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OVERVIEW OF HAEMOGLOBIN
1) Structure of Hb molecule

The Hb molecule serves to carry oxygen in
the body. It is a tetrameric protein with four
similar globin subunits, or chains. Two are
in the α cluster and two are in the ß cluster.
Each globin has a compact globular
structure that encloses a pocket containing a
haem molecule (Figure 1). Haem is a
protoporphyrin with a reduced iron atom
(Fe2+) in its centre for the binding of oxygen.

Figure 1: diagrammatic representation of the Hb molecule

2) The Hb genes

The α chains are polypeptide chains with 141
residues, the synthesis of which is regulated by
genes located on chromosome 16.
The β chains (which contain the γ, δ and ε chains)
have 146 residues and depend on genes located
on chromosome 11. The organisation of the
globin gene clusters is shown in the diagram in
Figure 2. Their expression is tightly coordinated
so that the genes in the α cluster and the β cluster
are synthesised at the same rate. Any imbalance
gives rise to a thalassaemia syndrome.

Figure 2 : diagrammatic representation of the structure
and organisation of the two globin gene clusters. The
genes are flanked by 5' and 3' sequences according to
their order of expression during development.

3) The human Hb types

Different Hb types replace each other and
overlap throughout the various stages of life
(Figure 3) such that several are always present at
one time. Hb types are differentiated by the
nature of their globin chains.  
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This booklet is intended to help clinical pathologists
in using decision trees to diagnose
haemoglobinopathies. It emphasises the importance
of prescription and reminds the reader that
haemoglobin (Hb) electrophoresis is insufficient
when used alone.

Haemoglobinopathies are genetic disorders that
affect the protein portion of Hb. They are the most
common hereditary disorders in the world: an
estimated 7% of the world's population are
heterozygous carriers. Endemic in some populations,
haemoglobinopathies are becoming increasingly
prevalent in Northern Europe due to population
migrations.

Although heterozygous subjects are generally
asymptomatic, compound homozygous or
heterozygous subjects are at risk of serious and even
fatal complications known as major sickle cell
syndromes and thalassaemias.

The number of asymptomatic carriers in France is not
known. In the case of symptomatic patients, however,
more than 10,000 sickle-cell patients were listed in
the national registers in 2009. Cases of thalassaemia
major or intermedia are much rarer; only 380
patients have been reported and this number appears
to be stable.

The prevention of haemoglobinopathies involves
screening of asymptomatic carriers for the sickle-cell
trait or the thalassaemia trait.
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Accurate quantification of the various fractions is
essential in order to refine the diagnosis. The HbA2
level measured by CE-LC (cation-exchange liquid
chromatography) may be slightly increased in an HbS
carrier due to the presence of HbS derivatives that may
coelute with HbA2. 

The clinical and biological features of the various forms
of sickle-cell anaemia are summarized in Table I. 
The severe forms, known as major sickle-cell
syndromes, combine three major categories of clinical
manifestation: chronic haemolytic anaemia with
episodes of acute worsening, vaso-occlusive crises and
susceptibility to bacterial infections. 

These forms require early treatment by a specialised
centre. In symptomatic heterozygotes, additional testing
is necessary to detect additional mutations on the β or
α gene in cis or trans. This is the case when identifying
HbS-Antilles, for which a second mutation (β23 Val→Ile)
on the HbS gene promotes the polymerisation of Hb.

Table I: biological and clinical features of the main sickle-cell syndromes

Gene Status Clinical features

Biological Diagnosis 

Hb (g/dl) MCV (fl)
Hb measurement

HbA (%) HbS (%) HbF (%) HbA2 (%)

Heterozygous S

Asymptomatic 
=> genetic counselling

N N 60-65 35-40 < 1 V

Coexistence of heterozy-
gote S with α-thalassaemia N

↓ 
(without iron 

deficiency)
60-75

30 and 35 (just one 
deleted α gene)

25-30 (two deleted 
α genes)

< 1 V

Homozygous S

Major sickle-cell syn-
dromes
-> early treatment in
specialised centres

6-10 Ν 0 80-95 5-20* V

Compound heterozygosity
for S/C (or S/D-Los An-
geles** or S/O-Arab)

10-12 ↓ 
(70-90) 0

50 (+HbC, 
Hb D-Los Angeles** , 

Hb O-Arab=45)
1-7* V

Heterozygosity for 
S/β+-thalassaemia 9-12 ↓ 

(65-95) 1-25 55-90 5-15* V

Compound heterozygo-
sity for S/β°-thalassaemia 7-11 ↓ 

(60-80) 0 80-90 5-15* V

Compound heterozygosity
for S/HPFH

Generally 
asymptomatic 
=> genetic counselling

N N 0 > 70 15-35* V

N : normal
*: The HbF level is variable and must be accurately determined since it is acknowledged that, at concentrations greater than 10%, it is sufficient to partially inhibit polymerisation and delay sickling.
V: variable as HbA2 quantification may be contaminated by HbS derivatives. 
**: HbD-Los Angeles is also referred to as D-Punjab.

The ε and ζ genes express only during the
embryonic stage of life. The α chain is present
during the foetal and adult stages of life. 
The γ chains (predominant during the foetal
stage) are gradually replaced by the δ and β
chains during the first 6 months of life.

HbA  = α2β2   HbA2 = α2δ2 HbF   = α2γ2

Figure 3 :expression of globin genes during development

HAEMOGLOBINOPATHIES
1) Haemoglobinopathies Types

There are two types of haemoglobinopathies:
− the first refers to the presence of a structurally
abnormal Hb, which may or may not lead to
functional signs;
− the second refers to absent or reduced synthesis
of the α and/or β chains and is part of the highly
heterogeneous group of thalassaemias.

Although both diseases differ in their clinical
features and physiopathology, there is actually a
certain overlap between them since some
structurally abnormal haemoglobins act like
thalassaemia variants. Also, it is not uncommon
for both to be present in the same individual.

2) Common Variants

More than 1000 variants have been listed in the
HbVar online database:

http://globin.cse.psu.edu/globin/hbvar/menu.html

Only one-third of these have clinical
consequences, as the mutation occurs in a site
critical to the molecule's proper functioning. Three
abnormal haemoglobins figure prominently on
account of their frequency and pathogenicity:
HbS, HbE and HbC.

Abnormal haemoglobins can be classified
into four groups:

1] Variants responsible for major public health
problems. This is primarily the case of HbS in
populations of African and Southeast-Asian
origin;

2] Variants that are rarer yet found in populations
in which HbS is highly prevalent. This is the case
of HbC, O-Arab and D-Punjab, which by
themselves have only a minor pathogenic effect
but cause major sickle-cell syndromes when
coexisting with HbS;

3] Polymorphisms or private mutations, which are
usually completely clinically silent. They were discovered
during systematic population studies or because they
interfere with glycosylated Hb quantification. These
variants must be characterised and added to databases
to prevent them being mistaken for variants with severe
clinical consequences;

4] Variants that cause various blood disorders: unstable
haemoglobins (which lead to chronic haemolytic
anaemia), haemoglobins with high oxygen affinity
(which lead to polycythaemia), haemoglobins with low
oxygen affinity (which lead to anaemia accompanied
by cyanosis), and HbM (which leads to
methaemoglobinaemia).

