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Consists of two alpha and two beta globin chains

Heme sits inside the globin chain and holds one

iron molecule (4 per haemoglobin)

The iron molecule reversibly binds oxygen

(allowing it to carry and give up the O2 molecule)

Consists of two alpha and two beta globin chains
Heme sits inside the globin chain and holds one
iron molecule (4 per haemoglobin)
The iron molecule reversibly binds oxygen
(allowing it to carry and give up the O2 molecule)

Reminder - this is what Hb measures!Reminder - this is what Hb measures!
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HPLC most commonly done for routine samples

Other ways include using electrophoresis

Gel (acid/alkali)

Capillary

Isoelectric focussing - newborn blood spots

There are also other ways of detecting abnormal

haemoglobin - e.g. sickle solubility test

HPLC most commonly done for routine samples
Other ways include using electrophoresis

Gel (acid/alkali)
Capillary
Isoelectric focussing - newborn blood spots

There are also other ways of detecting abnormal
haemoglobin - e.g. sickle solubility test

Two samples are required to confirm
diagnosis - select the second modality based

on the suspected variant haemoglobin

Two samples are required to confirm
diagnosis - select the second modality based

on the suspected variant haemoglobin

MEASURING TYPES
OF HAEMOGLOBIN
MEASURING TYPES
OF HAEMOGLOBIN



Sample is lysed to release haemoglobin

from red cells

Mobile phase - sample is added to a

solvent to allow it to pass through the

column

Stationary phase - there are negatively

charged molecules which attract the

positively charged haemoglobin

molecules at different points depending

on their affinity for the column

This is detected and turned into a graph

Sample is lysed to release haemoglobin
from red cells
Mobile phase - sample is added to a
solvent to allow it to pass through the
column
Stationary phase - there are negatively
charged molecules which attract the
positively charged haemoglobin
molecules at different points depending
on their affinity for the column
This is detected and turned into a graph

Red cells are LYSED before analysisRed cells are LYSED before analysis

HPLCHPLC



Image credit - HaembaseImage credit - Haembase

Pitfalls

Cannot distinguish between HbE and HbA2
(remember your A2E)
Glycated haemoglobins elute separately

Pitfalls
Cannot distinguish between HbE and HbA2
(remember your A2E)
Glycated haemoglobins elute separately



OTHER TYPES OF
TESTING
OTHER TYPES OF
TESTING

Isoelectric focussing -

separates out glycosylated

forms which can make

interpretation difficult

Isoelectric focussing -
separates out glycosylated
forms which can make
interpretation difficult

Capillary electrophoresis -
does not separate out

glycosylated forms. Can

distinguish between A2 and E

Capillary electrophoresis -
does not separate out
glycosylated forms. Can
distinguish between A2 and E

Acid/alkali gel

electrophoresis - no longer

commonly used, but can be

helpful in diagnostic

conundrums

Acid/alkali gel
electrophoresis - no longer
commonly used, but can be
helpful in diagnostic
conundrums

This is positive if there is any HbS present - cannot

distinguish between trait and disease

This is positive if there is any HbS present - cannot
distinguish between trait and disease



Haemoglobin is made, but the structure is different
to normal haemoglobin due to a genetic mutation
(usually affecting the beta gene). Examples include:

HbS
HbC

Haemoglobin is made, but the structure is different
to normal haemoglobin due to a genetic mutation
(usually affecting the beta gene). Examples include:

HbS
HbC

Mutations in alpha or beta genes reduce the
production in alpha or beta chains. This reduces
the amount of normal haemoglobin. These
conditions are called thalassaemias.

Mutations in alpha or beta genes reduce the
production in alpha or beta chains. This reduces
the amount of normal haemoglobin. These
conditions are called thalassaemias.

