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Series 1: Advanced Haematological
Procedures And Anaemias

o Part1.1: Advanced Haematological Procedures

e Sub-Part 1.1.1: Overview of advanced haematological techniques

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

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

e Sub-Part 1.1.4: Clinical applications of advanced haematological procedures
o Part 1.2: Classification And Pathophysiology Of Anaemias

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

o Sub-Part 1.2.2: Morphological classification of anaemias

e Sub-Part 1.2.3: Pathophysiological mechanisms of anaemia development

e Sub-Part 1.2.4: Laboratory diagnosis of anaemias

« Part 1.3: Clinical Significance And Case Studies In Anaemias

e Sub-Part 1.3.1: Anaemias due to nutritional deficiencies (iron, vitamin B12,
folate)

e Sub-Part 1.3.2: Anaemias due to chronic disease and bone marrow failure
o Sub-Part 1.3.3: Case examples and interpretation of laboratory findings

e 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 Qutcomes
Upon completing this Series, you should be able to:

e SLO 1.1 describe advanced haematological techniques used in specialised laboratory
practice,

e SLO 1.2 demonstrate procedures for specialised blood cell counts and morphology
studies,

e SLO 1.3 explain advanced coagulation and bone marrow procedures,

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

e SLO 1.5 define anaemia and outline its general features,

e SLO 1.6 classify anaemias based on morphological characteristics,

e SLO 1.7 explain the pathophysiological mechanisms underlying anaemia development,

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

e 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,

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

e SLO 1.12assess/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.
CATEGORIES OF
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HAEMATOLOGICAL
TECHNIQU ES
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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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NORMAL BLOOD SMEAR - ABNORMAL BLOOD SMEAR
(e.g., Sickle Cell, Anemia)

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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BONE MARROW ASPIRATION AND BIOPSY PROCEDURE

STEP 1: STEP 2: STEP 3:
EXPLANATION & PREPARATION == BONE MARROW ASPIRATION ==» BONE MARROW BIOPSY
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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 Microscopic examination of blood cells; detects leukaemia, anaemia types, and

studies other haematological abnormalities

Coagulation Assess clotting pathways; diagnose haemophilia, thrombophilia, and other

tests clotting disorders

Bone marrow  Provides direct evaluation of marrow; confirms marrow failure, aplastic

biopsy 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.

-
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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.

>

ANAEMIA:
GENERAL FEATURES GENERAL FEATURES LABORATORY INDICATORS
& LABORATORY
PALLOR INDICATORS (LOW HAEMOGLOBIN>
(Pale Skin, (Hb < Normal Range)
Conjunctiva)

A

—» ANAEMIA

REDUCED

FATIGUE
(Weakness,
Tiredness)
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Diagram lllustrating Common Signs and Diagnostic Markers of Anemia. February 22, 2026, Shaki, Oyo, Nigeria.

HAEMATOCRIT
(Hct < Normal Range)

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:

e Microcytic anaemia: small red cells, often due to iron deficiency.

¢ Normocytic anaemia: normal-sized red cells, often linked to chronic disease.

e 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.

Microcytic Normocytic Macrocytic
(Small) (Normal) (Large)

| S

micron micron micron

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
(CCO]ISH é))lete bloggmipgt Provides overall blood cell counts; detects anaemia severity and type

Red cell indices (MCV, ©»  Characterize red cell size and haemoglobin content; help classify
MCH;MCHC) anaemia (microcytic, normocytic, macrocytic)

Assesses bone marrow response and red cell production;
distinguishes between production failure and increased destruction
Morphological evaluation of red cells; identifies abnormal shapes,
inclusions, or parasites

Iron studies, vitamin B12, Detect nutritional deficiencies causing anaemia (iron deficiency,
folate assays megaloblastic anaemia)

Confirms marrow pathology such as aplastic anaemia, leukaemia, or
myelodysplasia

Box 1.2: Key laboratory tests in anaemia diagnosis

Reticulocyte count

Peripheral blood smear

Bone marrow examination

-
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Pilot questions 1.2

What is the definition of anaemia?

Name two general features of anaemia.

What type of anaemia is associated with vitamin B12 deficiency?
What is the term for increased destruction of red blood cells?
Which laboratory test measures red cell size?

uhwWwNE

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.

RED CELL MORPHOLOGY COMPARISON: FEB 22, 2026 - SHAKI, OYO, NIGERIA

3

e
VITAMIN B12 DEFICIENCY
(Macrocytic)

IRON DEFICIENCY
(Microcytic)

Patient A: MCV 68 £L, MCH 22 pg (Tron Def.) \ Patient B: MCV 110 L, MCH 32 pg (B12 Def.)

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.

MECHANISMS OF ANAEMIA: CHRONIC DISEASE vs. BONE MARROW FAILURE

ANAEMIA OF CHRONIC DISEASE
(Inflammation)

l BONE MARROW FAILURE
(Stem Cell Damage)

C:f‘) L

"  Chronic Infection/Inflammation L

¢
pr

Increased Hepcidin
Production (Liver)
Reduced Iron

A Toxins, Radiation, Autoimmunity, Idiopathic %\{/
0:’[ d Damage to
4 ;@ Hematopoietic Stem Cells

¥

Reduced Cellularity &
Pancytopenia

i p) ~ % Iron Sequestration
’ Absorption (Gut)

L. inMacrophages
Reduced Erythropoiesis ®
(Bone Marrow) ®g

Iron is present but unavailable.

¥

Reduced Erythropoiesis
. @g (Bone Marrow) P

Insufficient production of all blood cells.

®  ANAEMIA
l (Low Red Blood Cells)

> S <

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 hypocellularmarrow would suggest aplastic anaemia.

Fill in the blank: Apatient with macrocytic red cells and neurological symptoms may be
diagnosed with deficiency.

Case example Laboratory findings Clinical significance

Iron deficiency anaemia, often due
to chronic blood loss or nutritional
deficiency

Vitamin B12 deficiency
(megaloblastic anaemia), may

present with neurological features

Microcytic red cells + Reduced mean corpuscular volume
low ferritin (MCV) and low serum ferritin

Macrocytic red cells +
neurological
symptoms

Elevated MCV, low vitamin B12
levels, abnormal peripheral smear

Low counts of red cells, white cells,
and platelets; bone marrow biopsy
shows hypocellularity

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.

MONITORING & MANAGEMENT STRATEGIES FOR DIFFERENT ANAEMIAS

NUTRITIONAL ANAEMIA BONE MARROW FAILURE
(e.g., Iron, B12, Folate Deficiency) (e.g., Aplastic Anaemia)

MONITORING MONITORING
(Biomarkers & Diet) (Cell Counts & Marrow Function)

b £ i€ b ¥ £

|
1

* CBC & Reticulocyte Count ' « Frequent CBC (Pancytopenia check)

« Serum Ferritin, Iron, TIBC : « Bone Marrow Aspiration & Biopsy

« Vitamin B12 & Folate Levels ! « Reticulocyte Count (very low)

« Dietary Assessment ! « Screen for Clonal Disorders
I
!
|
|
|
1

CHRONIC DISEASE ANAEMIA

(Anaemia of Inflammation)

MONITORING
{Underlying Condition & Iron Status)

b ® 9

|

|

|

|

* CBC, Reticulocyte Count :
« Inflammatory Markers (CRP, ESR) i
« Ferritin (often normal/high), Transferrin 1
Saturation (low) ,

« Monitor Primary Disease (e.g., CKD, Autoimmune)
|

I

|

MANAGEMENT MANAGEMENT MANAGEMENT
(Supplements & Diet) (Treat Cause & Supportive Care) (Restore Marrow & Supportive Care)

s

« Treat Underlying Chronic Condition

« Erythropoiesis-Stimulating Agents (ESAs)
(cautiously)

« IV Iron (if functional iron deficiency)

« Blood Transfusions (rarely, for severe symptoms)

= % W

» Immunosuppressive Therapy (e.g., ATG,
Cyclosporine)

« Hematopoietic Stem Cell Transplantation (HSCT)

« Blood & Platelet Transfusions

 Growth Factors (e.g., G-CSF, TPO-R agonists)

Oral/IV Iron Therapy
» B12 Injections/Oral Folate
Dietary Modification (Iron/Vitamin-rich foods)

Disclaimer: Strategies are generalized; individual patient plans require specialist assessment.

Figure 1.6: Monitoring and management of anaemias

Pilot questions 1.3

1.
2.
3.
4,
5.

What type of red cells are seen in iron deficiency anaemia?

Anaemia of chronic disease is usually classified as what type of anaemia?
Which deficiency causes macrocytic red cells and neurological symptoms?
What laboratory finding confirms aplastic anaemia?

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

e anaemia: A condition in which the number of red blood cells or the concentration of
haemoglobin is lower than notmal, leading to reduced oxygen delivery to tissues.

o aplastic anaemia: A serious form of anaemia caused by bone marrow failure, resulting in
reduced production of all blood cell types.

e blood cell counts: Laboratory measurements of the number of red blood cells, white
blood cellsyandplatelets in a blood sample.

e bone marrow biopsy: A procedure in which a small sample of bone marrow is taken to
examine the production and health of blood cells.

