, and 

splenectomy.” 

Suggested OER search string: “management storage disorders Gaucher disease enzyme 

replacement OER”. 

• Figure 3.5: Principles of radioisotope use in haematology  

AI-generated using prompt: “Generate a diagram showing how radioisotopes are used in 

haematology to trace iron kinetics and red cell survival.” 

Suggested OER search string: “radioisotopes principles haematology iron kinetics OER”. 

• Figure 3.6: Therapeutic applications and safety in radioisotope use  

AI-generated using prompt: “Generate a diagram showing therapeutic applications of 

radioisotopes in haematology including ^32P therapy and safety protocols.” 

Suggested OER search string: “radioisotopes therapeutic applications haematology 

polycythaemia vera OER”. 

• Plate 3.3: Case example of radioisotope use in haemolytic anaemia  

AI-generated using prompt: “Generate an image showing a clinical case workflow of 

radioisotope use in diagnosing haemolytic anaemia with ^51Cr.” 

Suggested OER search string: “radioisotopes case study haemolytic anaemia OER”. 

• Figure 3.7: Comparative analysis of haemochromatosis, storage disorders, and 

radioisotope use  

AI-generated using prompt: “Generate a diagram comparing haemochromatosis, storage 

disorders, and radioisotope applications in haematology.” 

Suggested OER search string: “comparative analysis haemochromatosis storage disorders 

radioisotopes OER”. 

• Figure 3.8: Monitoring and follow-up strategies in haematology  

AI-generated using prompt: “Generate a diagram showing monitoring strategies for 

haemochromatosis, storage disorders, and radioisotope applications.” 
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Suggested OER search string: “monitoring follow-up haemochromatosis storage 

disorders radioisotopes OER”. 

Boxes 

• Box 3.1: Key laboratory tests in haemochromatosis  

AI-generated using prompt: “Create a text box listing key laboratory tests for 

haemochromatosis including serum ferritin, transferrin saturation, liver function tests, 

genetic testing, and liver biopsy.” 

Suggested OER search string: “laboratory diagnosis haemochromatosis ferritin transferrin 

genetic testing OER”. 

• Box 3.2: Clinical and laboratory features of storage disorders  

AI-generated using prompt: “Create a text box listing clinical and laboratory features of 

storage disorders including anaemia, hepatosplenomegaly, bone pain, and enzyme assay 

findings.” 

Suggested OER search string: “clinical laboratory features storage disorders haematology 

OER”. 

• Box 3.3: Diagnostic applications of radioisotopes in haematology  

AI-generated using prompt: “Create a text box listing diagnostic applications of 

radioisotopes in haematology including iron kinetics, red cell survival, and bone marrow 

scans.” 

Suggested OER search string: “radioisotopes diagnostic applications haematology OER”. 

• Box 3.4: Case examples in haemochromatosis, storage disorders, and radioisotope 

applications  

AI-generated using prompt: “Create a text box listing case examples of 

haemochromatosis, Gaucher disease, and haemolytic anaemia with diagnostic findings 

and management approaches.” 

Suggested OER search string: “case examples haemochromatosis Gaucher disease 

haemolytic anaemia radioisotopes OER”. 
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Course code: MLS 510 

Course title: Medical Laboratory Haematology II  

Course credit load: 2 Units 

Series 4: Automation In Haematology And 

Haemoglobinopathies 

• Part 4.1: Automation In Haematology 

• Sub-Part 4.1.1: Evolution and principles of automation in haematology 

• Sub-Part 4.1.2: Automated haematology analysers and their components 

• Sub-Part 4.1.3: Advantages, limitations, and quality control in automation 

• Part 4.2: Haemoglobinopathies – Overview And Classification 

• Sub-Part 4.2.1: Definition and general features of haemoglobinopathies 

• Sub-Part 4.2.2: Classification into structural variants and thalassaemias 

• Sub-Part 4.2.3: Clinical significance of haemoglobinopathies 

• Part 4.3: Laboratory Diagnosis Of Haemoglobinopathies 

• Sub-Part 4.3.1: Screening tests (e.g., solubility tests, red cell indices) 

• Sub-Part 4.3.2: Confirmatory tests (e.g., electrophoresis, HPLC) 

• Sub-Part 4.3.3: Molecular techniques and genetic counselling 

• Part 4.4: Clinical Integration And Case Studies 

• Sub-Part 4.4.1: Case examples of sickle cell disease and thalassaemia 

• Sub-Part 4.4.2: Role of automation in monitoring haemoglobinopathies 

• Sub-Part 4.4.3: Management and follow-up strategies 

 

Introduction 

In modern haematology, laboratories are increasingly adopting automation to improve accuracy, 

efficiency, and reliability in blood analysis. At the same time, haemoglobinopathies remain a 

major global health concern, particularly in regions where conditions such as sickle cell disease 

and thalassaemia are prevalent. This Series brings these two important themes together, 

highlighting both technological advances and clinical challenges in haematology. 
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The aim of this Series is to equip you with the knowledge and skills to explain the principles of 

automation in haematology, describe the classification and clinical features of 

haemoglobinopathies, and apply laboratory diagnostic methods to real clinical cases. 

We shall commence this Series by exploring automation in haematology, including its evolution, 

principles, and the role of automated analysers. Next, we will examine haemoglobinopathies, 

beginning with their definition, classification, and clinical significance. Following that, we will 

focus on laboratory diagnosis, covering screening tests, confirmatory methods, and molecular 

techniques. Finally, we will wrap up with clinical integration and case studies, demonstrating 

how automation supports the diagnosis and monitoring of haemoglobinopathies and outlining 

management and follow-up strategies. 

 

Series Learning Outcomes 

Upon completing this Series, you should be able to: 

• SLO 4.1 define the principles of automation in haematology, 

• SLO 4.2 describe the components and functions of automated haematology analysers, 

• SLO 4.3 evaluate the advantages and limitations of automation in haematology, 

• SLO 4.4 explain the importance of quality control in automated haematology systems, 

• SLO 4.5 define haemoglobinopathies and outline their general features, 

• SLO 4.6 classify haemoglobinopathies into structural variants and thalassaemias, 

• SLO 4.7 describe the clinical significance of haemoglobinopathies, 

• SLO 4.8 identify screening tests used in the laboratory diagnosis of 

haemoglobinopathies, 

• SLO 4.9 demonstrate how confirmatory tests such as electrophoresis and HPLC are 

applied in diagnosis, 

• SLO 4.10 explain the role of molecular techniques and genetic counselling in 

haemoglobinopathy diagnosis, 

• SLO 4.11 analyse case examples of sickle cell disease and thalassaemia, 

• SLO 4.12 apply knowledge of automation to monitoring haemoglobinopathies, and 

• SLO 4.13 evaluate management and follow-up strategies for patients with 

haemoglobinopathies. 

 

4.1 Automation In Haematology 
4.1.1 Evolution and principles of automation in haematology 

Automation in haematology refers to the use of machines and computerised systems to perform 

blood tests that were traditionally done manually. The evolution of automation began with 

simple cell counters and has advanced to sophisticated analysers capable of measuring multiple 

parameters simultaneously. The principle behind automation is to improve efficiency, accuracy, 

and reproducibility in laboratory testing, while reducing human error. 
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Fill in the blank: Automation in haematology was first introduced with simple ______ counters. 

