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Abstract
This chapter discusses the causes, symptoms, laboratory testing, precautions, and managements and types  of blood syndrome thalassemia.  A reduction in the production of the alpha or beta chains of haemoglobin (Hb) results in a heterogeneous grouping of hereditary illnesses known as thalassemias. The oxygen-carrying protein in red blood cells is called haemoglobin. Two proteins—an alpha and a beta—make up this substance. The formation of red blood cells is compromised if the body does not produce enough of either of these two proteins, which results in anaemia that manifests in infancy and persists throughout life. Hence  thalassemia is an inherited condition, at least one parent must carry the disease's gene.  
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Introduction
A reduction in the production of the alpha or beta chains of haemoglobin (Hb) results in a heterogeneous grouping of hereditary illnesses known as thalassemias. The oxygen-carrying protein in red blood cells is called haemoglobin. Two proteins—an alpha and a beta—make up this substance. The formation of red blood cells is compromised if the body does not produce enough of either of these two proteins, which results in anaemia that manifests in infancy and persists throughout life1. Due to the fact that thalassemia is an inherited condition, at least one parent must be a carrier. A child must inherit one faulty gene from each of their parents in order to be afflicted by the condition.2 Either a genetic issue or the loss of specific large gene regions is the cause. Haemoglobin is produced incorrectly in a cluster of the beta-globin gene on chromosome 11,3 and the alpha-globin gene on the 16 chromosomes,4 due to molecular abnormalities.5 The severity of thalassemia disorders, which have a range of clinical symptoms, phenotypes, and treatment choices, is considered. There are two forms of thalassemia: TDT (transfusion-dependent thalassemia) and NTDT (non-transfusion-dependent thalassemia).6 Iron overload is linked to significant morbidity in both transfusion-dependent and non-transfusion-dependent thalassemia. Iron overload is brought on by an excessive buildup of intestinal iron, which is supported by insufficient erythropoiesis.7 Numerous essential organs are harmed by excessive iron deposition, which starts within the first year of continuous blood transfusion. Beta-thalassemia causes precipitates to develop from the extra unpaired alpha-globin chains that harm red cell membranes and cause intravascular hemolysis. The inefficient erythropoiesis that occurs from the premature death of erythroid precursor cells is followed by the extramedullary expansion of hematopoiesis8. The structural haemoglobin (Hb) variations (abnormal Hb) and the thalassemias are two kinds of hemoglobinopathies that can be loosely split into two categories. These single amino acid changes in the an or b globin chains are frequently the cause of these structural Hb variations. However, some of these mutations may alter the functional characteristics or stability of the Hb and result in a clinical disease. The majority of these aberrant Hb do not exhibit clinical symptoms. The globin chains are produced improperly, which leads to the thalassemias. They are divided into the a, b, db, and dbg-thalassemias depending on which specific globin chains are synthesised incorrectly. Only the a and b-thalassemias are prevalent enough to be significant in terms of public health9.

Types of Thalassemia
The types of thalassemia depend on the affected part of hemoglobin (alpha or beta) and Severity.

Alpha Thalassemia:  Alpha-globin gene deletion, which leads in diminished or nonexistent production of alpha-globin chains, is the cause of alpha thalassemia. There are four variants of the alpha globin gene, and the severity of the condition varies from mild to severe depending on how many deletions there are. The most severe variant, four allele deletion, results in no alpha globin production and the formation of tetramers from extra gamma chains that were present throughout foetal development. It causes hydrops fetalis and is incompatible with life. The smallest and most clinically silent variant is one allele deletion.
When there is an issue in one chain: Without showing any symptoms, a person is a carrier of the infected gene.
• When there is an issue in two chains: A blood test can identify a person who carries these genes since they have mild symptoms that may not be visible.
• When there is an issue in three chains: The patient will experience moderate to severe symptoms of severe anaemia, as well as possible bone deformities and an enlarged spleen.
• When there is an issue in four chains: causes the foetus to die before delivery or right after birth.