� HbS

HbS is a mutation whereby glutamic acid is
substituted by a valine at position 6 of the β chain.
It defines sickle-cell anaemia, an autosomal recessive
genetic disorder.
Geographical distribution
HbS is common in populations of Sub-Saharan
Africa (as much as 25% of the population in some
regions) and is also found in populations in the
French West Indies (10–12%), North Africa, Sicily,
Greece, and throughout the Middle East and India.
Biological and clinical diagnosis
HbS is identified using electrophoretic and/or
chromatographic techniques; one test alone is
insufficient to confirm the presence of HbS. It is
recommended to perform functional tests (solubility
test, sickle test) to distinguish HbS from other
comigrating or coeluting variants. 
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� HbE

HbE is a mutation whereby glutamic acid is
substituted by a lysine at position 26 of the 
β chain. It defines haemoglobin E disease. It is
doubtless the most common abnormal Hb in the
world. 
HbE is a particular model of β+-thalassaemia. 

The mutation uncovers an alternative splicing site
that results in failed synthesis of a portion of the
mutated β chain. The problem therefore is not one
of an abnormal protein but of insufficient
synthesis of this abnormal protein. The mutated β
chains are too little in number to bond with the
available α chains and lead to a picture of 
β+-thalassaemia.

Geographical ditribution
HbE is primarily found in Southeast Asia, where
its prevalence is as high as 60% in some regions.
Due to heavy migration of southeast Asian
populations to Western countries, HbE is now
found in all parts of the world.

Table III: biological and clinical features of haemoglobin E disease

Gene status Clinical features

Biological diagnosis 

CBC
Hb measurement

HbA (%) HbE (%) HbF (%) HbA2 (%)

Heterozygous 
haemoglobin E disease

Asymptomatic 
-> thalassaemia minor

Normal or microcytosis 
or mild anaemia 70-75 25-30 < 1 *

Heterozygous 
haemoglobin E disease and
coexisting α-thalassaemia

Asymptomatic
=> genetic counselling Mild microcytic anaemia 80-75

20 et 25 (just one deleted  
α gene)

< 20 (two deleted  
α genes)

< 10 (three deleted  
α genes)

< 1 *

Homozygous 
haemoglobin E disease

Asymptomatic 
-> thalassaemia minor

Normal
or microcytic hypochro-
mic pseudopolycythaemia
or moderate microcytic hy-
pochromic anaemia

0 > 85** < 15** *

Compound heterozygosity
for E/β°-thalassaemia

Thalassaemia 
intermedia

Microcytic anaemia 
(7-10 g/dl) target cells++
microspherocytes

0 40-60 30-60 *

Heterozygosity 
for E/β+-thalassaemia

Moderate microcytic 
anaemia target cells++ 
microspherocytes

10 > 40 30-60 *

*: as HbE coelutes with HbA2 in CE-LC, it is not assayable
**: strong variations may occur and it is essential to interpret the results based on the clinical and family history in order to discuss the possibility of a coexistence of 
HbE/β-thalassaemia and suggest a molecular diagnostics.

In the major sickle-cell syndromes, the presence of a
coexisting α-thalassaemia must also be screened for
since α-thalassaemia appears to be associated with
certain complications. It may be suspected based
on indirect evidence (haematological values, HbS
level, presence of Hb Bart's or HbH) or be
specifically screened for using molecular biology
techniques.

Genetic counselling
The presence of HbS in asymptomatic
parents must therefore be considered in
genetic counselling for sickle-cell anaemia.
These couples must be informed of the risk
of a major sickle-cell syndrome being
passed on to future generations.

� HbC

HbC is a variant haemoglobin whereby glutamic
acid is substituted by a lysine at position 6 of the
β chain. It defines haemoglobin C disease.

Geographical distribution
This variant is prevalent in Western Africa (as
much as 20% of the population in some regions)
and is also found in the French West Indies (3%).

Biological and clinical diagnosis
The clinical and biological features of the various
genetic forms of haemoglobin C disease are
summarised in Table II. The exclusive presence of
HbC in an individual causes generally moderate
chronic haemolytic anaemia.

Genetic counselling
The coexistence of HbS + HbC is serious as it
leads to major sickle-cell syndrome.
The presence of HbC must therefore be
considered in genetic counselling for sickle-cell
anaemia.

Couples at risk of having a child with an SC
haemoglobinopathy must be informed of the risk
of major sickle-cell syndrome being passed on to
future generations.

Table II: biological and clinical features of the haemoglobin C diseases

Gene status Clinical features

Biological diagnosis

CBC
Hb measurement

HbA (%) HbC (%) HbF (%) HbA2 (%)

Heterozygous 
haemoglobin C disease

Asymptomatic

Normal, occasionally
mildly microcytic 60-65 35-40 < 1 < 3

Heterozygous 
haemoglobin C disease
& coexisting 
α-thalassaemia

Microcytosis without 
coexisting iron deficiency 60-75

30 et 35(1 single
deleted α gene)
25-30 (2 deleted

α gene)

< 1 < 3

Homozygous 
haemoglobin C 
disease

Moderate chronic
haemolytic anaemia
Mechanism: HbC
crystallisation � cell
dehydration and less
RBC deformability

Anemia (Hb > 8g/dl)
microcytic elevated
MCHC (38%) target
cells++ microspherocytes

0 > 90 < 3 < 3

Compound
heterozygosity for
C/β°-thalassaemia

Thalassaemia 
intermedia

Microcytic anaemia 
(7–10 g/dl) target cells++

microspherocytes
0 > 90 2-10 < 3

Heterozygosity for
C/β+-thalassaemia

Moderate chronic
haemolytic anaemia

Moderate microcytic 
anaemia target cells++ 

microspherocytes
20-30 60-80 2-10 < 3
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Table V: clinical and biological features of the α-thalassaemias
Number of affected 
α genes (              ) Phenotype Clinical picture CBC laboratory findings Hb measurement Molecular abnormalities Geographical distribu-

tion and prevalence

α+-thalassaemia
(-α/αα) Asymptomatic

=> silent thalassaemia

Normal
or mild microcytosis 
or mild microcytic 
hypochromic anaemia

Normal in adults 1% Hb
Bart's at birth

- generally: total or partial
deletion of the α2 gene
- more rarely: point muta-
tion on one α gene

The most common genetic
disorder in the world:
- Africa: heterozygous 
carriers � ¼ of population
 - Mediterranean area, Sou-
theast Asia, India 
(40% of the population).