Figure 4.1: Evolution of automation in haematology  

 

 

4.1.2 Automated haematology analysers and their components 

Automated haematology analysers are machines that measure blood parameters such as red 

cell count, white cell count, haemoglobin concentration, and platelet count. They typically 

consist of components such as a sample loader, fluidics system, detectors, and computer 

interface. These analysers use technologies like electrical impedance, flow cytometry, and light 

scattering to generate results. 

Fill in the blank: Automated haematology analysers use technologies such as electrical ______ 

and flow cytometry. 
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Plate 4.1: Automated haematology analyser and its components  

 

4.1.3 Advantages, limitations, and quality control in automation 

Automation offers several advantages, including faster turnaround time, improved accuracy, and 

the ability to process large numbers of samples. However, limitations exist, such as difficulty in 

detecting abnormal cells, dependency on machine calibration, and high cost. Quality control is 

essential to ensure reliable results. This involves running control samples, calibrating 

instruments, and performing regular maintenance. 

Fill in the blank: One limitation of automation in haematology is difficulty in detecting ______ 

cells. 

Aspect Details 

Advantages 
Speed, accuracy, reproducibility, high throughput; improves efficiency in routine 

haematology testing 

Limitations 
Difficulty detecting abnormal or rare cells, dependency on proper calibration, high 

equipment cost 

Quality 

control 

Use of control samples, regular calibration, preventive maintenance, and periodic 

manual review to ensure reliability 

Box 4.1: Advantages and limitations of automation in haematology 

 

Pilot questions 4.1 

1. What was the first form of automation introduced in haematology? 
2. Name two technologies used in automated haematology analysers. 
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3. List three components of an automated haematology analyser. 
4. State one advantage of automation in haematology. 
5. What is one limitation of automation in haematology? 
6. Why is quality control important in automated haematology systems? 

 

 

4.2 Haemoglobinopathies – Overview And Classification 
4.2.1 Definition and general features of haemoglobinopathies 

Haemoglobinopathies are inherited disorders affecting the structure or production of 

haemoglobin. Haemoglobin is the protein in red blood cells responsible for carrying oxygen 

throughout the body. These disorders arise from genetic mutations that either alter the 

haemoglobin molecule or reduce its production. Common features include anaemia, jaundice, 

and varying degrees of clinical severity depending on the specific mutation. 

Fill in the blank: Haemoglobinopathies are inherited disorders that affect the structure or 

production of ______. 

Figure 4.2: Structure of haemoglobin and genetic mutations  

 

4.2.2 Classification into structural variants and thalassaemias 

Haemoglobinopathies are broadly classified into structural variants and thalassaemias. 

Structural variants occur when mutations change the amino acid sequence of haemoglobin, 

producing abnormal forms such as sickle haemoglobin (HbS). Thalassaemias result from reduced 
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or absent production of globin chains, leading to imbalanced haemoglobin synthesis. Both 

groups cause anaemia but differ in their underlying mechanisms. 

Fill in the blank: Sickle haemoglobin (HbS) is an example of a ______ variant. 

Category Description Examples 

Structural 

variants 

Abnormal haemoglobin molecules due to 

mutations altering amino acid sequence 

HbS (sickle haemoglobin), 

HbC, HbE 

Thalassaemias 
Reduced or absent globin chain production due to 

genetic defects 

Alpha thalassaemia, Beta 

thalassaemia 

Box 4.2: Classification of haemoglobinopathies 

 

4.2.3 Clinical significance of haemoglobinopathies 

The clinical significance of haemoglobinopathies lies in their impact on health and quality of 

life. Structural variants such as sickle cell disease can cause painful crises, organ damage, and 

increased risk of infection. Thalassaemias often lead to severe anaemia requiring regular 

transfusions and iron chelation therapy. These conditions are prevalent in many parts of the 

world, making their recognition and management a critical aspect of haematology practice. 

Fill in the blank: Severe anaemia in thalassaemia often requires regular ______ therapy. 

Plate 4.2: Clinical features of haemoglobinopathies  
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Pilot questions 4.2 

1. What are haemoglobinopathies and what do they affect? 
2. Into which two broad groups are haemoglobinopathies classified? 
3. Give one example of a structural variant of haemoglobin. 
4. What is the underlying defect in thalassaemias? 
5. What therapy is often required for severe anaemia in thalassaemia? 

 

4.3 Laboratory Diagnosis Of Haemoglobinopathies 
4.3.1 Screening tests 

Screening tests are the first step in identifying haemoglobinopathies. They are simple, rapid, and 

cost-effective methods used to detect possible abnormalities. Common screening tests include 

the sickle solubility test, which detects the presence of sickle haemoglobin, and red cell indices 

such as mean corpuscular volume (MCV) and mean corpuscular haemoglobin (MCH), which can 

suggest thalassaemia. These tests are not definitive but help identify individuals who require 

further investigation. 

Fill in the blank: The sickle solubility test is used to detect the presence of ______ haemoglobin. 

Figure 4.3: Screening tests for haemoglobinopathies  
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4.3.2 Confirmatory tests 

Confirmatory tests provide definitive diagnosis of haemoglobinopathies. Haemoglobin 

electrophoresis separates haemoglobin types based on their electrical charge, allowing 

identification of abnormal variants such as HbS, HbC, or HbE. High-performance liquid 

chromatography (HPLC) is another method that provides precise quantification of 

haemoglobin fractions. These tests are essential for distinguishing between carriers and 

individuals with disease. 

Fill in the blank: Haemoglobin electrophoresis separates haemoglobin types based on their 

______. 

Plate 4.3: Haemoglobin electrophoresis results  

 

4.3.3 Molecular techniques and genetic counselling 

Molecular techniques such as polymerase chain reaction (PCR) and DNA sequencing are 

increasingly used to diagnose haemoglobinopathies at the genetic level. These methods can 

detect specific mutations responsible for structural variants or thalassaemias. Genetic 

counselling is an important aspect of care, helping families understand inheritance patterns, 

risks, and options for management. Together, molecular diagnostics and counselling provide a 

comprehensive approach to haemoglobinopathy care. 

Fill in the blank: Polymerase chain reaction (PCR) is a molecular technique used to detect 

specific ______ in haemoglobinopathies. 
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Technique/Approach Clinical significance 

PCR (Polymerase Chain 

Reaction) 

Detects specific mutations in globin genes; rapid and sensitive 

screening tool for haemoglobinopathies 

DNA sequencing 
Identifies exact genetic changes; provides definitive diagnosis and 

helps classify variants 

Genetic counselling 
Explains inheritance patterns, risks to family members, and 

management options; supports informed decision-making 

Box 4.3: Molecular techniques and genetic counselling in haemoglobinopathies 

 

Pilot questions 4.3 

1. What is the purpose of screening tests in haemoglobinopathies? 
2. Which test detects sickle haemoglobin? 
3. What principle does haemoglobin electrophoresis use to separate haemoglobin types? 
4. Name one confirmatory test for haemoglobinopathies. 
5. Which molecular technique is used to detect specific mutations? 
6. Why is genetic counselling important in haemoglobinopathies? 

 

4.4 Clinical Integration And Case Studies 
4.4.1 Case examples of sickle cell disease and thalassaemia 

Clinical case studies provide practical insight into how haemoglobinopathies present and are 

managed. A typical case of sickle cell disease may involve a young patient presenting with 

recurrent painful crises, anaemia, and susceptibility to infections. In contrast, a case of 

thalassaemia major often involves a child with severe anaemia, requiring regular blood 

transfusions and iron chelation therapy. These examples highlight the importance of accurate 

diagnosis and timely intervention. 

