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ABSTRACT 

Title of the topic: CLINICAL SPECTRUM OF HEMOLYTIC ANAEMIA IN A 

TERTIARY CARE CENTRE WITH SPECIAL EMPHAISIS ON BETA 

THALASSEMIA MAJOR.  

 

Introduction: Haemolysis is abnormally increased rate of red cell destruction. Incidence of 

Hereditary haemolytic anaemia in India is 0.1 to 0.2%. The carrier rate for beta-thalassemia 

gene varies from1 to 3% in Southern India to 3 to 15% in Northern India. Our study aims to 

know the varied clinical presentation of haemolytic anaemia. 

Objectives: To know the clinical spectrum of haemolytic anaemia in SDM medical college 

and hospital with special emphasis on beta thalassemia major with clinical features and 

relevant lab studies. Mutational analysis  of diagnosed cases of beta thalassemia major. 

Materials and methodology: 31 children of either gender aged <14 years had recruited and 

all the required demographic details had noted down. Thorough clinical examination done. 

The obtained data were analysed . 

Results: Beta thalassemia major is the most prevalent transfusion dependent anaemia in this 

geographical area .Mean age at the diagnosis of Beta thalassemia major was found to be 1.3 

years and beta thalassemia intermedia was 5.3 years and trait was 3.5 years and GPI 

deficiency was 3.95 years . No major sex differentiation was found in our study.  Hereditary 

spherocytosis and HBE variant thalassemia presented in neonatal period . Male : female ratio 

was 1.1 : 1 in thalassemia major , 0.3:1 in thalassemia intermedia and 1:1 in GPI deficiency 

.Being Autosomal recessive disorders both thalassemia and Glucose phosphate isomerise 

deficiency had a strong family history of second degree consangnuieous marriage. Study of 

23 follow up cases of Transfusion dependent thalassemia showed majority in our study 

period were more than 8 year old . Age at the time of diagnosis were 0-6 months in majority 
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of the individuals in our study. Majority belonged to rural areas , parents had history of 

second degree consangneoius marriage, belong to upper middle class . 3 siblings had similar 

illness in the family.  Out of 20 hindus in the study ,majority from lingayath community .  

Majority of the children presented with symptoms of irritability, easy fatiguability, pallor and 

signs like  pallor ,  hepatosplenomegaly . 1 child presented in CCF. 

On follow up with other persistant signs , 3 children had developed haemolytic facies and 1 

child presented in CCF and hypoxic convulsions .Anthropometric analysis showed majority 

had stunted growth. 20 out of 23 children presented with Hb less <7.0mg/dl at the time of 

presentation and only 1 was in CCF. 22/23 presented with a reticulocyte count of >2%.The 

classic picture of peripheral smear in thalassemia in children was severe microcytic 

hypochromic anemia and all the children had the same blood picture.Hb electrophoresis 

pattern of beta thalassemia major individuals  showed mean HbF of 87.37 , HbA -10.15 and 

mean HbA2 -2.80 . Majority of children had a annual transfusion requirement of < 200ml/kg 

and all our follow up cases were on chelation therapy with deferasirox.2 patients had 

underwent splenectomy .Beta thalassemia major patients were regularly monitored for 

transfusion and chelation complications , there mean Pre transfusion Hb was 6.36, S.ferritin – 

1793.11, SGot-94.58 , SGPT- 62.05 , S.Creatinine-0.34 , T4- 1.43 and TSH -3.99 .  

Based on the mutations found in the our study in HBB gene , most common found was  

IVS-1-5 G>C and was Homozygous transmission , second most common mutation was  HBB 

:c. 110 T>C ( poly A (T>C) and only one patient had HBB : c.47 G>A ( codon 15 (G-A) 

mutation.  

 

Conclusion: Beta thalassemia major is the most prevalent haemolytic anaemia in this area of 

northern Karnataka . Consanguineous marriage is the significant risk factor for the 

development of haemolytic anaemia most of them being autosomal recessive . Regular 
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monitoring as per the guidelines is the only way to prevent the complications of recurrent 

blood transfusions and chelation therapy . Genetic analysis of thalassemia major helps to do 

the prenatal screening and genetic counselling in order to prevent the overall burden of the 

disease .  

Key words: Hemolytic Anaemia , Thalassemia major , Mutational analysis , Genetic 

counselling 
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INTRODUCTION 

Hemolysis is defined as an abnormally increased rate of  red cell destruction . It may be acute 

or chronic , congenital or acquired , immune or non immune mediated and intrinsic or 

extrinsic
1
 . The clinical spectrum of hemolyticanemia will be assessed in this study based on 

clinical features and specific clues correlating with the relevant lab studies such as retic 

count, peripheral smear and CBC
2
 .  Knowledge of further diagnostic procedures such as 

Coombs test, schistocytes, hemoglobin electrophoresis or flow cytometric analysis leads in 

many cases to an underlying disease with differentiated therapeutic options.
3 

The World Health Organization (WHO) has suggested that about 5% of the worldpopulation 

are carriers for different inherited disorders of hemoglobin
3
.  

The general incidence of thalassemia trait and sickle cell hemoglobinopathies in India varies 

between 3-17% and 1-44% respectively 
4-6

. Incidence of Hereditary hemolytic anaemia in 

India is 0.1 to 0.2%. The carrier rate for beta-thalassemia gene varies from1 to 3% in 

Southern India to 3 to 15% in Northern India
7-9

. 

Our study aims to know the varied clinical presentation of hemolyticanemia .( G6PD 

deficiency , hereditary spheroctosis , Heriditaryelliptocytosisetc .  

 Beta thalassemia major being taken as differential diagnosis to any child presenting with 

hypochromic , microcytic anemia that dosenot respond to iron supplementation .  

Beta thalassemia children present with characteristic clinical features such as severe pallor 

,hepatosplenomegaly , icterus  and symptoms of severe anemia and bony abnormalities such 

as fontal bossing , prominent facial bones and dental malocclusions .  
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Relevant lab studies in our study period will include CBC , Peripheral smear , RBC indices in 

all our case series. Additional and special investigations like Hbelectrophoresis , serum 

ferritin levels , carrier tracing , osmotic fragility test will be done in any suspected particular 

hemolyticanemia .  

In the present era genetic counseling has gained a lot of importance with prenatal counseling 

to reduce the burden on the family with the birth of other children with beta thalassemia 

major socially , economically and emotionally due to repeated blood transfusions . 

Hence this study implies on knowing the varied clinical spectrum of hemolyticanemia with 

their clinical features and relevant lab investigations  and also the necessity of carrier tracing 

in the diagnosed cases yielding as major source for the further perusal and to strongly advice 

genetic counseling to the parents to reduce the overall burden of the cases. 
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OBJECTIVES 

 

1) To know the clinical spectrum of haemolytic anemia in SDM medical college and hospital 

with special emphasis on beta thalassemia major with clinical features and relevant lab 

studies. 

2) Gene Mutational analysis of diagnosed cases of beta thalassemia major . 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



4 
 

 

 

REVIEW OF LITERATURE  

 

Overview of haemolytic anemia in children : 

• Anemia is among the most frequent laboratory abnormalities encountered by a  

pediatrician. Anemia is caused by one of three broad mechanisms: decreased 

production of red blood cells , increased loss of RBCs, or premature destruction  of 

RBCs. A combination of these mechanisms can occur simultaneously in some 

conditions. 

• Pathogenesis of hemolytic anemia - RBC are destroyed before achieving normal 

lifespan, resulting in decreased levels of circulating RBCs 

• The mechanisms of RBClysis and hemoglobin clearance is classified as either 

extravascular or intravascular hemolysis . 

• Extravascular hemolysis –  

1. RBC is recognized as antibody coated or abnormal in shape or structure, and is 

phagocytosed by hepatic Kupffer cells or splenic macrophages.  

2. inherited RBC defects may make RBCs especially susceptible, for example due to 

abnormal cell shape or membrane instability. 

3. RBC degradation occurs in lysosome within phagocytes, releasing heme and globin 

4. Heme is converted to biliverdin within phagocyte 
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5. Biliverdin released from phagocyte is converted to bilirubin within liver or spleen, 

then undergoes normal biliary clearance.  

 Intravascular hemolysis 

1. RBC membrane is damaged within vasculature by shear stress (for example, injury by a 

mechanical valve), toxins, or complement-mediated lysis or due to innate red cell 

instability.  

2. Free hemoglobin released into vessel by RBC is bound to plasma haptoglobin and 

transported to liver for clearance. 

3. If intravascular free hemoglobin exceeds haptoglobin binding capacity, unbound 

hemoglobin is resorbed by proximal renal tubule. 

4. If free hemoglobin exceeds renal resorptive capacity, it is excreted in urine 

 The hemolytic disorders are generally classified as either intrinsic abnormalities of the 

erythrocyte or extrinsic processes acting on a normal erythrocyte . 

 Intrinsic hemolyticanemias generally result from inherited or congenital 

hemoglobinopathies (eg, sickle cell disease [SCD], thalassemia), erythrocyte 

membrane defects (hereditary spherocytosis [HS], elliptocytosis, pyropoikilocytosis, 

or stomatocytosis) or enzyme deficiencies (eg, glucose-6-phosphate dehydrogenase 

[G6PD], pyruvate kinase [PK]). 

