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Thalassaemia: Current Diagnostic Approach
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Abstract:

Haemoglobin disorders are due to mutations and/or deletions in the α-globin or β-globin genes. α-

thalassaemia is caused by deletions in α-globin gene, while β-thalassaemias are associated with decreased synthesis

of β-globin due to β-globin gene mutations. Haemoglobinopathies involve structural defects in haemoglobin due to

altered amino acid sequence in the α- or β-globin chains. If a patient is suspected to suffer from haemoglobin

disorders from family history or routine blood count, electrophoresis and high performance liquid chromatography

can be performed to establish the diagnosis. Information regarding molecular mechanisms of the diseases has aided

the development of molecular genetic technologies. Prenatal diagnosis of the disease is important to reduce the

burden of the disease. So an efficient screening of the population and a rapid molecular characterisation of the

couple at risk are necessary.
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Introduction:

Inherited haemoglobin disorders are emerging as a

major public health problem in the world. It is the com-

monest monogenic disease. Nearly 7% of world popula-

tion are carriers and 3,00,000-4,00,000 babies with se-

vere forms of such disorders are born each year1. Though

more than 700 structural haemoglobin variants are already

known, mostly four structural haemoglobin variants (HbS,

HbC, HbD and HbE) arising from single amino acid

substitution in α and β chains and four types of thalassaemia

(α, β, δ and δβ or F) constitute the major spectrum of the

disease.There is also wide range of overlapping among these

entities eg, HbE-β thalassaemia.

Sickle cell gene is distributed widely throughout sub-

Saharan Africa, the Middle East and parts of Indian sub-

continent with a carrier frequency of 5 to 40%.HbE (a non-

harmful variant) is found in the eastern half of the Indian

sub-continent and throughout South East Asia, where at

some places carrier rates may exceed 60% of the popula-
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tion. Thalassaemia has a high incidence as a broad band

extending from the Mediterranean basin and parts of Af-

rica, throughout Middle East, the Indian subcontinent, South

East Asia, and Pacific Islands. Carrier frequency in these

regions are estimated to be 1 to 20% for β-thalassaemia2

Alpha-thalassaemia in milder form is much higher (10-20%)

in parts of sub-Saharan Africa, 40% or more in some Middle

Eastern and Indian population and appears to be as high as

80% in Northern Papua- New Guinea and isolated groups

in North-East India. In Greek 'thalassa' means sea which

denotes wide prevalance of this disease around Mediter-

ranean Sea.

The most recent estimate suggests that annually there

may be about 270 million carriers of important inherited

haemoglobin disorders.

The cost of blood transfusion for thalassaemia pa-

tients includes processing and screening of blood for hepa-

titis B and C, HIV, malaria parasite. Also cost of iron che-



lation therapy is also very high. The diagnostic set up and

infrastructure add to the price. Even in a country like Sri

Lanka where incidence of this disease is lowest, the esti-

mated future management cost is likely to erode 10% of

total health budget of the Island3. The Indian scenario is no

better. Sickle cell disease is widely prevalent throughout

India except few states like Jammu & Kashmir, Himachal

Pradesh, Punjab, Haryana and some North Eastern states4.

The combined average gene frequency of three predomi-

nant abnormal haemoglobins, ie, HbS, HbD and HbE have

been found to be 5.35% in India apart from thalassaemia5.

These clearly show the paramount necessity of right diag-

nosis of cases and carriers and identification of genotype.

Counselling and genetic advice remain the pivot of preven-

tive measures to stall the forward march of these diseases.

On the other hand, the step by step diagnostic approach

must be rational and cost effective6.

The Thalassaemia Syndrome:

The thalassaemia syndromes are a heterogenous

group of inherited anaemia characterised by defects in the

synthesis of one or more of the globin chain subunits of the

heamoglobin tetramer.

In normal adult persons, the following haemoglo-

bin pattern is observed7.

