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Thalassemia represents one of the most common genetic disorders worldwide, characterized by defects in

hemoglobin synthesis. The affected individuals suffer from malfunctioning of one or more of the four globin genes,

leading to chronic hemolytic anemia, an imbalance in the hemoglobin chain ratio, iron overload, and ineffective

erythropoiesis. Despite the challenges posed by this condition, recent years have witnessed significant

advancements in diagnosis, therapy, and transfusion support, significantly improving the prognosis for thalassemia

patients.
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1. Introduction

A series of hereditary blood diseases known as thalassemia are characterized by the abnormal or reduced

production of one or more hemoglobin genes . It ranks among the most common five birth complications .

There is a high prevalence of thalassemia worldwide, particularly in Southeast Asian nations. αT and βT are the

two main classifications of defective globin . Alpha-thalassemia may also result in hemoglobin H (HbH) disease,

anemia, and hydrops fetalis syndrome. The amount of alpha-chain produced determines the disease’s severity.

The major form of alpha-thalassemia has placed a heavy burden on society and harms the general population’s

standard of living. Children with βT major experience impaired growth, hemolytic anemia , and aberrant

development of the skeleton. For the remainder of their lives, the afflicted youngsters will require regular blood

transfusions. Intermediary βT is less severe than βT major and may call for sporadic blood transfusions. Patients

who depend on transfusions will experience an iron burden  and need chelation therapy to get rid of extra iron.

Some young patients with βT major may benefit from bone marrow transplants . Normal life expectancy is

experienced by those who have the thalassemia trait. By the age of 30, βT major patients frequently pass away

from cardiac problems brought on by iron overload.

2. Thalassemia

The generation of healthy alpha- or beta-globin chains, which make up hemoglobin, is impacted by a series of

autosomal recessive hemoglobinopathies known as thalassemia. α- or β-globin chain  amalgamation problems

may result in anemia, early oxidation of the blood, and inefficient erythropoiesis. Thalassemia patients may have

extramedullary hematopoiesis and bone marrow enlargement as a result of chronic, severe anemia. Patients with

microcytic anemia and normal or increased ferritin levels should be suspected of having thalassemia. Although
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genetic testing is necessary to confirm the diagnosis, hemoglobin electrophoresis can highlight shared traits across

various thalassemia subtypes. Generally, thalassemia in carriers and trait states is asymptomatic.

Hydrops fetalis is a common birth defect brought on by alpha-thalassemia major. Beginning in early childhood

(often before the age of two), βT major requires lifelong transfusions. Based on gene deletion or mutation, αT and

βT intermedia present differently, and severe variants cause symptomatic anemia and need transfusions, whereas

milder ones merely need monitoring. Transfusions, iron chelation therapy, hydroxyurea , hematopoietic stem cell

transplantation , and Luspatercept  are all used in the treatment of thalassemia to reduce iron overload brought

on by gastrointestinal absorption of iron, hemolytic anemia , and recurrent transfusions. Thalassemia

consequences include perivascular iron deposition, bone marrow enlargement, and extramedullary hematopoiesis.

A few of the morbidities that may arise from these issues include damage to the skeletal system, endocrine system

, heart , and liver . Life expectancy for people with thalassemia has greatly risen over the past 50

years thanks to better monitoring  of iron overload, increasing availability of transfusions of blood, and iron

chelation treatment. Genetic counselling and screening in high-risk populations can reduce the prevalence of

thalassemia . Africa, India, the Mediterranean, Southeast Asia, and the Middle East  have the greatest

rates of thalassemia prevalence. Preventative initiatives incorporating premarital and preconception counselling

and testing may be contributing to a decline in incidence in these areas. Carriers of αT and βT make up around 5%

and 1.5%, respectively, of the global population.

The globin chains in a physiological situation are a balanced mixture of α globin chains and non-α globin chains,

primarily β-chains, which, when combined with α-chains, form adult hemoglobin (HbA), with δ-chains, form a minor

portion of adult hemoglobin, called HbA2, or with γ-chains, form fetal hemoglobin (HbF). If one of the globin chains

is not produced as much as it should while the other chains are still being produced normally, the developing red

blood cell (RBC) will accumulate the other (unpaired) globin chains. In this manner, if α-gene is not produced in

adequate quantities, an accumulation of β-gene will increase causing αT; likewise, if the production of β-gene

chains declines, ultimately, accumulations in α-gene chains cause βT .

2.1. Alpha (α) Thalassemia

The term “alpha-thalassemia” (or “αT”) denotes a class of genetic blood illnesses categorized in a normal blend of

β-globin chains  but diminished the creation of α-globin chains, which are both components of the hemoglobin

molecule. Growing RBCs symbolize the buildup of unpaired globin chains. The formation of α-globin chains is

regulated by four genes, two on each chromosome, implicating the possibility of several types of carriers.