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

e macrocytic anaemia: A type of anaemia characterised by large red blood cells, often
caused by vitamin B12 or folate deficiency.

e  microcytic anaemia: A type of anaemia characterised by small red blood cells,
commonly due to iron deficiency.

o morphology studies: Microscopic examination of the shape, size, and appearance of
blood cells to detect abnormalities.

e normocytic anaemia: A type of anaemia in which red blood cells are normal in size but
reduced in number, often associated with chronic disease.
)
D
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e nutritional anaemia: Anaemia caused by deficiencies in essential nutrients such as iron,
vitamin B12, or folate.

o 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. PTor 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 pallorand
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 invelves 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.

Pallor and fatigue are common general features of anaemia.

Vitamin B12 deficiency is associated with macrocytic anaemia.

Increased destruction of red blood cells is called haemolysis.

Mean corpuscular volume (MCV) measures red cell size.

uhWwN

Part 1.3: Clinical Significance And Case Studies In Anaemias

Iron deficiency anaemia presents with microcyticred cells.

Anaemia of chronic disease is usually normocytic.

Vitamin B12 deficiency causes macrocytic red cells and neurological symptoms.
Pancytopenia with hypocellular marrow confirms aplastic anaemia.

Stem cell transplantation is the definitive treatment for severe bone marrow failure.

uhwnN e
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Figures and Plates

o Figure 1.1: Categories of advanced haematological techniques
Al-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™.

e Plate 1.1: Blood cell morphology studies
Al-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”.

e Figure 1.2: Bone marrow procedures in haematology
Al-generated using prompt: “Generate a diagram showing steps in bone marrow
aspiration and biopsy.”
Suggested OER search string: “bone marrow aspiration biopsy procedure OER”.

o Figure 1.3: General features of anaemia
Al-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™.

e Plate 1.2: Morphological classification of anaemias
Al-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”.

o Figure 1.4: Pathophysielogical mechanisms of anaemia
Al-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”.

e Plate 1.3: Nutritional anaemias
Al-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”.

o Figure 1.5: Anaemias due to chronic disease and marrow failure
Al-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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o Figure 1.6: Monitoring and management of anaemias
Al-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

e Box 1.1: Clinical applications of advanced haematological procedures
Al-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”.

e Box 1.2: Key laboratory tests in anaemia diagnosis
Al-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 diagnoesis anaemia CBC red cell indices OER”.

e Box 1.3: Case examples in anaemia diagnosis
Al-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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Series 2: Disorders Of Iron Metabolism And
Related Deficiencies

o Part 2.1: Fundamentals Of Iron Metabolism
e Sub-Part 2.1.1: Role of iron in the body
e Sub-Part 2.1.2: Absorption, transport, and storage of iron

e Sub-Part 2.1.3: Regulation of iron homeostasis

o Part 2.2: Disorders Of Iron Metabolism
e Sub-Part 2.2.1: Iron deficiency anaemia
e Sub-Part 2.2.2: Iron overload and haemochromatosis
e Sub-Part 2.2.3: Laboratory diagnosis of iron. metabolism disorders
o Part 2.3: Vitamin B12 And Folate Deficiencies
e Sub-Part 2.3.1: Role of vitamin B12 and folate in red cell production
e Sub-Part 2.3.2: Causes and clinical features of deficiencies

e Sub-Part 2.3.3: Laboratory diagnosis and case examples

« Part 2.4: Clinical Significance And Case Studies

o [ Sub-Part 2.4.1: Integrated interpretation of iron, vitamin B12, and folate
deficiencies

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

e 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 Qutcomes
Upon completing this Series, you should be able to:

e SLO 2.1 define the role of iron in the body and its.importance in oxygen transport and
metabolism,

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

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

e SLO 2.4 describe the features of iron deficiency anaemia,

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

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

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

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

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

e SLO 2.0 integrate knowledge of iron, vitamin B12, and folate deficiencies in clinical
case analysis,

e 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.

THE CRITICAL ROLE OF 'RON IN OXYGEN TRANSPORT & ENERGY METABOLISM
1.0XYGEN TRANSPORT ||  2.OXYGENSTORAGE ||  3.ENERGY METABOLISM

(Hemoglobin) (Myoglobin) (Cellular Respiration Enzymes)
Red blood cell Iron essential for
Iron Atom Iron-Sulfur electron transfer
Clusters (Fe-S) and ATP production
N |
I LA 1
ATP
® ® ® Synthase

Group _Heme Groups ®
Tissues to (in Cytochromes)
body tissues Stores 0, within muscle cells for Iron essential for electron transfer
__ Carries O, from lungs to tissues ) | rapid release during exertion ) | and ATP production )

< Iron's atomic structure enables reversible oxygen binding and redox reactions crucial for life. >
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 haemeosiderin.

Fill in the blank: The protein responsible for transporting iron in the blood is called

Dea)
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IRON ABSORPTION, TRANSPORT, & STORAGE PATHWAY

SMALL INTESTINE
(Duodenum)

Dietary Iron
(Fe?, Fe*)

&

|

(Fez“’ Fe3*) . =

0‘ FERRITIN
(Storage Protein

TRANSFERRIN
(Transport Protein)

LIVER
(Storage)

FERRITIN
(Storage Protein)

BLOODSTREAM
(Transport)

RBC

FERRITIN
Protein Precursor
SMALL INTESTINE BONE MARROW
(Duodenum) (Storage & Erythropoiesis)

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, hepcidinreduces 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

Liver-derived peptide hormone; controls absorption and release of iron by degrading
ferroportin, thereby regulating systemic iron entry

Plasma protein that transports iron in the blood to tissues; essential for iron delivery
to erythrocytes and other cells

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

Box 2.1: Key regulators of iron homeostasis

Hepcidin
Transferrin

Ferritin

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

IRON DEFICIENCY ANAEMIA: Microcytic, Hypochromic Red Cells

IRON
DEFICIENCY
ANAEMIA:
Microcytic,
Hypochromic
Red Cells

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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ORGAN DAMAGE FROM IRON OVERLOAD
IN HAEMOCHROMATOSIS

LIVER PANCREAS HEART
(Cirrhosis) (Diabetes Mellitus) (Cardiomyopathy / Failure)

5, J
% Iron ®g
¥ Overload
Excess iron deposits lead Iron accumulation Iron deposition weakens
to fibrosis and scarring. damages beta cells, heart muscle, impairing
reducing insulin. pump function.

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

Reflects iron stores; low levels indicate deficiency, high levels
suggest overload or inflammation

Measures iron transport capacity; low saturation indicates
deficiency, high saturation suggests haemochromatosis

Red cell indices (MCV, Assess red cell morphology; help classify anaemia types
MCH, MCHC) (microcytic, normocytic, macrocytic)

Confirms hereditary haemochromatosis and other genetic iron
metabolism disorders

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

Serum ferritin

Transferrin saturation

Genetic testing

Bone marrow iron staining
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Pilot questions 2.2

What is the most common nutritional disorder worldwide?

Which laboratory marker reflects iron storage levels?

What genetic disorder is associated with excessive iron absorption?
Name two organs affected by iron overload in haemochromatosis.
Which laboratory findings are typical in iron overload?

uhwWwNE

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

Vitamin B12 & Folate in DNA Synthesis and Macrocyte Formation

FolicAcid ~ NORMAL PATHWAY Folic Acid DEFICIENCY PATHWAY
(Folate) (Folate) (B12 or Folate Lack)

Vitamin B12 Vitxl B12
Active Folate .
Vitamin B12 (THF) Inactive Folate
o
NORMAL Va N &~ aé N DEFICIENCY
PATHWAY ( ) (( esis) PATHWAY

DNA Synthesis

(Thymine production)

Replication
N | Cell Divisi Ineffective Cell Division
offnal Led Livision & Growth without Division
Normocytic

Red Blood Cells O ,
Macrocyte formation is a hallmark
‘ of B12/Folate deficiency due to
defective DNA synthesis.

Macrocyte
(Megaloblast)

Macrocytic Anemia
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

L PALLOR GLOSSITIS NEUROLOGICAL
(Anaemia) (Mouth Soreness) SYMPTOMS
PRl o o T (B12 Deficiency Specific)
3.:0 00,‘/0
. @ 9. paresthesia
o ~o

cognitive
changes

balance
issues

e [ Source: Medical Archives, Feb 22, 2026, Shaki, Nigeria |

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
Elevated mean corpuscular volume (MCV); hallmark of
megaloblastic anaemia

Hypersegmented Characteristic morphological change seen in peripheral smear;
neutrophils supports diagnosis

Macrocytic red cells

He-a)
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Finding Clinical significance

Low serum vitamin B12 or . . .
Confirms nutritional deficiency as underlying cause

folate
Megaloblastic changes in ~ Bone marrow shows large, immature red cell precursors; diagnostic
marrow of megaloblastic anaemia

Box 2.3: Laboratory findings in vitamin B12 and folate deficiencies

Pilot questions 2.3

What is the role of vitamin B12 and folate in red cell production?

Deficiency of vitamin B12 or folate leads to the production of what type of red cells?
What condition results from the absence of intrinsic factor?

Name one clinical feature unique to vitamin B12 deficiency.

Which laboratory finding is typical in megaloblastic anaemia?

uhwWwNE

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.