Structural abnormalitiesStructural abnormalities

HOW CAN
HAEMOGLOBIN
SYNTHESIS GO
WRONG

HOW CAN
HAEMOGLOBIN
SYNTHESIS GO
WRONG Abnormalities in

haemoglobin production
Abnormalities in

haemoglobin production
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HBSS SICKLE CELL
DISEASE
HBSS SICKLE CELL
DISEASE
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Results in around
90% HbS

Usual Hb 50-90

HbS has low oxygen affinity in
hypoxic conditions

HbS has low oxygen affinity in
hypoxic conditions
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NormalNormal

Sickle cell diseaseSickle cell disease

Low haemoglobin
Low RBC

Often normal MCV (unless co-existing
thalassaemia trait - more on this later)

Low haemoglobin
Low RBC

Often normal MCV (unless co-existing
thalassaemia trait - more on this later)



ɛ̝ γ δ βS ɛ̝ γ δ βC

ɛ̝ γ δ βS ɛ̝ γ δ β0

OTHER TYPES OF
SICKLE CELL DISEASE
OTHER TYPES OF
SICKLE CELL DISEASE

Chromosome 11Chromosome 11 Chromosome 11Chromosome 11

= HbSC disease= HbSC disease
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Inheritance of sickle cell disease is

autosomal recessive

The genes are codominant

Both alleles are expressed independently,

which means they both  create

haemoglobin

Inheritance of sickle cell disease is
autosomal recessive

The genes are codominant
Both alleles are expressed independently,
which means they both  create
haemoglobin

ARE CARRIERS
UNAFFECTED?
ARE CARRIERS
UNAFFECTED?
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SICKLE CELL TRAITSICKLE CELL TRAIT
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Translates to:
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Normal haemoglobin
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70% HbA
30% HbS

Normal haemoglobin
Normal MCV



Vaso-occlusion
Sickled cells are rigid and non-

deformable. They can get stuck in
small vessels leading to

ischaemia, organ damage and
pain

Vaso-occlusion
Sickled cells are rigid and non-

deformable. They can get stuck in
small vessels leading to

ischaemia, organ damage and
pain

WHAT DO SICKLED CELLS
DO IN THE BODY?
WHAT DO SICKLED CELLS
DO IN THE BODY?

Painful crisisPainful crisis

Acute chest syndromeAcute chest syndrome

Avascular necrosisAvascular necrosis



Haemolysis
The abnormal sickled cells are destroyed through
intravascular haemolysis. The lifespan of a sickle

cell is around 10-20 days.

Haemolysis depletes nitric oxide, causes local
vascular damage and promotes systemic

inflammation

Haemolysis
The abnormal sickled cells are destroyed through
intravascular haemolysis. The lifespan of a sickle

cell is around 10-20 days.

Haemolysis depletes nitric oxide, causes local
vascular damage and promotes systemic

inflammation

WHAT DO SICKLED CELLS
DO IN THE BODY?
WHAT DO SICKLED CELLS
DO IN THE BODY?

Leg ulcerationLeg ulceration

PriapismPriapism

StrokeStroke





TREATMENT
OPTIONS
TREATMENT
OPTIONS



TRANSFUSIONTRANSFUSION

Chronic transfusionChronic transfusion

Secondary prevention of

recurrent painful crisis or

acute chest syndrome

Secondary prevention of
recurrent painful crisis or
acute chest syndrome

Other indications may include

managing symptomatic

splenomegaly, priapism, chronic

organ damage... but not evidence

based

Other indications may include
managing symptomatic
splenomegaly, priapism, chronic
organ damage... but not evidence
based

The benefit of transfusion should be weighed against the risks of

alloimmunisation, a common complication seen frequently in

transfused adults. Red cells should be matched for ABO, Rh

(D,C,c,E,e) and Kell blood groups as a minimum.

Also consider risk of iron overload and need for chelation.

The benefit of transfusion should be weighed against the risks of
alloimmunisation, a common complication seen frequently in
transfused adults. Red cells should be matched for ABO, Rh
(D,C,c,E,e) and Kell blood groups as a minimum.

Also consider risk of iron overload and need for chelation.

