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( thalassaemia and its interactions with haemoglobins S and E

Learning objectives

The student should be able to 

· explain the terms thalassaemia, ( thalassaemia and ( thalassaemia

· describe the clinicopathological features and the laboratory diagnosis of ( thalassaemia heterozygosity and homozygosity and explain the term ( thalassaemia intermedia

· describe the clinicopathological features and the laboratory diagnosis of haemoglobin E heterozygosity and homozygosity and explain the interaction of heterozygosity for haemoglobin E and ( thalassaemia interact

· explain how haemoglobin S and ( thalassaemia interact  

· explain the clinicopathological significance of haemoglobin Lepore

· describe the principles of antenatal diagnosis for the prediction of ( thalassaemia major

Thalassaemia is the name given to a globin gene disorder that results in a diminished rate of synthesis of one or more of the globin chains and consequently a reduced rate of synthesis of the haemoglobin or haemoglobins of which that chain constitutes a part. A significantly reduced rate of synthesis of one type of globin chain lead to unbalanced chain synthesis with excess of a normal globin chain contributing to the pathological effects, causing either damage to erythroid precursors and ineffective erythropoiesis or damage to mature erythrocytes and haemolytic anaemia. Thalassaemia can result from deletion of one or more genes (as is usual in ( thalassaemia and in (( thalassaemia), from a small deletion or other mutation of a gene (as is usual in ( thalassaemia) or from a large deletion that leads to the fusion of part of the ( gene with part of the ( gene (forming one of the (( fusion genes collectively referred to as haemoglobin Lepore). Mutations of ( and ( genes are of potential clinical significance since there is a reduced rate of synthesis of haemoglobin A, the major haemoglobin of adult life. A serious clinical disorder usually results only when both of the ( genes or either three or four of the ( genes are affected. ( thalassaemia would only be of potential significance in intrauterine and early neonatal life when haemoglobin F is a major haemoglobin. However, since there are four ( genes, significant disease is unlikely. ( thalassaemia is of no clinical significance except that its presence may interfere with the diagnosis of coexisting ( thalassaemia.

The ( thalassaemias are a group of conditions resulting from a reduced rate of synthesis of ( globin. More than 200 ( thalassaemia mutations have been recognized, occurring in a wide range of ethnic groups. ( thalassaemia is common around the Mediterranean, in the Indian sub-continent and in South East Asia and is relatively common in those of African ancestry. It is recognised but rare in the indigenous British population and in other Northern European populations. 

Since normal individuals have two allelic ( globin genes, ( thalassaemia may exist in a heterozygous or homozygous state. Since there are a large number of ( thalassaemia mutations compound heterozygosity may also occur with the individual having two mutant genes but no normal ( gene. ( thalassaemia mutations are divided into two broad categories, (0 (beta zero) thalassaemia and (+ (beta plus) thalassaemia. (0 thalassaemia indicates that there is no expression of the abnormal gene and if (0 thalassaemia occurs in the homozygous state ((0(0) there is a total lack of ( chain production and a total failure to produce haemoglobin A. In (+ thalassaemia there is reduced but not absent expression of the abnormal ( gene so that in homozygotes there is some production of haemoglobin A. There are a large number of different (+ thalassaemia mutations with the severity of the defect in chain synthesis varying from mild to severe. Homozygotes thus have disease varying from mild to very severe. Compound heterozygotes for ( thalassaemia may have two different (0 thalassaemia genes, two different (+ thalassaemia genes or both a (0 and a (+ thalassaemia gene. 


The phenotype of ( thalassaemia can also result from the presence of haemoglobin E or haemoglobin Lepore, both being synthesized at a reduced rate. 


( thalassaemia heterozygosity, also referred to as beta thalassaemia trait, is usually clinically asymptomatic, a condition which may also be referred to as ( thalassaemia minor. Homozygosity or compound heterozygosity for ( thalassaemia usually leads to a clinically severe phenotype, referred to as ( thalassaemia major, in which the individual is dependent on blood transfusion. The term ‘thalassaemia intermedia' indicates that the clinical features of a case are intermediate between those of ( thalassaemia minor and of ( thalassaemia major; the individual is symptomatic but although he or she may need occasional blood transfusions these are not essential to maintain life. The clinical conditions designated thalassaemia intermedia cover a heterogeneous group of disorders, of very variable severity, including homozygosity or compound heterozygosity for mild (+ thalassaemia and heterozygous ( thalassaemia aggravated by coexisting heterozygosity or homozygosity for (((. ( thalassaemia mutations that are associated with clinical abnormalities in heterozygotes are referred to as dominant ( thalassaemia.
( thalassaemia trait

( thalassaemia trait or heterozygosity for ( thalassaemia is usually completely asymptomatic and may therefore be referred to as ( thalassaemia minor. In conditions of haemopoietic stress, for example during pregnancy or during intercurrent infections, the patient may become anaemic and even require blood transfusion. Occasional patients have splenomegaly.

