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Clinical Features and Diagnosis 

-Thalassaemia syndromes 

Most of the -thalassaemias are caused by large gene deletions. 

Two -thalassaemia phenotypes are recognized; the o-

thalassaemia (-thalassaemia-1) is characterized by complete 

absence of -globin chain production and the +-thalassaemia (-

thalassaemia-2) by partial reduction in the -globin synthesis. 

The o-thalassaemia results from deletion of two -globin genes 

(--/), whereas the +-thalassaemia results from deletion of one 

-globin gene (-/). The -thalassaemia phenotype may also 

be caused by point mutations affecting the function of the gene. 

Phenotypically the -thalassaemias exists as silent carrier, -

thalassaemia trait, Hb-H disease and hydrops fetalis. 

Silent carrier 

The clinical and haematological picture of one gene deletion -

thalassaemia  (-/)  is  completely   normal.  Its  presence  is 
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suspected in the parents of individuals with α-thalassaemia trait 

or Hb-H disease or when a patient of β-thalassaemia major has 

less severe phenotype than expected. The presence of “-/“ 

can be confirmed by PCR. 

-thalassaemia trait 

The -thalassaemia geneotypes “--/” or “-/-” are called -

thalassaemia trait. Their haematological picture is almost like that 

of βo-thalassaemia trait (low MCV and MCH). But Hb-A2 is normal 

or in the below normal range (Table 6.1). They have a normal or 

slightly increased serum ferritin. The cord blood may show 2-8% 

Hb-Barts. Occasional Hb-H inclusions may also be seen in the post 

natal life. 

Hb-H disease 

The Hb-H disease (--/-) has clinical picture of chronic haemolytic 

anaemia or thalassaemia intermedia of variable severity. It is 

seen in the populations where “--/” and “-/” genotypes co-

exist. Although “-/” genotype is common in Pakistan, Hb-H 

disease is rare because the “--/” genotype is rare. 

The Hb-H disease mostly presents as non-transfusion dependent 

thalassaemia. The patients usually have anaemia, fluctuating 

jaundice, and mild to moderate splenomegaly. The symptoms 

may be exaggerated by fever due to the instability of Hb-H at 

higher body temperature. There is mild to moderate hypochromic 

microcytic anaemia with few nucleated RBCs. Freshly prepared 

reticulocyte smear shows red cell inclusions giving it the 

appearance of a “golf-ball”. Haemoglobin electrophoresis on a 

fresh blood sample shows a fast moving band of Hb-H (3-30%) 

located ahead of the Hb-A band. Since the Hb-H is unstable its 

presence is best shown when the sample is fresh. 

The Hb-H disease may also be caused by point mutations in the 

stop codon of 2 globin gene. The resulting -globin chain is 
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considerably longer than the normal. The abnormal haemoglobin 

is called Hb-Constant Spring (Hb-CS) and on electrophoresis it 

moves slower than Hb-A2. The Hb-H disease due to Hb-CS is more 

severe than the typical deletional type of Hb-H disease. 

Hb-Barts hydrops fetalis 

The syndrome of Hb-Barts hydrops fetalis results from the 

deletion of all 4 -genes (--/--). The affected fetus is usually 

delivered prematurely and is either still born or dies shortly after 

birth (Table 6.1). Hydrops fetalis due to -thalassaemia is 

common in Fareast but it is extremely uncommon in Pakistan 

because the “--/” genotype is rare. The infant has severe 

anaemia with numerous nucleated RBCs. The cord blood shows 

~80% Hb-Barts. The parents of an infant suspected to have Hb-

Barts hydrops fetalis have the features of -thalassaemia trait 

(low MCV, MCH and normal Hb-A2 and serum ferritin). In such 

couples prenatal diagnosis is possible and should be advised. 

 

Table 6.1. The haematological findings in -thalassaemia. 