Beta Thalassemia: is caused by beta-globin gene point mutations. The zygosity of the beta-gene mutation is used to categorise it into three categories. Beta-plus thalassemia, a heterozygous mutation that causes beta chains to be underproduced, causes beta-thalassemia minor. Usually asymptomatic, it is modest. Beta thalassemia major is brought on by a homozygous mutation (beta-zero thalassemia) in the beta-globin gene, which results in a complete lack of beta chains. Clinically, it shows up as hepatosplenomegaly, growth retardation, severe anaemia requiring constant blood transfusions, and jaundice. Beta-thalassemia intermedia, which presents with mild to moderate clinical signs, is the disorder that falls between these two types1. Each of the two beta chains in haemoglobin is inherited from a parent, and when one of the chains malfunctions, the so-called beta thalassemia develops.
• When there is an issue in one chain (minor thalassemia): Apart from a slight anemia that is detected during standard blood testing, there are no visible signs. In order for the patient to live regularly, blood must be transfused.
• When there is an issue in two chains (major thalassemia): The patient requires frequent blood transfusions to maintain normal survival because of severe anaemia, bone deformities, and spleen enlargement. These symptoms start to show throughout the first two years of life; they do not start to show when the kid is born.
Etiology
Although thalassemia is autosomal recessive, both parents must have the condition or be carriers for it for it to be passed on to the next generation. It is brought on by mutations in the Hb genes, which cause either insufficient or absent production of alpha or beta chains. Thalassemia is known to be caused by more than 200 mutations. When a point mutation occurs on chromosome 11 in the beta-globin gene's splicing site and promoter regions, it results in the deletion of the alpha-globin and beta-globin genes, respectively10. A newborn with all four genes missing is extremely rare. The medical term for this condition is hydrops fetalis or alpha thalassemia major. Babies with hydrops fetalis typically pass away either before or soon after delivery. The alpha globin genes can be found on chromosome 16 in the illustration11.
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Symptoms
Symptoms can appear in children as early as birth, during the first two years of life, or never, depending on the nature and severity of the condition. Patients with single-gene disorders may not exhibit symptoms on their own. Thalassemia symptoms are brought on by anaemia. When your blood doesn't generate as many healthy red blood cells as it should, anaemia sets in. Because the body cannot produce enough haemoglobin, anaemia frequently appears in thalassemia patients. Red blood cells in your bloodstream can't function properly to effectively carry oxygen to your body's cells if you don't have enough haemoglobin.
General weakness or tiredness.
· Pale, yellowish skin.
· darkening urine
· Slow growth
· Shortness of breath.
· Flatulence.
· Bone deformities.
· Frequent inflammations.
· Dizziness and fainting
· Headaches A large abdomen from a spleen or liver that is larger than normal
· Changes or problems with bones in the face


Complications
Thalassemia major and intermedia are both blood disorders that might result in complications besides anaemia. The degree of severity of the specific kind of thalassemia you have and the sort of treatment you need will both influence the issues connected with thalassemia. Any organ may be impacted because thalassemia is a blood condition.
Standard Complications of Thalassemia being informed that having thalassemia puts you at risk for major medical issues might be unsettling. Be aware that detecting these issues early and starting treatment are dependent on maintaining regular medical care. 
Skeletal Changes
The generation of red blood cells (RBCs) takes place predominantly in the bone marrow. This RBC production does not function in thalassemia. By increasing the available area in the bone marrow, the body works to increase production. The skull and facial bones are where this is most prominently shown. People may grow chipmunk-like cheeks and a pronounced forehead, a condition known as "thalassemic facies". This can be avoided by starting chronic transfusion therapy early. Adolescents and young adults can develop osteoporosis, which causes thin and brittle bones, and osteoopenia, which causes weak bones. These alterations in thalassemia are not known to have a cause. Fractures, especially vertebral fractures, could occur as a result of osteoporosis that is severe enough. It appears unlikely that transfusion therapy can stop this problem.