Risks of transfusionRisks of transfusion

Secondary stroke prevention -

long term transfusion

programme (very high risk of

recurrence without transfusion)

Secondary stroke prevention -
long term transfusion
programme (very high risk of
recurrence without transfusion)

Remains a common long-term treatment option for the

indications listed opposite. Decision to transfuse is usually made

by the paediatric haematology consultant who knows the

patient.

Remains a common long-term treatment option for the
indications listed opposite. Decision to transfuse is usually made
by the paediatric haematology consultant who knows the
patient.

Exchange vs top upExchange vs top up

Simple top-up exchange more commonly used in paediatrics,

exchange transfusion is more common in adults.

Simple top-up exchange more commonly used in paediatrics,
exchange transfusion is more common in adults.

Primary stroke prevention - if

abnormal TCDs - STOP and

STOP2 trial

Primary stroke prevention - if
abnormal TCDs - STOP and
STOP2 trial



HOW TRANSFUSION
IMPACTS HBS%
HOW TRANSFUSION
IMPACTS HBS%

Untransfused

HbS % usually 80-90%
Untransfused

HbS % usually 80-90%
HbS

HbSHbS

HbS
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HbSHbS

HbS
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HbSHbS

HbS

HbS

HbSHbS
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HbA

Transfused

HbS % lower - often aim <30%
Transfused

HbS % lower - often aim <30%

Red cells are lysed in the
analyser and haemoglobin is

counted.

Red cells are lysed in the
analyser and haemoglobin is

counted.

HbA
HbA

HbA
HbA

HbA

HbA

HbA

HbA
HbA

HbA

HbA

HbS negative blood is given so
this post-transfusion value is not

impacted

HbS negative blood is given so
this post-transfusion value is not

impacted



HYDROXYCARBAMIDEHYDROXYCARBAMIDE

Who can have it?Who can have it?

There are many proposed mechanisms of action...There are many proposed mechanisms of action...

How does it work?How does it work?

Hydroxycarbamide can be used in all patients with a sickling

disorder from age 9 months onwards (BABYHUG trial)

Hydroxycarbamide can be used in all patients with a sickling
disorder from age 9 months onwards (BABYHUG trial)



HYDROXYCARBAMIDEHYDROXYCARBAMIDE

Who can have it?Who can have it?

Lower platelet count --> less

thrombotic?

Lower platelet count --> less
thrombotic?

Hydroxycarbamide carries a nitric

oxide molecule which can be

released --> local vasodilation,

offset haemolysis related NO

consumption

Hydroxycarbamide carries a nitric
oxide molecule which can be
released --> local vasodilation,
offset haemolysis related NO
consumption

There are many proposed mechanisms of action...There are many proposed mechanisms of action...

How does it work?How does it work?

Reduced marrow production of

white cells --> less inflammation? 
Less vascular ashesion = less vaso-

occlusion?

Reduced marrow production of
white cells --> less inflammation? 
Less vascular ashesion = less vaso-
occlusion?

Hydroxycarbamide can be used in all patients with a sickling

disorder from age 9 months onwards (BABYHUG trial). HbSS,

HbS/beta thalassaemia in particular, but also for other

genotypes depending on their disease phenotype

Hydroxycarbamide can be used in all patients with a sickling
disorder from age 9 months onwards (BABYHUG trial). HbSS,
HbS/beta thalassaemia in particular, but also for other
genotypes depending on their disease phenotype

What are the benefits?What are the benefits?

Potential reduction in vaso-occlusive crisis

Long term primary stroke prevention after initial period of

transfusion

Potential prevention of chronic sickling complications (e.g.

nephropathy, pulmonary hypertension etc) but no strong

evidence

Potential reduction in vaso-occlusive crisis
Long term primary stroke prevention after initial period of
transfusion
Potential prevention of chronic sickling complications (e.g.
nephropathy, pulmonary hypertension etc) but no strong
evidence

Transiently inhibits DNA synthesis

- acts for 1-4 hours. Daily transient

erythroid precursor suppression

recruits more erythroid

progenitors with increased HbF

Transiently inhibits DNA synthesis
- acts for 1-4 hours. Daily transient
erythroid precursor suppression
recruits more erythroid
progenitors with increased HbF