Heterozygosity for
α°-thalassaemia 
(--/αα)

Well tolerated
-> thalassaemia minor 
=> genetic counselling for
heterozygous α°-thalassae-
mias in Asian subjects

Microcytic hypochromic
pseudopolycythaemia

Normal in adults 5–10%
Hb Bart's at birth

-generally: deletion of both
α genes in cis

Prevalent in China, Sou-
theast Asia and the Medi-
terranean area.

Homozygous 
α+-thalassaemia 
(-α/-α)

More or less mild 
microcytic anaemia

- generally: deletion of
both α2 genes in trans

Prevalent in Africa: 
homozygous carriers
-> 1-2 %  of the population

=> DIAGNOSIS OF THE MINOR FORMS

-> diagnosis suggested in the presence of a microcytosis not explained by a β- or δβ-thalassaemia (normal HbA2 and F levels) or an iron deficiency
-> definitive diagnosis: molecular analysis, considered only in the context of genetic counselling

Haemoglobin H disease 
(e.g. -α/--)

More or less well tolerated:
thalassaemia intermedia 
=> genetic counselling

Haemolytic anaemia 
with microcytosis and 
hypochromia
Hb = 3 10 g/dl

- 1-40 % Hb in adults 
- HbA2� (1-2 %)
- Occasionally HbF 
(1-3 %)
- 20-40 % Hb Bart's at
birth

- various genetic abnormali-
ties, of which the most com-
mon are the --/-α form,
which results from a com-
pound heterozygosity for 
α° thalassaemia/
α+ thalassaemia
- molecular characterisation
is indicated to determine the
severity of the disease

Prevalent in China and
Southeast Asia 
-> rarely found in France;
affect Asian subjects or,
more rarely, individuals of
Mediterranean origin.

Homozygous
α°-thalassaemia

(--/--)

Foetal death in utero in a
picture of hydrops foetalis

Molecular analysis 
essential 4 non-functional  α genes Southeast Asia, China, 

Mediterranean area

1

2

3

4

Biological and clinical diagnosis
The clinical and biological features of the various
genetic forms of haemoglobin E disease are
summarised in Table III.

Genetic counselling
The presence of HbE must therefore be
considered in genetic counselling for sickle-cell
anaemia. Couples at risk of having a child with
an SE haemoglobinopathy must be informed of
the risk of sickle-cell syndrome being passed on to
future generations.

3) The thalassaemias

The thalassaemias are the most common genetic
diseases in the world. They result in a total or partial
loss of synthesis of a chain.

The thalassaemias may be classified by the affected
globin chain into four types:
- the α-thalassaemias;
- the β-thalassaemias;
- the δβ-thalassaemias (impairment of the δ and β
chains);
- the δ- and γ-thalassaemias (no clinical effect).

Although the α-thalassaemias are most common, the
β-thalassaemias are responsible for the most severe
clinical pictures.

Depending on whether the synthesis defect is total
or partial, a difference is made between:
-> forms designated as '+', where the protein is
synthesized but in limited amounts;
-> forms designated as '°', where the impaired
gene does not allow synthesis to occur;

Note: the mild β+-thalassaemias are often
designated as β++.

The clinical picture of the thalassaemias (Table IV)
varies greatly, ranging from the absence of
symptoms (thalassaemia minor) to severe and
fatal anaemia in the first few years of life
(thalassaemia major). Screening for thalassaemia
minor is essential to inform an individual about
the risk of having a homozygous thalassaemic
child.

� α-thalassaemias

The severity of the α-thalassaemias varies in direct
relation to the number of defective genes.
Because each chromosome 16 carries two 
α genes (α1 and α2), a normal subject has four
α genes. In all, one, two, three or even four genes
may be affected. The molecular defect is
generally a deletion. The abnormalities are
classified as follows:
- deletion of just one α gene on chromosome 
=> α+-thalassaemia
- deletion of both α genes on the chromosome 
=> α°-thalassaemia
In the α-thalassaemias, there are excess β chains
(or γ chains in neonates) that form tetramers
known as HbH (β4) or Hb Bart's (γ4). These
unstable haemoglobins give rise to haemolytic
anaemia.
The clinical and biological features of the 
α-thalassaemias are summarised in Table V.

Clinical picture Molecular abnormalities

Thalassaemia
minor (thalassae-
mia trait)

Asymptomatic
- Heterozygous β-thalassaemias
- Heterozygous δβ-thalassaemias
- α-thalassaemias  (1 or 2 non-functional  α genes)

Thalassaemia
major

Combines, at varying degrees, severe haemolysis,
ineffective erythropoiesis and iron overload
=> regular blood transfusions required

The two β genes are impaired by a severe form 
of thalassaemia

Thalassaemia
intermedia 

Clinical and haematological features more severe than
those of thalassaemia minor yet not as severe as those of
thalassaemia major
=> blood transfusions are exceptional but the subject
is at risk of many complications related to erythro-
poiesis failure

- compound homozygosity or heterozygosity for 
mutations with reduced synthesis of both β chains
- haemoglobin H disease (3 non-functional  α genes)

Table IV: classification of thalassaemias as 'major', 'minor' and 'intermedia'
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Unbalanced chain synthesis is what increases the
severity of the phenotype (Figure 4). The secondary
modifiers of the phenotype are the other globin
genes whose expression interacts with that of the
abnormal β gene. These genes are essentially the α
and γ genes. For example, a α-thalassaemia minor
phenotype will reduce the expression of its coexisting
β-thalassaemia phenotype. Conversely, triplication
of the α genes increases the phenotype's expression.

� The δβ-thalassaemias 
and hereditary persistence of HbF (HPFH)

The δβ-thalassaemias are caused by the deletion of two
δ and β genes. They are found in various
Mediterranean ethnic groups. HPFH can result from
various molecular abnormalities.

A distinction is made between:
- deletional HPFH, which results from large
deletions including the δ and β genes;
- non-deletional HPFH, which forms a hetero-
geneous group of disorders that stimulate HbF
synthesis.
The deletional forms of HPFH and the δβ thalassaemias
were first thought to be distinct syndromes but today
many authors consider that it is difficult to draw a clear
boundary between these two abnormalities.

� The δ-thalassaemias

The δ-thalassaemias are of no clinical
significance. They result in a decreased HbA2
level with a normal CBC. Their coexistence, in cis
or in trans, with a β-thalassaemia gene means
that the HbA2 level will not be elevated, which
can complicate the diagnosis of thalassaemia
trait.

