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Thalassaemia is an inherited disorder of haemoglobin synthesis. Depending on
the type of globin chain affected it is classified into α-thalassaemia and βthalassaemia. In Pakistan α-thalassaemia is not a significant problem. On the
other hand most of the patients in Pakistan have β-thalassaemia. On the basis
of clinical features β-thalassaemia is divided into β-thalassaemia trait (minor),
β-thalassaemia major and β-thalassaemia Intermedia. In addition several less
common types of thalassaemias are also see.

Diagnosis of β-thalassaemia
A correct and timely diagnosis of thalassaemia provides the basis for good
treatment. The diagnosis of β-thalassaemia may be required in several different
situations. It is important to understand that each situation demands a
different approach and even a different technique. For example carrier
screening and diagnosing thalassaemia in a transfusion dependent child are
entirely different situations that require a different strategy.
Hypochromia and microcytosis are the hallmark of thalassaemia. Once iron
deficiency is excluded thalassaemia is the next most common cause of
hypochromic microcytic blood picture in Pakistan. Since thalassaemia is an
inherited disorder it uniformly affects the red cells whereas in iron deficiency
the red cells of different ages are affected differently. Another important
distinguishing feature of thalassaemia is the basophilic stippling that is usually
seen in thalassaemia but not in iron deficiency.
Diagnosis of β-thalassaemia is usually required in the following situations:
1.
2.
3.
4.
5.

To diagnose β-thalassaemia trait.
To diagnose β-thalassaemia major.
To diagnose β-thalassaemia major in a multiply transfused patient.
To diagnose β-thalassaemia intermedia.
To diagnose uncommon types of thalassaemia.

1. Diagnosis of β-thalassaemia trait
Most people to be screened for β-thalassaemia trait do not have any
symptoms. Some people, especially children and women in pregnancy, may
develop mild anaemia and feel lethargic or breathless on exertion. Although
screening for thalassaemia can be done at any age but it is preferable to do it
after the first year of life. The usual line of investigation for β-thalassaemia trait
should include an initial screening test followed by a confirmatory test (Figure
1). In selected cases some additional investigations may also be required.
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a. Initial screening test
Initially screening is mostly done with red cell counts. Haemoglobin
(Hb), MCV and MCH can provide vary useful information. Most βthalassaemia carriers in Pakistan have Hb is in the lower normal range,
MCV is < 75 fl, and MCH is < 25 pg. A small proportion of βthalassaemia carriers may have one or more blood counts in the
normal range.
One Tube Osmotic Fragility Test (OTOFT) is a very cheap alternate for
blood counts that can be used for initial screening of thalassaemia.
Red cells with low MCV, as seen in thalassaemia, are not lysed in
0.36% saline solution. This simple test can be very useful for initial
screening in the field work (Figure 2).
Individuals with red cell counts suggestive of thalassaemia or those
with a positive or borderline OTOFT should be tested with
haemoglobin electrophoresis or HPLC. People with normal red cell
indices or clearly negative OTOFT are unlikely to have thalassaemia
trait except for those who have silent β-thalassaemia (Cap+1 mutation
or co-existing α and β-thalassaemia trait). Another exception is the
carriers of Hb-S who also have normal red cell indices.

b. Confirmatory tests
The diagnosis of β-thalassaemia trait is confirmed by haemoglobin
electrophoresis or HPLC. β-thalassaemia carriers have raised Hb-A2
that ranges between 4.0-7.5% (normal 1.8-3.5%) (Figure 3). Hb-A2
between 3.6-3.9% is considered borderline and may be due to faulty
measurement, coexisting iron deficiency, or coinheritance of αthalassaemia. Some labs use 3.5% instead of the 4.0% cut off limit for
Hb-A2. In the majority of β-thalassaemia carriers Hb-F is within normal
limits (<1.0%) but occasionally person, especially very young children,
may have slightly increased Hb-F.
Some β-thalassaemia carriers, especially those with Cap+1 or coexisting β-thalassaemia and iron deficiency may have Hb-A2 in the
normal range. The diagnosis of β-thalassaemia in such individuals
require PCR.
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2. Diagnosis of β-thalassaemia major
a. Clinical examination
Investigation of a child suspected to have β-thalassaemia major should
start with clinical examination. If examination is not possible then at least
the age of the child and history of blood transfusions should be available.
Recent blood transfusion(s) can change the blood picture and the
findings of haemoglobin electrophoresis.
An infant with β-thalassaemia major is normal at birth but after three
months of age the child develops progressive pallor and failure to thrive.
The child may be irritable and may develop frequent respiratory
infections and diarrhoea. With increasing age the child develops
characteristic clinical picture including small stature, relatively large head
with frontal bossing, prominent maxillae, depressed nasal bridge
(thalassaemic facies), and moderate to marked hepato-splenomegaly.