Fill in the blank: Patients with thalassaemia major often require regular blood ______ to manage 

severe anaemia. 
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Plate 4.4: Case examples of haemoglobinopathies  

 

4.4.2 Role of automation in monitoring haemoglobinopathies 

Automation plays a vital role in monitoring haemoglobinopathies. Automated haematology 

analysers provide rapid and accurate measurements of red cell indices, haemoglobin 

concentration, and reticulocyte counts. These parameters are essential for tracking disease 

progression and treatment response. Automation also reduces variability in results, ensuring 

consistency in long-term patient monitoring. 

Fill in the blank: Automated analysers help monitor haemoglobinopathies by providing accurate 

measurements of red cell ______. 
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Figure 4.4: Role of automation in monitoring haemoglobinopathies  

 

4.4.3 Management and follow-up strategies 

Management of haemoglobinopathies requires a combination of supportive care and disease-

specific interventions. In sickle cell disease, strategies include pain management, prophylactic 

antibiotics, and hydroxyurea therapy. In thalassaemia, regular transfusions and iron chelation are 

essential. Follow-up involves monitoring laboratory parameters, organ function, and patient 

quality of life. Genetic counselling also plays a role in preventing transmission and guiding 

family planning. 

Fill in the blank: Hydroxyurea therapy is commonly used in the management of ______ cell 

disease. 

 

Condition/Aspect Management strategies Follow-up measures 

Sickle cell disease 
Pain management, prophylactic 

antibiotics, hydroxyurea therapy 

Monitor red cell indices, organ 

function (renal, cardiac), and quality of 

life 

Thalassaemia 
Regular blood transfusions, iron 

chelation therapy to prevent overload 

Monitor iron status (ferritin, transferrin 

saturation), cardiac and hepatic 

function 

Monitoring 
Routine haematological tests, 

imaging, and functional assessments 

Long-term surveillance of 

complications, growth, and 

development 



 

 LA-NET | ONLINE LEARNING VIDEO PLATFORM FOR POST-SECONDARY & HIGHER INSTITUTION STUDENTS 

Genetic 

counselling 

Explains inheritance risks, carrier 

detection, and family planning 

options 

Ongoing support for affected families 

and guidance for reproductive 

decisions 
 

Box 4.4: Management and follow-up strategies in haemoglobinopathies 

 

Pilot questions 4.4 

1. What are two common clinical features of sickle cell disease? 
2. What therapy is essential for patients with thalassaemia major? 
3. How does automation assist in monitoring haemoglobinopathies? 
4. Name one disease-specific therapy used in sickle cell disease. 
5. Why is genetic counselling important in haemoglobinopathies? 

 

 

Series Summary 

This Series has highlighted two important aspects of modern haematology: the role of 

automation in laboratory practice and the clinical impact of haemoglobinopathies. Its purpose 

was to show how technological advances improve efficiency and accuracy in blood testing, while 

inherited disorders such as sickle cell disease and thalassaemia remain central challenges in 

patient care. 

We began by examining automation in haematology, looking at its evolution, principles, and the 

components of automated analysers, before considering their advantages, limitations, and quality 

control. We then moved on to haemoglobinopathies, defining them, classifying them into 

structural variants and thalassaemias, and discussing their clinical significance. Following that, 

we explored laboratory diagnosis, covering screening tests, confirmatory methods such as 

electrophoresis and HPLC, and molecular techniques with genetic counselling. Finally, we 

integrated these concepts through case studies, showing how automation supports monitoring 

and outlining management and follow-up strategies. By completing this Series, you should now 

be able to define, describe, evaluate, and apply knowledge of automation and 

haemoglobinopathies, as well as analyse case examples and management approaches, in line 

with the Series Learning Outcomes. 

 

Glossary of Terms 

• automation in haematology: The use of machines and computerised systems to perform 

blood tests more efficiently and accurately than manual methods. 

• electrical impedance: A technology used in automated analysers to count and size blood 

cells by measuring changes in electrical resistance. 

• flow cytometry: A technique used in automated analysers to analyse physical and 

chemical characteristics of cells as they pass through a laser beam. 
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• genetic counselling: A process that helps individuals and families understand the 

inheritance, risks, and management options for genetic conditions such as 

haemoglobinopathies. 

• haemoglobin electrophoresis: A laboratory test that separates haemoglobin types based 

on their electrical charge, used to identify abnormal variants. 

• haemoglobinopathies: Inherited disorders that affect the structure or production of 

haemoglobin, leading to conditions such as sickle cell disease and thalassaemia. 

• high-performance liquid chromatography (HPLC): A laboratory technique that 

separates and quantifies haemoglobin fractions with high precision. 

• mean corpuscular haemoglobin (MCH): A red cell index that measures the average 

amount of haemoglobin per red blood cell, often used in screening for thalassaemia. 

• mean corpuscular volume (MCV): A red cell index that measures the average size of 

red blood cells, useful in identifying microcytic anaemia. 

• molecular techniques: Laboratory methods such as PCR and DNA sequencing used to 

detect genetic mutations responsible for haemoglobinopathies. 

• quality control: Procedures used in automated haematology systems to ensure accuracy 

and reliability, including calibration and use of control samples. 

• sickle solubility test: A screening test that detects the presence of sickle haemoglobin by 

observing its solubility in a specific solution. 

• thalassaemias: A group of inherited disorders characterised by reduced or absent 

production of globin chains, leading to anaemia and other complications. 

 

 

Concept Check Questions 4 

Objective questions 

1. Automation in haematology was first introduced with simple ______ counters. (Linked 
to SLO 4.1) 

2. Automated haematology analysers use technologies such as electrical ______ and flow 
cytometry. (Linked to SLO 4.2) 

3. One limitation of automation in haematology is difficulty in detecting ______ cells. 
(Linked to SLO 4.3) 

4. Haemoglobinopathies are inherited disorders that affect the structure or production of 
______. (Linked to SLO 4.5) 

5. Sickle haemoglobin (HbS) is an example of a ______ variant. (Linked to SLO 4.6) 
6. Severe anaemia in thalassaemia often requires regular ______ therapy. (Linked to SLO 

4.7) 
7. The sickle solubility test is used to detect the presence of ______ haemoglobin. (Linked 

to SLO 4.8) 
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8. Haemoglobin electrophoresis separates haemoglobin types based on their ______. 
(Linked to SLO 4.9) 

9. Polymerase chain reaction (PCR) is used to detect specific ______ in 
haemoglobinopathies. (Linked to SLO 4.10) 

10. Hydroxyurea therapy is commonly used in the management of ______ cell disease. 
(Linked to SLO 4.13) 

Short-answer questions 

11. Define automation in haematology. (Linked to SLO 4.1) 
12. Name two components of an automated haematology analyser. (Linked to SLO 4.2) 
13. Explain why quality control is important in automated haematology systems. (Linked to 
SLO 4.4) 
14. Classify haemoglobinopathies into two broad groups. (Linked to SLO 4.6) 
15. Describe one clinical feature of sickle cell disease. (Linked to SLO 4.7) 
16. State one confirmatory test used in the diagnosis of haemoglobinopathies. (Linked to 
SLO 4.9) 
17. Explain the role of genetic counselling in haemoglobinopathies. (Linked to SLO 4.10) 
18. Identify one management strategy for thalassaemia major. (Linked to SLO 4.13) 

Long-answer questions 

19. Analyse the evolution and principles of automation in haematology, highlighting its 
advantages and limitations. (Linked to SLOs 4.1, 4.2, 4.3) 
20. Evaluate the importance of quality control in automated haematology systems. (Linked 
to SLO 4.4) 
21. Discuss the classification of haemoglobinopathies and explain their clinical significance. 
(Linked to SLOs 4.6, 4.7) 
22. Assess the laboratory diagnosis of haemoglobinopathies, including screening, 
confirmatory, and molecular methods. (Linked to SLOs 4.8, 4.9, 4.10) 
23. Integrate knowledge of automation and haemoglobinopathies in clinical case analysis, 
focusing on monitoring and management strategies. (Linked to SLOs 4.11, 4.12, 4.13) 

 

Answers to Concept Check Questions [Series 4] 
Objective questions 

1. Cell. 
2. Impedance. 
3. Abnormal. 
4. Haemoglobin. 
5. Structural. 
6. Transfusion. 
7. Sickle. 
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8. Electrical charge. 
9. Mutations. 
10. Sickle. 