HOW HYDROXYCARBAMIDE
IMPACTS HBS%
HOW HYDROXYCARBAMIDE
IMPACTS HBS%

Without hydroxycarbamide
HbS % usually 80-90%

HbF% usually <1%

Without hydroxycarbamide
HbS % usually 80-90%

HbF% usually <1% HbS
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HbS

HbSHbS

HbS
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HbSHbS

HbS
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HbS

With hydroxycarbamide
HbS % 60-80%
HbF% - 10-30%

With hydroxycarbamide
HbS % 60-80%
HbF% - 10-30%

Red cells are lysed in the
analyser and haemoglobin is

counted.

Red cells are lysed in the
analyser and haemoglobin is

counted.
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HOW HYDROXYCARBAMIDE
IMPACTS THE BLOOD FILM
HOW HYDROXYCARBAMIDE
IMPACTS THE BLOOD FILM

Higher MCV

More hydrated,

deformable cells

Less terminally

sickled forms

Higher MCV
More hydrated,
deformable cells
Less terminally
sickled forms



HYDROXYCARBAMIDEHYDROXYCARBAMIDE

How should we be prescribing hydroxycarbamide?How should we be prescribing hydroxycarbamide?

A study from Africa showed that those on the MTD had:

60% reduction in VOC

70% reduction in ACS

70% reduction in transfusions

80% reduction in hospitalisation

A study from Africa showed that those on the MTD had:
60% reduction in VOC
70% reduction in ACS
70% reduction in transfusions
80% reduction in hospitalisation

Why escalate?Why escalate?

Aim for a target of:

HbF >20% if possible

Neutrophils over 1

Escalate doses gradually up until the maximum tolerated dose (MTD)

(based on blood counts)

Aim for a target of:
HbF >20% if possible
Neutrophils over 1

Escalate doses gradually up until the maximum tolerated dose (MTD)
(based on blood counts)



OTHER MEDICAL
OPTIONS?

OTHER MEDICAL
OPTIONS?

Prevents endothelial adhesionPrevents endothelial adhesion Decrease HbS polymerisationDecrease HbS polymerisation
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POTENTIAL
CURES

POTENTIAL
CURES



ALLOGENEIC STEM CELL
TRANSPLANT
ALLOGENEIC STEM CELL
TRANSPLANT

Who can have it?Who can have it? If no matched sibling - transplant

is not really an option.

Haploidentical transplant being

studied in adults

If no matched sibling - transplant
is not really an option.
Haploidentical transplant being
studied in adults

Geographical difficulties - nearest

transplant centres Birmingham or

London

Geographical difficulties - nearest
transplant centres Birmingham or
London

Low rates of GvHD - 2% acute, no

chronic GvHD cases

Low rates of GvHD - 2% acute, no
chronic GvHD cases

Allo SCT is available to patients with a fully matched sibling

donor ONLY who have a severe disease phenotype. Both patient

and donor should be aged 2 or above.

Allo SCT is available to patients with a fully matched sibling
donor ONLY who have a severe disease phenotype. Both patient
and donor should be aged 2 or above.

Matched unrelated donor (MUD)

transplant not used as the chance

of finding a match is low - <20%.

Matched unrelated donor (MUD)
transplant not used as the chance
of finding a match is low - <20%.

History of >= 3 severe pain crises or other acute
complications per year despite institution of supportive
care measures (optimal treatment with hydroxycarbamide
(HC) or transfusion therapy). Other acute complications
would include acute hepatopathy or splenic sequestration
or acute priapism  
Recurrence of acute chest syndrome despite optimum
treatment with hydroxycarbamide (HC) or transfusion
therapy  
Clinically significant neurologic vascular event or deficit
lasting over 24 hours and confirmed radiologically (i.e.
stroke) or progressive cerebral vasculopathy  
Administration of regular transfusion therapy, either by
simple transfusion or exchange transfusion with the aim to
prevent severe sickle complications by maintaining a low
HbS%. Severe sickle complications include a history of >= 2
chest syndromes, >= 3 painful crises or severe recurrent
priapism  
Patients assessed as requiring transfusion but with red cell
alloantibodies/very rare blood type, rendering it difficult to
continue/commence chronic transfusion  
Patients requiring hydroxycarbamide/transfusion for
treatment of SCD complications who cannot tolerate either
therapy due to significant adverse reactions  
Established end organ damage relating to SCD including
but not limited to progressive sickle vasculopathy and
hepatopathy. 