-
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IRON DEFICIENCY VITAMIN B12 DEFICIENCY FOLATE DEFICIENCY
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Microcytic, Hypochromic Anemia Macrocytic, Megaloblastic Anemia || Macrocytic, Megaloblastic Anemia
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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 neurelogical 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

Iron supplementation, dietary
modification, treatment of underlying
cause (e.g., chronic blood loss)
Macrocytic red cells +  Elevated MCV, low serum  Vitamin B12 replacement (oral or
glossitis + neurological vitamin B12, megaloblastic ~ parenteral), monitoring neurological

Microcytic red cells + < Reduced MCV, low serum
low ferritin ferritin

symptoms changes in marrow recovery
Macrocytic red cells +  Elevated MCV, low serum Folate supplementation, dietary advice,
pregnancy folate 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 tepeated
measurement of levels.

MONITORING STRATEGIES FOR MICRONUTRIENT DEFICIENCIES

s s N
IRON DEFICIENCY —» VITAMIN B12 DEFICIENCY —» FOLATE DEFICIENCY
A A
INITIAL SCREENING m INITIAL SCREENING INITIAL SCREENING
w « Complete Blood Count (CBC) « CBC (check MCV) « CBC (check MCV)
L « Serum Ferritin « Serum B12 Level « Serum Folate Level

cos':flfzmo“v TESTS CONFIRMATORY TESTS CONFIRMATORY TESTS
« Total Iron-Binding Capacity B Iﬁﬁ . (MMe;:K;malonlc Acid > @ « RBC Folate (more reliable)

/ g
e

4

(TIBC) : » Homocysteine (less
« Transferrin Saturation * Homocysteine specific)

ONGOING MONITORING ONGOING MONITORING ONGOING MONITORING
« Response to therapy (e.g., « Symptom improvement  Response to dietary

Hb rise) [1;2) « Periodic B12 levels @ changes/supplements
« Periodic Ferritin levels (annually if stable) « Periodic Folate levels (as

(every 3-6 months) needed)

7 \
I—PG:LINICAL MANAGEMENT & DIETARY ADJUSTMENﬂ

Figure 2.6: Monitoring treatment response in iron and vitamin deficiencies

Pilot questions 2.4

What type of red cells are seen in iron deficiency compared to vitamin B12 deficiency?
Which laboratory marker confirms iron deficiency anaemia?

What clinical feature is unique to vitamin B12 deficiency?

Which nutrient deficiency is particularly significant in pregnancy?

What laboratory test is repeated to monitor treatment response in iron deficiency
anaemia?

Y Jdiey Ay
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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 throughcase
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
e duodenum: The first part of the small intestine where most iron absorption takes place.
o ferritin: A protein that stores iron in tissues such as the liver, spleen, and bone marrow.
o folate: A B-vitamin required for DNA synthesis and red blood cell production.

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

o haemochromatosis: A genetic disorder causing excessive absorption of iron, leading to
organ damage.

o haemosiderin: An iron-storage complex formed when there is excess iron in the body.
o haemoglobin: The protein in red blood cells that carries oxygen from the lungs to tissues.
e hepcidin: A hormone produced by the liver that regulates iron absorption and release.

e ~macrocytes: Abnormally large red blood cells, typically seen in vitamin B12 or folate
deficiency.

o megaloblastic anaemia: A type of anaemia caused by impaired DNA synthesis due to
vitamin B12 or folate deficiency, resulting in large, immature red cells.

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

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

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

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

Concept Check Questions 2
Objective questions

1. Ironis 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

O NoOUAEWNRE

Haemoglobin.
Transferrin.

Hepcidin.

Iron deficiency anaemia.
Haemochromatosis.
Macrocytes.

Vitamin B12.
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 memaory 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

Iron enables haemoglobin to carry oxygen.
Haem iron is absorbed more efficiently.
Transferrin.

Liver, spleen, and bone marrow.

Hepcidin.

uhwWwNE

Part 2.2: Disorders Of Iron Metabolism

Iron deficiency anaemia.

Serum ferritin.

Haemochromatosis.

Liver and pancreas (also heart):

Elevated serum ferritin and transferrin saturation.

uhwWwNE

Part 2.3: Vitamin B12 And Folate Deficiencies

They are required for DNA synthesis and red cell production.
Macrocytes.

Vitamin B12 deficiency (pernicious anaemia).

Neurological symptoms such 'as numbness or memory loss.
Hypersegmented neutrophils.

uhwnN e

Part 2.4: Clinical Significance And Case Studies

Microcytic red cells in iron deficiency; macrocytic red cells in vitamin B12 deficiency.
Low serum ferritin.

Neurological symptoms.

Folate deficiency.

Haemoglobin levels (and ferritin).

Ay =

References and Attributions [Series 2]
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e Bain, B.J. (2019). Blood Cells: A Practical Guide (5th ed.). Wiley-Blackwell.
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Applications (5th ed.). Elsevier.
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Figures and Plates

e Figure 2.1: Role of iron in the body
Al-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”.

o Figure 2.2: Absorption, transport, and storage of iron
Al-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”.

o Figure 2.3: Organ involvement in haemochromatosis
Al-generated using prompt: “Generate a diagram showing organ damage due to iron
overload in haemochromatosis, including liver, pancreas, and heart.”
Suggested OER search string: “haecmochromatosis organ damage iron overload OER”.

e Figure 2.4: Role of vitamin B12 and folate in red cell production
Al-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”.

e Plate 2.1: Redcell morphology in iron deficiency anaemia
Al-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”.

e Plate 2.2: Clinical features of vitamin B12 and folate deficiencies
Al-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”.

o Figure 2.5: Comparative laboratory findings in iron and vitamin deficiencies
Al-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”.

o Figure 2.6: Monitoring treatment response in iron and vitamin deficiencies
Al-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

e Box 2.1: Key regulators of iron homeostasis
Al-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”.

e Box 2.2: Key laboratory tests in iron metabolism disorders
Al-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”.

e Box 2.3: Laboratory findings in vitamin B12 and folate deficiencies
Al-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”.

e Box 2.4: Case examples in iron and. vitamin deficiencies
Al-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 Il

Course credit load: 2 Units

Series 3: Haemochromatosis, Storage Disorders,
And Radioisotopes In Haematology

o Part 3.1: Haemochromatosis And Iron Overload Disorders
e Sub-Part 3.1.1: Pathophysiology of haemochromatosis
e Sub-Part 3.1.2: Clinical features and complications
e Sub-Part 3.1.3: Laboratory diagnosis and genetic testing
o Sub-Part 3.1.4: Management strategies
o Part 3.2: Storage Disorders In Haematology
e Sub-Part 3.2.1: Overview of storage disorders affecting blood and bone marrow
e Sub-Part 3.2.2: Lysosomal storage disorders (e.g., Gaucher disease)
e Sub-Part 3.2.3: Clinical manifestations and laboratory findings
e Sub-Part 3.2.4: Case studies and management approaches
o Part 3.3: Radioisotopes In Haematology
e Sub-Part 3.3.1: Principles of radioisotope use in haematology

o Sub-Part 3.3:2: Diagnostic applications (e.g., iron kinetics, red cell survival
studies)

e Sub-Part 3.3.3: Therapeutic applications and safety considerations

e Sub-Part 3.3.4: Clinical case examples

o Part3.4: Clinical Integration And Case Studies

e Sub-Part3.4.1: Comparative analysis of haemochromatosis, storage disorders, and
radioisotope applications

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

e 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 Qutcomes
Upon completing this Series, you should be able to:

e SLO 3.1 define the pathophysiology of haemochromatosis and explain how iron overload
develops,

e SLO 3.2 describe the clinical features and complications associated with
haemochromatosis,

e SLO 3.3 analyse laboratory diagnostic methods and genetic testing used in
haemochromatosis,

e SLO 3.4 evaluate management strategies for patients with haemochromatosis and iron
overload,

e SLO 3.5 explain the nature of storage disorders relevant to haematology, including
lysosomal storage diseases,

e 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,

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

e  SLO 3.9 apply radioisotope techniques in diagnostic procedures such as iron kinetics and
red cell survival studies,

o~ SLO 3.10 evaluate therapeutic applications of radioisotopes and discuss safety
considerations,

e SLO 3.11 integrate knowledge of haemochromatosis, storage disorders, and radioisotope
applications in clinical case analysis,

e 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

HEPCIDIN ACTIVITY & IRON HOMEOSTASIS

HEALTHY STATE HEMOCHROMATOSIS
(Normal Hepcidin) (Reduced Hepcidin Activity)
.
' ! =
Hepcidin

Ferroportin

e, e
Hepcidin
- =

Intestinal
cell

[Excess Iron Accumulation

Macrophage (Organ Damage)

\ J .