Phenotype Hb-Barts at birth Hb-H MCV MCH 

Normal 0% 0% 85-100 ~30 

+-thalassaemia trait 0-2% 0% 75-85 ~26 

o-thalassaemia trait 2-8% Occasional 65-75 ~22 

Hb-H disease 10-40% 1-40% 60-70 ~20 

Hydrops fetalis ~80% + 110-120 Low 

 

-thalassaemia syndromes 

Clinical features 

The heterozygous β-thalassaemia trait (minor) is mostly 

asymptomatic. Some individuals may develop the symptoms of 
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anaemia especially under stressful conditions like pregnancy. 

There are no specific signs except mild pallor, jaundice, or splenic 

enlargement in some patients. 

The homozygous -thalassaemia major is a very severe disorder. 

The infant is normal at birth but within six months of age the child 

develops progressive pallor and failure to thrive. As a result of 

chronic anaemia the child may be irritable and may develop 

feeding problems, frequent respiratory infections and diarrhoea. 

In the absence of blood transfusions the child develops 

characteristic clinical picture of small stature, relatively large 

head with frontal bossing, prominent maxillae, depressed nasal 

bridge (thalassaemic facies), and protuberant abdomen because 

of moderate to marked hepato-splenomegaly (Figure 6.1). 

Progressive untreated disease leads to cortical erosion of the 

bones occasionally causing pathological fractures. The extra-

medullary haematopoiesis may result in abnormal tumour like 

masses. The bony abnormalities give a peculiar “hair on end” 

appearance on the X-ray of skull. The children with iron overload 

usually develop dark greyish discoloration of skin. An 

untransfused child of thalassaemia major usually dies in the first 

few years of life. A child who is diagnosed in time and is put on 

regular blood transfusions and iron chelation therapy develops 

almost normally. 

Multi-transfused patients of thalassaemia major 

Most of the multi-transfused patients of thalassaemia major are 

below ten years of age (Figure 6.2). Majority of the patients are 

from the lower socio-economic group and they are born to 

consanguineous parents. A study from a thalassaemia centre in 

Pakistan (Table 6.2, Figures 6.2 & 6.3) showed that the mean 

pre-transfusion Hb in these patients was 7.1 g/dL (range 2.1-12.8 

g/dL) and the mean ferritin level was 3698 µg/L (range 840-

14900). 
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Figure 6.1. A father and a child with thalassaemia major. Note the 

difference in the facial features of the two. The typical thalassaemic 

facies of the child can be recognized from a distance (photographed with 

permission of the father). 

 

Growth and development 

The growth retardation is common in thalassaemia major after 

the first decade of life. It is mostly because of chronic anaemia, 

endocrinopathy due to iron overload, malnutrition, zinc 

deficiency, chronic liver disease and psychological stress. Nearly 

all of the multi-transfused patients of thalassaemia major in 

Pakistan show a marked stunting of growth (Figure 6.4). 
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Figure 6.2. The age distribution of thalassaemia major patients on 

treatment at a center in Pakistan. 

 

 

 

Figure 6.3. Pre-transfusion haemoglobin in the multi-transfused 

patients of thalassaemia major in Pakistan. 
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Table 6.2. The clinical features of multi-transfused patients of 

thalassaemia major in Pakistan. 

Parameters Frequency 

(n=383) 

Parameters Frequency 

(n=383) 

Gender 

Male 

Female 

 

200 (52.2%) 

183 (47.8%) 

Hepatomegaly 

None 

Mild (1-5 cm) 

Moderate (6-10 cm)  

Marked (>10  cm) 

 

238 (62.0%) 

103 (27.0%) 

38 (10.0%) 

 4 (1.0%) 

Consanguinity 

1st cousins 

Relatives 

Unrelated 

 

255 (66.6%) 

73 (19.1%) 

55 (14.3%) 

Splenomegaly 

None 

Mild (1-5 cm) 

Moderate (6-10 cm)  

Marked (>10  cm) 

 

192 (50.0%) 

84 (22.0%) 

54 (14.0%) 

46 (12.0%) 

Socio-economic 

status 

Lower 

Middle 

Upper 

 

 

246 (64.2%) 

109 (28.5%) 