Short-answer questions 

11. Automation in haematology is the use of machines and computerised systems to 
perform blood tests efficiently and accurately. 
12. Sample loader and detectors. 
13. Quality control ensures accuracy, reliability, and consistency of results. 
14. Structural variants and thalassaemias. 
15. Painful crises. 
16. Haemoglobin electrophoresis. 
17. Genetic counselling helps families understand inheritance patterns, risks, and 
management options. 
18. Regular blood transfusions. 

Long-answer questions 

19. Basic response: Automation evolved from manual counters to advanced analysers, 

offering speed and accuracy but limited in detecting abnormal cells. 

Value-added response: It also improved reproducibility and throughput, though challenges 

include cost and reliance on calibration. 

20. Basic response: Quality control ensures instruments produce accurate results. 

Value-added response: It involves calibration, control samples, and maintenance, which 

safeguard patient care and laboratory credibility. 

21. Basic response: Haemoglobinopathies are classified into structural variants and 

thalassaemias, both causing anaemia. 

Value-added response: Structural variants like HbS cause sickle cell disease, while thalassaemias 

lead to severe transfusion-dependent anaemia, both with significant clinical impact. 

22. Basic response: Screening tests suggest abnormalities, confirmatory tests identify 

haemoglobin types, and molecular methods detect mutations. 

Value-added response: Combining these methods ensures accurate diagnosis, guides treatment, 

and supports genetic counselling for families. 

23. Basic response: Automation supports monitoring of haemoglobinopathies, while 

management includes transfusions, hydroxyurea, and counselling. 

Value-added response: Integration ensures comprehensive care, with automation providing 

reliable indices, molecular tools guiding therapy, and follow-up strategies improving patient 

outcomes. 

 

 

 



 

 LA-NET | ONLINE LEARNING VIDEO PLATFORM FOR POST-SECONDARY & HIGHER INSTITUTION STUDENTS 

Answers to Pilot Questions [Series 4] 
Part 4.1: Automation In Haematology 

1. Cell counters. 
2. Electrical impedance and flow cytometry. 
3. Abnormal cells. 
4. Faster turnaround time. 
5. Difficulty detecting abnormal cells. 
6. To ensure accuracy and reliability of results. 

Part 4.2: Haemoglobinopathies – Overview And Classification 

1. Haemoglobin, the oxygen-carrying protein in red blood cells. 
2. Structural variants and thalassaemias. 
3. Sickle haemoglobin (HbS). 
4. Reduced or absent globin chain production. 
5. Blood transfusion therapy. 

Part 4.3: Laboratory Diagnosis Of Haemoglobinopathies 

1. To identify individuals who may have haemoglobin abnormalities. 
2. The sickle solubility test. 
3. Electrical charge. 
4. Haemoglobin electrophoresis. 
5. Polymerase chain reaction (PCR). 
6. It helps families understand inheritance, risks, and management options. 

Part 4.4: Clinical Integration And Case Studies 

1. Painful crises and anaemia. 
2. Regular blood transfusions. 
3. By providing accurate measurements of red cell indices and haemoglobin concentration. 
4. Hydroxyurea therapy. 
5. It explains inheritance patterns and guides family planning. 
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Figures and Plates 

• Figure 4.1: Evolution of automation in haematology  

AI-generated using prompt: “Generate a diagram showing the evolution of automation in 

haematology from manual cell counters to modern automated analysers.” 

Suggested OER search string: “automation haematology evolution cell counters OER”. 

• Plate 4.1: Automated haematology analyser and its components  

AI-generated using prompt: “Generate an image showing a modern automated 

haematology analyser with labelled components such as sample loader, detectors, and 

computer interface.” 

Suggested OER search string: “automated haematology analyser components OER”. 

• Box 4.1: Advantages and limitations of automation in haematology  

AI-generated using prompt: “Create a text box listing advantages, limitations, and quality 

control measures in automation in haematology.” 

Suggested OER search string: “automation haematology advantages limitations quality 

control OER”. 

• Figure 4.2: Structure of haemoglobin and genetic mutations  

AI-generated using prompt: “Generate a diagram showing haemoglobin structure and 

how genetic mutations lead to haemoglobinopathies.” 

Suggested OER search string: “haemoglobinopathies haemoglobin structure mutation 

OER”. 

• Box 4.2: Classification of haemoglobinopathies  

AI-generated using prompt: “Create a text box listing classification of 

haemoglobinopathies into structural variants and thalassaemias with examples.” 

Suggested OER search string: “classification haemoglobinopathies structural variants 

thalassaemias OER”. 

• Plate 4.2: Clinical features of haemoglobinopathies  

AI-generated using prompt: “Generate an image showing clinical features of 

haemoglobinopathies such as sickle cell crisis and thalassaemia complications.” 

Suggested OER search string: “clinical features haemoglobinopathies sickle cell 

thalassaemia OER”. 

• Figure 4.3: Screening tests for haemoglobinopathies  

AI-generated using prompt: “Generate a diagram showing the sickle solubility test and 

red cell indices used in screening for haemoglobinopathies.” 
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Suggested OER search string: “screening tests haemoglobinopathies sickle solubility 

MCV MCH OER”. 

• Plate 4.3: Haemoglobin electrophoresis results  

AI-generated using prompt: “Generate an image showing haemoglobin electrophoresis 

gel with bands for HbA, HbS, and HbC.” 

Suggested OER search string: “haemoglobin electrophoresis gel HbA HbS HbC OER”. 

• Box 4.3: Molecular techniques and genetic counselling in haemoglobinopathies  

AI-generated using prompt: “Create a text box listing molecular techniques (PCR, DNA 

sequencing) and genetic counselling roles in haemoglobinopathies.” 

Suggested OER search string: “molecular diagnosis haemoglobinopathies PCR DNA 

sequencing genetic counselling OER”. 

• Plate 4.4: Case examples of haemoglobinopathies  

AI-generated using prompt: “Generate an image showing clinical case scenarios of sickle 

cell disease with painful crises and thalassaemia major with transfusion therapy.” 

Suggested OER search string: “clinical case sickle cell thalassaemia OER”. 

• Figure 4.4: Role of automation in monitoring haemoglobinopathies  

AI-generated using prompt: “Generate a diagram showing how automated haematology 

analysers monitor haemoglobinopathies by measuring red cell indices and haemoglobin 

concentration.” 

Suggested OER search string: “automation monitoring haemoglobinopathies red cell 

indices OER”. 