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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CLINICAL FEATURES OF HAEMOCHROMATOSIS

5

BRONZE SKIN JOINT PAIN LIVER ENLARGEMENT
PIGMENTATION (Arthropathy) (Hepatomegaly)

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-depesition. 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 fetritin and transferrin saturation are typical findings in

Test/Procedure Clinical significance

Reflects iron stores; elevated levels suggest iron overload, though can also
rise in inflammation

Transferrin Indicates iron transport capacity; high saturation is a hallmark of
saturation haemochromatosis

Piver funbtion tests Assess organ damage; abnormal results may indicate hepatic injury due to
iron deposition

Confirms HFE gene mutations (e.g., C282Y, H63D) associated with
hereditary haemochromatosis

Directly evaluates iron deposition and fibrosis; used when diagnosis is
uncertain or to assess severity

Box 3.1: Key laboratory tests in haemochromatosis

Serum ferritin

Genetic testing

Liver biopsy
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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

HAEMOCHROMATOSIS MANAGEMENT STRATEGIES

=
E v

Deferasirox/ v -
ﬁ —p Deferiprone Deferoxamine

v

* Limit red meat & iron-rich foods

« Regular blood removal (venesection) + Medication binds to excess iron « Avoid iron supplements & high

* Reduces excess iron stores * Promotes excretion in urine/stool Vitamin C with meals

« Goal: Maintain ferritin 50-100 pg/L « For patients unable to undergo « Restrict alcohol intake
phlebotomy « Do not cook in cast iron

B 0?' 10|

ONGOING MONITORING & CONSULTATION

Regular blood tests (ferritin, transferrin saturation)
Liver function & cardiac assessment
{03 @ Genetic counseling & family screening

Figure 3.2: Management strategies in haemochromatosis

Pilot questions 3.1

What genetic disorder is characterised by excessive absorption of dietary iron?
Which hormone regulates iron absorption and release?

Name one complication of iron deposition in the pancreas.

Which laboratory markers are typically elevated in haemochromatosis?

What is the main treatment strategy for haemochromatosis?

- L -
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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.

ENZYME DEFECTS & CELLULAR ACCUMULATION IN LYSOSOMAL STORAGE DISORDERS

NORMAL CELLULAR PATHWAY ; STORAGE DISORDER PATHWAY (Enzyme Defect)
4 ;;r-;:::,, = = _ y/}//::;:,,,,
7 LysosomE & -~ LYSOSOME
p (Functional) ; S (Affected/Engorged)
Y : /
// . / ./
:' 7/ Substrate ACCUMULATION

/ fl . / Influx of Abnormal
/ Breakdown H . Substance

Products } ! L3 (Substrate)

]
3
)
Product Efflux
& Recycling

N\ NN A
\\\\ (ﬁﬁ\\\ LYSOSOME 7
N . ® '

-

Product
Efflux

4

J

J : p SETR YEOSOME Enzyme defect prevents
X ) (Functional) Normal enzyme activity \AEed Eliodigec) breakdown. Substrate
\»\,\\7 leads to efficient ! D builds up, causing
= breakdown and recycling. | ! N | lysosomal swelling and
No accumulation. | T ==  cellular dysfunction.

" 293 CELLULAR DYSFUNCTION
/) & DISEASE STATE

, ' HEALTHY CELL FUNCTION
e February 22, 2026

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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1

3.2.3 Clinical manifestations and 1 findings

Storage disorders present with a ran 1 eatures depending on the specific condition.
Common manifestations include a i iver and spleen, bone pain, and in some
cases neurological symptoms. Lab s may show cytopenias, abnormal bone marrow
morphology, and enzyme assa ing the specific deficiency. Imaging studies can reveal
organ enlargement and bo

Fill in the blank: er and spleen is referred to as and

Featur Clinical significance

Result from bone marrow infiltration or impaired
haematopoiesis

Due to accumulation of storage material in liver and spleen

Caused by infiltration of bone marrow and defective bone
remodeling

Presence of characteristic storage cells (e.g., Gaucher cells,
foam cells)
assays confirming Definitive diagnostic test; identifies specific lysosomal enzyme
deficiency deficiencies

x 3.2: Clinical and laboratory features of storage disorders

R
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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.

ENZYME REPLACEMENT PPORTIVE CARE
THERAPY (ERT) SUPPO C SPLENECTOMY
A T

Pain Physical  Respiratory
Management  Therapy Support

Symptom management.
Improves quality of life.
Multidisciplinary team.

Healthy

STORAGE
DISORDER
MANAGEMENT
APPROACHES

Surgical removal of spleen.
Reduces organ enlargement
& blood cell destruction.

Replaces deficient enzyme.
Regular IV infusions.
Targets underlying cause.

Goal: Preserve Function & Improve Outcomes
(Personalized, multidisciplinary plan).

Figure 3.4: Management of storage disorders

Pilot questions 3.2

What causes storage disorders at the cellular level?

Which enzyme deficiency leads to Gaucher disease?

What are Gaucher cells and where are they found?
Enlargement of the liver and spleen is referred to as what?
What is the main treatment strategy for Gaucher disease?

- ey -
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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.

RADIOISOTOPE STUDIES IN HAEMATOLOGY: TRACING IRON KINETICS & RED CELL SURVIVAL
PART 1: IRON KINETICS (FERROKINETICS) USING Fe-59

BLOOD
CIRCULATION

S = Re‘fugecstlon \
P Patient N VITRO LABELLING of Cr-51
S 0 RBCs with Cr-51 " Labeled

Arm (Chromate) / ‘

Intravenous
Injection of Fe-59
(bound to Transferrin)

CIRCULATION
BONE MARROW
ety BODY SURFACE
(Erythropoiesis) / & é COUNTING g

PROBE
BODY COUNTING A

SURFACE Zi PROBE A
= = =

(
J k\ Loa: (T:Irr:: ('573%‘"’ i SPLEEN \ LIVER
OX

Blood Sample GAMMA COUNTER LIVER SPLEEN  SACRUM Blood Sample GAMMA COUNTER DESTRUCTION/
(Marrow) (over weeks) SEQUESTRATION

L Tracks iron movement to marrow for RBC production and later release. JL Measures RBC lifespan and identifies sites of destruction (hemolysis)._)

% Fe-59 Utilization in RECs
vs. Time {Days)

Radioisotopes provide functional data on erythropoiesis and red cell fate, aiding in the diagnosis of anemias.
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 Assess iron absorption, utilization, and turnover; useful in iron
("59Fe) metabolism disorders
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Application Clinical significance
Red cell survival studies Measure lifespan of red blood cells; help diagnose haemolytic

("51Cr) anaemias and transfusion effectiveness

Bone marrow activity Evaluate marrow function and distribution of haematopoiesis; detect
scans marrow infiltration or failure

Plasma volume Determine blood volume status; useful in anaemia, polycythaemia,
measurements 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 (232P) 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 protocels are followed to
ensure patient and staff safety, including shielding, dose monitering, and disposal of radioactive
materials.

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

THERAPEUTIC APPLICATIONS OF RADIOISOTOPES IN HAEMATOLOGY: 32P THERAPY & SAFETY PROTOCOLS

f 1. 32P THERAPY FOR MYELOPROLIFERATIVE DISORDERS ] ( 2. RADIATION SAFETY PROTOCOLS
(e.g., POLYCYTHEMIA VERA) (Time, Distance, Shielding)

TIME & DISTANCE
#2P (Phosphorus-32) BONE MARROW O rmT | L MmaxmizE ©
Injection EXPOSURE | DISTANCE
(Beta-emitter) _ T +——>

[Inverse Square Law |

7 SHIELDING

- | Lucite/Perspex 1 Lead Pig
» “j = ‘ Shielding for
Safetyis i (Stops Beta) Storage
Paramount oo
during I —
Administration MONITORING & WASTE

Overactive & Handling

: Geiger-Muller <~ RADIOACTIVE
blood-forming cells Counter WASTE
’ (short halflife,
<9 decay storage)
Mechanism: Beta radiation

selectively suppresses excessive ALARA PRINCIPLE

L blood cell production. | (As Low As Reasonably Achievable)

A\ J R

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.

CLINICAL WORKFLOW: Diagnosing Haemolytic Anaemia with Cr-51 Red Cell Survival Study

( 1. PATIENT PRESENTATION
& LABELLING

(Day 0)

4. DATA ANALYSIS &
DIAGNOSIS
(Week 4+)

EARLY SAMPLING ORGAN SEQUESTRATION
(Day 0 - Day 3) SCAN (Weeks 1-4)

2. RE-INJECTION & | ll 3. LONG-TERM TRACKING &

Patient presents with symptoms Labelled RBCs re-infused. Weekly blood samples continue DIAGNOSIS: Haemolytic}
(e.g., pallor, fatigue, jaundice). Baseline blood samples are to track RBC lifespan. External Anaemia confirmed.
Autologous RBCs are collected drawn at specific intervals gamma counting over the spleen, Shortened TY (<25 a
and incubated with radioactive (e.g., 30 min, 24 hr, 48 hr, 72 hr) and heart detects sites of excess days) with evidence of
Chromium-51 (*5'Cr). to establish initial activity. RBC destruction (sequestration). Splenic Sequestration. J

. = & J . =, \§

>y
February 22, 2026
Plate 3.3: Case example of radioisotope use in-haemolytic anaemia

Pilot questions 3.3

Why are radioisotopes useful in haematology?

Which isotope is used to study iron kinetics?

Which isotope is used to study red cell survival?

Name one therapeutic application of radioisotopes in haematology.
What safety measures are important when using radioisotopes?

uhwnN e

3.4 Clinicallintegration 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

-
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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

disease is caused by enzyme deficiency.