Table VII: main biological and clinical features of the δβ-thalassaemias and HPFH

Gene status Clinical picture
Biological diagnosis

CBC Hb measurement

Heterozygosity
for 
δβ thalassaemia

Thalassaemia minor Haematological parameters si-
milar to those observed in β-
thalassaemia minor
(microcytosis)*

- HbF � (5-20 %) 
- HbA2 level usually normal, occasionally reduced

Homozygoty
δβ- thalassaemia

Thalassaemia intermedia Hb = 8-13 g/dl
microcytosis

-100 % HbF
- Absence of HbA

Compound  
heterozygosity
δβ- thalassaemia/
β- thalassaemia 

- HbF ↑↑
- HbA ↓↓

Heterozygosity
for HPFH

Asymptomatic

Normal haematological para-
meters (normocytosis)*

- Elevated HbF level (15–30%)
- HbA2 normal most of the time

Homozygoty
for HPFH

Microcytic hypochromic pseu-
dopolycythaemia

- 100 % HbF
- Absence of HbA

Compound  
heterozygosity
β- thalassaemia 

Mild to intermediate 
thalassaemia

Microcytic anaemia - HbF 70 %
- HbA2 normal most of the time

* In practice, the more cases are reported in the literature, the more there is a considerable overlap between the erythrocytic para-
meters that were once thought to set apart these two syndromes.

Phenotype β/α synthesis ratio Genotype

Silent 
thalassaemia 1 β++/βN

Thalassaemia
trait

β++/β++

β+/βN

β°/βN

β+/β++

Thalassaemia
intermedia

β+/β+

β+/β°

Thalassaemia
major 0 β°/β°

Figure 4: consequence of the β/α synthesis ratio on the
thalassaemia phenotype

� β-thalassaemias

Geographical distribution
The β-thalassaemias are highly prevalent in a vast
region that encompasses the Mediterranean
area, Africa, the Middle East, the Indian
subcontinent, Southeast Asia, Melanesia and
many islands in the Pacific. Its prevalence ranges
from 1–20% in these regions.

Genotype and phenotype
The clinical and biological features of the β
thalassaemias are summarised in Table VI.

The molecular abnormalities are most often
mutations or small deletions or insertions limited
to a few nucleotides. Although more than 200
different mutations have been recognised, only
10 or so are responsible for 80% of cases. 

Gene status Clinical picture
Biological diagnosis

CBC Hb measurement Comments

Heterozygous
β-thalasssae-
mias

Asymptomatic
=> genetic counselling

Microcytosis 
without anaemia or
microcytic hypo-
chromic pseudopo-
lycythaemia or,
more rarely, mild
microcytic anaemia

- � HbA2 (4-5 %)
- � coexisting HbF (2–7%) in 30–50% of cases 

Comment:
The HbA2 and F levels depend on the type of genetic abnormality at issue

Causes that could lower the HbA2 level and hide a β thalas-
saemia minor:
- iron deficiency -> repeat the Hb analysis if microcytosis
persists after correcting the iron deficiency;
- pregnancy: in the presence of a suggestive CBC, testing of
partner's Hb is recommended;
- neonatal period: the HbA2 level is low during this period,
making diagnosis impossible;
- more rarely: coexisting δ-thalassaemia in cis or in trans that
reduces the HbA2 level;
- folate deficiency.

Intermedia
β-thalasssae-
mias

Clinical definition: expres-
sion more severe than that
of thalassaemia minor yet
not as severe as that of tha-
lassaemia major => blood
transfusions are exceptional
=> genetic counselling

Microcytic anaemia
(Hb between 6 and 
9 g/dl)

- � HbF 
- � HbA2

- HbA  absent or reduced

Comment:
Variable levels based on the types of molecular abnormalities at issue �must be
supplemented by molecular biology techniques that specify the types of the ab-
normalities and make it possible to screen for coexisting α-thalassaemia.

From a molecular perspective, there is:
- compound heterozygosity or heterozygosity for minor tha-
lassaemias (e.g. HbE/β-thalassaemia);
- thalassaemia major, the expression of which is attenuated
by another abnormality (e.g. high HbF synthesis);
- coexistence compounding a heterozygous conditions (e.g.
α triplication aggravating a β-thalassaemia);
- coexistence of thalassaemia/unstable Hb.

Major
β-thalasssae-
mias

Onset of anaemia during the
first few months of life 
-> fatal outcome in the ab-
sence of blood transfusions

Microcytic hypo-
chromic anaemia
(Hb < 7 g/dl)

-↑↑HbF
-HbA2 normal or ↑
-HbA: absent in the β°-thalassémies, ↓↓ in the β+-thalassaemias.

Table VI: clinical and biological features of the β-thalassaemias

When typing a mutation, the patient's geographic
origin is an important element of guidance as
each geographic region has its own specific
spectrum of mutations.

In the β-thalassaemias, the defect in the β chains
causes an excess of extremely unstable α chains that
are unable to come together.
They result in ineffective erythropoiesis.  
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6) Recommendations of the French Society of 
Clinical Biology (SFBC)

In 2003 the SFBC, via its working group entitled
'Recommendations in the field of haemoglo-
binopathy diagnostics', published a compendium
of good haemoglobin testing practices. This
document proposes a standardised and updated
approach for making reliable diagnoses for the
purposes of patient treatment, genetic counselling
and antenatal diagnosis (see. Fig. 5 in
Bardakdjian-Michau J. & the 'good haemoglobin
testing practices' working group of the SFBC. Ann
Biol Clin 2003, 61: 401-9).
The reader is reminded in particular that gel
electrophoresis techniques are not suited to the
quantification of the minor fractions HbA2 and F.
Furthermore, the use of just one technique is not
advisable as a normal profile, regardless of the
system used, does not make it possible to rule out
a mutant form of haemoglobin.
It should be noted that the compendium does not
take into account the growing use of capillary
electrophoresis, which is currently considered to
measure HbA2 and F levels just as well as CE LC. 

.

Figure 5 : Strategy proposed by the SFBC for the screening of haemoglobin abnormalities

HbA2 quantification: microcolumn or HPLC
HbF quantification: KB test or HPLC

Agarose gel 
electrophoresis pH=6 or 

Solubility 
test

Quantification of the
abnormal fraction pre-

ferably by HPLC

ABNORMAL PROFILE

Electrophoresis at alkaline pH 
or isoelectric focusing

NORMAL PROFILE

HAEMOGLOBIN TESTING
1) Circumstances of prescription

- Systematic screening in at-risk ethnic groups
(genetic counselling prior to pregnancy,
preoperative assessment, etc.);
- Haemoglobinopathy screening in the presence
of an abnormal CBC (microcytosis, anaemia,
pseudopolycythaemia);
- Family history;
- Monitoring of a known haemoglobinopathy;
- Chance discovery of a haemoglobin variant
during HbA1c quantification.

2) Necessary conditions for the interpretation of
results

Various data must be taken into consideration in
the interpretation of results:
- patient's age;
- ethnic origin;
- family history;

- clinical history;
- transfusion history (it is essential to perform the
analysis at least three months away from a
transfusion);
- red cell values
(see Table VIII: specifications by age);
- iron status assessment (required in the case of
microcytosis);
- haemolysis screen in the case of anaemia
(reticulocyte, haptoglobin, bilirubin).

3) Collection

Generally, 5 ml of blood collected with an
anticoagulant (most often EDTA) is enough for a
typical test. The refrigerated specimen may be
stored for up to 8 days. 

