Chapter 7

Abnormal Haemoglobins
The abnormal haemoglobins are produced in a normal amount
but these are structurally abnormal and therefore lack the usual
qualities of haemoglobin. Some abnormal haemoglobins, for
example Hb-E, in addition to being structurally abnormal are also
produced in reduced amount and have features of thalassaemia.

Sickle haemoglobin disorders
The sickle haemoglobin (Hb-S) is caused by A-T substitution in
the sixth codon of β-globin gene. It results in replacement of
glutamic acid with valine. The resulting globin molecule has
reduced solubility at low oxygen tension. The insoluble Hb-S
crystals give the red cells a peculiar sickle shape. The sickling
process is reduced in the presence of Hb-A and Hb-F.
Hb-S is not uncommon in Pakistan especially in Baluch and some
Pathan tribes like Bhitani from South Wazirastan. The Hb-S trait
is seen in about 4% of Baluch population. In contrast to African
Hb-S gene the Hb-S mutation in Pakistan is strongly linked to the
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Xmn-I polymorphism. Almost all of the Pakistani individuals with
sickle cell disease have high Hb-F and therefore have infrequent
sickling crisis. The co-inheritance of α-thalassaemia may also be
involved in lessoning of the severity of Hb-S in some patients of
sickle cell disease.

Sickle cell trait
The heterozygotes of Hb-S are clinically and haematologically
normal. Occasional patient may show sickling crisis at low oxygen
tension for example during anesthesia, high altitude or chest
infections. Their electrophoresis shows Hb-A and about 40% HbS. Hb-S and Hb-D have the same electrophoretic mobility and the
two can be differentiated by sickling test or PCR.

Sickle cell disease
The sickle cell disease (SCD) is a severe disorder. Unlike African
sicklers, who mostly have sickling crisis, SCD patients in Pakistan
present as chronic haemolytic anaemia with infrequent sickling
crises. Their spleens are usually enlarged but many patients
develop functional hyposplenism due to repeated sickling
episodes.
The patients with SCD may develop painful sickling crisis in a
situation with low oxygen tension like respiratory tract infections,
anesthesia, and high altitude. The patients with sickling crisis
have symptoms depending on the organ(s) affected. The
commonly involved organs include bone, liver, kidneys, lungs and
spleen. Repeated haemolytic episodes may also cause secondary
folate deficiency. Occasional patient may develop aplastic crisis
with sudden and painless drop in haemoglobin.
The

haematological

picture

in

sickle

cell

disease

shows

normochromic normocytic anaemia of moderate severity, target
cells, and variable number of sickle cells (Figure 7.1). The
reticulocyte count is raised and many nucleated red cells are also
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seen.

Patients

who

develop

hyposplenism

due

to

auto-

splenectomy may show Howell Jolly bodies, increased number of
target

cells,

and

thrombocytosis

(Figure

7.2).

The

Hb

electrophoresis shows 80-90% Hb-S and 10-20% Hb-F. There is
no Hb-A while Hb-A2 is normal. The sickling test is strongly
positive.

Figure 7.1. Peripheral blood in sickle cell disease showing numerous
sickle cells and few target cells.

Figure 7.2. Peripheral film in a patient with SCD after auto-splenectomy
showing target cells, Howell Jolly bodies, and thrombocytosis.

The

management

of

SCD

is

mostly

symptomatic.

Any

precipitating factor like chest infection or anesthesia etc. should
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be dealt with. During sickling crisis the patient should be well
hydrated and should be given oxygen. Prophylactic folic acid
5mg/day should be given regularly. Blood transfusions may be
required in patients having anaemia or during pregnancy as
prophylaxis

against

sickling

crisis.

Hydroxyurea

(15-

20mg/kg/day) is beneficial in augmentation of Hb-F production.
Stem cell transplantation from a matched donor is the only
curative treatment available.

Hb-S/β-thalassaemia
Since β-thalassaemia is common it is not uncommon to find it in
combination

with

Hb-S

especially

in

Baluch

and

Pathan

populations. The patients may present with combination of
transfusion dependency and occasional painful sickling crisis. The
spleen is usually enlarged. The blood picture shows hypochromic
microcytic anaemia of mild to moderate severity, occasional sickle
cells,

target

cells,

and

nucleated

red

cells.