, while Gaucher

COMPARISON: HAEMOCHROMATOSIS, STORAGE DISORDERS, & RADIOISOTOPE APPLICATIONS IN HAEMATOLOGY

HAEMOCHROMATOSIS
(Iron Overload)

COMMON THEME: All involve significant haematological manifestations or interventions, requiring specialized diagnostic and management
strategies within haematology.

fon

studies, HFE
opsy(oriron

_

~ PRIMARY MECHANISM: Enzyme deficiency

STORAGE DISORDERS
(e.g., Gaucher Disease)

(e.g., glucocerebrosidase) causes
accumulation of metabolic substrates (lipids)

~ in macrophages.

 KEY HAEMATOLOGICAL FEATURES:
ion. Cytopenias ﬁanemia, thrombocytopenia),

splenomegaly, bone marrow infiltration by
storage cells.

DIAGNOSTIC APPROACH: Enzyme activ
assays (leukocytes), genetic mutation analysis,
bone marrow examination (Gaucher cells).

MANAGEMENT: Enzyme Replacement
Therapy (ERT), Substrate Reduction Therapy
(SRT), supportive care, splenectomy.

RADIOISOTOPE APPLICATIO
g, 2PATherapy)

0 Y

PRIMARY MECHANISM: Targeted delivery of
radiation (e.g., beta particles) to suppress
excessive cell proliferation in bone marrow.

KEY HAEMATOLOGICAL FEATURES: Used to
control high blood cell counts in
myeloproliferative neoplasms (e.g.,
Polycythemia Vera).

DIAGNOSTIC APPROACH: N/A for diagnosis;
application based on clinical indication &
complete blood count monitoring.

MANAGEMENT: Intravenous administration
of radioisotope with strict radiation safety
protocols (time, distance, shielding).

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

Haemochromatosis

Diagnostic findings
Fatigue, skin pigmentation,
elevated serum ferritin

Management approaches

Phlebotomy to reduce iron overload;
monitoring of organ function

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



Management approaches
Enzyme replacement therapy; supportive
care for skeletal and haematological
complications
Treat underlying cause; transfusion
support; immunosuppression if
autoimmune
Box 3.4: Case examples in haemochromatosis, storage disorders, and radioisotope applications

Diagnostic findings
Anaemia, splenomegaly, bone
pain; abnormal marrow
morphology (Gaucher cells)

Case example

Gaucher disease

Red cell survival study with *51Cr
confirms shortened lifespan

Haemolytic
anaemia

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

Fill in the blank: Monitoring treatment response in haemochromatesis involves repeated
measurement of levels.

MONITORING STRATEGIES FOR COMPLEX MEDICAL CONDITIONS

=3

E:%

STORAGE DISORDERS
(e.g., Gaucher, Fabry)

®——@

HAEMOCHROMATOSIS
(Iron Overload)

SERUM FERRITIN & TRANSFERRIN
SATURATION
(Regular Blood Tests)
-> Assess Iron Stores

O ©

ORGAN FUNCTION
(Liver, Heart, Joints)
- Monitor for Damage/Fibrosis

@ PHLEBOTOMY RESPONSE
-> Track Iron Reduction &
Maintenance

—

ENZYME ACTIVITY & BIOMARKERS
(e.g., Chitotriosidase, Lyso-Gb1)
-> Evaluate Disease Activity & Treatment Eff icacy

@@

ORGAN VOLUME & BONE HEALTH
(MRI, Ultrasound, DEXA)
-> Assess Organ Enlargement & Bone Disease

|

CLINICAL ASSESSMENT
(Syr_nptoms, Quality of Life)

-> Monitor Progression & Therapy Impact

RADIATION SAFETY & DOSIMETRY
(Personal & Environmental)
-» Ensure Compliance & Limit Exposure

THERAPEUTIC RESPONSE
(Blood Counts, Imaging)
-> Evaluate Treatment Effectiveness & Toxicity

) WASTE DISPOSAL
-> Manage Radioactive Materials Safely

/ . CONTAMINATION CHECKS &
! \

Goal: Optimize Treatment, Minimize Complications, and Ensure Patient & Staff Safety through Regular Surveillance.

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

What is the main difference between haemochromatosis and storage disorders?

Which laboratory marker is elevated in haemochromatosis?

What is the main treatment for Gaucher disease?

Which isotope is used in red cell survival studies?

What laboratory test is repeated to monitor treatment response in haemochromatosis?

uhwWwNE

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

o enzyme replacement therapy (ERT): A treatment that provides patients with the
missing enzyme to correct metabolic defects, commonly used in Gaucher disease.

o ferritin: A protein that stores iron in tissues such as the liver, spleen, and bone marrow,
often measured to assess iron levels.

e _Gaucher cells: Enlarged macrophages filled with lipid material, seen in the bone marrow
of patients with Gaucher disease.

e Gaucher disease: A lysosomal storage disorder caused by deficiency of the enzyme
glucocerebrosidase, leading to accumulation of glucocerebroside.

o glucocerebrosidase: The enzyme deficient in Gaucher disease, responsible for breaking
down glucocerebroside.

o haemochromatosis: A genetic disorder characterised by excessive absorption of dietary
iron, resulting in iron overload and organ damage.

e hepcidin: A hormone produced by the liver that regulates iron absorption and release;
reduced activity contributes to haemochromatosis.

-
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e iron overload: A condition where excess iron accumulates in the body, damaging organs
such as the liver, pancreas, and heart.

o lysosomal storage disorders: A group of inherited conditions caused by deficiencies in
lysosomal enzymes, leading to accumulation of substances within cells.

o radioisotopes: Unstable forms of elements that release radiation as they decay, used in
haematology for diagnostic and therapeutic purposes.

o therapeutic phlebotomy: A treatment for haemochromatosis involving regular removal
of blood to reduce iron levels.

o 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«an 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 haemochromatasis is regular . (Linked to SLO 3.4)

6. Gaucher disease is causedby 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

Iron.

Hepcidin.

Diabetes mellitus.
Haemochromatosis.
Phlebotomy.
Glucocerebrosidase.
Hepatomegaly and splenomegaly.
Enzyme replacement therapy.
. Radiation.

10. A51Cr.

11. Polycythaemia vera.

WooNOLRAWNPRE

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 thetapy 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 invelves 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

Haemochromatosis.

Hepcidin.

Diabetes.mellitus.

Elevated serum ferritin and transferrin saturation.
Therapeutic phlebotomy.
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Part 3.2: Storage Disorders In Haematology

Defective enzymes.

Glucocerebrosidase.

Enlarged macrophages filled with lipid material, found in bone marrow.
Hepatomegaly and splenomegaly.

Enzyme replacement therapy.

i S 4=

Part 3.3: Radioisotopes In Haematology

1. Their radiation.

-
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A59Fe.

A51Cr.

Treatment of polycythaemia vera with A32P.

Shielding, dose monitoring, and safe disposal of radioactive materials.

ok wnN

Part 3.4: Clinical Integration And Case Studies

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

Serum ferritin.

Enzyme replacement therapy.

A51Cr.

Ferritin levels.

o wWN
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Figures and Plates

o Figure 3.1: Pathophysiology of haemochromatosis
Al-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”.

e Plate 3.1: Clinical features of haemochromatosis
Al-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”.

o Figure 3.2: Management strategies in haemochromatosis
Al-generated using prompt: “Generate a diagram showing management strategies for
-
D
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haemochromatosis including therapeutic phlebotomy, iron chelation therapy, and lifestyle
modifications.”

Suggested OER search string: “management haemochromatosis phlebotomy chelation
therapy OER”.

o Figure 3.3: Mechanism of storage disorders
Al-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™.

e Plate 3.2: Gaucher cells in bone marrow
Al-generated using prompt: “Generate an image showing Gauchercells in bone marrow
aspirate, with enlarged macrophages containing lipid material.”
Suggested OER search string: “Gaucher disease bone marrow Gaucher cells OER”.

o Figure 3.4: Management of storage disorders
Al-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”.

e Figure 3.5: Principles of radioisotope use in haematology
Al-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”.

o Figure 3.6: Therapeutic applications and safety in radioisotope use
Al-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™.

e Plate 3.3: Case example of radioisotope use in haemolytic anaemia
Al-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”.

o Figure 3.7: Comparative analysis of haemochromatosis, storage disorders, and
radioisotope use
Al-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”.

o Figure 3.8: Monitoring and follow-up strategies in haematology
Al-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

e Box 3.1: Key laboratory tests in haemochromatosis
Al-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”.

e Box 3.2: Clinical and laboratory features of storage disorders
Al-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”.

e Box 3.3: Diagnostic applications of radioisotopes in haematology
Al-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”.

e Box 3.4: Case examples in.haemochromatosis, storage disorders, and radioisotope
applications
Al-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 Il

Course credit load: 2 Units

Series 4: Automation In Haematology And
Haemoglobinopathies

o Part4.1: Automation In Haematology
e Sub-Part 4.1.1: Evolution and principles of automation in'haematology
o Sub-Part 4.1.2: Automated haematology analysers and their components