Laboratory features

The blood count characteristically shows a normal or slightly reduced haemoglobin concentration, elevation of the RBC and reduction of the MCH and MCV. The blood film varies from almost normal, with only mild microcytosis, to markedly abnormal. Abnormal features, in addition to microcytosis, include anisocytosis, hypochromia and poikilocytosis. Individuals with a more severe phenotype may have prominent basophilic stippling, target cells and small numbers of irregularly contracted cells.
Diagnosis

Diagnosis rests on detection of an increased haemoglobin A2 percentage. A proportion of cases, around a third to a half, also have an increased proportion of haemoglobin F. In screening populations for ( thalassaemia it is possible either to measure haemoglobin A2 concentration in everyone or, alternatively, to screen by the red cell indices and test only those with an MCV or MCH below a certain cut-off point. An MCH of less than 27 pg is an indication to quantitate haemoglobin A2. 


Suitable methods for the quantification of haemoglobin A2 include microcolumn chromatography and high performance liquid chromatography (HPLC}.
The percentage of haemoglobin A2 usually falls between from 3.6 and 5% (normal range approximately 2.2 – 3.3%). When haemoglobin F is elevated it usually comprises between 2 and 7% of total haemoglobin. Quantification of haemoglobin F is essential for the diagnosis of (( thalassaemia.
( thalassaemia major

( thalassaemia major refers to patients with homozygosity or compound heterozygosity for ( thalassaemia who are dependent on blood transfusions to maintain life beyond early childhood. They have both ineffective erythropoiesis and a shortened red cell life span leading to severe anaemia. The disease usually presents in the first year of life, from the age of three months onwards. There is markedly increased erythropoiesis, both in an expanded bone marrow compartment and at extramedullary sites. The expansion of haemopoietic bone marrow leads to bony deformity, particularly in the skull and facial bones with frontal bossing, deformity of the facial bones, displacement of the teeth and a 'hair-on-end' appearance on skull radiography. There is bone pain and tenderness and an increased incidence of fractures consequent on thinning of cortical bone. Erythropoiesis at extramedullary sites leads to gross hepatomegaly and splenomegaly. The splenomegaly may, in turn, lead to hypersplenism. Ineffective haemopoiesis and shortened red cell life span lead to mild jaundice and an increased incidence of gallstones. There is wasting of the limbs and stunting of growth. Many of the adverse effects of ( thalassaemia major can be largely avoided by an appropriate blood transfusion programme. This, however, leads to serious iron overload unless chelation therapy is given. Iron overload in turn can lead to cardiac and hepatic damage and delayed puberty.

In the absence of treatment, children with homozygosity for (0 thalassaemia usually die at 3-4 years of age whereas those with (+ homozygosity may survive to late childhood. 
Laboratory features

The Hb, RBC, Hct, MCV, MCH and MCHC are reduced. The haemoglobin is usually in the range of 3-7 g/dl, the MCV 50-60 fl and the MCH 12-18 pg. In children with massive splenomegaly hypersplenism leads to aggravation of the anaemia and a drop in the white cell count and platelet count. The blood film shows marked anisocytosis, poikilocytosis (including fragments and teardrop poikilocytes), hypochromia and microcytosis. Basophilic stippling, Pappenheimer bodies and target cells may be noted. Circulating nucleated red cells showing defective haemoglobinization and dyserythropoietic features are present. The total white cell count and the neutrophil count are increased. If hypersplenism develops there is leucopenia, neutropenia and thrombocytopenia. The bone marrow aspirate shows gross erythroid hyperplasia and quite severe dyserythropoiesis with nuclear lobulation and fragmentation, basophilic stippling, defective haemoglobinisation and the presence of ( chain precipitates. 


In the case of homozygotes or compound heterozygotes for (0 thalassaemia ((0(0), only haemoglobins F and A2 are present. When there is homozygosity for (+ thalassaemia ((+(+) or compound heterozygosity for (0 and (+ thalassaemia ((0(+) haemoglobin A is also present, in variable amounts, sometimes up to 35% of total haemoglobin. 


Biochemical tests show increased bilirubin, increased urinary urobilinogen and hyperuricaemia. Haptoglobin is decreased or absent, free haemoglobin may be detectable in the plasma and methaemalbumin may be present. 

( thalassaemia intermedia

( thalassaemia intermedia refers to a clinical phenotype with diverse genetic explanations. In comparison with a typical patient with ( thalassaemia trait, there are significant clinical problems such as anaemia, splenomegaly, leg ulcers and bony deformity. The condition differs from thalassaemia major in that the patient is not dependent on regular blood transfusions for survival, although transfusions may be needed occasionally, e.g. during intercurrent infection, or may become necessary later in life.  The severity of ( thalassaemia intermedia varies from a condition in which survival without transfusion is barely possible, and there is growth retardation and bony deformity, to a much milder condition that resembles ( thalassaemia trait but has a greater degree of anaemia and splenomegaly. 