28 (8.3%) 

Splenectomy 

No 

Yes 

 

341 (89.0%) 

42 (11.0%) 

Previous 

affected children 

None 

One 

Two 

Three 

 

 

298 (77.8%) 

66 (17.2%) 

17 (4.4%) 

2 (0.5%) 

Iron Chelation 

Desferioxamine 

Deferasirox 

L1 

Others 

None 

 

103 (26.9%) 

60 (15.7%) 

18 (4.7%) 

13 (3.4%) 

187 (48.8%) 

 

Survival estimates 

There is scarcity of data on the survival estimates in multi-

transfused children of thalassaemia in Pakistan. A study of 101 

children of thalassaemia major who died while on treatment at a 

centre in Pakistan showed that their median age at death was 10 

years (Figure 6.5). Kaplan-Meir survival estimates in these 

children showed a median survival of 84 months (95% CI 79.21-

88.8) (Figure 6.6). The median survival was slightly better in the 

female patients (84 months, 95% CI 76.2-91.8) than in the male 

patients (72 months, 95% CI 65.6-78.4). 
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Figure 6.4. Height and weight in the multi-transfused male children (1-

16 years) of thalassaemia major as compared to the age matched 

normal population of Pakistan. 

 

 

 

Figure 6.5. Age distribution of the multi-transfused Pakistani children 

with thalassaemia major at the time of death. 
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Figure 6.6. Kaplan-Meier survival estimates of 101 multi-transfused 

Pakistani patients of thalassaemia major who died while on treatment. 

 

Diagnosis of -thalassaemia 

Hypochromia and microcytosis are a 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 affects the 

red cells uniformly 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 lacks in iron deficiency. 

β-thalassaemia trait 

Approximately 90% of the β-thalassaemia carriers in Pakistan 

have a typical haematological picture and raised Hb-A2. Whereas 

the remaining ~10% have atypical features and their Hb-A2 is 

either normal or is in the borderline range (Table 6.3). 
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Table 6.3. β-thalassaemia carriers in Pakistan. 

β-thalassaemia carriers in Pakistan 

Typical β-thalassaemia trait (~90%) 

Atypical β-thalassaemia trait (~10%) 

Silent -thalassaemia trait 

Co-existing β-thalassaemia trait and -thalassaemia 

Co-existing β-thalassaemia trait and abnormal haemoglobins 

Co-existing β-thalassaemia trait and iron deficiency 

 

Typical β-thalassaemia trait 

Over 90% of β-thalassaemia carriers in Pakistan have typical 

features. Most of them have either βo (Fr 8-9, Fr 41-42) or severe 

+ (IVSI-5, IVSI-1) mutations. Their haemoglobin is in the lower 

normal range, total RBC count (TRBC) is raised, MCV is <75fl, 

and MCH is <25pg (Table 6.4). The RBC morphology is 

hypochromic microcytic with target cells and basophilic stippling. 

The diagnosis of β-thalassaemia trait is confirmed if they have 

raised Hb-A2; ranging between 3.5-7.5% (normal 1.8-3.0%). Hb-

A2 between 3.1-3.4% is considered borderline and may be the 

result of either a faulty measurement, coexisting iron deficiency, 

or coinheritance of α-thalassaemia. Some labs use 4.0% instead 

of the 3.5% cut off limit for Hb-A2. Hb-F in β-thalassaemia trait is 

usually normal. In some people Hb-F may be slightly increased. 