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

o Part 4.2: Haemoglobinopathies — Overview And Classification
e Sub-Part 4.2.1: Definition and general features of haemoglobinopathies
e Sub-Part 4.2.2: Classification into structural variants and thalassaemias
e Sub-Part 4.2.3: Clinical significance of haemoglobinopathies

o Part 4.3: Laboratory Diagnosis Of Haemoglobinopathies
e Sub-Part 4.3.1: Screening tests (e.g., solubility tests, red cell indices)
e Sub-Part 4.3.2: Confirmatory tests (e.g., electrophoresis, HPLC)

e Sub-Part 4.3.3: Molecular techniques and genetic counselling

o Part 4.4: Clinical Integration And Case Studies
o ( Sub-Part 4.4.1: Case examples of sickle cell disease and thalassaemia
o Sub-Part 4.4.2: Role of automation in monitoring haemoglobinopathies

e 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:

e SLO 4.1 define the principles of automation in haematology;

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

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

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

e SLO 4.5 define haemoglobinopathies and outline their general features,

e SLO 4.6 classify haemoglobinopathies into structural variants and thalassaemias,

e SLO 4.7 describe the clinical significance of haemoglobinopathies,

e SLO 4.8 identify screening tests used in the laboratory diagnosis of
haemoglobinopathies,

e SLO 4.9 demonstrate how confirmatory tests such as electrophoresis and HPLC are
applied in diagnosis,

e SLO 4.10 explain the role of molecular techniques and genetic counselling in
haemoglobinopathy diagnosis,

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

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

e 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.

EVOLUTION OF AUTOMATION IN HAEMATOLOGY

3. ADVANCED 4. MODERN INTEGRATED
1. MANUAL ERA 2. SEMI-AUTOMATION
(Early 20" Century) > (Mid-20 Century) > AUTOMATION ’ SYSTEMS
(Late 20* Century) (21st Century)

GLASS HEMOCYTOMETER COULTER COUNTER FLOW CYTOMETRY & HIGH-THROUGHPUT
COUNTING CHAMBER (Impedance Principle) OPTICAL SCATTER ANALYSER & DIGITAL IMAGING
Microscopes oil technology, Coulter counter technology Flow computerized analyzer High-throughput analyser & rip
hemocytometer counting a Impedance principle, arraved and mexinme covereltration, process open analyzer
meeeo and ternethart by- tipedanent dates and calorating laser thatrationc track,.iin regulally
criton counting chamber rignilanced to the cytometry iisraonomy & digital imaging with digital
impedance principles. latero-menics based morphology and digital
cytometry morphology images

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.

SN
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TOUCHSCREEN
AUTOMATED LASER & IMPEDANCE COMPUTER INTERFACE

SAMPLE LOADER DETECTION UNIT

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

Speed, accuracy, reproducibility, high throughput; improves efficiency in routine
haematology testing

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

Advantages

Limitations .

equipment cost
Quality Use of control samples, regular calibration, preventive maintenance, and periodic
control 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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List three components of an automated haematology analyser.

State one advantage of automation in haematology.

What is one limitation of automation in haematology?

Why is quality control important in automated haematology systems?

ounkw

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

HEMOGLOBIN STRUCTURE & GENETIC MUTATIONS LEADING TO HEMOGLOBINOPATHIES

~\

1. Normal Adult Hemoglobin (HbA) | [ 2. GENETIC MUTATION [ 3. Modified Hemoglobin
Structure (e.g., Sickle Cell, Thalassemia) (e.g., HbS)

B-globin gene

Point Mutation >
(e.g., GAG -> GTG)

MRNATT RO URE N URE B
TGIG

2 Y 3
Glu - Glu —» Glu - Val Low Oxygen
Conditions |
1
4. HAEMOGLOBINOPATHIES (Clinical Consequences) *
Sickle Cell Disease Thalassemia

» Vaso-occlusion
* Hemolysis
* Anemia

 Imbalanced Globin Synthesis
 Microcytic Anemia
* Iron Overload

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

Dea)
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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 Abnormal haemoglobin molecules due to HbS (sickle haemoglobin),
variants mutations altering amino acid sequence HbC, HbE

. Reduced or absent globin chain production due to  Alpha thalassaemia, Beta
Thalassaemias . .
genetic defects 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.

CLINICAL FEATURES OF HAEMOGLOBINOPATHIES
SICKLE CELL CRISIS THALASSAEMIA COMPLICATIONS

(Vaso-occlusive) (Iron Overload & Bone Changes)

Acute Organ Infection Iron Bone Growth Heart
Pain Damage Risk Overload Deformities Retardation  Failure

Plate4.2: Clinical features of haemoglobinopathies

-
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Pilot questions 4.2

What are haemoglobinopathies and what do they affect?

Into which two broad groups are haemoglobinopathies classified?
Give one example of a structural variant of haemoglobin.

What is the underlying defect in thalassaemias?

What therapy is often required for severe anaemia in thalassaemia?

uhwWwNE

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.

HAEMOGLOBINOPATHY SCREENING: SICKLE SOLUBILITY TEST & RED CELL INDICES

/ Result Low Normal
Blood (ML) 400  pgiL
Sodium Handarl reagents (ILL) 067 0.33-072
Dithionite Proten (bize) 0.02  %-0.06.
Reaeum (cole) 45 % - 10%
Glean (Mif) 0.3 normal/L
Pertielnaren (%) _ 60  %- Possible Thalassemia
MCV (Mean Corpuscular Volume) 70 <05 H or Iron Deficiency
MCV (MCV) 84 %-10%
J MCH (Mean Corpuscular Hemoglobin) 24.4 <133 r—» HbS trait/normal.
MCH (MCH) 122 %-10%
MCH (MCH) 250 %-10%
VGT (%) 1.25 normaliL
Polyassema (%) 34 % -
Incnarate (%) 0.2 %-0.1.
Proten (%) 001 mglL
NEGATIVE POSITIVE \/\
(Clear, HbA/HbA)  (Turbid, HbS present)
\

I 5 FURTHER DIAGNOSTIC TESTING < |

(e.g., Hb Electrophoresis)

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

Hb Electrophoresis
Patient ID: 12245

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.

Dea)
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Technique/Approach Clinical significance
PCR (Polymerase Chain Detects specific mutations in globin genes; rapid and sensitive
Reaction) screening tool for haemoglobinopathies
Identifies exact genetic changes; provides definitive diagnosis and
helps classify variants
Explains inheritance patterns, risks to family members, and
management options; supports informed decision-making
Box 4.3: Molecular techniques and genetic counselling in haemoglobinopathies

DNA sequencing

Genetic counselling

Pilot questions 4.3

What is the purpose of screening tests in haemoglobinopathies?

Which test detects sickle haemoglobin?

What principle does haemoglobin electrophoresis use to separate haemoglobin types?
Name one confirmatory test for haemoglobinopathies.

Which molecular technique is used to detect specific mutations?

Why is genetic counselling important in haemoglobinopathies?

oA wWwNPRE

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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SICKLE CELL DISEASE:
PAINFUL CRISIS

THALASSAEMIA MAJOR:
TRANSFUSION THERAPY

= & ) s

Regular Blood Transfusion & Chelationg

Acute Vaso-Occlusive Event

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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> i@ cellsizing (MCV)
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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

Monitor red cell indices, organ
function (renal, cardiac), and quality of
life

Monitor iron status (ferritin, transferrin

Pain management, prophylactic

SicINQES!! I°ge antibiotics, hydroxyurea therapy

Regular blood transfusions, iron

I . : . . hepat;
Thalassaemia chelation therapy to prevent overload sature}tlon), cardiac and hepatic
function
. . Long-term surveillance of
o Routine haematological tests, g-term su
Monitoring complications, growth, and

imaging, and functional assessments development

-
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Explains inheritance risks, carrier ~ Ongoing support for affected families
detection, and family planning and guidance for reproductive
options decisions

Box 4.4: Management and follow-up strategies in haemoglobinopathies

Genetic
counselling

Pilot questions 4.4

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

uhwWwN e

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 analysets, before considering their advantages, limitations, and quality
control. We then moved on to haemoglebinopathies, 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

o automation in haematology: The use of machines and computerised systems to perform
blood tests more efficiently and accurately than manual methods.

o electrical impedance: A technology used in automated analysers to count and size blood
cells by measuring changes in electrical resistance.

o 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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o genetic counselling: A process that helps individuals and families understand the
inheritance, risks, and management options for genetic conditions such as
haemoglobinopathies.

o haemoglobin electrophoresis: A laboratory test that separates haemoglobin types based
on their electrical charge, used to identify abnormal variants.

o haemoglobinopathies: Inherited disorders that affect the structure or production of
haemoglobin, leading to conditions such as sickle cell disease and thalassaemia.

e high-performance liquid chromatography (HPLC): A laboratory technique that
separates and quantifies haemoglobin fractions with high precision.

e 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.

e mean corpuscular volume (MCV): A red cell index that measures the average size of
red blood cells, useful in identifying microcytic anaemia.

e molecular techniques: Laboratory methods such as PCR and DNA sequencing used to
detect genetic mutations responsible for haemoglobinopathies.

e quality control: Procedures used in automated haematology systems to ensure accuracy
and reliability, including calibration'and use of control samples.

o sickle solubility test: A screening test that detects the presence of sickle haemoglobin by
observing its solubility in a specific solution.

o 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. Automationin 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 SLO4.6)

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 haemaoglobinopathies 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

Cell.
Impedance.
Abnormal.
Haemoglobin.
Structural.
Transfusion.
Sickle.