 Extrinsic hemolyticanemias are typically acquired and result from forces or agents 

that immunologically, chemically, or physically damage the erythrocyte. These 

include autoimmune hemolyticanemias (AIHAs), hypersplenism, thrombotic 

microangiopathies, and many drugs including oxidant agents such as dapsone and 

nitrites.  
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 combined mechanism : Paroxysmal nocturnal hemoglobinuria. 

 

Depending on the cause of haemolytic anemia it can be classified as : 

 Acquired Causes of HemolyticAnemia- immune-mediated disorders, autoimmune 

hemolyticanemias, includingwarm autoimmune hemolyticanemia and cold 

autoimmune hemolyticanemia , paroxysmal cold hemoglobinuria , alloimmune 

disorders , hemolytic disease of the fetus and newborn (HDFN) , hemolytic 

transfusion reaction , drug-induced immune hemolyticanemia , non-immune-mediated 

disorders , hemolytic uremic syndrome , mechanical destruction by prosthetic heart 

valves, malaria 

 Inherited Causes of HemolyticAnemia- Red cell enzymopathies, glucose-6-phosphate 

dehydrogenase (G6PD) deficiency, pyruvate kinase deficiency , phosphoglycerate 

kinase deficiency , glucose phosphate isomerase deficiency, hexokinase deficiency , 

pyrimidine 5′ nucleotidase deficiency , phosphofructokinase deficiency, aldolase 

deficiency , triosephosphateisomerase deficiency,  

hemoglobinopathies-sickle cell disease, thalassemias - alpha-thalassemia ,beta-

thalassemia major and intermedia, beta-thalassemia minor , unstable hemoglobins 

red cell membranopathies- hereditary spherocytosis, hereditary elliptocytosis 

,hereditary pyropoikilocytosis ,hereditary ovalocytosis (also called Southeast Asian 

ovalocytosis) , hereditary stomatocytosis , sitosterolemia , 

mediterraneanstomatocytosis/macrothrombocytopenia 

paroxysmal nocturnal hemoglobinuria (PNH), rH-null hemolyticanemia 

 



7 
 

 A hemolytic process can be detected by the presence of increased levels of the 

metabolic products of hemolysis, including indirect bilirubin, lactate dehydrogenase 

(LDH), and plasma free hemoglobin. 

 In older children, a reduced haptoglobin level provides evidence of hemolysis; 

however, this is not a reliable marker in children <18 months.  

 In addition, a hemolytic process may be inferred, in a nonbleeding patient, by the 

presence of reticulocytosis. However, reticulocytosis also occurs in some 

nonhemolytic conditions such as the recovery phase after an aplastic event (eg, 

parvovirus infection or transient erythroblastopenia of childhood) or in a child with 

anemia caused by iron or vitamin B12 deficiency who is responding to treatment. 

 The degree of hemolysis can also be measured directly via isotopic or non-isotopic 

erythrocyte survival studies; however, these tests are generally not necessary in 

clinical practice. 
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HEMOGLOBINOPATHIES  

Prevalence of Hemoglobinopathies:  

 The largest number of children with Thalassemia major in the world are from India– about 

150,000.  There are nearly 42 million carriers of  thalassemia trait. An average prevalence 

rate of  3-4% has been established across the country,  higher frequency has been observed in 

certain communities, such as Sindhis, Punjabis, Gujaratis, Bengalis, Mahars, Kolis, 

Saraswats, Lohanas and Gaurs. An estimated 10,000 -15,000 babies with thalassemia major 

are born every year. Hb E is variant hemoglobin that significantly contributes to the disease 

burden of hemoglobinopathies, significantly in West Bengal, and the North Eastern States. In 

certain communities in the region, the carrier frequency of Hb E is as high as 50%. However, 

HbE alone, whether heterozygous or homozygous form, does not cause clinically significant 

disease. The prevalence of sickle cell disease is variable, with much high frequency in 

tribalcommunities. The carrier frequency goes up to 35% in certain regions of Central, 

Southern and Western States. However, it is not restricted only to the tribal communities, as 

due to migration and inter marriages affected persons are found in most states.  

Disease Burden: The severity of these diseases manifests in children of ‗healthy‘ carrier 

couples, and this makes their prevention and support for management an topic of public 

health significance.  

They require lifelong blood transfusions and iron chelation treatment, with monitoring and 

treatment of disease complications. Presently, the only cure available for thalassemia major is 

bone marrow transplantation(BMT), which is possible in only a few patients, mainly because 

of non-availability of a suitable HLA matched donor.  
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Pitfalls of transplant include mortality and serious morbidity in some patients. These 

complications are higher in  patients with increasing age or those who have severe disease.  

Sickle cell disease also requires lifelong supportive care that includes pain management, 

infection prophylaxis or treatment, hospitalization and blood transfusions. The cost of 

supportive care and management of a child with thalassemia major is estimated at Rs 100000-

. 250,000 / year depending on the age and presence of complications. 

Cost of a BMT is estimated at Rs. 14- 8 15 lakhs. With huge number of  patients being 

brought under the dome of care by transfusion and chelation, the requirement for blood 

transfusions has increased exponentially.  

Guidelineshave already been prepared for adequate therapy for those affected, and prevention 

through carrier screening, genetic counseling and prenatal diagnosis. A newborn screening 

program has been initiated for sickle cell disease in some states, with plans to extend it to 

other areas. This will be accompanied by provision for antibiotic prophylaxis for those having 

sickle cell disease (HB SS). These subjects will be given immunizations and followed up for 

prevention and early diagnosis and treatment of complications to prevent severe morbidity 

and mortality.  

A better future is thought for those affected with thalassemia major and sickle cell disease, by 

providing optimal treatment and ensuring birth of normal children.  
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Thalassemia : 

The term thalassemia is derived from the Greek, thalassa (sea) and haima  (blood).
10 

Thalassemias are the heterogeneous grouping of genetic disorders, that result from a  

decreased synthesis of alpha or beta chains of haemoglobin (Hb). Haemoglobin serves as the 

oxygen-carrying component in the red blood cells.
11

 Haemoglobin consists of two proteins, 

an alpha and a beta. If the manufacture of either of this protein is insufficient, the red blood 

cells will not be formed accurate and also affects the oxygen carrying capacity of Red blood 

cells. These defects will causes anaemia that begins in early childhood itself and lasts 

throughout life. 
12 

Thalassemia is an inherited disease caused either by a genetic mutation or a deletion 

of certain key gene fragments.  

 

Figure 1: Classification of thalassemia based on the need of blood transfusion.
13 

Alpha thalassemia: Caused by alpha-globin gene deletion which results either in reduction or 

the absent production of alpha-globin chains. Alpha globin gene has 4 alleles and disease 

severity is based number of deletions of the alleles, ranges from mild to severe depending.
14 
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Figure 2: Severity of the alpha thalassemia.
15 

Above figure 2 explains that the four allele deletion is the most severe form in which, there 

will be no alpha globin are produced and the excess gamma chains will be present during the 

fetal period, form tetramers. It is incompatible with life and results in hydropsfetalis. One 

allele deletion is the mildest form and is mostly clinically silent. 

Alpha-thalassemia (α-thalassemia): Two clinically significant forms are present:  

Hemoglobin Bart hydropsfetalis (Hb Bart) syndrome: Caused due to  deletion or 

inactivation of all the four α-globin genes --/-- 

Hemoglobin H (HbH) disease: This form is most frequently caused due to the 

deletion/inactivation of three α-globin genes --/-α 

The genotype of particular alpha phenotype id tabulated below in Table 1. 

Table 1: Phenotypes and possible genotype of the alpha thalessemia 

https://www.ncbi.nlm.nih.gov/books/n/gene/glossary/def-item/deletion/
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Alpha-Thalassemia (α-Thalassemia) 

Phenotype  Possible Genotypes 

Hemoglobin Bart hydropsfetalis 

(Hb Bart) syndrome 

Deletion/inactivation of all four α-globin genes (--/--) 

Hemoglobin H (HbH) disease Deletion/inactivation of three α-globin genes (--/-α) 

α-thalassemia trait  Deletion/inactivation of two α-globin genes either in 

cis (--/αα, or -α
0
 ) or in trans (-α/-α) 

α-thalassemia silent  Deletion/inactivation of one α-globin (-α/αα or α
+
) 

 

 

Figure 3: Schematic presentation of the chromosomal location of the α-

globin gene cluster on chromosome 16p.
16 

Here the genes are indicated as boxes; gene symbols are above and the hemoglobin is 

expressed below. The α-globin regulatory region (MCS-R1 to -R4; also known as HS-40) is 

indicated. 