• Box 4.4: Management and follow-up strategies in haemoglobinopathies  

AI-generated using prompt: “Create a text box listing management and follow-up 

strategies for haemoglobinopathies including sickle cell disease and thalassaemia.” 

Suggested OER search string: “management follow-up haemoglobinopathies sickle cell 

thalassaemia OER”. 
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Course code: MLS 510 

Course title: Medical Laboratory Haematology II  

Course credit load: 2 Units 

Series 5: Cytochemical Procedures, Lymphocyte 

Transformation Tests, And Paraproteinaemias 

• Part 5.1: Cytochemical Procedures In Haematology 

• Sub-Part 5.1.1: Principles and applications of cytochemistry 

• Sub-Part 5.1.2: Common cytochemical stains (e.g., myeloperoxidase, Sudan 

black, PAS) 

• Sub-Part 5.1.3: Diagnostic significance of cytochemical procedures in leukaemias 

• Part 5.2: Lymphocyte Transformation Tests 

• Sub-Part 5.2.1: Principles of lymphocyte transformation and stimulation 

• Sub-Part 5.2.2: Laboratory methods and interpretation of results 

• Sub-Part 5.2.3: Clinical applications in immunology and haematology 

• Part 5.3: Paraproteinaemias 

• Sub-Part 5.3.1: Definition and types of paraproteins 

• Sub-Part 5.3.2: Laboratory detection methods (e.g., electrophoresis, 

immunofixation) 

• Sub-Part 5.3.3: Clinical significance and associated conditions (e.g., multiple 

myeloma, Waldenström’s macroglobulinaemia) 

• Part 5.4: Clinical Integration And Case Studies 

• Sub-Part 5.4.1: Case examples involving cytochemical diagnosis of leukaemia 

• Sub-Part 5.4.2: Case examples involving lymphocyte transformation in immune 

disorders 

• Sub-Part 5.4.3: Case examples involving paraproteinaemias and their 

management 
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Introduction 

In the last Series, we explored automation in haematology and haemoglobinopathies, focusing on 

how technology supports diagnosis and monitoring of inherited blood disorders. Building on that 

foundation, this Series introduces you to specialised laboratory techniques that are vital for 

diagnosing and understanding a wider range of haematological conditions. Cytochemical 

procedures, lymphocyte transformation tests, and paraproteinaemias are all central to modern 

haematology practice, linking laboratory science directly to clinical care. 

The aim of this Series is to equip you with the knowledge and skills to explain the principles of 

cytochemical procedures, describe lymphocyte transformation tests, and analyse 

paraproteinaemias, while applying these concepts to clinical case studies. 

We shall commence this Series by examining cytochemical procedures, including their 

principles, common stains, and diagnostic applications in leukaemias. Next, we will explore 

lymphocyte transformation tests, focusing on their principles, laboratory methods, and clinical 

uses. Following that, we will move on to paraproteinaemias, defining them, outlining laboratory 

detection methods, and discussing their clinical significance. Finally, we will wrap up with 

clinical integration and case studies, demonstrating how these techniques are applied in practice 

to support diagnosis and patient management. 

 

Series Learning Outcomes 

Upon completing this Series, you should be able to: 

• SLO 5.1 define the principles of cytochemical procedures in haematology, 

• SLO 5.2 describe the application of common cytochemical stains such as 

myeloperoxidase, Sudan black, and PAS, 

• SLO 5.3 analyse the diagnostic significance of cytochemical procedures in differentiating 

leukaemias, 

• SLO 5.4 explain the principles of lymphocyte transformation and stimulation, 

• SLO 5.5 demonstrate how lymphocyte transformation tests are performed and interpreted 

in the laboratory, 

• SLO 5.6 evaluate the clinical applications of lymphocyte transformation tests in 

immunology and haematology, 

• SLO 5.7 define paraproteinaemias and outline the types of paraproteins, 

• SLO 5.8 identify laboratory methods used to detect paraproteins, including 

electrophoresis and immunofixation, 

• SLO 5.9 describe the clinical significance of paraproteinaemias and their association with 

conditions such as multiple myeloma and Waldenström’s macroglobulinaemia, 

• SLO 5.10 analyse case examples involving cytochemical diagnosis of leukaemia, 

• SLO 5.11 apply knowledge of lymphocyte transformation tests to case examples in 

immune disorders, and 
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• SLO 5.12 evaluate case examples of paraproteinaemias, linking laboratory findings to 

management strategies. 

 

 

5.1 Cytochemical Procedures In Haematology 
5.1.1 Principles and applications of cytochemistry 

Cytochemistry refers to the use of chemical stains to identify specific cellular components under 

the microscope. These procedures are particularly important in haematology because they help 

distinguish between different types of blood cells and identify abnormal cells in leukaemias. The 

principle is based on the chemical reaction between the stain and a particular cellular substance, 

which produces a visible colour change. Applications include differentiating myeloid from 

lymphoid cells and detecting storage products such as glycogen. 

Fill in the blank: Cytochemistry involves the use of chemical ______ to identify specific cellular 

components. 

 
Figure 5.1: Principle of cytochemical staining in haematology  

 

5.1.2 Common cytochemical stains 

Several stains are routinely used in haematology. Myeloperoxidase (MPO) stain identifies 

myeloid cells by detecting the enzyme myeloperoxidase. Sudan black B (SBB) stain highlights 

lipids in myeloid cells, producing a dark colour. Periodic acid–Schiff (PAS) stain detects 

glycogen and other carbohydrates, often positive in lymphoid cells and certain leukaemias. Each 
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stain provides unique diagnostic information that helps classify leukaemias and other blood 

disorders. 

Fill in the blank: Sudan black B stain highlights ______ in myeloid cells. 

Stain Diagnostic use 

Myeloperoxidase 

(MPO) 

Detects enzyme activity in myeloid cells; helps differentiate myeloid 

from lymphoid leukemias 

Sudan black B (SBB) 
Stains lipids in myeloid cells; parallels MPO in identifying myeloid 

lineage 

Periodic acid–Schiff 

(PAS) 

Detects glycogen and carbohydrates; often positive in lymphoid cells 

and certain leukemias (e.g., ALL) 

Box 5.1: Common cytochemical stains in haematology 

 

5.1.3 Diagnostic significance of cytochemical procedures in leukaemias 

Cytochemical procedures are vital in the diagnosis of leukaemias. For example, MPO and SBB 

stains are strongly positive in acute myeloid leukaemia (AML), while PAS is often positive in 

acute lymphoblastic leukaemia (ALL). These staining patterns help differentiate between types 

of leukaemia, guiding treatment decisions. Cytochemistry therefore remains a valuable tool, even 

alongside modern molecular techniques, because it provides rapid and cost-effective diagnostic 

information. 

Fill in the blank: Myeloperoxidase and Sudan black stains are strongly positive in acute ______ 

leukaemia. 

Plate 5.1: Cytochemical staining patterns in leukaemias  
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Pilot questions 5.1 

1. What is cytochemistry and why is it important in haematology? 
2. Name one cytochemical stain used to identify myeloid cells. 
3. Which stain detects glycogen and carbohydrates? 
4. What is the diagnostic significance of MPO and SBB stains in leukaemia? 
5. Which leukaemia type often shows PAS positivity? 