ALLOGENEIC STEM CELL
TRANSPLANT
ALLOGENEIC STEM CELL
TRANSPLANT

Who can have it?Who can have it?

A ‘chemotherapy free’ conditioning protocol using alemtuzumab

and TBI is being used for matched sibling transplants - this has a

lower toxicity profile than the traditional MAC allo transplant.

A ‘chemotherapy free’ conditioning protocol using alemtuzumab
and TBI is being used for matched sibling transplants - this has a
lower toxicity profile than the traditional MAC allo transplant.

What kind of conditioning is used?What kind of conditioning is used?

Allo SCT is available to patients with a fully matched sibling

donor ONLY who have a severe disease phenotype. Both patient

and donor should be aged 2 or above.

Allo SCT is available to patients with a fully matched sibling
donor ONLY who have a severe disease phenotype. Both patient
and donor should be aged 2 or above.



ALLOGENEIC STEM CELL
TRANSPLANT
ALLOGENEIC STEM CELL
TRANSPLANT

Who can have it?Who can have it?
If no matched sibling -

haploidentical transplant being

studied in adults (REDRESS)

If no matched sibling -
haploidentical transplant being
studied in adults (REDRESS)

A ‘chemotherapy free’ conditioning protocol using alemtuzumab

and TBI is being used for matched sibling transplants - this has a

lower toxicity profile than the traditional MAC allo transplant.

A ‘chemotherapy free’ conditioning protocol using alemtuzumab
and TBI is being used for matched sibling transplants - this has a
lower toxicity profile than the traditional MAC allo transplant.

What kind of conditioning is used?What kind of conditioning is used?

Low rates of GvHD - 2% acute, no

chronic GvHD cases

Low rates of GvHD - 2% acute, no
chronic GvHD cases

Allo SCT is available to patients with a fully matched sibling

donor ONLY who have a severe disease phenotype. Both patient

and donor should be aged 2 or above.

Allo SCT is available to patients with a fully matched sibling
donor ONLY who have a severe disease phenotype. Both patient
and donor should be aged 2 or above.

How effective is this?How effective is this?

OS rate of around 95% aged <16

EFS 73-96%

Mixed donor chimerisms are intended and can still result in

cure

OS rate of around 95% aged <16
EFS 73-96%
Mixed donor chimerisms are intended and can still result in
cure

Matched unrelated donor (MUD)

transplant not used as the chance

of finding a match is low - <20%.

Matched unrelated donor (MUD)
transplant not used as the chance
of finding a match is low - <20%.

21 successful pregnancies

recorded in 14 patients (7 male, 7

female)

21 successful pregnancies
recorded in 14 patients (7 male, 7
female)



GENE THERAPYGENE THERAPY

Who can have it?Who can have it?

Autologous, gene edited stem cells are reinfused after the

administration of myeloablative conditioning.

Autologous, gene edited stem cells are reinfused after the
administration of myeloablative conditioning.

What kind of procedure is this?What kind of procedure is this?

Gene therapy is only available to the following patients over the

age of 12:

No available matched sibling donor

AND

Two or more vaso-occlusive crisis requiring hospital attendance

in the two years prior to referral

Gene therapy is only available to the following patients over the
age of 12:

No available matched sibling donor
AND

Two or more vaso-occlusive crisis requiring hospital attendance
in the two years prior to referral

Is this a cure?Is this a cure?

This treatment has the potential to offer a functional/clinical

cure - however we currently do not have enough follow up data

to say this with certainty.