4) Valeurs normales

- HbA > 95.6 %
- HbA2 = 2-3.5 % (indicative value, to be determined for
each technique)
- HbF < 1%

5) Techniques

Despite the extremely diverse range of genetic
abnormalities, diagnosis is generally based on the
phenotype alone. Haemoglobin testing requires
using methods of separation and quantification of
the various haemoglobin fractions:
-> Screening for thalassaemia minor requires
accurate quantification of the HbA2 and F levels;
-> The detection and identification of the
haemoglobin variants requires using methods with
sufficient resolving power.
The use of just one technique is not recommended for
two main reasons:
- a normal profile, regardless of the system used,
does not make it possible to exclude a haemoglobin
variant;
- several variants may behave in the same manner in
a system.
Screening of healthy carriers makes it possible to
identify couples who are at risk of having a child
with a disorder in order to suggest that they seek
genetic counselling and, if need be, antenatal
diagnosis. This can be done using fœtal DNA
isolated from amniotic fluid, a placental biopsy or
chorionic villus sampling.
Early characterisation of mutations in parents is
essential for the β-thalassaemias due to the vast
range of mutations. It is also essential in the case of
sickle-cell anaemia in order to confirm the test results.
The characteristics of the various haemoglobin
testing techniques are summarised in Table IX.

Age Hb (g/dl) RBC (T/l) MCV (fl) MCH (pg)

6 months -2 years 12 + 0.9 4.66 + 0.3 76.1 + 3.2 25.7 + 1.4

2-6 years 12.2 + 0.7 4.67 + 0.3 77.6 + 3.3 26.3 + 1.3

6-12 years 12.7 + 0.8 4.68 + 0.3 80.4 + 3.4 27.3 + 1.3

12-16 years 13.5 + 1.1 4.74 + 0.4 83.8 + 4 29.2 + 1.5

Adult female 11.5 à 15 4-5
82-98 27-32

Adulte male 13 à 17 4.5-5.5

Table VIII: red cell indices based on age and sex

Source: Lainey E, Boirie M, Fenneteau O. Hémogramme en pédriatrie : variations physiologiques. Rev Fr Lab 2009 ; 419 : 49-59

N°1_cahierCERBA_EN:Mise en page 1 21/12/2012 09:39 Page 12



1514

CHROMATOGRAPHIC TECHNIQUES

Principle Benefits Limitations Comments Illustration

Cation-exchange liquid
chromatography*
(CE-LC)

*HPLC

The different haemoglobin frac-
tions are separated by a system of
buffers of increasing ionic
strength and pH

-  Automated and suited to
large runs
- Calibrated � excellent accu-
racy for the quantification of
the HbA2 and HbF fractions
 - Presumptive identification
of the most common variants
(HbS, HbC) made by their
elution time inside the win-
dows defined by the manufac-
turer

As other variants may coelute
with the most common abnormal
haemoglobins, the results must be
compared against those obtained
with another technique

Regarded by many laboratories as
the method of choice for the
screening and quantification of
the various normal and abnormal
haemoglobin fractions (see inter-
national QC programmes)

Reversed-phase high-per-
formance liquid chroma-
tography (RP-HPLC)

Separation analysis of the globin
chains 
-> the polypeptide chains are se-
parated on the basis of their hy-
drophobicity

-  Contributes to the separation
and identification of rare va-
riants (e.g. HbS Antilles)
- Characterisation of foetal
haemoglobin (diagnosis of
HPFH)

Reserved for laboratories speciali-
sed in haemoglobin testing

ELECTROPHORESIS TECHNIQUES

Principle Benefits Limitations Comments Illustration

Cellulose acetate
electrophoresis
at alkaline pH

At pH 8.5, the negatively charged
Hb molecule migrates toward the
anode � the positively charged
haemoglobins migrate more
slowly.

Easy to perform -  insufficiently accurate for the
quantification of minor fractions
HbA2 and HbF
 - low resolving power
-> impossible to distinguish bet-
ween variants that have the same
migration: HbS/D-Punjab or
HbE/HbC/HbO-Arab
- quantification difficult in neo-
nates, where there is HbF overlap
with HbA and HbS

Most commonly used technique
-> 73 % of participants during the
last QC inspection organised by
AFSSAPS in 2004

Agar gel electrophoresis
at acid pH

The mobility of the haemoglobin
molecule depends on the structu-
ral modifications induced by the
mutation in certain positively
charged regions of the protein.

Contributes to the identifica-
tion of abnormal haemoglo-
bins previously identified by
electrophoresis at alkaline pH
or isoelectric focusing

Extremely sensitive to 
experimental conditions 
-> poor reproducibility

Isoelectric focusing on
agarose or polyacryla-
mide gel

Makes use of the differences in
the isoelectric points of the 
haemoglobins

- Handling of large runs
- Very good resolution

-> Method of choice for the
detection of abnormal Hb

- Semi-automated, longer and
more complex technique than cel-
lulose acetate electrophoresis
- Insufficiently accurate for the
quantification of minor fractions
HbA2 and HbF
- Does not distinguish between
HbS/HbD/HbG/HbLepore or
HbC/HbE/HbO-Arab

Method used for neonatal 
screening

Capillary electrophoresis - Rapid
- Automated
- Satisfactory performance for
the quantification of minor
fractions HbA2 and HbF
-Good resolution: when the
cursor is placed on the abnor-
mal peak, the software indi-
cates a list of possible variants
for each zone defined by the
manufacturer

As several variants show the same
behaviour as the most common
abnormal haemoglobins, the
results must be compared against
those obtained with another tech-
nique

Tending to become a first-line
technique of choice for haemoglo-
bin testing

7) Table IX: characteristics of the various haemoglobin testing techniques
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MOLECULAR BIOLOGY TECHNIQUES (analyses subject to regulations: French decree No. 2008-321 dated 4 April 2008)

Principle Benefits Limitations Comments Illustration

Reverse dot-blot PCR amplification and labelling
of a target DNA fragment � -> sur-
face hybridisation of probes speci-
fic for the main mutations being
screened for

Makes it possible to screen
for several mutations with
just one hybridisation step

- Commercial kits designed for
the identification of the most
common β-thalassaemia muta-
tions in the world's major regions 
->  antenatal diagnosis

Allele-specific priming
methods

Based on the principle that the
more a PCR probe is specific for
the sequence to be amplified, the
more it is effective and that a mis-
matched probe is less effective

Several mutations can be si-
multaneously screened in a
single PCR (multiplex PCR)

- There must be a set of primers
specific for each mutation to be
characterised
- For a diagnosis of homozygosity� perform a separate test to
confirm the absence of the normal
sequence at the position of the
mutation.

Used in antenatal diagnosis of
sickle-cell anaemia

GAP-PCR The probes are built to be com-
plementary to the regions that
flank the deletion and thus am-
plify a fragment specific to the
deletion and that covers it.
In the case of large deletions,
the gap between the two probes
is too great for normal DNA
amplification.