Haemoglobin

electrophoresis shows 70-80% Hb-S, 15-20% Hb-F and >3.5%
Hb-A2. The sickling test is strongly positive.
The sickle cell disease (Hb-S/S) can be differentiated from HbS/β-thalassaemia by low MCV/MCH and raised Hb-A2 in the latter.
The final confirmation is made by finding Hb-S trait in one parent
and β-thalassaemia trait in the other or by PCR if the parents are
not available.

Hb-S/Hb-D disease
The combination of Hb-S and Hb-D is rare. The patients usually
have the phenotype of sickle cell disease. The electrophoresis
shows over 90% Hb-D/S. Since Hb-D and Hb-S have the same
electrophoretic mobility they appear as a single band. Mild
increase in Hb-F may be seen. The sickling test is positive. The
diagnosis is confirmed by finding Hb-S trait in one parent and HbD trait in the other or by PCR if the parents are not available.
57

Abnormal Haemoglobins

Hb-E disorders
Hb-E is a structural haemoglobin variant that results from G-A
substitution in codon 26 of β-globin gene. The Hb-E mutation, in
addition to producing a structural change in the globin, also
creates an alternate splice site resulting in abnormal splicing and
reduced synthesis of β-globin. The Hb-E is slightly unstable and
it causes a mild haemolytic disorder. The reduced globin chain
synthesis adds a mild thalassaemia effect with borderline
hypochromia and microcytosis.
The Hb-E mutation in Pakistan exists with and without Xmn-I
polymorphism. Those who have Xmn-I polymorphism have a
milder disease and vice versa. This accounts for a considerable
variation in the phenotype amongst different patients in spite of
having the same mutation. Variation in the phenotype may also
be caused by co-inheritance of α-thalassaemia in some patients.
Hb-E is common in Fareast. Most of the patients seen in Pakistan
are amongst the immigrants from Bihar. A few isolated pockets
are also seen in Azad Kashmir and around Abbottabad.

Hb-E trait
Hb-E trait is clinically silent and the blood picture shows
borderline low MCV and MCH (~73 fl and ~23 pg respectively).
The haemoglobin electrophoresis shows 30-40% Hb-E that moves
in the region of Hb-A2 and Hb-C. Hb-E and Hb-A2 cannot be
separated on cellulose acetate but capillary electrophoresis can
separate the two. Occasionally Hb-E may be misinterpreted as
Hb-A2. An important distinguishing point between the two is the
quantity. It’s extremely rare to see Hb-A2 above 7.5%. Hb-E
cannot be differentiated from Hb-C on electrophoresis alone. PCR
is required to differentiate between the two. Hb-C is typically seen
in West Africa. It is also characterized by numerous target cells.
Hb-C is extremely rare in Pakistan.
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Hb-E disease
The homozygous Hb-E has a phenotype of mild to moderate
thalassaemia intermedia. The differences in severity may be due
to co-incidental Xmn-1 polymorphism or -thalassaemia. The
affected person may grow into adulthood before diagnosis. The
presentation

includes

pallor,

occasional

jaundice,

and

splenomegaly. The blood picture shows mild to moderate
hypochromic microcytic anaemia and variable numbers of
nucleated RBCs. The haemoglobin electrophoresis shows 70-90%
Hb-E and the rest is Hb-F. There is no Hb-A and Hb-A2 is not
visible on cellulose acetate membrane due to an overlap by HbE.

Hb-E/ β-thalassaemia
The combination of Hb-E and β-thalassaemia presents as
thalassaemia intermedia of moderate severity. The affected child
usually presents with progressive pallor, occasional jaundice, and
splenomegaly in the second or the third year of life. In the
untransfused patients typical features of thalassaemia (stunted
growth and thalassaemic facies) may develop. The blood picture
shows moderate hypochromic microcytic anaemia with picture
indistinguishable from thalassaemia major. The haemoglobin
electrophoresis shows 70-80% Hb-E and the rest is Hb-F.
There is a close similarity between the haematological features of
Hb-E disease and Hb-E/β-thalassaemia. But clinically the latter is
a much more severe disorder. The distinction can be made by the
parent’s study or by PCR.