 

https://www.ncbi.nlm.nih.gov/books/n/gene/glossary/def-item/gene/
https://www.ncbi.nlm.nih.gov/books/n/gene/glossary/def-item/chromosome/
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Table 2: Red Blood Cell Indices in Individuals with Hb Bart Syndrome and HbH 

Disease
16 

Red Blood Cell Indices  Normal Affected 

Male Female Hb Bart 

syndrome 
2
 

HbH 

disease 
3
 

Mean corpuscular volume 

(MCV, fl) 

89.1±5.01 87.6±5.5 136±5.1 Children: 

56±5 

Adults: 61±4 

Mean corpuscular hemoglobin 

(MCH, pg) 

30.9±1.9 30.2±2.1 31.9±9 18.4±1.2 

Hemoglobin (Hb, g/dL) 15.9±1.0 14.0±0.9 3-8 Male: 

10.9±1.0 

Female: 

9.5±0.8 

 

 

 

Table 3: Hemoglobin Patterns in Alpha-Thalassemia
16 

Hemoglobin Type  Normal Affected 

Hb Bart syndrome  HbH disease  

HbA 96%-98% 0 60%-90% 

HbF <1% 0 <1.0% 

Hb Bart 0 85%-90% 2%-5% 

HbH 0 0 0.8%-40% 

HbA2 2%-3% 0 <2.0% 

Hb Portland 0 10%-15% 0 
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Table 4: Molecular Genetic Testing Used in Alpha-Thalassemia
16 

Gene  Proportion of α-

Thalassemia 

Attributed to 

Pathogenic 

Variants in Gene 

Proportion of Pathogenic Variants  Detectable by 

Method 

Sequence 

analysis  

Gene-targeted deletion/duplication 

analysis  

Common 

deletions 

Other 

deletions 

HBA1 & HBA2 >98% ~15% ~85% <5% 

MCS-

R2 locus 
5
 

<1%   <1% 

 

 

Figure 4: Illustration of microscopy of blood and histopathological changes found in 

other organs.
17 

Beta thalassemia results from point mutations in the beta-globin gene. It is divided into three 

categories based on the zygosity of the beta-gene mutation. A heterozygous mutation (beta-

https://www.ncbi.nlm.nih.gov/books/n/gene/glossary/def-item/deletion-duplication-analysis/
https://www.ncbi.nlm.nih.gov/books/n/gene/glossary/def-item/deletion-duplication-analysis/
https://www.ncbi.nlm.nih.gov/books/n/gene/glossary/def-item/locus/


15 
 

plus thalassemia) results in beta-thalassemia minor in which beta chains are underproduced. 

It is mild and usually asymptomatic. 
18 

Beta thalassemia major is caused by a homozygous mutation (beta-zero thalassemia) of the 

beta-globin gene, resulting in the total absence of beta chains. It manifests clinically as 

jaundice, growth retardation, hepatosplenomegaly, endocrine abnormalities, and severe 

anaemia requiring life-long blood transfusions. The condition in between these two types is 

called beta-thalassemia intermedia with mild to moderate clinical symptoms. 
19 

● One mutated gene: Mild signs and symptoms. The condition is called thalassemia 

minor. 

● Two mutated genes: Signs and symptoms will be moderate to severe. This condition 

is called thalassemia major, or Cooley anemia. Babies born with two mutated beta 

hemoglobin genes are usually healthy at birth but disease starts to manifest after 6 

months of life when fetal haemoglobin (Hb-gamma) disappears and is replaced by 

adult Hb. 

Definition of Beta-thalassemia syndromes 

Beta-thalassemia syndromes are a group of hereditary blood disorders characterized by 

reduced or absent beta globin chain synthesis, resulting in reduced Hb in red blood cells 

(RBC), decreased RBC production and anaemia. Most thalassemia are inherited as recessive 

traits. Beta-thalassemia can be classified into:
20 

Beta-thalassemia 

• Thalassemia major 

•Thalassemia intermedia 
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•Thalassemia minor 

 

 

Beta-thalassemia with associated Hb anomalies 

• HbC/Beta-thalassemia 

• HbE/Beta-thalassemia 

• HbS/Beta-thalassemia (clinical condition more similar to sickle cell disease than to 

thalassemia major or intermedia) 

Hereditary persistence of fetalHb and beta-thalassemia 

- Autosomal dominant forms 

- Beta-thalassemia associated with other manifestations 

• Beta-thalassemia-trichothiodystrophy 

• X-linked thrombocytopenia with thalassemia 
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EPIDEMIOLOGY OF BETA THALASSEMIA 

Beta-thalassemia is prevalent in Mediterranean countries, the Middle East, Central Asia, 

India, Southern China, and the Far East as well as countries along the north coast of Africa 

and in South America. The highest carrier frequency is reported in Cyprus (14%), Sardinia 

(10.3%), and Southeast Asia.
21

 

The high gene frequency of beta-thalassemia in these regions is most likely related to the 

selective pressure from Plasmodium falciparum malaria. Population migration and 

intermarriage between different ethnic groups has introduced thalassemia in almost every 

country of the world, including Northern Europe where thalassemia was previously absent. 
21 

It has been estimated that about 1.5% of the global population (80 to 90 million people) are 

carriers of beta-thalassemia, with about 60,000 symptomatic individuals born annually, the 

great majority in the developing world. The total annual incidence of symptomatic 

individuals is estimated at 1 in 100,000 throughout the world and 1 in 10,000 people in the 

European Union. However, accurate data on carrier rates in many populations are lacking, 

particularly in areas of the world known or expected to be heavily affected. 
22,23 

According to Thalassemia International Federation, only about 200,000 patients with 

thalassemia major are alive and registered as receiving regular treatment around the world. 

The most common combination of beta-thalassemia with abnormal Hb or structural Hb 
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variant with thalassemic properties is HbE/beta-thalassemia which is most prevalent in 

Southeast Asia where the carrier frequency is around 50%.
24 

 

 

PREVELENCE IN INDIA 

In the year 2020, Mohanthy et al had conducted a multi-state multicentric study with the 

approval of Indian Council of Medical Research had recruited cases from six states of India 

Maharashtra, Gujarat, West Bengal, Assam, Karnataka and Punjab. The findings are 

described in the table 5 below. 
25

 

Table 5: Prevalence of types on haemolytic anaemia in different part of India 

City Number 

screened 

β-Thal 

trait, no. 

(%) 

δβThal 

trait, no. 

(%) 

HbS trait, 

no. (%) 

HbS 

homozygous, 

no. (%) 

HbS-β-

Thal, no. 

(%) 

Bangalore 9,981 216 (2.16%) 13 (0.13%) 20 (0.20 %) 7 (0.07 %) 6 (0.06 %) 

Kolkata 9,990 364 (3.64%) 2 (0.02%) 14 (0.14 %) 1 (0.01 %) – 

Dibrugarh 6,816 101 (1.48%) 5 (0.73%) 9 (0.13 %) 0 3 (0.04 %) 

Ludhiana 9,991  375 (3.96%) 2 (0.02%) 6 (0.06 %) 0 0 

Mumbai 10,011 255 (2.55%) 7 (0.07%) 53 (0.53 %) 0 0 

Vadodara 9,991 268 (2.68%) 6 (0.06%) 294 (2.94 %) 14 (0.14 %) 0 

Total 56,780 1,579 

(2.78%) 

35 (0.06%) 396 (0.70 

%) 

22 (0.04 %) 9 (0.02 %) 
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CLINICAL DESCRIPTION OF BETA THALESSEMIA 

The phenotypes of homozygous or genetic heterozygous compound beta-thalassemias include 

thalassemia major and thalassemia intermedia. Individuals with thalassemia major usually 

come to medical attention within the first two years of life and require regular RBC 

transfusions to survive. 
26 

Thalassemia intermedia includes patients who present later and do not require regular 

transfusion. Except in the rare dominant forms, heterozygous beta-thalassemia results in the 

clinically silent carrier state. HbE/beta-thalassemia and HbC/beta-thalassemia exhibit a great 

range in terms of diversity of phenotypes and spectrum of severity.
26 

Beta-thalassemia major 

Clinical presentation of thalassemia major occurs between 6 and 24 months.  

● Affected infants will be having fail to thrive and become progressively pale.  

● Difficulty in feeding, diarrhea, irritability, recurrent bouts of fever, and progressive 

enlargement of the abdomen caused by spleen and liver enlargement may occur. 
 

● Growth retardation, pallor, jaundice, poor musculature.  

● Systemic involvement: Hepatosplenomegaly, leg ulcers, development of masses from 

extramedullary haematopoiesis, and skeletal changes resulting from expansion of the 

bone marrow. 
27 
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● Involvement of bones: Bossing of the skull, prominent malar eminence, depression of 

the bridge of the nose, tendency to a mongoloid slant of the eye and hypertrophy of 

the maxillae which tends to expose the upper teeth. 

Regular transfusions to maintain the minimum Hb concentration of 9.5 to 10.5 g/dL is 

initiated, growth and development tends to be normal up to 10 to 12 years but the transfused 

patients may develop complications related to iron overload. 
25-27 

Complications of iron overload in children include growth retardation and failure or delay of 

sexual maturation. Individuals who have not been regularly transfused has shown the higher 

mortality rate before the second or third decade of life but regular transfusion and treated 

with appropriate chelation extends beyond age of 40 years.
28,29 

The risk for hepatocellular carcinoma is more in patients with liver viral infection and iron 

overload. Cardiac disease caused by myocardial siderosis is the most important life-limiting 

complication of iron overload in beta-thalassemia. In fact, cardiac complications are the cause 

of the deaths in 71% of the patients with beta-thalassemia major.
28,29 

Beta-thalassemia intermedia
27 

Individuals with thalassemia intermedia present later than thalassemia major and will be 

having only milder anemia and by definition do not require or only occasionally require 

transfusion. At the severe end of the clinical spectrum, patients present between the ages of 2 

and 6 years and although they are capable of surviving without regular blood transfusion, 

growth and development are retarded. At the other end of the spectrum are patients who are 

completely asymptomatic until adult life with only mild anemia.  