 

 

5.2 Lymphocyte Transformation Tests 
5.2.1 Principles of lymphocyte transformation and stimulation 

Lymphocyte transformation tests (LTTs) are laboratory procedures used to assess the ability 

of lymphocytes to respond to specific stimuli. The principle is based on stimulating lymphocytes 

with mitogens or antigens, which causes them to enlarge, proliferate, and undergo 

transformation. This transformation can be measured by observing morphological changes or by 

quantifying DNA synthesis. LTTs are important in evaluating immune function and detecting 

abnormalities in cellular immunity. 

Fill in the blank: Lymphocyte transformation tests assess the ability of lymphocytes to respond to 

______ or antigens. 

Figure 5.2: Principle of lymphocyte transformation tests  
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5.2.2 Laboratory methods and interpretation of results 

Laboratory methods for LTTs include culturing lymphocytes in vitro with stimulants such as 

phytohaemagglutinin (PHA), concanavalin A (ConA), or specific antigens. The degree of 

transformation is measured by incorporation of radioactive thymidine into DNA or by modern 

techniques such as flow cytometry. Interpretation involves comparing the response of patient 

lymphocytes to normal controls. Reduced transformation indicates impaired cellular immunity, 

while exaggerated responses may suggest hypersensitivity. 

Fill in the blank: Phytohaemagglutinin (PHA) is a commonly used ______ in lymphocyte 

transformation tests. 

Plate 5.2: Laboratory methods for lymphocyte transformation tests  

 

5.2.3 Clinical applications in immunology and haematology 

LTTs have several clinical applications. They are used to evaluate immune competence in 

patients with suspected immunodeficiency, monitor immune recovery after bone marrow 

transplantation, and assess hypersensitivity reactions to drugs. In haematology, they provide 

insight into the functional status of lymphocytes, complementing other diagnostic tests. Although 

newer molecular methods are available, LTTs remain valuable in specific clinical contexts. 

Fill in the blank: Lymphocyte transformation tests can be used to monitor immune recovery after 

______ transplantation. 

Application Clinical significance 

Evaluation of immunodeficiency 
Assesses lymphocyte function to detect impaired 

cellular immunity 
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Application Clinical significance 

Monitoring immune recovery after bone 

marrow transplantation 

Tracks restoration of immune competence post-

transplantation 

Assessment of drug hypersensitivity 

reactions 

Identifies abnormal lymphocyte responses to specific 

drugs, useful in allergy/immunology 

Functional analysis of lymphocytes in 

haematology 

Provides insights into lymphocyte activity in 

haematological disorders 

Box 5.2: Clinical applications of lymphocyte transformation tests 

 

Pilot questions 5.2 

1. What is the principle of lymphocyte transformation tests? 
2. Name one mitogen used in LTTs. 
3. How is DNA synthesis measured in lymphocyte transformation tests? 
4. What does reduced lymphocyte transformation indicate? 
5. Mention one clinical application of LTTs in haematology. 

 

 

5.3 Paraproteinaemias 
5.3.1 Definition and types of paraproteins 

Paraproteinaemias are conditions characterised by the presence of abnormal immunoglobulins, 

known as paraproteins, in the blood. These paraproteins are produced by a clone of plasma cells 

and can be detected in various disorders, most notably multiple myeloma and Waldenström’s 

macroglobulinaemia. Types of paraproteins include monoclonal immunoglobulins (IgG, IgA, 

IgM) and light chains (kappa or lambda). Their presence often indicates an underlying plasma 

cell or lymphoid malignancy. 

Fill in the blank: Paraproteins are abnormal ______ produced by a clone of plasma cells. 
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Figure 5.3: Normal immunoglobulin versus paraprotein structure  

 

5.3.2 Laboratory detection methods 

Detection of paraproteins relies on specialised laboratory techniques. Serum protein 

electrophoresis (SPEP) separates proteins based on their electrical charge, revealing a sharp 

monoclonal band (M-band) when paraproteins are present. Immunofixation electrophoresis 

(IFE) identifies the specific type of immunoglobulin or light chain. Serum free light chain 

assays provide additional sensitivity in detecting light chain paraproteins. Together, these 

methods allow accurate diagnosis and monitoring of paraproteinaemias. 

Fill in the blank: A sharp monoclonal band seen in serum protein electrophoresis is called an 

______ band. 
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Plate 5.3: Serum protein electrophoresis showing M-band  

 

5.3.3 Clinical significance and associated conditions 

Paraproteinaemias are clinically significant because they are often associated with serious 

conditions. Multiple myeloma is characterised by bone pain, anaemia, renal impairment, and the 

presence of paraproteins. Waldenström’s macroglobulinaemia involves excess IgM 

paraproteins, leading to hyperviscosity symptoms such as blurred vision and headaches. 

Detecting paraproteins is therefore crucial for diagnosis, prognosis, and guiding treatment 

strategies. 

Fill in the blank: Waldenström’s macroglobulinaemia is associated with excess ______ 

paraproteins. 

Condition Clinical significance 

Multiple myeloma 

Characterized by paraproteins, bone pain, anaemia, renal 

impairment; important for diagnosis, prognosis, and treatment 

guidance 

Waldenström’s 

macroglobulinaemia 

Excess IgM production leading to hyperviscosity symptoms; 

paraprotein detection aids diagnosis and monitoring 

General importance 
Paraproteinaemia analysis supports diagnosis, prognosis, and guides 

therapeutic decisions in plasma cell and lymphoid disorders 

Box 5.3: Clinical significance of paraproteinaemias 
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Pilot questions 5.3 

1. What are paraproteinaemias? 
2. Name one type of paraprotein. 
3. What laboratory method reveals a monoclonal band? 
4. What is the clinical significance of paraproteinaemias? 
5. Which condition is associated with excess IgM paraproteins? 

 

 

5.4 Clinical Integration And Case Studies 
5.4.1 Case examples involving cytochemical diagnosis of leukaemia 

Clinical case studies demonstrate how cytochemical procedures are applied in practice. For 

instance, a patient presenting with anaemia, recurrent infections, and abnormal white cell counts 

may undergo cytochemical staining. Strong positivity for myeloperoxidase (MPO) and Sudan 

black B (SBB) would support a diagnosis of acute myeloid leukaemia (AML), while periodic 

acid–Schiff (PAS) positivity would suggest acute lymphoblastic leukaemia (ALL). These 

staining patterns provide rapid diagnostic clues that guide further testing and treatment. 

Fill in the blank: PAS positivity is often associated with acute ______ leukaemia. 

Plate 5.4: Cytochemical case examples in leukaemia diagnosis  
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5.4.2 Case examples involving lymphocyte transformation in immune disorders 

Lymphocyte transformation tests are useful in evaluating immune function. For example, a 

patient with recurrent infections may show reduced lymphocyte transformation when stimulated 

with mitogens, suggesting immunodeficiency. Conversely, exaggerated transformation in 

response to a drug antigen may indicate hypersensitivity. These case examples highlight how 

LTTs provide functional insights into lymphocyte activity that complement other immunological 

tests. 

Fill in the blank: Reduced lymphocyte transformation in response to mitogens suggests impaired 

______ immunity. 

Figure 5.4: Case examples of lymphocyte transformation tests  

 

5.4.3 Case examples involving paraproteinaemias and their management 

Paraproteinaemias often present with distinct clinical features. A patient with multiple myeloma 

may report bone pain, fatigue, and renal impairment, with laboratory findings showing a 

monoclonal band on serum protein electrophoresis. Another patient with Waldenström’s 

macroglobulinaemia may present with blurred vision and headaches due to hyperviscosity 

caused by excess IgM paraproteins. Management strategies include chemotherapy, 

immunotherapy, and supportive care such as plasmapheresis for hyperviscosity. 