Hb-D disorders
Hb-D trait is found in about 1% of the Pakistani population. It is
more common in Punjabis. It does not have any specific clinical
or haematological features. The haemoglobin electrophoresis
shows bands of Hb-A and Hb-D while Hb-A2 is normal. Hb-D and
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Hb-S trait are indistinguishable from each other except for the
positive sickling test in Hb-S.
The homozygous Hb-D is also clinically silent. The blood picture
is within normal limits. The haemoglobin electrophoresis shows a
single band in the region of Hb-D/S. There is no Hb-A and Hb-A2
is normal. The sickling test is negative. Homozygous Hb-D must
be differentiated from Hb-D/β-thalassaemia that also shows a
single band in the region of Hb-D. In Hb-D/β-thalassaemia MCV
and MCH are low and Hb-A2 is increased.
Since iron deficiency is very common in Pakistan it is not unusual
to see individuals with heterozygous or homozygous Hb-D and
co-existing iron deficiency. They may or may not be anaemic,
have low MCV/MCH and may be confused with Hb-D/βthalassaemia.

Hb-A2

is

increased

in

Hb-D/β-thalassaemia

whereas in Hb-D disorder with iron deficiency Hb-A2 is normal and
ferritin is reduced. In some cases the parent’s study or PCR may
be required to clarify the ambiguity.
Hb-D exists as two different genotypes in Pakistan. Hb-D Punjab
(Cd 121 Glu-Gln) is more common than Hb-D Iran (Cd 22 GluGln). Both of the genotypes are clinically silent and have the same
electrophoretic mobility but their genotypes can be differentiated
by PCR.

Unstable haemoglobin disease
The stability of haemoglobin molecule is maintained by an
interaction between the polar and the non-polar amino acids of
adjacent globin chains. A change in the amino acid at a critical
location can result in instability of the four subunits that may fall
apart. The free globin chains precipitate in the red cells and form
di-sulphide linkage with the red cell membrane. The inclusion laden
red cells are destroyed either in marrow or spleen that tries to
remove

the

inclusions.

Consequently
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haemolytic disorder of varying severity. The damaged red cells are
seen as bitten cells.
The unstable haemoglobins are rare disorders that are inherited as
autosomal dominant trait. The mutation may be present in the or the β-globin gene. The -chain variants are less severe because
there are four -genes and a defect in one of the genes can be
compensated by the other three. The -chain variants, if clinically
severe, present at birth. The β-chain variants of unstable
haemoglobins are clinically more severe because there are two βgenes and a defect in one of these could be detrimental. The βchain variants usually present after three to six months of age. The
patient presents with haemolytic anaemia of varying severity. The
haemolytic episode is usually precipitated by an oxidant stress or
fever. During an episode of acute haemolysis jaundice and dark
coloured urine due to dipyroluria may be seen. Spleen may or may
not be palpable.
In the steady state mild normochromic normocytic haemolytic
anaemia with reticulocytosis may be present. In an acute
haemolytic

episode

haemoglobin

may

suddenly

drop

with

appearance of normoblasts and bitten red cells (Figure 7.3). The
reticulocytes are increased and Heinz bodies can also be seen.
Haemoglobin electrophoresis may show the abnormal band of
unstable haemoglobin in about 50% of the patients. The diagnosis
can be confirmed by heat or isopropanol instability test. Some
haemoglobins like Hb-F, Hb-H and Hb-E are also unstable and may
give a false positive result in heat or isopropanol instability test.
The unstable haemoglobin disorders are managed by taking care of
the oxidant stress or fever. Some patients with acute haemolytic
episode and anaemia may require blood transfusions. Folic acid
(5mg/day) should be given to all patients.
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Figure 7.3. Bitten red cells in a patient with a severe form of unstable
haemoglobin diseases.

Hb-M disorders
The primary function of haemoglobin is to carry oxygen from the
lungs to the tissues. The oxygen is reversibly bound to iron in the
haem pocket of each globin chain. The haem pocket is created by
a unique combination of amino acids lining the pocket. The haem
pocket keeps iron in a reduced (ferrous) state. In Hb-M disorders
one of the amino acids lining the haem pocket is replaced by a polar
amino acid that oxidizes the ferrous iron to the ferric form.
Consequently the Hb-M is unable to perform its physiological
function of reversible carriage of oxygen.
Hb-M is inherited as autosomal dominant trait. The patients with
Hb-M typically present with cyanosis. The -chain variants present
at birth whereas the β-chain variant present after 3-6 months of
age. Some of the Hb-M are also unstable and may also show the
features of haemolytic anaemia. The blood of the patients who have
sufficient amount of Hb-M may appear chocolate brown in colour.
The haemoglobin electrophoresis may or may not show the
abnormal band. The Hb-M band, when present, is chocolate brown
in colour that can be seen on the unstained electrophoresis strip.
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