(1) HbA (2α  and 2β subunits of globin chain): Above 95%

(2) HbA2 (2α and 2δ subunits of globin chain): Below 3.5%

(3) HbF (2α and 2π subunits of globin chain): Below 1%.

βββββ-thalassemia:

It occurs due to inadequate synthesis of β−globin

chain, consequent fall of HbA level with rise in HbA2 and

HbF levels occur. The β−globin gene cluster is situated in

chromosome 11. Forms of  β−thalassaemia arise from mu-

tation that may affect every step in the pathway of  globin

gene expression : Transcription, processing of the mRNA

precursor, translation of mature mRNA and post-transla-

tion integrity of the β-peptide chain. Partial or total dele-

tion of  β-globin gene are also found6.

Three variants of  β-thalassaemia are distinguish-

able on the basis of severity of expression of  β0, β+,

β++gene. In  β0 thalassaemia homozygote (1/3rd of pa-

tients) no β-chain synthesis occurs, whereas in  β+/ β++

homozygote or  β+/ β0 compound heterozygote, β-chain

synthesis is reduced to 5-30% and the severity is less (2/

3rds of all patients)9. Due to reactivation of gamma-chain

formation, HbF is produced in large amount (though it is

qualitatively insufficient to replace β-chain deficiency) and

HbA2 is also increased. Thus β0/β0 or β0/β+ variants

present with very low or almost absent HbA and marked

increase in HbF. HbA2 is increased at birth but subsequently

comes down to normal10.

Ten per cent of patients with homozygous β-

thalassaemia exhibit a phenotype characterised by inter-

mediate haematological severity.  β: α-chain synthesis ra-

tio is higher than those of   β-thalassaemia major indicating

less severe defect in β-chain synthesis. This is called  β-

thalassaemia intermedia, mostly a clinical entity. HbA is re-

duced moderatety with moderate increase in HbF. This

phenomenon is observed in inheritence of either two mild

mutations or one mild and one severe mutations.

Examples are: (1) Homozygous B thalassaemia in

Blacks, Portuguese and others. (2) Homozygote or mixed

heterozygote forms of B thalassaemia associated with nor-

mal HbA2 and normal HbF. (3) Association with α-

thalassaemia (α-β variety)11.

βββββ-thlassaemia Minor:

Inheritance of a single  β-thalassaemia allele re-

sults in a mild hypochromic microcytic anaemia with slightly

reduced haemoglobin (by 1-2 g/dl in respect of age and

sex). This condition is called  β-thalassaemia ‘trait’ or ‘car-

rier’ which is actually a misnomer. But detection of these

‘carriers’ are utmost essential. If a β-thalassaemia minor or

carrier marries another such person, the offsprings may be

overt patients.

Elevation of HbA2 and HbF occurs in these cases

in early years of life. HbF level declines more slowly than

normal. The diagnostic criteria lie in an elevated HbA2

(range 3.5-7.0%) beyond 6 months of life12.

ααααα-thalassaemia:

It is the most prevalent inherited disorder in man-

kind. It occurs due to deficient production of  α-globin

chain. These are very difficult to diagnose as no abnormal

haemoglobin is produced (except HbH). Moreover, the
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percentage of HbF and HbA2 is not elevated or percent-

age of HbA is not reduced.

The two gene loci for α-globin chains are situated

on each of chromosome 16, separated by 3.5 kb segment

and interrupted by intervening sequence (IVS). Deletion of

one to four loci and their subsequent non-functioning gives

rise to four disease conditions13.

α-thal-2 trait - One loci deletion: Mostly unde-

tected.

α-thal-1 trait - Two loci deletion: Mild to moder-

ate anaemia, normal electrophoresis.

HbH disease - Three loci deletion : Excess  β-

globin chain precipitation as HbH inclusion bodies in RBC.

Hb barts - All 4 loci deletion : Incompatible for

life.

Other Thalassaemias:

(1) αβ-thalassemia (Thalassaemia F) − It is a minor

thalassaemia due to fusion of α-and β-genes which are

normally separated by 7 kb segment. These patients present

with mild anaemia. On electrophoresis slightly reduced

HbA2 and increased HbF (5-15%) occurs14.