Hypertrophy of erythroid marrow with the possibility of extramedullary erythropoiesis, a 

compensatory mechanism of bone marrow to overcome chronic anemia, is common.  
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Its consequences are characteristic deformities of the bone and face, osteoporosis with 

pathologic fractures of long bones and formation of erythropoietic masses that primarily 

affect the spleen, liver, lymph nodes, chest and spine. Enlargement of the spleen is also a 

consequence of its major role in clearing damaged red cells from the bloodstream. 

Extramedullary erythropoiesis may cause neurological problems such as spinal cord 

compression with paraplegia and intrathoracic masses. 
 

As a result of ineffective erythropoiesis and peripheral haemolysis, thalassemia intermedia 

patients may develop gallstones, which occur more commonly than in thalassemia major. 

Patients with thalassemia intermedia frequently develop leg ulcers and have an increased 

predisposition to thrombosis as compared to thalassemia major, especially if splenectomised. 

Such events include deep vein thrombosis, portal vein thrombosis, stroke and pulmonary 

embolism.
30 

Although individuals with thalassemia intermedia are at risk of iron overload secondary to 

increased intestinal iron absorption, hypogonadism, hypothyroidism and diabetes are not 

common. Women may have successful spontaneous pregnancies. However, if blood 

transfusions are necessary during pregnancy, those never or minimally transfused are at risk 

of developing hemolytic alloantibodies and erythrocyte autoantibodies. Intrauterine growth 

retardation, despite a regular transfusion regimen, has been reported. Cardiac involvement in 

thalassemia intermedia results mainly from a high-output state and pulmonary hypertension, 

while systolic left ventricle function is usually preserved. Pseudoxantomaelasticum, a diffuse 

connective tissue disorder with vascular manifestation caused by degeration of the elastic 

lamina of the arterial wall and calcium deposition, has been described in such patients. 

Beta-thalassemia minor
27 
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Carriers of thalassemia minor are usually clinically asymptomatic but sometimes have a mild 

anemia. When both parents are carriers there is a 25% risk at each pregnancy of having 

children with homozygous thalassemia. 

Dominant beta-thalassemia
27 

In contrast with the classical recessive forms of beta-thalassemia, which lead to a reduced 

production of normal beta globin chains, some rare mutations result in the synthesis of 

extremely unstable beta globin variants which precipitate in erythroid precursors causing 

ineffective erythropoiesis. These mutations are associated with a clinically detectable 

thalassemia phenotype in the heterozygote and are therefore referred to as dominant beta-

thalassemias. The presence of hyper-unstable Hb should be suspected in any individual with 

thalassemia intermedia when both parents are hematologically normal, or in families with a 

pattern of autosomal dominant transmission of the thalassemia intermedia phenotype. Beta 

globin gene sequencing establishes the diagnosis. 

Beta-thalassemia associated with other Hb anomalies
27 

The interaction of HbE and beta-thalassemia results in thalassemia phenotypes ranging from 

a condition indistinguishable from thalassemia major to a mild form of thalassemia 

intermedia. Depending on the severity of symptoms three categories may be identified: 

- Mild HbE/beta-thalassemia: It is observed in about 15% of all cases in Southeast Asia. This 

group of patients maintains Hb levels between 9 and 12 g/dl and usually does not develop 

clinically significant problems. No treatment is required. 

- Moderately severe HbE/beta-thalassemia: The majority of HbE/beta-thalassemia cases fall 

into this category. The Hb levels remain at 6-7 g/dl and the clinical symptoms are similar to 
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thalassemia intermedia. Transfusions are not required unless infections precipitate further 

anemia. Iron overload may occur. 

- Severe HbE/beta-thalassemia: The Hb level can be as low as 4-5 g/dl. Patients in this 

group manifest symptoms similar to thalassemia major and are treated as thalassemia major 

patients. 

Patients with HbC/beta-thalassemia may live free of symptoms and be diagnosed during 

routine tests. When present, clinical manifestations are anemia and enlargement of the spleen. 

Blood transfusions are seldom required. Microcytosis and hypochromia are found in every 

case. The blood film shows distinctive Hb C crystals with straight parallel edges, target cells, 

and irregularly contracted cells with features of thalassemia such as microcytosis. 

The association of hereditary persistence of fetalHb (HPFH) with beta-thalassemia mitigates 

the clinical manifestations which vary from normal to thalassemia intermedia. 

Individuals with HbS/beta-thalassemia have a clinical course similar to that of Hb SS. 

 

Figure 5: Summarized features of types of beta thalassemia 
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Beta-thalassemia associated with other features 

In rare instances the beta-thalassemia defect does not lie in the beta globin gene cluster. In 

cases in which the beta-thalassemia trait is associated with other features, the molecular 

lesion has been found either in the gene encoding the transcription factor TFIIH (beta-

thalassemia trait associated with tricothiodystrophy) or in the X-linked transcription factor 

GATA-1 (X-linked thrombocytopenia with thalassemia)  
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Fig 6 a and b  showingHemolytic facies in thalassemia 
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PATHOPHYSIOLOGY OF BETA THALASSEMIA 

Erythropoiesis in individuals with β-thalassemia reflects the consequences of excess, 

unpaired α-globin. Indeed, the degree of imbalance in the α-globin versus β + γ-globin 

biosynthetic ratio is the major determinate of disease severity rather than the underproduction 

of hemoglobin.
31

 In β-thalassemia trait there is a twofold excess in the synthesis of α-globin, 

which is consistent with fairly normal haematopoiesis with only mild microcytosis and 

hypochromia of the red cells. The α to non-α biosynthetic ratio in individuals with 

thalassemia intermedia is typically 3–4/1 because residual capacity for β-globin synthesis 

along with usually modest but variable γ-globin synthesis mitigates the consequences of 

excess α-globin production. Individuals with β0-thalassemia mutations have marked chain 

biosynthetic imbalance as the underlying basis for their severe phenotype.
32 

Following synthesis, α-globin interacts with its molecular chaperone, α-hemoglobin 

stabilizing protein (AHSP), to form a protein complex before it is released to interact with β-

globin in forming the hemoglobin tetramer. AHSP facilitates folding of α-globin and prevents 

the formation of misfolded aggregates. α-Globin mutations that impair interaction with AHSP 

are associated with microcytosis and anemia in humans. Loss of AHSP has also been shown 

to impair erythropoiesis in a mouse model of β-thalassemia. Evidence suggests that AHSP 

levels may influence the phenotype of β-thalassemia.
33 

Once the capacity of AHSP is exceeded, α-globin forms molecular aggregates, which  

precipitate, forming inclusions that damage the cell membrane and the membranes of 

intracellular organelles. Aggregated α-chains also trigger the formation of reactive oxygen 

species, which further damage the protein and lipid constituents of cell membranes. As well 

as heme and iron, one of the most toxic products of unpaired α-chains is hemichromes, which 
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bind to the membrane and promote clustering of band 3, one of its major constituents. The 

formation of α-chain inclusions occurs early during erythropoiesis and peaks in the 

polychromatophilic erythroblasts, leading to cellular apoptosis. Thus, anemia in the severe β-

thalassemias reflects both ineffective erythropoiesis as well as shortened red cell survival as a 

consequence of α-globin inclusions. The pathophysiology of β-thalassemia has been 

compared with other disorders such as Parkinson‘s disease and Huntington‘s disease, which 

are caused by accumulations of unstable, aggregation-prone proteins. Almost all cells have 

some capacity to detoxify and remove damaging proteins via multiple biochemical pathways 

termed protein quality control (PQC). The ubiquitin–proteasome system (UPS) and the 

lysosome-autophagy pathways that function in PQC are thought to participate in the 

degradation of α-globin, but the capacities of these pathways are exceeded in the erythroid 

cells of individuals with the severe forms of β-thalassemia.
34,35 

 

Figure 7: Schematic representation of imbalance in chains produced.
33 
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Figure 8: Illustration of consequences of beta thalassemia 
33 
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MOLECULAR BASIS OF BETA THALASSEMIA
45

 

BASICS OF GLOBIN CHAIN STRUCTURE : 

The β-globin gene cluster is located on the short arm of chromosome 11 (11p15.5) .It 

includes 5 functional genes, 5‘-Gγ–Aγ-δ-β-3‘. 

• A locus-control region (LCR) located upstream of this cluster is a powerful enhancer of 

globin gene expression and regulates the fetal to adult Hb switch in the first year of life. 

Several polymorphisms in the LCR may elevate HbF even in adults, leading to beneficial 

effects in β-thalassemia.  