Splenomegaly
Red blood cells (RBC) can be produced by the spleen, although it usually stops doing so around the fifth month of pregnancy. In thalassemia, the spleen's inadequate RBC production in the bone marrow can cause it to start up again. The spleen enlarges in an effort to accomplish this (splenomegaly). This ineffective RBC synthesis does nothing to alleviate anemia. This can be avoided by starting transfusion therapy early. If the splenomegaly causes an increase in transfusion volume and/or frequency, splenectomy (surgical removal of the spleen) may be required.
Gallstones
Although thalassemia is a hemolytic anaemia, red blood cells are being lost faster than they are being made. Bilirubin, a pigment, is released from the red blood cells after they are destroyed. Gallstones may form as a result of this increasing bilirubin level. In fact, by the age of 15, gallstones will be present in more than half of beta thalassemia major patients. It could be recommended to remove the gallbladder (undergo a cholecystectomy) if the gallstones are extremely painful or inflamed.
Iron Overload
Thalassemia patients have the risk of hemochromatosis, often known as iron overload. Repeated red blood cell transfusions along with increased iron absorption from meals are the two main causes of excess iron.
Heart, liver, and pancreas issues from iron overload can be quite serious. Iron can be eliminated from the body using drugs referred to as iron chelators.
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Aplastic Crisis
Thalassemic patients and those with other hemolytic anemias need a lot of new red blood cell synthesis. The virus known as parvovirus B19 is what causes the Fifth Disease in kids, which is a well-known condition. RBC synthesis is halted for seven to ten days when parvovirus infects bone marrow stem cells. The thalassemia patient's decreased RBC production causes severe anaemia, which almost always necessitates RBC transfusion.
Endocrine Problems
The pancreas, thyroid, and sex organs may accumulate iron as a result of the high iron overload seen in thalassemia. Diabetes mellitus can arise as a result of iron in the pancreas. Hypothyroidism (low thyroid hormone levels), which can lead to cold sensitivity (feeling cold when others fail to), fatigue, weight gain, and coarse hair, can be brought on by iron in the thyroid. The signs of iron in the sex organs may include diminished appetite and impotence in men and irregular menstrual periods in women.
Heart and Lung Issues
People with beta thalassemia major frequently experience heart problems. Anaemia causes the heart to enlarge early in life. When there is less blood, the heart has to pump blood harder, which results in enlargement. The use of transfusion therapy can aid in avoiding this. A serious side effect is chronic heart muscle iron overload. Heart failure and irregular heartbeats (arrhythmia) can be brought on by iron in the heart. Early initiation of iron chelation therapy is essential to prevent these potentially fatal consequences. Thalassemia patients appear to be more likely to experience pulmonary hypertension, or high blood pressure in the lungs, even if the exact causes are not fully understood. When the pulmonary blood pressure is high, the heart must work harder to pump blood into the lungs, which can cause heart problems. Screening exams are essential so that treatment can begin as soon as possible, as manifestations may be subtle12.
Laboratory Investigation
When mild microcytic anemia is detected in patients' routine blood samples, thalassemia disease patients are discovered to have an incidence count. Microcytic anemia is caused by thalassemia, iron malnutrition, chronic sideroblastic anemia, and lead toxicity (also known as plumbism)13. Within the first two years of life, the majority of children with moderate to severe thalassemia display signs and symptoms. Blood tests can be used to confirm a thalassemia diagnosis if your child's doctor has a suspicion.Blood tests can count red blood cells and identify any abnormalities in their size, shape, or colour. DNA analysis performed on blood samples can also be used to search for altered genes.

Prenatal testing
Before a child is born, testing can be done to find out if they have thalassemia and to assess the severity of the condition. Among the tests used to identify thalassemia in fetuses are as follows:
· Chorionic villus sampling: This test, which is typically carried out around week eleven of pregnancy, includes the removal of a small piece of the placenta for analysis.

· Amniocentesis: This test includes looking at a sample of the fluid that surrounds the foetus, and is often performed during the 16th week of pregnancy14.