Fill in the blank: Waldenström’s macroglobulinaemia is characterised by excess ______ 

paraproteins leading to hyperviscosity. 
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Case example Clinical features Management strategies 

Multiple myeloma 

Bone pain, anaemia, renal 

impairment, monoclonal band on 

electrophoresis 

Chemotherapy, immunotherapy, 

supportive care (e.g., 

bisphosphonates), stem cell 

transplantation 

Waldenström’s 

macroglobulinaemia 

Excess IgM, hyperviscosity 

symptoms (visual disturbances, 

bleeding, neurological signs) 

Chemotherapy, immunotherapy, 

plasmapheresis for hyperviscosity 

relief 

General significance 

Paraproteins indicate plasma cell or 

lymphoid disorders; essential for 

diagnosis, prognosis, and treatment 

guidance 

Combination of targeted therapy, 

supportive measures, and 

monitoring 

Box 5.4: Case examples and management of paraproteinaemias 

Pilot questions 5.4 

1. Which cytochemical stain is often positive in ALL? 
2. What does reduced lymphocyte transformation indicate in a patient with recurrent 

infections? 
3. Name one clinical feature of multiple myeloma. 
4. What laboratory finding is characteristic of paraproteinaemias? 
5. Which management strategy is used to treat hyperviscosity in Waldenström’s 

macroglobulinaemia? 

 

 

Series Summary 

This Series has focused on three specialised areas of haematology: cytochemical procedures, 

lymphocyte transformation tests, and paraproteinaemias. Its purpose was to show how these 

laboratory techniques contribute to the diagnosis, monitoring, and management of 

haematological and immunological conditions, thereby reinforcing their relevance to clinical 

practice. 

We began with cytochemical procedures, examining their principles, common stains, and 

diagnostic applications in leukaemias. We then moved on to lymphocyte transformation tests, 

exploring their principles, laboratory methods, and clinical uses in immune disorders. Following 

that, we studied paraproteinaemias, defining them, outlining detection methods such as 

electrophoresis and immunofixation, and discussing their clinical significance in conditions like 

multiple myeloma and Waldenström’s macroglobulinaemia. Finally, we integrated these 

concepts through case studies, showing how they are applied in practice. By completing this 

Series, you should now be able to define, describe, analyse, and evaluate these procedures, apply 

them to case examples, and connect laboratory findings to clinical management, in line with the 

Series Learning Outcomes. 

 



 

 LA-NET | ONLINE LEARNING VIDEO PLATFORM FOR POST-SECONDARY & HIGHER INSTITUTION STUDENTS 

Glossary of Terms 

• immunofixation electrophoresis (IFE): A laboratory technique that identifies the 

specific type of immunoglobulin or light chain present in paraproteinaemias. 

• lymphocyte transformation tests (LTTs): Laboratory procedures that measure the 

ability of lymphocytes to respond to mitogens or antigens by enlarging, proliferating, and 

transforming. 

• mitogen: A substance that stimulates lymphocytes to divide and transform, commonly 

used in LTTs (e.g., phytohaemagglutinin). 

• monoclonal band (M-band): A sharp band seen in serum protein electrophoresis, 

indicating the presence of paraproteins. 

• myeloperoxidase (MPO) stain: A cytochemical stain that detects the enzyme 

myeloperoxidase in myeloid cells, useful in diagnosing acute myeloid leukaemia. 

• paraproteinaemias: Conditions characterised by abnormal immunoglobulins 

(paraproteins) in the blood, often linked to plasma cell or lymphoid malignancies. 

• paraproteins: Abnormal immunoglobulins or light chains produced by a clone of plasma 

cells, detectable in paraproteinaemias. 

• periodic acid–Schiff (PAS) stain: A cytochemical stain that detects glycogen and 

carbohydrates, often positive in acute lymphoblastic leukaemia. 

• phytohaemagglutinin (PHA): A mitogen commonly used in lymphocyte transformation 

tests to stimulate lymphocyte proliferation. 

• serum protein electrophoresis (SPEP): A laboratory method that separates proteins 

based on electrical charge, used to detect paraproteins. 

• Sudan black B (SBB) stain: A cytochemical stain that highlights lipids in myeloid cells, 

aiding in the diagnosis of acute myeloid leukaemia. 

• Waldenström’s macroglobulinaemia: A condition characterised by excess IgM 

paraproteins, leading to hyperviscosity symptoms such as blurred vision and headaches. 

 

 

Concept Check Questions 5 

Objective questions 

1. Cytochemistry involves the use of chemical ______ to identify specific cellular 
components. (Linked to SLO 5.1) 

2. Sudan black B stain highlights ______ in myeloid cells. (Linked to SLO 5.2) 
3. Myeloperoxidase and Sudan black stains are strongly positive in acute ______ 

leukaemia. (Linked to SLO 5.3) 
4. Lymphocyte transformation tests assess the ability of lymphocytes to respond to ______ 

or antigens. (Linked to SLO 5.4) 
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5. Phytohaemagglutinin (PHA) is a commonly used ______ in lymphocyte transformation 
tests. (Linked to SLO 5.5) 

6. Lymphocyte transformation tests can be used to monitor immune recovery after ______ 
transplantation. (Linked to SLO 5.6) 

7. Paraproteins are abnormal ______ produced by a clone of plasma cells. (Linked to SLO 
5.7) 

8. A sharp monoclonal band seen in serum protein electrophoresis is called an ______ 
band. (Linked to SLO 5.8) 

9. Waldenström’s macroglobulinaemia is associated with excess ______ paraproteins. 
(Linked to SLO 5.9) 

10. PAS positivity is often associated with acute ______ leukaemia. (Linked to SLO 5.10) 

Short-answer questions 

11. Define cytochemistry in haematology. (Linked to SLO 5.1) 
12. Name two cytochemical stains used in differentiating leukaemias. (Linked to SLO 5.2) 
13. Explain the diagnostic significance of MPO and SBB stains in leukaemia. (Linked to SLO 
5.3) 
14. Describe the principle of lymphocyte transformation tests. (Linked to SLO 5.4) 
15. Identify one laboratory method used to measure DNA synthesis in LTTs. (Linked to SLO 
5.5) 
16. State one clinical application of lymphocyte transformation tests. (Linked to SLO 5.6) 
17. Define paraproteinaemias. (Linked to SLO 5.7) 
18. Mention one laboratory method used to detect paraproteins. (Linked to SLO 5.8) 
19. Describe one clinical feature of multiple myeloma. (Linked to SLO 5.9) 
20. Explain the role of plasmapheresis in Waldenström’s macroglobulinaemia. (Linked to 
SLO 5.12) 

Long-answer questions 

21. Analyse the principles and applications of cytochemical procedures, highlighting their 
role in leukaemia diagnosis. (Linked to SLOs 5.1, 5.2, 5.3) 
22. Evaluate the laboratory methods used in lymphocyte transformation tests and their 
clinical applications. (Linked to SLOs 5.4, 5.5, 5.6) 
23. Discuss the definition, detection methods, and clinical significance of 
paraproteinaemias. (Linked to SLOs 5.7, 5.8, 5.9) 
24. Apply knowledge of cytochemical procedures, lymphocyte transformation tests, and 
paraproteinaemias to case examples, linking laboratory findings to management strategies. 
(Linked to SLOs 5.10, 5.11, 5.12) 
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Answers to Concept Check Questions [Series 5] 
Objective questions 

1. Stains. 
2. Lipids. 
3. Myeloid. 
4. Mitogens. 
5. Mitogen. 
6. Bone marrow. 
7. Immunoglobulins. 
8. M-band. 
9. IgM. 
10. Lymphoblastic. 