(2) δ-thalassaemia − Rare and without clinical importance

in adults.

(3) π-thalassaemia − Rare and not important in adults.

Diagnostic Approach7 :

  Haematological parameters used for initial

screening − − − − −   (1) Haemoglobin estimation.

         (2) Complete haemogram especially MCV

and MCH − MCV and MCH are low in both  α- and β-

thalassaemias including α-minor and β-minor varieties. Mi-

crocytosis and hypochromia are thus very important find-

ings in peripheral blood smear. Usually the MCH is below

26 pg and MCV below 80ft. For α-minor varieties, mean

MCV is 71.4 fl and for β-minor varieties it is 63.4 fl. In

absence of vitamin B12 or folate deficiency, it is almost

pathognomonic of thalassaemia if directly measured by an

automated blood cell counter (Coulter-S or Sysmex). In

children with MCV below 94 fl, electrophoresis should be

done routinely.

(3) Red cell distribution width (RDW) − The mean

RDW is increased. It is a constant finding if measured by

automated cell Counter.

(4) Naked eye single tube rapid osmotic fragility

test (NESTROFT).

(5) Serum ferritin − It is increased in thalassaemia

and can act as a tool to distinguish it from iron deficiency in

which it is reduced. Serum ferritin may also rise in chronic

liver diseases and chronic infections.

(6) Detection of HbH − HbH inclusion bodies may

be found in RBCs on brillant cresyl blue staining in periph-

eral blood in patients with α−thalassaemia. These are ac-

tually precipitation of excessive beta-chains15.

Particularly, for detection of thalassaemia trait or

minor, the following formula including all red cell induces

may be used.

Discriminant Function (DF)=MCV(fl) −RBC

(X1012/l) − 5 x Hb (g/dl) − K whereas, K is a constant

factor depending on the automated cell counter calibration

and is adjusted by each laboratory. If DF is negative the

case is thalassaemia and if DF is positive, it suggests iron

deficiency anaemia16.

Detection of abnormal haemoglobin17 −−−−−     It is
well known that the treatment of established thalassaemia

is difficult and very costly. Only bone marrow transplanta-

tion by umbilical cord stem cell is successful in certain per-

centage of cases. In large majority of the cases, repeated

lifelong blood transfusion, use of iron chelating agents, trans-

fusion and splenectomy in advance severe cases are the

only options. Most of the major thalassaemia cases do not

survive beyond 2nd and 3rd decades of life.

So premarital detection of carriers and counselling

remain the only option to stop the forward propagation of

this dreadful disease like a prairie fire. Previously haemo-

globin electrophoresis was used widely for detection of dis-

ease on cellulose acetate membrane (CAM) strip with al-

kaline buffer. It is easy, cheap and can be used for initial

screening. Alternatively acid gel electrophoresis was also

practised. But the main disadvantage of this method is fail-

ure to detect the carriers definitely though the clear cut cases

can be identified beyond reasonable doubt for which the

pivotal role for counselling is difficult. More modern and

acceptable method is chromatography particularly high per-

formance liquid chromatography (HPLC) which can sepa-

rate different fractions of abnormal haemoglobins in a clear
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cut way. HbA, A2, F, E, C, S, D, Lepore, etc, give differ-

ent peaks. Any sample showing HbA2>3.5% is consid-

ered as normal. Sample with HbA2 between 3.6 and10%

is identified as β-thalassaemia minor or trait or carrier. These

are the target population for carrier detection. The disad-

vantage of this method is that HbE, a not harmful but ab-

normal variation of Hb, elutes with HbA2. So if the A2/E

peak is more than 10% it is taken as HbE trait (up to 70%)

or HbE disease (>70%)

In thalassaemia major, the HbF fraction is increased

and if both HbF and A2/E fractions are abnormally high, it

is taken as Eβ-thalassaemia. In complicated cases, meth-

ods of estimation of β-chain production and isoelectric fo-

cusing (IEF) are also done.