This treatment has the potential to offer a functional/clinical
cure - however we currently do not have enough follow up data
to say this with certainty.

Approved for use in SCD in January 2025!Approved for use in SCD in January 2025!

BCL11A normally suppresses HbF production - this

can be inhibited using gene therapy to allow HbF

to be produced again.

BCL11A normally suppresses HbF production - this
can be inhibited using gene therapy to allow HbF
to be produced again.





HOW GENE THERAPY
IMPACTS HBS%
HOW GENE THERAPY
IMPACTS HBS%

Without gene therapy
HbS % usually 80-90%

HbF% usually <1%

Without gene therapy
HbS % usually 80-90%

HbF% usually <1% HbS

HbSHbS

HbS

HbS

HbSHbS

HbS

HbS

HbSHbS

HbS

HbS

HbSHbS

HbS

HbS

HbS

With gene therapy
HbS % 50%

HbF% - 40-50%

With gene therapy
HbS % 50%

HbF% - 40-50%

Red cells are lysed in the
analyser and haemoglobin is

counted.

Red cells are lysed in the
analyser and haemoglobin is

counted.

HbSHbS

HbSHbS

HbS

HbS

HbF

HbF

HbF

HbF

HbF

HbFHbF

HbF



THALASSAEMIATHALASSAEMIA
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Haemoglobin production in thalassaemia



Haemoglobin is made, but the structure is different
to normal haemoglobin due to a genetic mutation
(usually affecting the beta gene). Examples include:

HbS
HbC

Haemoglobin is made, but the structure is different
to normal haemoglobin due to a genetic mutation
(usually affecting the beta gene). Examples include:

HbS
HbC

Mutations in alpha or beta genes reduce the
production in alpha or beta chains. This reduces
the amount of normal haemoglobin. These
conditions are called thalassaemias.

Mutations in alpha or beta genes reduce the
production in alpha or beta chains. This reduces
the amount of normal haemoglobin. These
conditions are called thalassaemias.

Structural abnormalitiesStructural abnormalities

HOW CAN
HAEMOGLOBIN
SYNTHESIS GO
WRONG

HOW CAN
HAEMOGLOBIN
SYNTHESIS GO
WRONG Abnormalities in

haemoglobin production
Abnormalities in

haemoglobin production



BETA THALASSAEMIASBETA THALASSAEMIAS



BETA THALASSAEMIA
MAJOR
BETA THALASSAEMIA
MAJOR
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ζ α α
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γ

α
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α
α

α

α

α

α

αγ

γ

Usual Hb VERY low without
transfusion

Significant microcytosis

Usual Hb VERY low without
transfusion

Significant microcytosis



NormalNormal
Thalassaemia majorThalassaemia major



BETA THALASSAEMIA
MAJOR - DIAGNOSIS
BETA THALASSAEMIA
MAJOR - DIAGNOSIS

No HbA
Majority of haemoglobin is HbF

No HbA
Majority of haemoglobin is HbF



BETA THALASSAEMIA
INTERMEDIA
BETA THALASSAEMIA
INTERMEDIA
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Chromosome 16Chromosome 16

Chromosome 11Chromosome 11

Chromosome 11Chromosome 11

Chromosome 16Chromosome 16

Usual Hb around
70-80

Microcytosis
Haemolysis

Usual Hb around
70-80
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BETA THALASSAEMIA
INTERMEDIA 
BETA THALASSAEMIA
INTERMEDIA 

Raised HbA2
Most Hb is HbF

Small amount of HbA only

Raised HbA2
Most Hb is HbF

Small amount of HbA only



BETA THALASSAEMIA
TRAIT
BETA THALASSAEMIA
TRAIT
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ζ α α

Chromosome 16Chromosome 16

Chromosome 11Chromosome 11
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Chromosome 11Chromosome 11
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Usual Hb around
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Microcytosis

Usual Hb around
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Classic ‘golf ball’ appearance
can only be seen with
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How to test for haemoglobin variants
Sickle cell disease

The basics
Treatment options

Thalassaemia types and testing.
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