- Detection of more or less
large α and β gene deletions
- Several deletions can be si-
multaneously screened in a
single PCR (multiplex PCR)

- There must be a set of primers
specific for each deletion to be
characterised
- In order to detect the presence
of the normal region in a hetero-
zygous subject, it is sometimes ne-
cessary to amplify a sequence
within the deletion at the same
time
- Southern blot must be used for
the diagnosis of deletions whose
exact limits are not known

- Commercial kits for antenatal
diagnosis of α-thalassaemias
- Allows the diagnosis of some 
δβ-thalassaemias, Hb Lepore, 
Hb anti-Lepore and deletional
HPFH

Gene sequencing Selective amplification of the β, α1
or α2 genes then sequencing

Identification of rare variants - Not suited to the detection of
large deletions
- Does not reveal post-translatio-
nal modifications (rare cases of
mutation followed by oxidation,
deamidation and the formation of
disulphide bonds)

The results must always be compa-
red to those of the phenotype

SPECIFIC TESTS

Principle Benefits Limitations Comments Illustration

Solubility test 
(Itano test)

Precipitation of deoxygenated
HbS by dithionite (sodium hy-
drosulphite) in a concentrated
salt solution (2.8 M phosphate
buffer at pH 6.8).

- Very specific for HbS  ->
useful for its  identification

- Semi-quantitative
- Non automated
- Cannot distinguish between the
various genetic forms of sickle-cell
anaemia
- Dependent on the quality of the
reagents used (disappearance of
commercial kits)
- Low sensitivity � cannot be used
in neonates or subjects with low
HbS levels (risk of false negative)
- A few rare cases of false positives
(e.g. HbC Harlem)

Reserved for confirmation of the
presence of HbS

Sickle test - Consists of sealing a drop of blood
between a glass slide and cover slip
and waiting until the oxidation pro-
cesses sufficiently lower the oxygen
tension to induce microscopically
visible sickling.
- Variant �Emmel test: sodium me-
tabisulphite added to favour sick-
ling

- Cannot distinguish between the
various genetic forms of sickle-cell
anaemia
- Low sensitivity
- Not completely specific for HbS

Nowadays-> useful when nothing
more accurate is possible

Stability test Incubate a haemolystate at 37°C
in a buffer containing 17% isopro-
panol during a period of time in-
sufficient to precipitate the HbA
-> spectrophotometric measure-
ment of the level of precipitated
haemoglobin

- Must be performed on fresh spe-
cimens stored at 4°C for less than
6 hours
- A number of variants are unsta-
ble only in vitro and are not ac-
companied by any haematological
abnormalities
- Conversely, the most unstable
haemoglobins are destroyed wi-
thin minutes or hours of their bio-
logical synthesis � their
identification generally requires
the use of molecular biology tech-
niques

- Reserved for laboratories specia-
lised in haemoglobin testing
- Approx. 200 mutations with re-
duced stability have been descri-
bed � just half of them cause
clinical abnormalities

HbF quantification KB test: resistance to alkaline de-
naturation of HbF
-> spectrophotometric measure-
ment

- Easy to perform
- Accurate
- Reproducible (for HbF levels
between 1 and 12%)
- Measures both HbF and its
acetylated fraction

- Sensitive to any variation in ex-
perimental conditions
- Always leads to an underestima-
tion of approx. 10% in the HbF
level
- Difficult to use for large runs

Nowadays largely replaced 
by CE-LC
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Figure 7

CBC

Screen for HbH

-> δ-thalassemia?
-> δ Variant?

-> Artifactual decrease 
of HbA by ageing 
of specimen?

�
-> Congenital 

sideroblastic 
anaemia?

Molecular identification of abnormalities 
in a specialised laboratory to assess 

the severity of the disease

-> Decrease in the HbA2 level 
observed during 

iron deficiency-induced anaemia 

Repeat Hb measurement 
if microcytosis persists after iron deficiency 

is corrected to exclude possible 
α-thalassaemia minor

NORMAL

DECREASE IN THE HBA2 LEVEL
HbA2 < 2 %   HbF < 1 %

Iron 
deficiency

Absence of 
iron deficiency

Absence of HbHHbH: 1- %

Microcytic hypochromic anaemia

Iron status assessment

-> Haemoglobin H disease

INTERPRETATION OF THE RESULTS
Decision trees for interpreting the results of the Hb
phenotype analysis, valid for patients > 2 years
when the HbF level is stable:

- Normal Profile (fig.6)

- Quantitative abnormalities:
. decrease in the HbA2 level (Fig. 7) . 
. increase in the HbA2 level (Fig. 8)
. isolated increase in the HbF level (Fig. 9)

- Qualitative abnormalities:
. simple cases: HbA + presence of a 

common S, E or C variant(Fig. 10). 
. complex cases: absence of HbA + 

presence of a common S, E, C variant 
or presence of a rare variant (Fig. 11)

Figure 6

NORMAL PROFILE
HbA2 : 2-3.5 %

HbF < 1 %

CBC

Iron status assessment

Absence 
of iron deficiency

Iron 
deficiency

Microcytosis, Hypochromia
+/- anemia

-> Absence in favour 
of a haemoglobinopathy.

Interpretation based 
on the clinical and biological history 

of the prescription

-> Profile in favour 
of α-thalassaemia minor  

(one or two non-functional α genes)
-> Coexistence of α-thalassaemia

/β-thalassaemia minor
-> Coexistence of β-thalassaemia

minor/S-thalassaemia 
-> Rare cases of silent

β thalassaemia

Repeat Hb measurement 
if microcytosis persists 

after iron deficiency 
is corrected to exclude 

possible α  or 
β thalassaemia minor

NORMAL
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. In children: 
family test to confirm the abnormality's presence in the parents; 

detect family members who carry the abnormality

. During pregnancy :
Hb test of partner: if risk of a major haemoglobinopathy, 

genetic counselling for  antenatal diagnosis

Figure 9

Molecular identification of abnormalities 
in a laboratory specialised in Hb testing

-> Pregnancy?

-> Diabetes?

-> Hyperthyroidism?

-> Stress erythropoiesis: 
. regenerative stage of iron- 
deficiency anaemia or 
haemolytic anaemia?

. chemotherapy? 

. EPO treatment?

. myelodysplasia?

-> Artifactual increase during  
ageing of specimen ?

. MCH normal
. HbF 15-35 %

HbF < 5 %
-> moderate increase HbF > 5 %

. MCH < 27 pg
. HbF 5-15 % . Microcytic anaemia

. Clinical history 
of thalassaemia major 

or intermedia

HbA present and HbA2 N or  ↓ HbA absent

CBC - Clinical history

-> Homozygous 
δβ-thalassaemia

-> �Homozygous
HPFH

-> �Heterozygous 
δβ-thalassaemia

. CBC, iron status assessment, 
haemolysis screen? 