b. Blood picture
The blood picture of un-transfused β-thalassaemia major shows
moderate to severe hypochromic and microcytic anaemia with marked
aniso-poikilocytosis. The blood smear shows fragmented RBCs, target
cells, tear drop cells, and basophilic stippling. Variable numbers of
nucleated red cells are usually present (Figure 4). The white cell count
is usually increased due to the presence of numerous nucleated red
cells that are counted as white cells by the electronic counters. The
reticulocyte count does not increase proportionate to the degree of
anaemia.

c. Confirmatory tests
The diagnosis of β-thalassaemia major in an un-transfused patient is
confirmed by finding more than 95% Hb-F. In a typical β-thalassaemia
major Hb-A is absent. The presence of Hb-A in an un-transfused
patient of β-thalassaemia major indicates a β+-thalassaemia (Cap+1 or
-88). Hb-F estimation can be done by chemical method, haemoglobin
electrophoresis or HPLC. On cellulose acetate membrane
electrophoresis Hb-F moves slightly slower than Hb-A (Figure 5). It is
important to know that a patient on regular blood transfusions may
not show the increase in Hb-F and the electrophoresis may appear
nearly normal.
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Approximately half of the patients referred for investigation of
thalassaemia major have already received one or more blood
transfusions. This makes the diagnosis difficult.
A few recent blood transfusions usually cause a mixed blood picture
(dimorphic) (Figure 4). Haemoglobin electrophoresis may show a
widely variable increase in Hb-F. The patients of thalassaemia major
who have received recent blood transfusion(s) are often advised to
withhold transfusions. This practice is not recommended.

3. Diagnosis of β-thalassaemia major in multiply
transfused patients
The patients on regular blood transfusions may cause great difficulty
in diagnosis. The blood picture may appear normal except for low
haemoglobin. Haemoglobin electrophoresis also appears nearly
normal with Hb-F <10%.
The diagnosis of β-thalassaemia in a multiply transfused patient can be
confirmed if both of the parents are shown to have β-thalassaemia
trait. The diagnosis can also be confirmed by PCR.

4. Diagnosis of thalassaemia Intermedia
β-thalassaemia intermedia is a clinical entity in which the symptoms are less
severe than the typical thalassaemia major but are more severe than that of
thalassaemia minor. It is important to understand that since most patients of
thalassaemia intermedia are not put on regular blood transfusions, their
symptoms are likely to increase with the passage of time. A child initially
diagnosed as thalassaemia intermedia may develop typical features of
thalassaemia major at some later stage in life.
Thalassaemia intermedia is not a single disease entity. It is a spectrum of
disorders in which there are patients who have never received blood
transfusion whereas on the other end there may be patients who get
transfusions only less commonly than thalassaemia major. The severity of
thalassaemia intermedia is based on blood transfusion dependency i.e. age at
the start of transfusions and the interval between two transfusions. It is
important to understand that thalassaemia intermedia is a clinical diagnosis.
Except for the better maintained haemoglobin there are no other lab findings
that can indicate thalassaemia intermedia. There is also no correlation between
Hb-F percent and the clinical severity in thalassaemia.
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The overall frequency of thalassaemia intermedia in Pakistan is around 7%. The
underlying genetic basis of thalassaemia intermedia is complex that can be
tested in the lab. But to make a diagnosis of thalassaemia intermedia genetic
testing is usually not required.

5. Unusual forms of thalassaemia
There are several less common types of thalassaemia in Pakistan that include
Hb-S/β-thalassaemia,
Hb-E/β-thalassaemia,
Hb-D/β-thalassaemia,
δβthalassaemia and silent thalassaemia. Hb-H disease is a type α-thalassaemia
that usually presents as thalassaemia intermedia.

a. Hb-S/β-thalassaemia
Hb-S/β-thalassaemia is mostly seen in Baluch and Pathan populations.
These patients usually have the symptoms of thalassaemia intermedia.
The blood picture shows hypochromic microcytic anaemia.
Haemoglobin electrophoresis shows 80-85% Hb-S. Hb-F is increased to
15-20% and Hb-A2 is also increased (>4.0%). The band of Hb-S and HbD have the same mobility on electrophoresis. In order to differentiate
the two sickling test is required that is positive in Hb-S and negative in
Hb-D. Parents study will show Hb-S trait in one parent and βthalassaemia trait in the other.
People with Hb-S trait have normal blood picture and electrophoresis
shows about 40% Hb-S and about 60% Hb-A. Hb-A2 is in the normal
range (Figure 6).