• The β-globin gene (called HBB) consists of 3 exons (transcribed regions) separated by 2 

introns or intervening sequences (IVS). The exonic segments when spliced together code for 

the final amino acid polypeptide chain. Mutations at splice sites are extremely deleterious for 

the protein.  

• Exon 1 codes for non-heme-binding regions, exon 2 contains heme-binding amino acids and 

those responsible for ββ dimer formation while exon 3 contains amino acids involved in 

globin subunit interactions required for the Bohr Effect and 2,3-diphosphoglycerate binding. 

 • Like all highly expressed genes, HBB has 5‘ promoter regions along with enhancer sites. A 

5‘-untranslated region (UTR) distal to the promoter contains the CAP site marking the start of 

transcription of mRNA, and the initiation codon (ATG) indicating the start of translation of 

the polypeptide.  

• A 3‘-UTR between the stop codon (TAA) and the subsequent poly (A) tail is also of 

relevance in gene regulation. 



30 
 

The 4 α-globin genes are located in pairs (HBA1 and HBA2) on the homologous 

chromosomes 16. They too contain upstream, intragenic and distal regulatory elements.  

• In addition, for all genes (HBB, HBA1, HBA2), several trans-acting regulatory elements 

located outside of the α or β-globin gene clusters are known, including transcription factors 

ATRX, GATA1, EKLF/KLF1, NFE2, FOG1 etc. 

MOLECULAR BASIS:  

• Thalassemia is autosomal recessive in inheritance . with wide phenotypic spectrum 

and may be classified clinically as thalassemia major, thalassemia intermedia or 

minor. Hence, understanding the molecular basis is important to understand the 

phenotype in a particular patient. 

• The majority of β-thalassemias arise from point mutations involving one nucleotide 

within the β gene or its immediate flanking regions. However, several less common 

exceptions are also there. Table below lists the major mechanisms of mutations 

causing β-thalassemia, their functional consequences and the 5 common Indian 

mutations. 
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Table  6 : Salient mechanisms by which HBB mutations lead to 

thalassemia 

 

MUTATION FUNCTION- 

AL CONSE- 

QUENCE 

ETHNICITIES PRIMARILY AFFECTED 

POINT MUTATIONS AND SMALL INSERTIONS/DELETIONS 

I. Mutations that Alter Gene Transcription i.e., mRNA Synthesis 

Those affecting promoter regulatory elements 

−88 (C → T) or −101 (C → T) β++ (silent 

&/or mild) 

Asian Indians (esp. Jatt Sikhs) and Mediterranean 

Those affecting the 5′ UTR 

CAP +1 (A → C) β++ (silent 

& mild) 
Asian Indian [it is a ―silent‖ mutation, i.e., carriers 

havenear-normalRBCindicesaswellasHbA
2
levels] 

II. Mutants that affect mRNA Processing 

Affecting splice junctions 

IVS1-1 (G → T)* β0 Asian Indian, SE Asian, Chinese 

Affecting consensus sequences splice sites 

IVS1-5 (G → C)* β0 Asian Indian, SE Asian, Melanesian 

Creating/activating cryptic splice sites 

IVS2-

837(T→G)orCD10(GCC→ 

GCA) 

? Asian Indian 

Affecting RNA cleavage—Poly A signal 

AATAAA→AACAAAorAATGAA

orAATAGA 

β++ U.S. Blacks or Mediterranean or Malay 

respectively 

III. Mutants that affect translation 

Involving the Initiation codon 

ATG→CTG or ATT β0 Chinese or Iranian respectively 

Involving (creating/abolishing) the nonsense or termination codons 

CD15TGG → TAG β0 Asian Indian, Japanese 

Leading to frameshifts in translation 

CD8/9 +G* or CD41/42 −TTCT* β0 Asian Indian, Japanese 

 

DELETIONS OF THE HBB OR LARGER GENOMIC SEGMENTS 

I. Deletions restricted to HBB 

619bpdeletioninvolvingthe3′endof 

HBB* 
β0 Asian Indian 

II. Upstream Deletions and (εγδβ)0-Thalassemia 

Mutations that remove all or nearly all 

ofthecluster,includingtheHBBgene 

andβ-LCR 

β0 Asian Indian, Mediterranean, East Asian, Chinese 
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β-THALASSEMIA TRANSMITTED AS A DOMINANT TRAIT 

HbTerre Haute, Hb Gunma, 

HbKorea 

β0 Sporadic, ultra-rare, exon 3 defects with very 

unstable β-globin chains, inclusion bodies in 

erythroblasts 

• *These5commonmutations,i.e.,IVS1-5G>C,IVS1-1G>T,Codon41/42(-
TCTT),Codon8/9andthe619bpdeletionaccountfor 
over90%ofthemutationsinIndianβ-thalassemiapatients. 

 

•  The quantitative defect in β-thalassemia may result in either complete absence (β0) or 

partial (β+) absence of β-globin chains. A primary modifier of β-thalassemia severity 

is therefore the type of β allele inherited . Table below lists the modifiers of the 

disease.  

Table 7 :Genetic Modifiers of - thalassemia 
 

Primary 
modifiers: 

HBB mutations (β0, β+ or β++) 

Secondary 
modifiers 

- Coinherited α-thalassemia (ameliorates βTM and βTI). Degree of reduction in severity 

is proportionate to the number of α-globin genes deleted. 

(influence 
α/non-α 
chain imbal- 
ance) 

- Coinherited α-triplications or quadruplicationsmay exacerbate β
+
β

+
 state to βTM,or 

may induce symptoms inβTT. 

- Elevated HbF(due to co-inherited hereditary persistence of fetal Hb due toXmn1Gγ 
 polymorphism, polymorphisms in the βLCR, BCL11A gene or the HBS1L-MYB inter- 

 genic region. 

Tertiary 
modifiers 
(influence 
the onset 
and severity 
of thalas- 
semia com- 
plications) 

- UGT1A1 promoter polymorphisms (Gilbert syndrome) for unconjugatedjaundice 

- HFE gene polymorphisms for iron overload and APOE for redox damage and heart 

failure 

- TGFB, COL1A1 (collagen type A1) and VDR (vitamin D receptor) polymorphismsfor 

bone disease 

- Factor V Leiden, MTHFR and prothrombin gene polymorphisms forthrombosis 
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• Inheritance of two β0 alleles - β-thalassemia major (βTM).  

• Two β+ or β++ alleles (or their combinations) have a milder disease form - β-

thalassemia intermedia (βTI). 

•  Reduced β-globin production leading to accumulation of excess α-globin chains in 

βTM and βTI that precipitate in the developing erythroblast, inducing intramedullary 

death. Phenotypic severity is therefore related to the extent of imbalance of α- and 

non-α-globin chain. Coinheritance of α-thalassemia (by reducing free α-chains) 

improves the clinical condition of  βTM or βTI. Coinheritance of α-globin gene 

triplications (i.e., extra copies)  induce a mildly symptomatic state (βTI-like) even in 

β-thalassemia trait (βTT).  

•  Co-inheriting an inherent ability to increase γ-globin chain production (like 

hereditary persistence of fetalHb) also results in milder phenotypes in βTM or βTI, as 

the additional γ-globin chains combine with excess α globin to form fetal-type 

hemoglobin (HbF, α2γ2).  
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GENE MUTATIONS
36 

• Mutational basis: There are 4 main functional types of mutations: 

1. Transcription mutations - Promotor mutations:  

• Mutation in promotor site which decreases the transcription process 

• Mild (β+) 

• e.g. 87 from the cap site (β+-87). 

2. mRNA modification mutations - Capping / Polyadenylationt mutations: 

•  Mutations in cap sile (5′) and polyadenylation site (3′) of mRNA cause abnormal 

transportation of mRNA to the cytoplasm with consequently reduced levels of 

translation. 

• Results in β+ thalassemia. 

3. mRNA splicing mutations 

• Mutations involving: 

A. Splice Junctions: GT or AG dinucleotides of the introns cause β° thalassemia. .g. 

intron 1-nucleotide 1 (β+IVSI-1), intron 2-nucleotide 1 (β+IVSII-1). 

B. Consensus sequences: Adjacent bases around splice junction decrease the ability 

of this RNA to splice correctly but still result in the detectable amount of normal β-

globin leading to β+ thalassemia e.g. Intron 1-nucleotide 6 (β+IVSI-6) 

C. Introns to produce new acceptor AG dinucleotide splice site sequence:  
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• The cryptic splice site competes with the normal splice site leading to reduced levels 

of the normal beta-globin mRNA leading to β+ thalassemia e.g. intron 1-nucleotide 

110 (β+IVSI-110), intron 2-nucleotide 754 (β+IVSII-754). 

• *Splicing mutation: abnormal splicing with consequently reduced levels of β-globin 

mRNA (β° or β+). 

4. Chain termination mutations: Translation defects 

• Chain termination mutations lead to shortened β-globin mRNA, which is often 

unstable and rapidly degraded. This leads to reduced levels of translation of an 

abnormal β-globin leading to β° thalassemia. 