Short-answer questions 

11. Cytochemistry is the use of chemical stains to identify specific cellular components in 
blood cells. 
12. Myeloperoxidase (MPO) and Sudan black B (SBB). 
13. They are strongly positive in acute myeloid leukaemia, helping differentiate it from 
lymphoid leukaemia. 
14. LTTs stimulate lymphocytes with mitogens or antigens, causing them to proliferate and 
transform. 
15. Incorporation of radioactive thymidine into DNA. 
16. Monitoring immune recovery after bone marrow transplantation. 
17. Paraproteinaemias are conditions characterised by abnormal immunoglobulins in the 
blood. 
18. Serum protein electrophoresis (SPEP). 
19. Bone pain. 
20. Plasmapheresis reduces hyperviscosity by removing excess IgM paraproteins from the 
blood. 

Long-answer questions 

21. Basic response: Cytochemical procedures use stains such as MPO, SBB, and PAS to 

identify cell types and diagnose leukaemias. 

Value-added response: They provide rapid, cost-effective diagnostic clues, complementing 

molecular methods, and remain essential in resource-limited settings. 

22. Basic response: LTTs involve stimulating lymphocytes with mitogens and measuring 

DNA synthesis. 

Value-added response: They are clinically applied in immunodeficiency evaluation, drug 

hypersensitivity, and monitoring immune recovery, with modern techniques like flow cytometry 

enhancing accuracy. 
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23. Basic response: Paraproteinaemias are detected by SPEP and IFE, and are clinically 

significant in conditions like multiple myeloma and Waldenström’s macroglobulinaemia. 

Value-added response: They guide prognosis and treatment, with free light chain assays 

providing additional sensitivity for diagnosis and monitoring. 

24. Basic response: Cytochemical stains help classify leukaemias, LTTs assess immune 

function, and paraprotein detection aids diagnosis of plasma cell disorders. 

Value-added response: Integrating these tests with case studies allows clinicians to link 

laboratory findings to management strategies, ensuring comprehensive patient care. 

 

 

Answers to Pilot Questions [Series 5] 
Part 5.1: Cytochemical Procedures In Haematology 

1. Cytochemistry is the use of chemical stains to identify specific cellular components in 
blood cells. 

2. Myeloperoxidase (MPO). 
3. Periodic acid–Schiff (PAS). 
4. They are strongly positive in acute myeloid leukaemia. 
5. Acute lymphoblastic leukaemia (ALL). 

Part 5.2: Lymphocyte Transformation Tests 

1. LTTs stimulate lymphocytes with mitogens or antigens, causing them to proliferate and 
transform. 

2. Phytohaemagglutinin (PHA). 
3. Incorporation of radioactive thymidine into DNA. 
4. Impaired cellular immunity. 
5. Monitoring immune recovery after bone marrow transplantation. 

Part 5.3: Paraproteinaemias 

1. Paraproteinaemias are conditions characterised by abnormal immunoglobulins in the 
blood. 

2. Monoclonal immunoglobulin (e.g., IgG, IgA, IgM). 
3. Serum protein electrophoresis (SPEP). 
4. They are associated with plasma cell or lymphoid malignancies and guide diagnosis and 

treatment. 
5. Waldenström’s macroglobulinaemia. 

Part 5.4: Clinical Integration And Case Studies 

1. PAS. 
2. Impaired cellular immunity. 
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3. Bone pain. 
4. A monoclonal band (M-band) on serum protein electrophoresis. 
5. Plasmapheresis. 
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Figures, Plates, and Boxes 

• Figure 5.1: Principle of cytochemical staining in haematology  

AI-generated using prompt: “Generate a diagram showing cytochemical staining 

principles with colour reactions in different blood cell types.” 

Suggested OER search string: “cytochemical staining principle haematology OER”. 

• Box 5.1: Common cytochemical stains in haematology  

AI-generated using prompt: “Create a text box listing common cytochemical stains in 

haematology with their diagnostic uses.” 

Suggested OER search string: “cytochemical stains MPO Sudan black PAS haematology 

OER”. 

• Plate 5.1: Cytochemical staining patterns in leukaemias  

AI-generated using prompt: “Generate an image showing cytochemical staining results in 

AML (positive MPO and SBB) and ALL (positive PAS).” 

Suggested OER search string: “cytochemical staining AML ALL haematology OER”. 

• Figure 5.2: Principle of lymphocyte transformation tests  

AI-generated using prompt: “Generate a diagram showing lymphocyte transformation 

tests with stimulation by mitogens and antigens leading to cell proliferation.” 

Suggested OER search string: “lymphocyte transformation test principle mitogen antigen 

OER”. 
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• Plate 5.2: Laboratory methods for lymphocyte transformation tests  

AI-generated using prompt: “Generate an image showing laboratory setup for 

lymphocyte transformation tests with culture wells, mitogen stimulation, and 

measurement of DNA synthesis.” 

Suggested OER search string: “lymphocyte transformation test laboratory methods PHA 

OER”. 

• Box 5.2: Clinical applications of lymphocyte transformation tests  

AI-generated using prompt: “Create a text box listing clinical applications of lymphocyte 

transformation tests in immunology and haematology.” 

Suggested OER search string: “lymphocyte transformation test clinical applications 

immunology haematology OER”. 

• Figure 5.3: Normal immunoglobulin versus paraprotein structure  

AI-generated using prompt: “Generate a diagram comparing normal immunoglobulin 

structure with paraproteins produced in paraproteinaemias.” 

Suggested OER search string: “paraproteinaemias immunoglobulin paraprotein structure 

OER”. 

• Plate 5.3: Serum protein electrophoresis showing M-band  

AI-generated using prompt: “Generate an image showing serum protein electrophoresis 

gel with a monoclonal band (M-band) indicating paraproteinaemia.” 

Suggested OER search string: “serum protein electrophoresis paraproteinaemia M band 

OER”. 

• Box 5.3: Clinical significance of paraproteinaemias  

AI-generated using prompt: “Create a text box listing clinical significance of 

paraproteinaemias with examples of multiple myeloma and Waldenström’s 

macroglobulinaemia.” 

Suggested OER search string: “paraproteinaemias clinical significance multiple myeloma 

Waldenström OER”. 

• Plate 5.4: Cytochemical case examples in leukaemia diagnosis  

AI-generated using prompt: “Generate an image showing cytochemical staining results in 

AML (positive MPO and SBB) and ALL (positive PAS) with patient case context.” 

Suggested OER search string: “cytochemical case study AML ALL haematology OER”. 

• Figure 5.4: Case examples of lymphocyte transformation tests  

AI-generated using prompt: “Generate a diagram showing case scenarios of lymphocyte 

transformation tests in immunodeficiency (reduced response) and hypersensitivity 

(exaggerated response).” 

Suggested OER search string: “lymphocyte transformation test case study 

immunodeficiency hypersensitivity OER”. 

• Box 5.4: Case examples and management of paraproteinaemias  

AI-generated using prompt: “Create a text box summarising case examples of 

paraproteinaemias with clinical features and management strategies.” 
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Suggested OER search string: “paraproteinaemias case study multiple myeloma 

Waldenström management OER”. 

 

 

 

 

 

 

 