IR Wy
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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.
13.
14.
15.
16.
17.

Sample loader and detectors.

Quality control ensures accuracy, reliability, and consistency of results.
Structural variants and thalassaemias.

Painful crises.

Haemoglobin electrophoresis.

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.

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

Cell counters.

Electrical impedance and flow cytometry.
Abnormal cells.

Faster turnaround time.

Difficulty detecting abnormal cells.

To ensure accuracy and reliability of results.

AN

Part 4.2: Haemoglobinopathies — Overview And Classification

Haemoglobin, the oxygen-carrying protein in red blood cells.
Structural variants and thalassaemias.

Sickle haemoglobin (HbS).

Reduced or absent globin chain production.

Blood transfusion therapy.

uhwWwNE

Part 4.3: Laboratory Diagnosis Of Haemoglobinopathies

To identify individuals who may have haemoglobin abnormalities.

The sickle solubility test.

Electrical charge.

Haemoglobin electrophoresis.

Polymerase chain reaction (PCR).

It helps families understand inheritance, risks, and management options.

SN

Part 4.4: Clinical Integration And Case Studies

Painful crises and anaemia.

Regular blood transfusions.

By providing accurate measurements of red cell indices and haemoglobin concentration.
Hydroxyurea therapy.

It explains inheritance patterns and guides family planning.

uhwnN e
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Figures and Plates

o Figure 4.1: Evolution of automation in haematology
Al-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”.

e Plate 4.1: Automated haematology analyser and its components
Al-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”.

e Box 4.1: Advantages and limitations of automation in haematology
Al-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”.

o Figure 4.2: Structure of haemoglobin and genetic mutations
Al-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”.

e Box 4.2: Classification of haemoglobinopathies
Al-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”.

e Plate 4.2: Clinical features of haemoglobinopathies
Al-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”.

o Figure 4.3: Screening tests for haemoglobinopathies
Al-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”.

e Plate 4.3: Haemoglobin electrophoresis results
Al-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”.

e Box 4.3: Molecular techniques and genetic counselling in haemoglobinopathies
Al-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”.

e Plate 4.4: Case examples of haemoglobinopathies
Al-generated using prompt: “Generate an image showing clinical case seenarios of sickle
cell disease with painful crises and thalassaemia major with transfusion therapy.”
Suggested OER search string: “clinical case sickle cell thalassaemia OER”.

o Figure 4.4: Role of automation in monitoring haemoglobinopathies
Al-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”.

e Box 4.4: Management and follow-up strategies in haemoglobinopathies
Al-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
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Course credit load: 2 Units

Series 5: Cytochemical Procedures, Lymphocyte
Transformation Tests, And Paraproteinaemias

e Part5.1: Cytochemical Procedures In Haematology
e Sub-Part 5.1.1: Principles and applications of cytochemistry

e Sub-Part 5.1.2: Common cytochemical stains (e.g., myeloperoxidase, Sudan
black, PAS)

o Sub-Part 5.1.3: Diagnostic significance of cytochemical procedures in leukaemias
o Part5.2: Lymphocyte Transformation Tests

e Sub-Part 5.2.1: Principles of lymphoeyte transformation and stimulation

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

e Sub-Part 5.2.3: Clinical applications in immunology and haematology
e Part5.3: Paraproteinaemias

e Sub-Part 5.3.1: Definition and types of paraproteins

o Sub-Part 5.3.2: Laboratory detection methods (e.g., electrophoresis,
immunofixation)

e | Sub-Part 5.3.3: Clinical significance and associated conditions (e.g., multiple
myeloma, Waldenstrom’s macroglobulinaemia)

o Part5.4: Clinical Integration And Case Studies
o Sub-Part 5.4.1: Case examples involving cytochemical diagnosis of leukaemia

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

e 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 Qutcomes
Upon completing this Series, you should be able to:

e SLO 5.1 define the principles of cytochemical procedures in haematology,

e SLO 5.2 describe the application of common cytochemical stains such as
myeloperoxidase, Sudan black, and PAS,

e SLO 5.3 analyse the diagnostic significance of cytochemical procedures in differentiating
leukaemias,

e SLO 5.4 explain the principles of lymphocyte transformation and stimulation,

e SLO 5.5demonstrate how lymphocyte transformation tests are performed and interpreted
in the laboratory,

e SLO 5.6 evaluate the clinical applications of lymphocyte transformation tests in
immunology and haematology,

o SLO 5.7 define paraproteinaemias and outline the types of paraproteins,

e SLO 5.8 identify laboratory methods used to detect paraproteins, including
electrophoresis and immunofixation,

e SLO 5.9 describe the clinical significance of paraproteinaemias and their association with
conditions such as multiple myeloma and Waldenstrom’s macroglobulinaemia,

e SLO 5.10 analyse case examples involving cytochemical diagnosis of leukaemia,

e SLO 5.11 apply knowledge of lymphocyte transformation tests to case examples in
immune disorders, and

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



e 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

components.

to identify specific cellular

Cytochemical Staining Principles & Colour Reactions in Blood Cells

Myeloperoxidase Sudan Black B Periodic Acid-Schiff Esterase
(MPO) (SBB) (PAS) (NSE/SE)
‘ Q ) . ). Positive .\ Positive Positive
o@/ Q.20 (blue-black) =/ (black) (red)
Neutrophil SO
i VN -
( ) : : { ’i} \ Positive
\\‘/ Negative Negative @g’/}, (red blocks)
Lymphocyte N
7 = NSE
[ O\ Vs — 33 (Non-specific Esterase)
( ‘ Weak ( QO;’ Positive Positive
BN Positive S (diffusered) | (red-brown)
Monocyte Erythroblast -
p _7\\ p SE (Specific Esterase)
' ,‘ Positive ‘ @ Positive
<« (brown-black) * (blue)
Eosinophil s

Principle:
30

+
Substrate Enzyme  Product

Stains detect specific enzymes or substances within cells,
producing characteristic colored end-products.

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 Detects enzyme activity in myeloid cells; helps differentiate myeloid
(MPO) from lymphoid leukemias
Sudan black B (SBB) Stalns lipids in myeloid cells; parallels MPO in identifying myeloid

lineage

Periodic acid—Schiff  Detects glycogen and carbohydrates; often positive in lymphoid cells
(PAS) 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.

AML (Acute Myeloid Leukemia) - MPO & SBB Positive ALL (Acute Lymphoblastic Leukemia) - PAS Positive V

. v
/ R
- —
., | Eebusy) 228 A - February 22,2026 |

AML (Aéute Myeloid Leukemia) - ALL (Acute Lymphoblastic Leukemia)
MPO & SBB Positive l - PAS Positive

Plate 5.1: Cytochemical staining patterns in leukaemias
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LA-NET | ONLINE LEARNING VIDEO PLATFORM FOR POST-SECONDARY & HIGHER INSTITUTION STUDENTS



Pilot questions 5.1

What is cytochemistry and why is it important in haematology?

Name one cytochemical stain used to identify myeloid cells.

Which stain detects glycogen and carbohydrates?

What is the diagnostic significance of MPO and SBB stains in leukaemia?
Which leukaemia type often shows PAS positivity?

uhwWwNE

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.

LYMPHOCYTE TRANSFORMATION TEST:
MITOGEN & ANTIGEN STIMULATION LEADING TO CELL PROLIFERATION

DAY 0 DAY 3 DAY 5

< @
UNSTIMULATED @ @ @ @ — @@

CONTROL @

MITOGEN @ ; MITOGEN
STIMULATION @ e —> \ STIMULATION
(e.g., PHA) @ (e.g., PHA)
ANTIGEN @@ ANTIGEN

STIMULATION

STIMULATION @

(e.g., Tetanus Toxoid) (e.g., Tetanus Toxoid)

Resting o
Lymphocytes Blast Cells Proliferating Cells

3H-Thymidine
Uptake (cpm)

——

F igure 5.2: Principle oj’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

Assesses lymphocyte function to detect impaired

Evaluation of immunodeficiency . .
cellular immunity

-
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Application Clinical significance
Monitoring immune recovery after bone Tracks restoration of immune competence post-

marrow transplantation transplantation

Assessment of drug hypersensitivity Identifies abnormal lymphocyte responses to specific
reactions drugs, useful in allergy/immunology

Functional analysis of lymphocytes in ~ Provides insights into lymphocyte activity in
haematology haematological disorders

Box 5.2: Clinical applications of lymphocyte transformation tests

Pilot questions 5.2

What is the principle of lymphocyte transformation tests?

Name one mitogen used in LTTs.

How is DNA synthesis measured in lymphocyte transformation tests?
What does reduced lymphocyte transformation indicate?