. Clinical and therapeutic history?

. Normal MCH
. Normal phenotype 

-> �Heterozygous 
HPFH?

ISOLATED INCREASE OF HbF (age > 2 years)

CBC 

Figure 8

CBC

Molecular identification of abnormalities 
in a laboratory specialised in Hb testing

-> Suspicion of a haemoglobin
variant that migrates 

or coelutes with HbA2

Absence of microcytosis

INCREASE IN THE HbA2 LEVEL
3.5 % < HbA2 < 8 % HbA2 > 8 %

Microcytosis, hypochromia
+/-pseudopolycythaemia
+/- anaemia (> 10 g/dl)

Anemia (< 10 g/dl) + microcytosis 

HbF < 5 % HbF > 5 %

CBC
Clinical history?

HbA level?

-> �Screen for causes of 
↑ established  acquise HbA2

. Hyperthyroidism ?

. Antiviral drugs?

. Megaloblastic anaemia ?

-> �+  causes of established
�↑ HbF (see  fig.9)

Haematological phenotype 
of thalassaemia major or intermedia 

-> absence of HbA: β-thalassaemia major?

-> presence of HbA: β-thalassaemia intermedia? 

-> �Phenotype in favour of
β thalassaemia trait

(does not eliminate the possibility 
of coexisting α-thalassaemia minor)

. In Children : 
family test to confirm the abnormality's
presence in the parents; detect family
members who carry the abnormality

. During pregancy :
Hb test of partner. If risk of a major 

haemoglobinopathy, genetic 
counselling for an antenatal diagnosis
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EXAMPLES

1) Normal Profile

2) α-thalassaemia minor

3) β-thalassaemia minor

4) α- and β-thalassaemia minor

5) δβ-thalassaemia minor

6) β-thalassaemia intermedia

7) β-thalassaemia major

8) Heterozygous sickle-cell anaemia

9) Homozygous sickle-cell anaemia

10) Haemoglobin H disease

11) Heterozygous Hb Lepore

12) Heterozygous Haemoglobin C disease

13) Heterozygous Haemoglobin E disease
+ α-thalassaemia

14) Compound heterozygous for SC

15) Beta variant: Hb D Los Angeles (D Punjab)

16) Alpha variant: Hb J-Broussais

17) Heterozygous sickle-cell anaemia
+ alpha variant (Hb G-Philadelphia)
+ α-thalassaemia

18) Unstable haemoglobin: Hb Köln

Example 1: Normal profile

Genotype Age Origin RBC
(T/l)

Hb
(g/dl)

MCH
(pg)

MCHC
(%)

Haematocrit
(%)

MCV
(fl)

Normal 15 Italy 5.33 16.5 30.9 36.9 44.7 84

HbA2 = 2.4 %
HbF  =  0.4 %

Time (minutes)

Pe
rc

en
ta

ge
 (%

)

Genotype Age Origin RBC
(T/l)

Hb
(g/dl)

MCH
(pg)

MCHC
(%)

Haematocrit
(%)

MCV
(fl)

Heterozygosity
α° 18 Italy 6.12 12.9 21.1 30.8 42 68

Example 2: α-thalassaemia minor

HbA2 = 2.6 %
HbF  =  0.3 %

Time (minutes)

Pe
rc

en
ta

ge
 (%

)

Ferritin

41 ng/ml

Figure 11

PRESENCE 
OF A VARIANT: 

MORE COMPLEX CASE
CBC? Family test? 

Clinical history? Ethnic origin?

Rare variant
(non-S, C, E)

-> Homozygoty SS, CC, EE ?
-> Compound heterozygosity for  S, C,  

E/ β°thalassaemia?
-> Compound heterozygoty S/C ?
-> Compound heterozygoty S/HPFH ?

Laboratory specialised in Hb testing

Common variant
(HbS, HbE, HbC) 

but absence of HbA

Identification

Genotype confirmation

Figure 10

->Heterozygous HbS ->Heterozygous HbC -> Heterozygous HbE

During pregnancy  -> Hb test of partner   -> if risk of a major haemoglobinopathy, genetic counselling � if necessary, confirmation and molecular identification of abnormalities in a specialised laboratory for antenatal diagnosis purposes

HbS = 35-40 %

-> Heterozygous HbS 
+ α-thalassaemia 
or iron deficiency

HbS < 35 %

-> Compound 
heterozygosity for 

S/β+-thalassaemia? 

HbS > HbA

HbA + PRESENCE OF A COMMON VARIANT (HBS, HBE, HBC)
CBC? Iron status assessment? Family test? Recent transfusion?

HbC = 35-40 %

-> Heterozygous HbC
+ α-thalassaemia 
or iron deficiency

HbC < 35 %

-> Compound 
heterozygosity for
C/β+-thalassaemia? 

HbC > HbA

HbE = 25-30 %

-> Heterozygous HbE
+ α-thalassaemia 
or iron deficiency

HbE < 25 %

-> Compound 
heterozygosity for
E/β+-thalassaemia? 

HbE > HbA

HbA + HbS HbA + HbC HbA + HbE 
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Example 7: β-thalassaemia major

Genotype Age Origin RBC
(T/l)

Hb
(g/dl)

MCH
(pg)

MCHC
(%)

Haematocrit
(%)

MCV
(fl)

Heterozygosity
(β°) cod 51/
Hb Lepore 
(δ-β hybrid)
Gγ-158 C->T

8 Roumania 3.18 6.9 21.7 30.8 22.4 70

HbA2 =    5.4 %
HbF   = 94.3 %
HbA =         0 %

Pe
rc

en
ta

ge
 (%

)

Time (minutes)

Ferritin

235 ng/ml

Example 8 : Heterozygote sickle cell disease

Genotype Age Origin RBC
(T/l)

Hb
(g/dl)

MCH
(pg)

MCHC
(%)

Haematocrit
(%)

MCV
(fl)

Heterozygosity
HbS [β6 (A3)
Glu->Val]

34 Nicaragua 4.42 13.1 29.7 33.1 39.6 89

HbA2 =   3.7 %
HbF   =   0.5 %
HbA =  50.2 %
HbS =  40.2 %

Pe
rc

en
ta

ge
 (%

)

Time (minutes)

Example 10 : Hemoglobinosis H disease

Genotype Age Origin RBC
(T/l)

Hb
(g/dl)

MCH
(pg)

MCHC
(%)

Haematocrit
(%)

MCV
(fl)

[--SEA/-α4.2] 24 Cambogia 6.46 11.7 18.1 31.2 37.5 58

HbA2 =   0.8 %
HbF   =   0.3 %
HbH  =   9.6 %
HbA  = 85.1 %

Pe
rc

en
ta

ge
 (%

)

Example 9: Homozygotous sickle-cell anaemia

Genotype Age Origin RBC
(T/l)

Hb
(g/dl)

MCH
(pg)

MCHC
(%)

Haematocrit
(%)

MCV
(fl)