b. Hb-E/β-thalassaemia
Hb-E/β-thalassaemia is mostly seen in the immigrant population from
India. These patients mostly have the symptoms of severe
thalassaemia intermedia. The blood picture shows hypochromic
microcytic anaemia. Haemoglobin electrophoresis shows 50-75% band
of Hb-E and Hb-F is more than 25% (Figure 7). Hb-A2 band cannot be
seen as it moves with Hb-E. Parents study will show Hb-E trait in one
parent and β-thalassaemia trait in the other.
People with Hb-E trait have slightly hypochromic microcytic blood
picture. Electrophoresis shows Hb-E (25-40%) and the rest is Hb-A. HbA2 band cannot be seen (Figure 7).
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c. Hb-D/β-thalassaemia
Hb-D/β-thalassaemia is mostly seen in the Punjabi population. These
individuals usually do not have any symptoms. The blood picture is
hypochromic microcytic and haemoglobin electrophoresis shows >95%
Hb-D and >4% Hb-A2 (Figure 8). Hb-A is absent. Sickling test is required
to differentiate between Hb-D and Hb-S. Parents study will show Hb-D
trait in one parent and β-thalassaemia trait in the other.
People with Hb-D trait may have normal or hypochromic microcytic
blood picture and electrophoresis shows about 40% Hb-D and about
60% Hb-A. Hb-A2 is in the normal range (Figure 8).

d. δβ-thalassaemia
It is an uncommon form of thalassaemia in Pakistan that is most seen
in the Bohra community. The δβ-thalassaemia heterozygotes have
normal haemoglobin with slightly low MCV and MCH. Their Hb-A2 is
normal or decreased but Hb-F ranges between 5-15%. The
identification of δβ-thalassaemia is important because marriage of its
carriers to a β-thalassaemia carrier can result in the birth of a child
with thalassaemia major.
The homozygotes of δβ-thalassaemia present as mild thalassaemia
intermedia. Blood picture shows mild to moderate hypochromic
microcytic anaemia. Haemoglobin electrophoresis shows 100% Hb-F.

e. Silent Thalassaemia
Approximately 3% of people with thalassaemia in Pakistan have a
special type of genetic defect (Cap+1) in which all haematological
parameters and Hb-A2 is within normal range. This type of
thalassaemia is called silent thalassaemia. It can be diagnosed only by
PCR.

f. α-thalassaemia
There are many different types of α-thalassaemia. The only significant
types of α-thalassaemia in Pakistan are α-thalassaemia trait and Hb-H
disease. Individuals with α-thalassaemia trait have no symptoms and
their blood picture is almost like β-thalassaemia trait (low MCV and
MCH). But their Hb-A2 is not increased (1.5-2.5%). Their serum ferritin
is normal or increased that differentiates this from iron deficiency. The
diagnosis of α-thalassaemia trait can only be made by PCR.
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Hb-H disease is the other type of α-thalassaemia seen in Pakistan. It is
an uncommon disorder. These patients have the clinical and blood
picture of thalassaemia intermedia. The reticulocyte preparation
shows typical red cell inclusions giving the “golf ball” appearance.
Haemoglobin electrophoresis shows a fast moving band of Hb-H.

6. PCR in the diagnosis of thalassaemia
The best of the instruments used for separation and estimation of haemoglobin
fractions have their limitations. There are several situations in the investigation
of thalassaemia that require PCR. These include:
1.
2.
3.
4.
5.
6.
7.

Prenatal diagnosis
Diagnosis in the previously transfused patients of thalassaemia
Distinction between Hb-S/D and Hb-E/C
Thalassaemia intermedia
-thalassaemia
Silent β-Thalassaemia (Cap+1 & -88)
δβ-thalassaemia
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Figure 1. Strategy for carrier screening of thalassaemia.

Figure 2. One Tube Osmotic Fragility
Test showing clear positive,
suspicious and negative results.

Figure 3. Lane 1 & 2 shows increased Hb-A2 (5.5%) as measured by Thal-IT Mobile App indicating βthalassaemia trait. Lane 3 & 4 samples have normal Hb-A2.

Figure 4. (Left) Blood picture in β-thalassaemia major showing marked aniso-poikilocytosis,
hypochromia, microcytosis, fragmented red cells, target cells and many nucleated red cells. (Right)
Blood picture in a patient of β-thalassaemia major who has received recent blood transfusion. A
mixture of hypochromic microcytic red cells and the recently transfused normochromic normocytic
red cells is seen.
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Figure 5. Lane 2 shows band of Hb-F
indicating β-thalassaemia major.
Lane 3 shows band of Hb-D/S.

Fig 6. Lane 2 & 4 shows bands of Hb-D/S
and Hb-A indicating Hb-D/S trait. Sickling
test is required to differentiate between
Hb-D and Hb-S.

Figure 7. Lane 2 shows bands of Hb-E and Hb-F indicating Hb-E/β-thalassaemia. Hb-E and Hb-A2
have the same mobility. In the left picture lane 4 shows bands of Hb-E and Hb-A indicating Hb-E
trait.

Figure 8. Lane 2 shows bands of Hb-D/S (36.8%), Hb-A (60%) and Hb-A2 (3.2%) indicating Hb-D/S
trait. Lane 3 shows bands of Hb-D (95.8%) and Hb-A2 (4.2%) indicating Hb-D/β-thalassaemia.
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