Atypical β-thalassaemia trait 

The β-thalassaemia carriers who do not have low red cell indices 

or their Hb-A2 is not raised are called atypical. Approximately 

10% of the -thalassaemia carriers in Pakistan have atypical 

features; their red cell indices and/or Hb-A2 is in the normal or 

the borderline range (Table 6.3). 
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Silent β-thalassaemia trait 

Approximately 2.5% of the individuals with β-thalassaemia trait 

in Pakistan have nearly normal haematology and are labeled 

silent carriers. These individuals mostly have mild β+-

thalassaemia mutations like Cap+1 (A-C) or occasionally some 

other mutation in the promoter or the termination region of β-

globin gene. They have almost normal haematological 

parameters and their Hb-A2 is either normal or is in the borderline 

range (Table 6.4). Most of the silent β-thalassaemia carriers have 

MCH in the lower normal range (~26 pg). They are usually 

discovered retrospectively when they get married to a typical β-

thalassaemia carrier and have a child with transfusion dependent 

thalassaemia. The confirmation of Cap+1 carrier status is possible 

only by PCR. The compound heterozygotes of Cap+1 and typical 

β-thalassaemia mutations usually have the phenotype of 

thalassaemia intermedia with moderate severity. 

 

Table 6.4. Comparison of the haematological parameters in β-

thalassaemia trait and normal individuals. 

Parameter Normal βo-thalassaemia 

trait 

β+-thalassaemia 

trait 

Haemoglobin 

Male 

Female 

Female (Pregnant) 

 

13.6  1.7 

11.6  1.7 

11.3  1.5 

 

12.6  1.2 

10.5  1.1 

  9.6  1.5 

 

12.1 + 1.8 

TRBC 

Male 

Female 

Female (Pregnant) 

 

5.34  0.80 

4.81  0.66 

4.05  0.41 

 

6.23  0.62 

5.39  0.62 

4.81  0.70 

 

4.46 + 0.69 

 

MCV 84.7  7.8 63.0  5.6 82.4 + 3.8 

MCH 28.1  3.3 19.9  1.6 26.0 + 1.92 

Hb-A2 1.8-3.0% 3.5-7.5% 2.5-3.5% 
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Co-existing β-thalassaemia trait and -thalassaemia 

Approximately 2% of the β-thalassaemia carriers in Pakistan have 

co-existing -thalassaemia trait (-/-). The red cell indices in 

such people are “normalized”. Their Hb-A2 is usually above normal 

(>3.5%). The co-inheritance of β-thalassaemia with one gene 

deletion -thalassaemia (-/) is common. But this causes 

almost no change in the phenotype of β-thalassaemia trait. 

Co-existing β-thalassaemia and abnormal haemoglobins 

The individuals with co-inherited β-thalassaemia trait and Hb-S 

or Hb-E usually have moderate to severe symptoms with distinct 

haematology and therefore are not categorized with thalassaemia 

trait. However, the compound heterozygotes of Hb-D and β-

thalassaemia usually do not have anaemia but they have 

hypochromic microcytic red cell indices. Their haemoglobin 

electrophoresis shows single band in the region of Hb-D/S, Hb-A 

is absent, and Hb-A2 is increased. Hb-A is absent because of the 

Hb-D mutation on one chromosome and the βo mutation on the 

other chromosome. Since Hb-A is not formed they show only Hb-

D and Hb-A2. Due to the absence of Hb-A and a single band of 

Hb-D these people are often misdiagnosed as homozygous Hb-D. 

A person with Hb-D/β-thalassaemia is like β-thalassaemia trait 

and his/her marriage to another β-thalassaemia carrier can result 

in the birth of a child with thalassaemia major. The homozygous 

Hb-D (D/D) is clinically insignificant and his/her marriage to a β-

thalassaemia carrier would not be at risk of giving birth to 

thalassaemia major. 

The homozygous Hb-D (D/D) has normochromic normocytic 

blood picture. But more than often the individuals with 

homozygous Hb-D also have associated iron deficiency that 

makes the distinction from Hb-D/β-thalassaemia difficult. A 

raised Hb-A2 in the Hb-D/β-thalassaemia usually gives a clue to 

the diagnosis. The final confirmation may be made by parent’s 



Clinical Features and Diagnosis 

46 

study or by PCR. 

Co-existing β-thalassaemia trait and iron deficiency 

Since iron deficiency is very common in Pakistan it is also 

common to see it co-exist with β-thalassaemia trait. Such 

individuals are more anaemic and their blood film, in addition to 

the usual features of thalassaemia trait, may show pencil shaped 

RBCs. Their serum ferritin is low but Hb-A2 is usually in the higher 

range. Occasional patients with β-thalassaemia trait and co-

existing iron deficiency may have normal Hb-A2. In such people 

the electrophoresis can be repeated after correction of iron 

deficiency or PCR may be used to confirm the diagnosis. 