Mention one clinical application of LTTs in haematology.

uhwWwNE

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 Waldenstrom’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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COMPARISON: NORMAL IMMUNOGLOBULINS VS. PARAPROTEINS IN PARAPROTEINAEMIAS

NORMAL IMMUNOGLOBULINS PARAPROTEINS
(Polyclonal Antibodies) (Monoclonal Antibodies / M-proteins)

B Heavy Chains (Blue)
Light Chains (Green)
@ Variable Regions

-\
\/\l

Free Light Chains

(V-regions, Different Shapes) (Bence Jones Proteins)
Diverse population, produced by multiple B-cell clones. Identical population, produced by a single abnormal B-cell or plasma
Mix of classes (IgG, IgA, IgM, etc.) and light chains (kappa, lambda). cell clone. Single class and light chain type (e.g., IgG kappa only).
(. J \
[ KEY DIFFERENCE: Normal Ig are diverse (polyclonal); Paraproteins are identical (monoclonal) and often present in excess. j

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. Waldenstrom’s macroglobulinaemia involves excess IgM
paraproteins, leading to hyperviscosity symptoms such as blurred vision and headaches.
Detecting paraproteins is therefore erucial for diagnosis, prognosis, and guiding treatment

strategies.

Fill in the blank: Waldenstrom’s. macroglobulinaemia is associated with excess
paraproteins.

Condition Clinical significance

Characterized by paraproteins, bone pain, anaemia, renal

Multiple myeloma impairment; important for diagnosis, prognosis, and treatment
guidance

Waldenstrom’s Excess IgM production leading to hyperviscosity symptoms;

macroglobulinaemia paraprotein detection aids diagnosis and monitoring

Génerabimportance Paraprote.inaerr{ig anal'ysis supports diagnosis, pr‘ogn.osis, and guides
therapeutic decisions in plasma cell and lymphoid disorders

Box 5.3: Clinical significance of paraproteinaemias

-

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



Pilot questions 5.3

What are paraproteinaemias?

Name one type of paraprotein.

What laboratory method reveals a monoclonal band?

What is the clinical significance of paraproteinaemias?
Which condition is associated with excess IgM paraproteins?

uhwNneRE

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 leukaecmia (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.

AML: Positive MPO & SBB Stainin
- & ‘--‘.a' :,C" v

2
Case file: Case file: February 22, 2026
Patient: Male, 56 Patient: Female, 6 Shaki, Oyo, Nigeria
Symptoms: Fatigue, Fever, Bruising Symptoms: Bone pain, Pallor, Lymphadenopathy
Lab: WBC 85x109/L, Blasts 60% Lab: WBC 25x109/L, Lymphoblasts 80%
Diagnosis: Acute Myeloid Leukemia (AML) Diagnosis: Acute Lymphoblastic Leukemia (ALL)

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.
( SCENARIO 1: SCENARIO 2:
IMMUNODEFICIENCY LYMPHOCYTE HYPERSENSITIVITY
(Reduced Response) TRANSFORMATION (Exaggerated Response)
Control Antigen/Mitogen TEST (LTT) Control Antigen
(Unstimulated) Stimulated CASE SCENARIOS (Unstimulated) Stimulated
| |
1 :Lg
@ Incubation | @ ® Incubation || =)
- (3-7 Days) ) . (3-7 Days)
| @ >
® 0@ '
° @ ©
| o 55| ® RESULT: RESULT: :
@ | és ..—‘ , Impaired Excessive @
\ ) EB\ )/ liferation, proliferation, /)
\:;J/ 2 =4 pfﬁ&;ﬁ;?iﬁ,‘;" indicating N
Control Antigen/Mitogen cellular hypersensitivity Control Antigen Stimulation
(Unstimulated) Stimulated immunodeficiency. or allergy. Stimulated 'ndex (5

.

J

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 Waldenstrom’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: Waldenstrom’s macroglobulinaemia is characterised by excess

paraproteins leading to hyperviscosity.

-
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Case example Clinical features Management strategies

Chemotherapy, immunotherapy,

Bone pain, anaemia, renal .
supportive care (e.g.,

Multiple myeloma impairment, monoclonal band on bisphosphonates). stem cell

electrophoresis .

transplantation
N Excess IgM, hyperviscosit Chemotherapy, immunothera
Waldenstrom’s gV, Wypery Y Py, crapy.
. . symptoms (visual disturbances, plasmapheresis for hyperviscosity

macroglobulinaemia . . . .

bleeding, neurological signs) relief

Paraproteins indicate plasma cell or
lymphoid disorders; essential for
diagnosis, prognosis, and treatment
guidance

Box 5.4: Case examples and management of paraproteinaemias

Combination of targeted therapy,
supportive measures, and
monitoring

General significance

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?

Name one clinical feature of multiple myeloma.

What laboratory finding is characteristic of paraproteinaemias?

5. Which management strategy is used to treat hyperviscosity in Waldenstréom’s
macroglobulinaemia?

P w

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 Waldenstrdom’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.

-
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Glossary of Terms

o immunofixation electrophoresis (IFE): A laboratory technique that identifies the
specific type of immunoglobulin or light chain present in paraproteinaemias.

o lymphocyte transformation tests (LTTs): Laboratory procedures that measure the
ability of lymphocytes to respond to mitogens or antigens by enlarging, proliferating, and
transforming.

e mitogen: A substance that stimulates lymphocytes to divide and transform, commonly
used in LTTs (e.g., phytohaemagglutinin).

e monoclonal band (M-band): A sharp band seen in serum protein electrophoresis,
indicating the presence of paraproteins.

o myeloperoxidase (MPQO) stain: A cytochemical stain that detects the enzyme
myeloperoxidase in myeloid cells, useful in diagnosing acute myeloid leukaemia.

o paraproteinaemias: Conditions characterised by abnormal immunoglobulins
(paraproteins) in the blood, often linked to plasma cell or lymphoid malignancies.

e paraproteins: Abnormal immunoglobulins or light chains produced by a clone of plasma
cells, detectable in paraproteinaemias.

o periodic acid—Schiff (PAS) stain: A cytochemical stain that detects glycogen and
carbohydrates, often positive in acute lymphoblastic leukaemia.

e phytohaemagglutinin (PHA): A mitogen commonly used in lymphocyte transformation
tests to stimulate lymphocyte proliferation.

e serum protein electrophoresis (SPEP): A laboratory method that separates proteins
based on electrical charge, used to detect paraproteins.

e Sudan black B (SBB) stain: A cytochemical stain that highlights lipids in myeloid cells,
aiding in the diagnosis of acute myeloid leukaemia.

e Waldenstrom’s macroglobulinaemia: A condition characterised by excess [gM
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)

-

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



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. Waldenstrom’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 Waldenstrom’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

Stains.

Lipids.

Myeloid.
Mitogens.
Mitogen.

Bone marrow.
Immunoglobulins.
M-band.

. IgM.

10. Lymphoblastic.

©ONDUHWN R

Short-answer questions

11. Cytochemistry is the use of chemical stains to identify specific cellular components in
blood cells.

12. Myeloperoxidase (MPQO) 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 Waldenstrom’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.

Myeloperoxidase (MPQ).

Periodic acid—Schiff (PAS).

They are strongly positive in acute myeloid leukaemia.

Acute lymphoblastic leukaemia (ALL).

uhWwN

Part 5.2: Lymphocyte Transformation Tests

1. LTTs stimulate lymphocytes with mitogens or antigens, causing them to proliferate and
transform.

Phytohaemagglutinin (PHA).

Incorporation of radioactive thymidine into DNA.

Impaired cellular immunity.

Monitoringimmune recovery after bone marrow transplantation.

e wnN

Part 5.3: Paraproteinaemias

1. Paraproteinaemias are conditions characterised by abnormal immunoglobulins in the
blood.

2. Monoclonal immunoglobulin (e.g., 1gG, IgA, IgM).

Serum protein electrophoresis (SPEP).

4. They are associated with plasma cell or lymphoid malignancies and guide diagnosis and
treatment.

5. Waldenstrom’s macroglobulinaemia.

w

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

e Figure 5.1: Principle of cytochemical staining in haematology
Al-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”.

e Box 5.1: Common cytochemical stains in haematology
Al-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”™.

e ( Plate 5.1: Cytochemical staining patterns in leukaemias
Al-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”.

e Figure 5.2: Principle of ymphocyte transformation tests
Al-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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e Plate 5.2: Laboratory methods for ymphocyte transformation tests
Al-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”.

e Box 5.2: Clinical applications of lymphocyte transformation tests
Al-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”.

o Figure 5.3: Normal immunoglobulin versus paraprotein structure
Al-generated using prompt: “Generate a diagram comparing normal immunoglobulin
structure with paraproteins produced in paraproteinacmias.”
Suggested OER search string: “paraproteinaemias immunoglobulin paraprotein structure
OER”.

e Plate 5.3: Serum protein electrophoresis showing M-band
Al-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”.

e Box 5.3: Clinical significance of paraproteinaemias
Al-generated using prompt: “Create a text box listing clinical significance of
paraproteinaemias with examples of multiple myeloma and Waldenstrom’s
macroglobulinaemia.”
Suggested OER:search string: “paraproteinaemias clinical significance multiple myeloma
Waldenstrom OER”.

o Plate 5:4: Cytochemical case examples in leukaemia diagnosis
Al-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”.

o Figure 5.4. Case examples of lymphocyte transformation tests
Al-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”.

e Box 5.4: Case examples and management of paraproteinaemias
Al-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
Waldenstrom management OER”.
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