SICKLE CELL/BETA THALASSAEMIA

Sickle cell/( thalassaemia is a compound heterozygous state for (S and either (+ thalassaemia or (0 thalassaemia. In sickle cell/(0 thalassaemia there is no haemoglobin A whereas in sickle cell/(+ thalassaemia a variable amount of haemoglobin A is present. Sickle cell/(0 is a disease of similar severity to sickle cell anaemia whereas, depending on the amount of haemoglobin A present, sickle cell/(+ thalassaemia may be milder with splenomegaly persisting longer. 
Laboratory features

Anaemia is milder than in sickle cell anaemia, the haemoglobin concentration varying from about 5 g/dl to within the normal range. The MCV, MCH and MCHC are reduced.

The blood film abnormalities are more severe in sickle cell/(0 thalassaemia than in sickle cell/(+ thalassaemia. Classical sickle cells are quite uncommon. There are some boat-shaped cells. There is hypochromia and microcytosis and circulating NRBC show defective haemoglobinisation. Target cells are prominent and basophilic stippling may be apparent. 
Haemoglobin S comprises more than 50% of total haemoglobin, in contrast to sickle cell trait when it is less than 50%. In patients with sickle cell/(0 thalassaemia there is no haemoglobin A whereas in those with sickle cell/(+ thalassaemia the amount of haemoglobin A varies from almost undetectable to 30%. Haemoglobin F is usually 5-15%. Haemoglobin A2 tends to be somewhat elevated, usually 3.5-5.5%. Red cell life span is reduced, particularly in sickle cell/(0 thalassaemia, but not to the same extent as in sickle cell anaemia.
In the neonatal period the diagnosis of sickle cell/(+ thalassaemia can be difficult. The bone marrow aspirate shows erythroid hyperplasia, sickle cells and a variable degree of iron overload.

Haemoglobin E/( thalassaemia

Haemoglobin E trait may be co-inherited with either (0 or (+ thalassaemia.  The compound heterozygous state is quite common in Thailand and surrounding countries but also occurs throughout a large part of Southeast Asia, stretching from Indonesia to Sri Lanka, Northeast India and Bangladesh, making this the commonest ( thalassaemia phenotype in the world. 

The severity of compound heterozygosity for haemoglobin E and ( thalassaemia is very variable with the clinical picture ranging from that of thalassaemia minor through thalassaemia intermedia to thalassaemia major.  Most patients have a disease that is at least moderately severe. The variation in severity is not always readily explicable although it is in part related to the presence or absence of haemoglobin A and, if haemoglobin A is present, to its quantity. A high haemoglobin F or coinheritance of ( thalassaemia trait or haemoglobin Constant Spring. The most severely affected individuals are transfusion-dependent and have hepatosplenomegaly, intermittent jaundice, growth retardation and over-expansion of the bone marrow cavity leading to facial deformity and malpositioned teeth. Less severely affected individuals may have splenomegaly and facial deformity but do not require regular transfusions to maintain life. Hypersplenism may occur. Occasional patients are only mildly affected. During pregnancy or intercurrent infection patients who are not usually transfusion-dependent may become sufficiently anaemic to require transfusion. Extramedullary haemopoiesis can occur and has sometimes led to compression of the spinal cord or brain by tumour-like masses of haemopoietic tissue.


An analysis of 50 British patients with haemoglobin E/( thalassaemia (half of Bangladeshi origin, a quarter Indian/Pakistani and a quarter originating in Southeast Asia) gives an idea of the usual degree of severity of this condition. Half the patients were regularly transfused and nearly half had required splenectomy. A smaller number of US patients had disease of similar severity whereas of 22 Canadian patients 30% were regularly transfused and 17% had required splenectomy. 
Laboratory tests

The haemoglobin concentration varies from 2.5 to 13 g/dl. The MCV and MCH are more reduced than in haemoglobin E trait. The reticulocyte count is slightly increased, e.g. 4-6%. 

The blood film shows anisocytosis, poikilocytosis, hypochromia, microcytosis, target cells, irregularly contracted cells and NRBC. There may be basophilic stippling. If splenectomy is undertaken there will be Heinz-body-like ( chain inclusions, in addition to the usual post-splenectomy changes.

Haemoglobin electrophoresis and HPLC show haemoglobins E, A2 and F in the case of haemoglobin E/(0 thalassaemia and E, A, A2 and F in the case of haemoglobin E/(+ thalassaemia. When haemoglobin A is present, it usually constitutes around 10% of total haemoglobin. Haemoglobin F is very variable, from 5 to 87%.

Osmotic fragility is reduced. Red cell life span is reduced. The bone marrow shows erythroid hyperplasia, dyserythropoiesis, increased macrophage activity and increased storage iron. Serum transferrin receptor concentration is increased, reflecting the expanded erythropoiesis.
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