β-thalassaemia trait in infants 

A newborn with β-thalassaemia trait is normal at birth. The 

features of β-thalassaemia trait usually start appearing after 

three to six months of age. The red cell indices are the first to 

become abnormal. Their Hb-F is slow to disappear and Hb-A2 may 

not increase to the typical high levels until the age of one year. 

In view of the confusing haematological picture testing for 

thalassaemia trait should preferably be done after the first year 

of life. 

Unusually severe β-thalassaemia trait 

Occasional patients of heterozygous β-thalassaemia (trait) have 

an unusually severe phenotype. They have moderate 

hypochromic microcytic anaemia. Some may also have mild 

jaundice. Their Hb-A2 is increased (>3.5%) and mild increase in 

Hb-F may also be seen in some patients. Many of these patients 

may be placed in the category of non-transfusion dependent 

thalassaemia (thalassaemia intermedia). Most of these patients 

are heterozygous for the typical βo-thalassaemia mutations. Their 

unusually severe phenotype may be caused by a variety of 

conditions including another accompanying genetic haemoglobin 
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or a haematological disorder (Table 6.5). 

β-thalassaemia major 

The infant with β-thalassaemia major is normal at birth but within 

six months of age the child develops progressive pallor and failure 

to thrive. The child is usually irritable and may develop frequent 

respiratory infections and diarrhoea. In the absence of blood 

transfusions 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 (Figure 6.1). 

 

Table 6.5. Causes of unusually severe β-thalassaemia trait. 

Co-inheritance of mutations in the globin or unrelated genes 

Triplicated -genes (/) 

Dominant thalassaemia (mutations in the third exon of β-globin gene) 

Mutations in the genes controlling globin gene expression  

Co-inheritance of other haematological disorders 

G6PD deficiency 

Red cell membrane defects (hereditary spherocytosis etc.) 

Congenital dyserythropoietic anaemia (CDA) 

 

The blood picture of typical β-thalassaemia major is characterized 

by moderate to severe hypochromic and microcytic anaemia with 

marked aniso-poikilocytosis. The blood smear frequently shows 

fragmented RBCs, target cells, tear drop cells, basophilic 

stippling, and many deeply basophilic red cells. Variable numbers 

of nucleated red cells are almost always seen (Figure 6.7). The 

white cell count is usually elevated due to the presence of 
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numerous nucleated red cells that are counted as white cells by 

the electronic counters. The actual white cell count may be 

obtained by correcting for the number of nucleated red cells seen 

on the blood smear. The absolute reticulocyte count is slightly 

increased. Because of the marked ineffective erythropoiesis the 

reticulocyte count does not increase proportionate to the degree 

of anaemia. 

The diagnosis of β-thalassaemia major is confirmed by finding 

markedly elevated Hb-F that ranges from 30% to over 95%. The 

Hb-A2 is in the higher range. In an un-transfused patient the 

presence of Hb-A indicates β+-thalassaemia whereas its absence 

indicates βo-thalassaemia. 

Diagnosis of β-thalassaemia in transfused patients 

The immediate effect of blood transfusion in a thalassaemia major 

patient is the dilution of patient’s own blood. It causes 

normalization of the red cell indices, dimorphic blood picture, and 

reduction in Hb-F level. The effect of dilution of patient’s own 

blood is typically seen in the occasionally transfused patients. The 

effect is fairly predictable and it correlates well with the time since 

the last transfusion. It lasts for as long as the transfused red cells 

survive in the recipient (8-10 weeks) after which the picture may 

return to the pre-transfusion level. 

Another important, but less well recognized, effect of blood 

transfusion(s) is the suppression of patient’s own erythropoiesis. 