Treatment 
The severity and type of thalassemia determine the course of treatment. If you are an alpha or beta thalassemia carrier or have the trait, you most likely have minimal or no symptoms and may not require treatment. You may experience mild to severe anemia symptoms if you have a more severe form of thalassemia, such as hemoglobin H illness, beta thalassemia intermedia, or beta thalassemia major. You might require medical treatment such as blood transfusions, medication, a spleen removal, or a bone marrow and blood transplant.
Blood transfusions
To treat moderate or severe thalassemia, blood transfusions are typically used. Red blood cells with healthy haemoglobin are provided by this therapy. The intravenous (IV) line is inserted with a needle into a blood artery during a blood transfusion. By way of this line, you get proper blood. The operation normally takes up to four hours. Depending on how severe your disease and symptoms are, you may require blood transfusions more frequently.
Occasional blood transfusions persons with beta thalassemia intermedia or haemoglobin H illness may require treatment. In particular, you might require a transfusion if your body is under stress, such as during an infection, pregnancy, or surgery.
Regular blood transfusions People with beta thalassemia major may require (every 3 to 4 weeks). Therapeutic transfusions help in preserving normal levels of haemoglobin and red blood cells and Iron chelation therapy.
Red blood cells contain an iron-rich protein called haemoglobin. Regular blood transfusions might result in iron excess or accumulation, which can create consequences that could be fatal. In order to avoid this, doctors remove extra iron from the body of patients who regularly receive blood transfusions using iron chelation therapy. For iron chelation therapy, three medications have been used:
Deferasirox is a tablet taken once every day. Skin rash, nausea, and diarrhoea are examples of possible side effects.
Deferiprone is a tablet that might be taken if other therapies fail. It may lower your white blood cell count, increasing your susceptibility to infections.
Deferoxamine is a liquid medication that is put slowly under the skin, typically overnight using a small portable pump. This therapy takes time and can be slightly uncomfortable. Symptoms may include hearing loss and vision issues.
If you happen to be pregnant or plan to become pregnant, consult your doctor. You might need to change your iron chelation therapy medication.
Blood and bone marrow transplant
A hematopoietic stem cell transplant, commonly known as a blood or bone marrow transplant, replaces defective blood-forming stem cells with healthy donor cells. The only treatment for thalassemia is a stem cell transplant. Only a small percentage of those with severe thalassemia can locate a donor match and be a good candidate for the operation. Learn more about the blood and bone marrow transplant procedure.Even though blood transfusions are the typical treatment, other treatments may be used.
· Medicines To treat thalassemia, a doctor may prescribe a drug called luspatercept (Reblozyl) and hydroxyurea. For those with moderate to severe anaemia brought on by thalassemia, lupatercept can reduce the number of blood transfusions required. In addition to reducing the risk of thalassemia-related health issues, hydroxyurea is frequently used to treat sickle cell disease.
· Splenectomy removes the spleen with surgery. If you have mild to severe thalassemia, your physician might advise splenectomy to reduce your symptoms. The body's ability to combat infections is decreased, though, when the spleen is removed15.
Benefits of Thalassemia
Being a carrier of the disease, which is relatively common among persons of Italian or Greek descent as well as in various African and Indian countries, may offer some protection from malaria. This is most likely accomplished by making the host red blood cells susceptible to the less dangerous Plasmodium vivax species, while also rendering the environment of the host RBC unsuitable for the merozoites of the dangerous strain Plasmodium falciparum. This is thought to represent a selective survival benefit for individuals who have different thalassemia characteristics. It is comparable to sickle-cell disease, another hereditary illness, in that approach.
     A different explanation is supported by epidemiological data from Kenya: protection against severe anemia may be a benefit16. Heterozygous (carrier) Beta-Thalassemia patients are somewhat protected from coronary heart disease17. 
   Prevention
    As thalassemia is inherited (transmitted from parents to children via genes), it can only be prevented. Couples can learn the likelihood of having a kid with thalassemia or other genetic illnesses through routine blood tests. Carrier DNA Test is the name of this test. When both couples are found to be carriers of the same genetic mutation, they can get the necessary medical advice on how to conceive a healthy child. Through IVF, screenings like Preimplantation Genetic Diagnosis may help patients in developing a healthy child18.
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