2.1.1. Silent Carrier

One (out of four) non-functional genes is present in a thalassemia alpha plus (α+) carrier , also referred to as αT

minimal. Due to this, it may be very challenging to diagnose these carriers using a straightforward microscopic

examination of their blood in a lab. These types of carriers can only be accurately identified through very

specialized DNA analysis tests conducted in laboratories.
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2.1.2. Alpha Zero (α0) Thalassemia Carrier

Two (out of four) α-genes are either missing (deleted) or inactive. The two defective or deleted genes  might be

situated either on the same chromosome (cis position) or on two distinct chromosomes (trans-position), depending

on their specific location.

2.1.3. Alpha (α) Intermedia Thalassemia

The condition identified as HbH ailment  is present when three α-globin genes are defective or absent, resulting

in clinically significant anemia. This stops the additional α-chains from uniting with the α-globin chains to make

common HbA, even if the α-globin genes are still completely functioning. Instead, a new hemoglobin (β4) called

HbH is formed in the patient’s blood by joining the free-globin chains together. HbH can efficiently deliver oxygen to

the tissues, just like common HbA, despite not being the hemoglobin typically found in human adult RBCs.

Nevertheless, because of its relative instability, the molecule constantly breaks down, which results in premature

red cell death or breakdown (hemolysis), which can cause mild to severe anemia in the affected person as well as

other related health concerns such as splenic enlargement that ranges from mild to severe, tiredness, gallstone

development, and deformed bones.

2.1.4. Hb Constant Spring

Undetectable HbH, mutant allele causes a reduction in pf alpha globin activity Bart’s—Hydrops Fetalis . This

leads to no production of any α-chains, resulting in hemoglobin; a different type of hemoglobin termed Hb Barts

(γ4) is created when free α-globin chains, which typically combine with α-globin chains to form the fetus’s

hemoglobin (HbF), come together. Since this form of hemoglobin is unable to transport oxygen, life cannot be

sustained by it . Severe anemia brought on by this condition affects the unborn child and damages its heart.

2.2. Beta (β) Thalassemia

Minor, intermedia, and major are the three main types of βT .

2.2.1. Beta (β) Thalassemia Minor

Caused by a mutation in one gene, they are formerly identified as “βT carrier” , or heterozygous βT”, and a

majority of individuals have two different alleles.

2.2.2. Beta (β) Thalassemia Intermedia

The mutation of two beta genes escalated thalassemia minor to thalassemia intermedia .

2.2.3. Beta (β) Thalassemia Major

Two genes of the individuals defected with severe impairment in beta gene production are also known as “Cooley

anemia”  and “Mediterranean anemia”. Like minor thalassemia, it has two different or multiple alleles of β0 or β+
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genes. Balance in the globin chain is controlled by a specific form of beta gene modification. β0 means no

generation of β-globin at all controlled by the defective allele. β++ denotes an allele with some residue beta globin

generation (typically about 10%). The drop in the production of β-gene in β+ is minuscule. There are over 300

distinct βT alleles .

2.3. Other Variants of Thalassemia Carrier

One of the chromosomes that a person inherits from their mother or father is the only one that has a mutant gene

. They do not exhibit any clinical symptoms; thus, they do not need any kind of medical care or ongoing

monitoring. They have some modifications in their RBCs, which are typically smaller and sometimes contain less

hemoglobin, and are only detected by special blood tests but are not adequate to entail improvement.

Thalassemia can result in numerous types of disorders due to affected alleles, which might differ in their medical

significance and requirement of blood transfusions. It comprises of two basic groups: one, TDTs that involve

transfusion and two, NTDT  without the requirement of blood transfusion rendering to phenotyping. Without

routine RBC transfusions, TDT patients would have numerous problems and have limited life expectancy. Patients

with severe HbE/βT , βT major, HbH hydrops, or transfusion-dependent HbH illness, as well as those who have

survived HbBart’s hydrops, fall into this group. For lifetime, the cornerstone of TDT care is transfusion therapy,

while ineffective transfusion therapy might cause issues such as deprived development, deformities of face and

bone or even making them fragile, spleen and liver enlargement, and everyday physical activity impairment.

Iron toxicity to vital organs is one of the foremost medical complications for thalassemia carriers. Higher intestinal

absorption of nutritional iron and repetitive blood transfusions are the sources of iron accumulation. The iron

content per unit of transfused blood is 200 mg, so patients who are regularly transfused develop iron overload 

. Iron toxicity affects prime organs such as the liver and heart  and causes several endocrine disorders

through the hypothalamus/pituitary axis, hypothyroidism, including growth obstruction, diabetes mellitus 

, and hypogonadism.
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