Simply increase of HbF value may occur in heredi-

tary persistence of HbF (HPHF) thyrotoxicosis, pregnancy,

aplastic anaemia, choriocarcinoma and carcinoma of liver.

Before Hb electrophoresis or HPLC, the history of blood

transfusion, family history, clinical history etc should be taken

into consideration. In carriers or β-thalassaemia minor ge-

netic screening of both parents are recommended.

Molecular biology18 −The laboratory diagnosis

of thalssaemia cannot be completed without the genetic

studies, ie, (1) In case of  α-thalassaemia, which cannot be

diagnosed by electrophoresis or chromatography (except

a small percentage of cases with HbH). (2) In case of  β-

thalassaemia, particularly for genetic screening of the par-

ents and siblings. (3) In case of prenatal diagnosis from

chorionic villous samplke (CVS) or amniocentesis. (4) In

case of δβ and other rare thalassaemias. (5) Epidemio-

logical study of  β-thalassaemia by detection of commonly

occurring mutations is an ethnic group.

Genetic defects in βββββ-thalassaemia19 − Most

types of β-thalassaemias are due to point mutation. As of

date, about 200 different types of mutations have been iden-

tified of which 15 cause vast majority of cases. Most com-

monly occurring 5-6 mutations account for almost 90%

cases of β-thalassaemia in a given ethnic group. So it is an

example of allelic heterogeneity. In India, about 40 muta-

tions have been detected of which 5 are most common.

Common mutations in Asian and Indians −
IVSI, position 5 (G-C)

 *619 bp deletion

 *Codon 8/9, Frameshift (+G)

 *codon 41/42, Frame Shift (-CTTTT)

 *IVSI, position 1 (G-T)

In β-thalassaemia, mutations are scattered through-

out the β−globin gene including 5 flanking region where

promoter lies. A number of mutations interfere with the ef-

ficient translation of the β-globin mRnA to protein, includ-

ing mutations in translation of initiation codon itself. Chain

terminator mutations, in which translation is stopped pre-

maturely, can result from nonsense mutations or frameshift

mutations producing non-functional proteins. Abnormal

splicing also occurs in RNA. Mutation also occurs in the

polyadenylate tail8,9.

Alpha−Thalassaemia20 − As already stated, de-

letion is the main genetic abnormally in  α-thalassaemias. It

occurs due to inequal crossover involving the chromosome

16, where a gene loci are situated. Moreover larger dele-

tions also occur which remove both  α-globin genes. In

other situations loss of function of α-globin gene arises from

more subtle mutations such as non-sense or frameshift ab-

normalities. But in contrast to beta-thalassaemia, those

multations are minorities (only 20%).

Molecular biology tools applied for diagno-

sis21 − (1) Amplification resistant mutation specific poly-

merase chain reaction (ARMS PCR) to detect mutation in

β-thalassaemia.

(2) Restriction fragment length polymorphism (RFLP)

(3) Reverse dot blot hybridisation to detect 8 mutations

very rapidly at a time, on a small DNA sample.

(4) Fluorescent in-situ hybridisation (FISH) to detect dele-

tion in  α-thalassaemia.

DNA sequencing22 − DNA can be analysed from

WBC or from amniocentesis or chorionic villous biopsy

obtained by transabdominal or transvaginal sampling for

prenatal diagnosis. Uncultured amniocentesis is better than

CVS as the chance of abortion is less than 1% whereas in

CVS it is above 2%.

Amplification and direct sequencing of  β-globin

genes by PCR (where mutations are unknown) can be used

now in place of cultured amniocentesis and southern blot-

ting.

Newer methods of prenatal diagnosis23 −−−−−
Analysis of foetal cells in maternal circulation, Preimplanta-

tion genetic diagnosis (PGD) in case of in vitro fertilisation

(IVF), HPLC of foetal blood samples
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