Homozygosity
HbS [β6 (A3)
Glu->Val]

11 Nigeria 3.91 7.9 23.3 30.6 26.0 66

HbA2 = 2.4 %
HbF  =  0.4 %
HbA =      0 %
HbS = 83.7 %

Pe
rc

en
ta

ge
 (%

)

Time (minutes)

Ferritin

428 ng/ml

Ferritin

853 ng/ml
Time (minutes)

25

Example 4: coexisting α- and β-thalassaemia minor

Genotype Age Origin RBC
(T/l)

Hb
(g/dl)

MCH
(pg)

MCHC
(%)

Haematocrit
(%)

MCV
(fl)

Double heterozy-
gosity (β°) cod 39
+(α°) -- MED

10 Italy 5.28 12.4 23.4 32.4 38.2 72

Pe
rc

en
ta

ge
 (%

)

Time (minutes)

HbA2 = 5.3 %
HbF  =  2.5 %

Example 5: δβ-thalassaemia minor

Genotype Age Origin RBC
(T/l)

Hb
(g/dl)

MCH
(pg)

MCHC
(%)

Haematocrit
(%)

MCV
(fl)

Heterozygosity
(δβ) Sicily (13.4
-kb deletion)

34 Italy 6.32 12.9 20.4 33.2 38.9 62

HbA2 = 3.1 %
HbF  =  10.4 %

Pe
rc

en
ta

ge
 (%

)

Time (minutes)

Example 6: β-thalassaemia intermedia

Genotype Age Origin RBC
(T/l)

Hb
(g/dl)

MCH
(pg)

MCHC
(%)

Haematocrit
(%)

MCV
(fl)

Homozygosity
(β+)-87
Gγ-158 C->T

54 Italy 4.79 10.3 21.5 32.0 32.1 67

Ferritin

1137 ng/ml

Pe
rc

en
ta

ge
 (%

)

Time (minutes)

Example 3: β-thalassaemia minor

Genotype Age Origin RBC
(T/l)

Hb
(g/dl)

MCH
(pg)

MCHC
(%)

Haematocrit
(%)

MCV
(fl)

Heterozygosity
(β°) cod 39 36 Italy 5.49 11.8 21.5 31.7 3.37 68

Pe
rc

en
ta

ge
 (%

)

HbA2 = 5.8 %
HbF  =  1.8 %

Time (minutes)

HbA2 =    8.3 %
HbF   = 55.3 %
HbA =  42.6 %
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Example 15: Hb D-Los Angeles (D Punjab)

Genotype Age Origin RBC
(T/l)

Hb
(g/dl)

MCH
(pg)

MCHC
(%)

Haematocrit
(%)

MCV
(fl)

Heterozygosity 
HbD-Los An-
geles [β121
Glu->Gln]

73 France 4.09 13.9 34.1 34.3 40.6 99

HbA2 =    3.8 %
HbD  = 40.3 %
HbF   =    0.3 %
HbA =  52.7 %

Pe
rc

en
ta

ge
 (%

)

Time (minutes)

Example 16: Beta variant + alpha variant + α-thalassaemia

Genotype Age Origin RBC
(T/l)

Hb
(g/dl)

MCH
(pg)

MCHC
(%)

Haematocrit
(%)

MCV
(fl)

Heterozygosity 
HbS + Hetero-
zygosity  HbG
Philadelphie
+ α-thalassaemia
[-αG/-α]

71

French
West
Indies

5.73 12.8 22 31 39 68

HbA2 = 3.9 %
HbA = 32.7 %
HbF  =  0.3 %
HbS [α2 β2] = 28.7 %
HbG [α2 β2] =14.8%
HbS + HbG [α2 β2] = 11.8 %

Pe
rc

en
ta

ge
 (%

)

Time (minutes)

Example 18: Unstable beta variant: Hb Köln

Genotype Age Origin RBC
(T/l)

Hb
(g/dl)

MCH
(pg)

MCHC
(%)

Haematocrit
(%)

MCV
(fl)

Heterozygosity
Hb Köln [β98 
Val->Met]

10 France 3.95 10.7 27.2 29.2 36.7 93

HbA2 =          3.3 %
HbF  =           2.1 %
HbA =            77 %
HbKöln =   9.6 %

Pe
ce

nt
ag

e (
%

)

Time (minutes)

Example 17: Alpha variant: Hb J-Broussais

Genotype Age Origin RBC
(T/l)

Hb
(g/dl)

MCH
(pg)

MCHC
(%)

Haematocrit
(%)

MCV
(fl)

Heterozygosity
HbJ-Broussais
[α190 
Lys->Asn]

79 France 4.41 13.1 29.8 32.5 40 92

HbA2 =   1.8 %
HbF  =    0.6 %
HbJ   = 17.1 %
HbA  = 68.5 %

Pe
rc

en
ta

ge
 (%

)

Time (minutes)

S

G

SG
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Example 11: Heterozygous Hb Lepore

Genotype Age Origin RBC
(T/l)

Hb
(g/dl)

MCH
(pg)

MCHC
(%)

Haematocrit
(%)

MCV
(fl)

Heterozygosity 
Hb Lepore 
(δ-β hybride)

18 Italy 6.12 12.9 21.1 30.8 42 68

Pe
rc

en
ta

ge
 (%

)

Example 12: Heterozygous haemoglobin C disease

Genotype Age Origin RBC
(T/l)

Hb
(g/dl)

MCH
(pg)

MCHC
(%)

Haematocrit
(%)

MCV
(fl)

[β6 Glu->Lys] 35 Togo 4.87 14 28.7 36 39 80

HbA2 =   3.1 %
HbF   =   0.9 %
HbA =     50 %
HbC =  37.1 %
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Time (minutes)

Ferritin

203 ng/ml

Time (minutes)

HbA2 + Lepore= 13.2 %
HbF  =    2.0 %
HbA  = 81.3 %

Example 13: Heterozygous Haemoglobin E disease + α-thalassaemia

Genotype Age Origin RBC
(T/l)

Hb
(g/dl)

MCH
(pg)

MCHC
(%)

Haematocrit
(%)

MCV
(fl)

Double Hetero-
zygosity [β26
Glu -> Lys]
+(α°) -- SEA

34 Vietnam 6.89 14.7 21.4 31.9 46.2 67
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Example 14: Compound heterozygosity for SC

Genotype Age Origin RBC
(T/l)

Hb
(g/dl)

MCH
(pg)

MCHC
(%)

Haematocrit
(%)

MCV
(fl)

[β6 Glu -> Val/
β6 Glu -> Lys] 14 Jamaica 4.03 10,5 26 32 33 82

HbA2 =  3.7 %
HbF  =   0.4 %
HbS  = 48.4 %
HbC = 44.2 %

Pe
rc

en
ta

ge
 (%

)

Time (minutes)

Time (minutes)

HbA2 + E = 20.4 %
HbF  =             2.9 %
HbA  =           76.7 %
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