 

 

 

 

Figure 9: Schematic representation of beta gene indication the Point mutations 

in thalassemia
37 

 

https://www.ncbi.nlm.nih.gov/core/lw/2.0/html/tileshop_pmc/tileshop_pmc_inline.html?title=Click%20on%20image%20to%20zoom&p=PMC3&id=3543079_cshperspectmed-HMG-011726_F1.jpg
https://www.ncbi.nlm.nih.gov/core/lw/2.0/html/tileshop_pmc/tileshop_pmc_inline.html?title=Click%20on%20image%20to%20zoom&p=PMC3&id=3543079_cshperspectmed-HMG-011726_F1.jpg
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DIAGNOSIS OF Β-THALASSEMIA 

• Quantitation of HbF% and HbA2% using cation-exchange high-performance 

liquid chromatography (HPLC) or capillary zone electrophoresis (CZE): 

• It is a standard test to identify βTT, βTM and βTI. Clinical background, hemogram 

correlation and absence of recent blood transfusions are vital to avoiding misleading 

results.  

•  

• Figure 10: HPLC profiles of hemoglobin variants that comigrate with HbA 2 in 

alkaline electrophoresis: (A) patient with Hb C trait, (B) patient with Hb E trait 

(AU, absorbance unit). 
38 
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Screening for βTT:  

• One of the simple but non-specific screening tests used to analyse hemogram data. 

There will be normal or mildly reduced Hb, low MCV and MCH, normal or high 

RBC count and normal or near-normal RDW. 

•  Silent βTT: Which will be missed by screening studies, occurring when the red cell 

indices and the HbA2 percentage are both normal.  

• Mutation analysis only commences after the screening tests, and is not required in all 

cases. 

Indications for genetic testing: 

• Children in whom the diagnosis is unclear such as; 

• The child is recently and/or continuously transfused and HPLC or CZE are not 

possible. 

• Children in whom both the parents have βTT, but the differential diagnoses other than 

βTM/ TI are not excluded among them. Who might also show severe anemia, mild 

jaundice, hepatosplenomegaly, inappropriately low or normal reticulocyte counts, 

inherited bone marrow failure. 

• Prenatal diagnosis in couples at risk, in which both partners have βTT and the woman 

is pregnant. 
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AVAILABLE GENETIC TESTS
36 

• Genomic DNA from peripheral blood mononuclear leucocytes is sufficient for all the 

routine molecular analysis.  

• β-thalassemia mutations can be detected using the following techniques: o Automated 

DNA sequencing (Sanger sequencing): Rapid, broad application, requires expensive 

instrument. o PCR-based Amplification Refractory Mutation System (ARMS-PCR): 

Simple, cheaper than sequencing, tests one mutation at a time.  

• Principle: A mismatch at the 3‘ end of one of the primers prevents the elongation of 

the primer by Taq polymerase. 

• Reverse dot-blot hybridization assay (inexpensive, screens for multiple mutations) 

and PCR-RFLP (available for specific mutations) are alternatives.  

• In cases where the mutation is not detected, methods like denaturing gradient gel 

electrophoresis (DGGE) or conformation sensitive gel electrophoresis (CSGE) have 

been used. Linkage analysis can be considered if mutation remains unknown.  

• - Genetic diagnosis of deletional α-thalassemia can be conveniently made by gap-PCR 

or MLPA (multiplex ligation dependent probe amplification).  

• A multiplexed gap-PCR available permits testing for 8 common deletions in one test.  

• - Non-deletional α-thalassemia is most often diagnosed by Sanger sequencing. 

Prenatal diagnosis  
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• - Fetal sample-of-choice is the chorionic villous biopsy (CVS) sampled at 10-12 

weeks of gestation. Lesser emotional trauma in case the fetus is affected. - In the 

second trimester: option of amniocentesis and using fetalamniocytes as DNA source 

(14- 18 weeks) 

• - Fetal blood sampling by cordocentesis (18 weeks onwards) is more complicated, 

less reliable diagnostically and hence, unpopular.  

• - Should discuss with the patient beforehand for all PND: Risk of pregnancy loss or 

limb defects (less than 1-2% with CVS), the family‘s personal attitudes to MTP if the 

fetus is found to be affected, minuscule possibility of an incorrect or inconclusive 

report due to non amplification or maternal contamination.  

• - Pre-implantation Genetic Diagnosis (PIGD): Involves in vitro selection of 

unaffected embryos or less commonly, gamets, before pregnancy. The commonest 

PIGD sample is a polar body or a single cell taken from 4-8 cell blastomere.  

• - Noninvasive prenatal diagnosis: This analyses fetal cells/cell-free fetal DNA from 

maternal blood. 

• Genetics in post stem cell transplant
39 

• The recipient‘s DNA specimen must be preserved by the lab for post-transplant 

chimerism analysis using STRs or VNTRs by fragment length analysis.  

• Complete donor hematopoiesis is not mandatory for sustained engraftment. Mixed 

chimerism with even up to 30% of donor origin hematopoietic cells is not rare and 

may be sufficient to maintain disease-free red cell mass.  
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• Bone marrow/hematopoietic stem cell transplant may alleviate thalassemia in the 

index case, however the genetic risk of transmission to her/his offspring remains 

unchange 

Evidences of association of beta thalassemia with other haemolytic anemia .
 

• Sturgeon P et al in the year 1952, Chronic Haemolytic Anaemia Associated with 

Thalassemia and Sickling Traits. Leucocyte and erythrocyte counts were made by 

routine methods and haemoglobins was determined as oxyhaemoglobin ‗with a 

photoelectric colorimeter. Bone marrow‘ was aspirated from the iliac crest amid 

studied by a volumetric technic.3 Red cell fragility to hypotonic saline was measured 

in a photoelectric colorimeter after centrifugation to remove un-haemolyzed cells. In 

their hands with normal bloods, this method shows beginning haemolysis at 0.50 ± 

0.02 percent saline and complete haemolysis at 0.40 ± 0.02 per cent. Tests for sickling 

were carried out by the sealed cover slip method; the specimens were observed 

periodically for forty-eight hours. Serum iron level was also determined according 

Erythrocyte polymorphism, urine and stool urobilinogen excretions was measured on 

single urine or stool samples as described by Watson and Hatchinson. All the 

parameters were significantly high in the above mentioned haemolytic conditions.
40 

• Lu hingxu et al., in the year 2012 described the clinical features and management of 

7 patients with β-thalassemia major and autoimmune haemolytic anaemia. These 

patients had fever, cough, and tea-coloured urine on admission. The laboratory 

investigations showed a significant drop in haemoglobin and increased serum 

bilirubin. Coombs‘ tests revealed that anti-immunoglobulin G (IgG) and anti-C3 was 

positive in 7 and 5 cases, respectively, whereas anti-Rh E alloantibody was positive in 
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3 cases. All the patients received corticosteroids treatments and blood transfusions. 

Patients with anti-Rh E alloantibodies also received immunoglobulin treatments. Six 

of the patients responded well to the management, but 1 patient developed recurrent 

autoimmune haemolytic anaemia that required cyclosporinA treatment. All the 

patients remained well by following up for more than 6 months.
41 

• Kaled MB and fellow clinicians had conducted a study in the year 2019 which  

• was aimed at identifying the predictors of AIHA in beta-thalassemia patients with 

positive Direct Antiglobulin Test (DAT), in Tunisia. Predictors of AIHA were 

identified the Kaplan-Meier method. A Cox model analysis was used to identify 

independent predictors. Among 385 beta thalassemia patients, 87 developed positive 

DAT (22.6%). Autoimmune haemolytic anaemia was occurred in 25 patients. 

Multivariate analysis showed that AIHA was independently associated with beta-

thalassemia intermedia and similar family history of AIHA. Splenectomy in patients 

with positive DAT was independently associated with an increased risk of AIHA (HR 

= 6.175, CI: 2.049-18.612, p < 0.001). The risk of developing AIHA was higher 

during the first 72 transfusions. Autoimmune haemolytic anaemia was significantly 

associated with poly-specific DAT (anti-complement and anti-IgG), blood group AB 

and prior alloimmunization. Whereas transfusion by phenotypic and leuco-reduced 

blood was a protective factor. In summary, splenectomy after autoimmunization, prior 

alloimmunization, DAT specificity (IgG with complement), thalassemia intermedia, 

AB blood group and family history of AIHA were strongly associated with AIHA. 

Leuco-reduced blood transfusion had a proven preventive role.
42 

• In another study by Anusha R et al., who had conducted a cross-sectional study for 

the period of one year. They had included all cases of newly diagnosed and old cases 
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of haemolytic anaemia on follow up. The study showed beta thalassemia as the most 

common haemolytic anaemia; followed by malaria, sickle beta thalassemia, 

thalassemia intermedia, beta thalassemia minor, Sickle cell disease, sickle cell trait, 

auto immune haemolytic anaemia, and hereditary spherocytosis. 
43 

• The mean haemoglobin at presentation was 5.39 gm/dl. Anthropometric 

measurements in 32 cases of congenital haemolytic anaemias revealed height < 3rd 

centile in 9 cases. Weight less than 3rd centile was seen in 11 cases. 13 children had 

haemolytic facies. Massive splenomegaly causing discomfort, gall stones, heart 

failure were seen in 2 cases each. In thalassemia major, 10 cases required frequent 

transfusions of almost 10-12 per year. 9 came for less frequent transfusions 

accounting for 6 per year. Sickle thalassemia, thalassemia intermedia, required one 

transfusion every 1-2 years. Occasional transfusions were given in sickle cell 

anaemia, hereditary spherocytosis. Serum ferritin levels varied between 220-1427. 