As the anaemia is corrected the release of erythropoietin is 

reduced and so is the stimulation of erythroid precursors. The 

suppression of patient’s own ineffective erythropoiesis is a 

desirable effect of blood transfusion. 

The recent blood transfusion(s) can create considerable confusion 

in the diagnosis of -thalassaemia major as the typical picture is 

modified. The overall effect of blood transfusions on the 

haematological picture depends on how much and how many 
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times the blood was transfused. One or two recent blood 

transfusions primarily affect through dilution of patient’s own 

blood. Multiple blood transfusions, in addition to the dilution 

effect, also cause suppression of the patient’s own erythropoiesis. 

Single recent blood transfusion changes the typical red cell 

morphology to dimorphic. The red cell parameters are 

“normalized” and the recently transfused red cells typically 

appear normochromic and normocytic in a background of 

thalassaemic red cells (Figure 6.8). Hb-F is reduced due to the 

immediate effect of haemodilution. 

In the patients on repeated blood transfusions the red cell 

morphological changes vary from dimorphic to completely 

normal. The numbers of nucleated RBCs decrease. The level of 

Hb-F is reduced ranging from completely normal to any level 

above normal. A comparison of the haematological parameters in 

patients of β-thalassaemia major with and without blood 

transfusions is shown in Table 6.6. 

The patients of thalassaemia major who have received recent 

blood transfusion(s) are often advised to withhold transfusions in 

the hope that their haematological picture would revert back to 

the pre-transfusion level. This practice is not recommended. In 

patients who have received one odd blood transfusion the 

haematological picture is not changed much, therefore, 

withholding blood transfusion to diagnose -thalassaemia is not 

required. In the multiply transfused patients suppression of 

erythropoiesis often lasts for very long periods and the patient 

may suffer from the consequences of withholding blood 

transfusions. Diagnosis in the multiply transfused patients of 

thalassaemia can usually be established by demonstrating -

thalassaemia trait in the parents or by PCR for -thalassaemia 

mutations. 
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Figure 6.7. The peripheral blood picture in β-thalassaemia major 

showing marked aniso-poikilocytosis, hypochromia, microcytosis, 

fragmented red cells, target cells and many nucleated red cells. 

 

 

 

Figure 6.8. Peripheral blood film 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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Table 6.6. Comparison of the haematological parameters in patients of 

-thalassaemia major with and without blood transfusions. 

Haematological 

Parameters 

Untransfused (n=171) Transfused (n=109) p value 

Mean Range Mean Range  

Hb (g/dl) 6.3 1.9-9.0 6.2 2.3-11.2 0.20 

MCV (fl) 70 57-83 74 58-98 0.014 

MCH (pg) 21 15-29 24 16-31 0.015 

Hb-F (%) 95 30-97 31 0.5-97 <0.001 

 

δβ-thalassaemia 

δβ-thalassaemia is uncommon in Pakistan. It is seen in almost all 

ethnic groups but majority of the patients are from the Bohra 

community. The δβ-thalassaemia heterozygotes have normal 

haemoglobin with marginally 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 have a phenotype of mild 

thalassaemia intermedia with 100% Hb-F. Almost all of the 

patients in Pakistan have a unique Inv/Del G(A)o mutation that 

is strongly linked to the Xmn-I polymorphism. 

PCR in genetic haemoglobin disorders 

The best of the analytical instruments used for separation and 

estimation of haemoglobin fractions have their limitations. There 

are several situations in the investigation of a genetic 

haemoglobin disorder that require PCR (Table 6.7). The labs 

investigating genetic haemoglobin disorders should have the 

facility for PCR. 
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Table 6.7. Application of PCR in the diagnosis of genetic haemoglobin 

disorders. 

Applications of PCR in Genetic Haemoglobin Disorders 

Prenatal diagnosis 

Diagnosis in previously transfused patients 

Silent thalassaemia carriers 

Distinction between structural variants 

Thalassaemia intermedia 

-thalassaemia 

β-Thalassaemia carriers in certain situations 

Uncommon thalassaemias like δβ-thalassaemia 
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