Hence, they concluded that haemoglobin electrophoresis remains the main 

investigation of choice in diagnosis of haemolytic anaemia. Thalassemia major is the 

most severe among other haemolytic anaemias encountered in this series. By this the 

study emphasized the need to improve awareness regarding hemoglobinopathies 

among population, prenatal screening, blood transfusion policies, chelation policies to 

prevent complications in transfusion dependent patients.
43 

 

• With the aim of identifying the spectrum of all Sickle cell diseases diagnosed at a 

tertiary care centre in Bangalore, Karnataka, Hemalatha lokanath and colleagues 

conducted a clinic pathological study of ―Spectrum of Sickle Cell Diseases in 

Patients,  Diagnosed at a Tertiary Care Centre in Karnataka‖. They had recruited 

patients who presented over a period of five years from 2009 to 2013 and also to 
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screen the parents and siblings of the patients for their carrier status. They had 

reviewed 26 cases of Sickle Cell Disease (SCD) and also 38 parents & 10 siblings of 

these children for their carrier status. A total of 26 children diagnosed with SCD were 

enrolled in the study. Most common entity was Sickle Cell Anaemia (SCA), followed 

by sickle thalassaemia and Sickle Cell Trait (SCT). Commonest clinical presentation 

was fever and pallor. Amongst the parents and siblings, sickle cell trait was the most 

common entity followed by thalassaemia trait. One interesting case of HbSE disease 

was encountered, which is a rare entity in India. By the above findings, this study 

brings out the total spectrum of SCDs in a tertiary care centre in Karnataka, with more 

emphasis on screening of the parents and siblings for their carrier status.
44 

 

• Vanamalaalwar et al., from St John‘s medical college, Bangalore, had screened the 

patients who were referred to their blood bank for the evaluation of a possible 

autoimmune cause of anaemia over a period of 18 months, including a retrospective 

analysis from January to December 2003 and prospective analysis from January to 

June 2005. The tests performed included direct and indirect antiglobulin test (DAT, 

IAT) and cold agglutinin titre (CAT). Any patient who was found to be antiglobulin 

test positive was included in the study. The gel card technique using Diamedid cards 

with polyspecific antihuman globulin was used for DAT and IAT. One hundred and 

seventy-five AIHA cases diagnosed based on positive DAT. Most of the cases 

showed a female predilection (M: F = 1:2.2) and a peak incidence in the third decade. 

Forty cases were found to be due to primary AIHA, while a majority (n = 135) had 

AIHA secondary to other causes. The primary AIHA cases had severe anaemia at 

presentation (65%) and more often showed a blood picture indicative of haemolysis 
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(48%). Forty-five percent of primary AIHAs showed positivity for both DAT and 

indirect antiglobulin test (IAT). Connective tissue disorders were the most common 

associated aetiology in secondary AIH A0 (n = 63). By their study findings, they 

stated that AIHAs have a female predilection and are commonly present with 

symptoms of anaemia. AIHA secondary to other diseases (especially connective 

tissue disorders) is more common. Primary AIHAs presented with severe anaemia and 

laboratory evidence of marked haemolysis.
45 
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MONITORING OF PATIENTS WITH BETA THALASSEMIA MAJOR 
46

: 

Both the life span and health related quality of life (HRQoL) of patients living with 

thalassemia has improved drastically with major changes in the management of thalassemia 

in last few decades. The integral part of optimal care of patients with thalassemia is nothing 

but ongoing monitoring. It allows us for earlydetection, manage and prevent chronic 

complications.  

General monitoring : 

As for all children and adolescents, growth should be monitored regularly. Mid-parental 

height should be documented to  makesure that the child is achieving his/her growth 

potential. Importantly, pubertal development should be monitored regularly between the ages 

of 11-14 years. Paediatric endocrinologist‘s opinion should be sought if puberty is not started 

spontaneously by 14 years of age. Other aspects such as immunization are also continued 

without interruption as par with other healthy children. Specifically, these children should 

receive hepatitis A and B vaccines with documented titers of Anti HbS. A booster dose 

should be received if Anti HbS titres are not in the protective range. Transfusion regimen 

should be optimised based on the degree of splenomegaly and facial changes, if any and 

should be documented. It should be ensured that the child is attending school regularly and 

engaged in normal physical activity. 

Monitoring for safety and adequacy of transfusion: 

At the time of diagnosis, it is recommended that all patients with transfusion dependent 

thalassemia undergo extended red cell phenotyping. It may not be feasible for all patients to 

receive extended phenotype matched blood at present, this may be considered in the event of 

alloimmunisation. Hb should be measured prior to each transfusion. Pre-transfusion Hb of 
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9.5-10.5 should be maintained. To allow assessment of ongoingtransfusional iron intake 

proper documentation ofthe quantity of packed red cells transfused should be done  .If 

transfusion requirements exceed 250 ml/kg/year, patients have to be evaluated for reasons for 

the same. PRBC transfused should be leucodepleted ideally at collection but if this is not 

feasible that bedside filters can be used. Any transfusion reactions should be documented. 

Patients should be screened annually for HIV and Hepatitis B, C  

Monitoring for Adequacy and safety of Chelation: 

 Adequate chelation is the most important  to prevent development of other chronic 

complications. Once S. ferritin is above 1000 chelation must be initiated. The chelator of 

choice is Deferasirox (DFX). It has dose-dependent pharmacokinetics and a minimum dose 

of 30 mg/kg must be administered for negative iron balance and 20 mg/kg is expected to 

achieve neutral iron balance. For monitoring of iron overload, S.Ferritin should be monitored 

3 monthly along with SGOT, SGPT, S.Ferritin and urine for microalbuminuria. The gold 

standard for monitoring of cardiac and liver iron overload is T2* MRI but it‘s feasibility 

isonly after the age of 7 years or so as younger children would require sedation to undergo 

this procedure. It should be done annually, where available. If optimal chelation is not 

achieved with Deferasirox or for patients who are unable to tolerate deferasirox for any 

reason, the otherchelators that can be used are Desferroxamine (DFO) and 

Deferiperone.(DFP). One of these can be given in combination with Deferasirox or alone. For 

children receiving Deferiperone, they should be assessed for arthralgias and CBC should be 

monitored fortnightly in view of the rare but serious complication of agranulocytosis. 

Children receiving Deferoxamine should undergo auditory and ophthalmic evaluations 

annually.  An important aspect ofongoing monitoring for children with thalassemia is 

ensuring compliance with the chelation regimen. As with all other chronic conditions, it can 



47 
 

be appreciated that children will lose enthusiasm to comply with a treatment regimen whose 

benefits are not evident immediately and regular discussion regarding this aspect may help to 

prevent the same over a long time . 

Monitoring for chronic complications: 

Children with transfusion-dependent thalassemia are at risk of developing a number of 

chronic complications which are largely attributable to inadequate transfusion and chelation. 

Childrenshould be monitored for growth and pubertal delay. 

All childrenshould undergo LFT and Calcium/ Phosphate assessments once in 6 months. 

Above 10 years, childrenshould be screened annually for hypothyroidism, 

hypoparathyroidism, hyperglycemia and gonadal function. A 2D –Echo annually after the age 

of 10 years can further substantiate adequacy of cardiac function. Osteopenia and 

osteoporosis are commonly seen in adolescents and adults with TDT. It is ideal that a Bone 

densitometry (Dexa scan) is done annually or once in two years to monitor bone health. 

Monitoring for specific issues: 

Monitoring for Patients with increased transfusion requirement: 

 Monitoring of Hemoglobin and volume of transfused PRBC allows clinicians to determine if 

the transfusion requirements are higher than expected.  

The possible causes are: 

 • Alloimmunization 

• Massive splenomegaly  

• Micronutrient insufficiency  
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Childrencan be screened for these. In case of alloimmunization, it is common to develop 

antibodies to C, E and Kell antigens and blood negative for these antigens can be given blood 

negative for these antigens.  

Monitoring of Splenectomized patients: 

Fortunately, splenectomy is required infrequently for children with non optimal transfusion. 

regimen. For those who have undergone this procedure, we must ensure compliance with 

lifelong Pencillin prophylaxisbut for a minimum of five years after procedure.  

We must also ensure: 

 • CBC 6-12 monthly. low dose aspirin should be given to the children in case of 

thrombocytosis > 800,000. 

 • Influenza vaccine annually 

 • Pneumococcal vaccine every 5 years 
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MATERIALS AND METHODOLOGY 

 

Source of data:  

The proposed study is a hospital based study centred in tertiary care hospital, Dharwad . 

Patients attending to the Department of Paediatrics in tertiary care hospital, Dharwad 

affiliated to SDM Dharwad, filling the said criteria and willing for the study. 

Inclusion criteria:  

All children 0-14 years of age coming to Paediatric OPD with suspected hemolyticanemia 

SDM hospital, Dharwad. 

Exclusion criteria 

Critically ill Children 

Study design:  Observational study  

• Sample: All cases of Intrinsic  HemolyticAnemia 

• Sampling procedure: Purposive sampling method  

• Sample size : Minimum of 30 

Method of collection of data : 

In Suspected cases of haemolytic Anaemiavisiting Paediatric out patientdepartment . 

Relevant blood samples will be collected and relevant blood investigations will be done . 
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Method:  

Patients were selected according to selected inclusion and exclusion criteria as mentioned 

earlier. The purpose of study was clearly explained to the parents in their own vernacular 

language and informed consent was taken. 

Children with anemia ,  weakness , fever and splenomegaly visiting the Paediatrics OPD of 

our hospital and also children with known case of hemolyticanemia and history of blood 

transfusion , and admitted to the paediatrics ward of the hospital were choosen for the study.  

Detailed family history was taken from parents or gaurdians regarding the age at the time of 

diagnosis , similar family history , previous history of blood transfusions , any medications 

taken , consanguinity in marriages with clinical signs and symptoms . 

New cases suggestive of hemolysis were sent for complete blood count ,retic count , 

peripheral smear and further Hb electrophoresis was done to confirm the diagnosis.  

Known cases of hemolyticanemia especially thalassemia major were followed up for growth 

monitoring , specific investigations as per required .  

Laboratory investigations : 5 ml. of blood was collected in vacutainer tubes having EDTA as 

anticoagulant. 

a) Hematologicalparameters :Hb, PCV, MCV, MCH, MCHC, RBC count and WBC 

count were measured using Sysmex cell counter . Peripheral smear was evaluated for 

features of red cell morphology  . 

b) Hbelectrophoresis : The red cell hemolysate was diluted to have Hb concentration of 

10µg/10µl. Electrophoresis was carried out at alkaline pH of 8.6, on cellulose acetate 

strips, at 450V for 40 minutes. After the run, the strips were stained in Ponceau S. 
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Interpretation of the migration pattern of the test samples was undertaken by 

comparing them to those of known controls obtained from Helena Bioscienecs, 

London. Location of HbF was confirmed by performing electrophoresis with cord 

blood . 

c)  Estimation of HbA2 : After the run of electrophoresis, the HbA2 and HbA bands 

were eluted from the cellulose strip and their absorbances were read at 415 nm, using 

which HbA2 % was calculated . 

d)  Estimation of HbF :HbF% was measured by alkali denaturation method of Betke . 

e)  Test for unstable hemoglobins : Stability of Hb in isopropanol,was tested  . 

f)  Test for HbS : Solubility of deoxygenated Hb in saponin-phosphate buffer was tested 

and then HbS% was calculated. 
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RESULTS 

 
Table 8a:Distribution of various haemolytic anaemia noted in our study . 

 

 
Our study population includes , newly diagnosed and follow up cases of haemolytic anaemia.  

 

61.3% of the recruited study samples were diagnosed with β thalassemia major followed by 

intermedia in 12.9% and trait was found in 6.5% of the study population. One patient was 

with β thalassemia minor. Thalassemia minor and Trait were incidentally detected while the 

child was investigated for other illness . GPI deficiency was found among 6.5%. One patient 

each were diagnosed with hereditary spherocytosis , sickle cell thalassemia, HbE variant 

thalassemia .  

Out of 31 recruited cases , 8 were newly diagnosed cases – 2 each of thalassemia major and 

trait and one each of thalassemia intermedia , thalassemia minor , hereditary spherocytosis, 

Glucose phosphate isomerase deficiency and HBE variant thalassemia , while rest 22 were 

follow up cases and all were transfusion dependent.  

Diagnosis No. of patients % 
Newly 

diagnosed 

Follow up 

patients 

Beta thalassemia major 19 61.3 2 17 

Beta thalassemia intermedia 4 12.9 1 3 

Beta thalassemia trait 2 6.5 2  

GPI deficiency 2 6.5 1 1 

Beta thalassemia minor 1 3.2 1  

HBE VARIANT 1 3.2 1  

Hereditary spherocytosis 1 3.2 1  

Sickle cell thalassemia 1 3.2  1 

Total 31 100.0   
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Table 8 b : Demographic data of varied spectrum of haemolytic anaemia: 

 

 

 

 

 

Mean age at the diagnosis of Beta thalassemia major was found to be 1.3 years and beta 

thalassemia intermedia was 5.3 years and trait was 3.5 years and Glucose Phosphate 

isomerase deficiency was 3.95 years . 

1 each each of HBE variant and Hereditary spherocytosis presented at neonatal period on day 

3 and day 8 of life respectively and sickle thalassemia presented at 7 months . 

Both Thalassemia trait and minor were incidentally detected while investigating for other 

causes . 

 

Diagnosis 
No. of 

patients 

Mean age 

at the 

diagnsosis 

Gender 

Male: 

female ratio  

Location 

 

Consanguini

ty 

Rural Urban 2nd 3r

d 

NC

M 

Beta thalassemia 

major 
19 

1.3y 1.1:1 12 7 9 4 6 

Beta thalassemia 

intermedia 
4 

5.3y  0.3:1 2 2 3 0 1 

Beta thalassemia trait 2 3.5 y 2 male  1 1 1 0 1 

GPI deficiency 2 3.95 y 1:1 2 0 2 0 0 

Beta thalassemia 

minor 
1 

NA 1 male  Rural NCM 

HBE VARIANT 1 NA 1 female  Rural NCM 

Hereditary 

spherocytosis 
1 

NA 1 female  Rural NCM 

Sickle cell thalassemia 1 NA 1 female Rural 2
nd

 degree 

Total 31     
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Male : female ratio was 1.1 : 1 in thalassemia major , 0.3:1 in thalassemia intermedia and 1:1 

in GPI deficiency . 1 female child each presenting to us were diagnosed with HBE variant 

thalassemia ,Heriditary spherocytosis and Sickle cell thalassemia .  

 

7 cases of Beta thalassemia major , 2 from thalassemia intermedia and 1 case of beta 

thalassemia trait were from urban location and rest were noted to be from rural area.  

 

9 cases of thalassemia major and 3 cases were thalassemia intermedia, both the cases of GPI 

deficiency , 1 case of thalassemia trait and 1 case of sickle thalassemia were born out of 2
nd

 

degree consanguineous marriage . Parents of 4 cases had third degree consanguineous 

marriage and all the 4 cases were of beta thalassemia major .all others were born out of non 

consanguineous marriage.  
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Transfusion Dependent thalassemia ( 23 cases )  : 

 

Table 9: Distribution of age of TDT patients studied during the study period . 

 

 

Age in years 
No. of 

patients 

 
% 

 
Thalassemia 

major (19)  

Thalassemia 

intermedia 

(4)  

 

<1yrs 1 1 8.69 

1.1-2 3 0 13.04 

2.1-4 4 0 17.39 

4.1-8 5 1 26.08 

>8 6 2 34.7 

Total 19 4 100.0 

    

Majority of the children were aged more than 8 years accounting for 34.7% among them 5 

had thalassemia major and 2 had thalassemia intermedia followed by 26.08% were aged 4.1 

to 8 years ( 5 cases of thalassemia major and 1 case of thalassemia intermedia ) . 17.39 % 

were aged 2.1-4 years ( all 4 cases were of thalassemia major )  , 13.04 % were between 1.1-2 

years ( 3 cases of thalassemia major )  and less than 1 year were 8.69 %  ( 1 case each of 

thalassemia major and intermedia ).  

Majority of the children being more than 8 years old showed the increased survival of 

thalassemia patients with proper blood transfusion and chelation therapy .  
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Graph 1: Distribution of age of TDT patients studied during the study period . 
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Table 10: Distribution of age of the patient at the time of diagnosis ofTDT. 

 

Age @ 

diagnosis 

No. of 

patients 

 
% 

 
Thalassemia 

major 

Thalassemia 

intermedia 
 

0-6months 10 1 47.8 

6.1-12months 6 1 30.4 

1.1-2yrs 0 0 0 

>2yrs 3 2 21.7 

Total 19 4 100.0 

 

Almost 47.8 % of the recruited study population were diagnosed with thalassemia before 6 

months itself out of which 10 cases were thalassemia major and 1 of thalassemia intermedia 

.30.4 % were aged between 6 to 12 months at the time of diagnosis and nearly 21.7% were 

aged above 2 years.  

Majority of the children being between 0-6 months showed early diagnosis of the cases due 

to early referral and health seeking attitude of the educated parents .  

 
 

 

 

Graph 2: Distribution of age of the patient at the time of diagnosis of TDT . 
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Table 11: Distribution of the patient on the basis of Various Demographic data . 

 

Demograhicvaria

bles  

Thalassemi

a major 

(19) 

Thalassemia 

intermedia (4)  

Gender   % 

Boy 10 1 48.4 

Girl 9 3 51.6 

Location     

Rural 12 2 60.8 

Urban 7 2 39.1 

Socio-economic 

status  
 

 
 

Upper lower 2 0 8.7 

Lower middle  3 1 17.4 

Upper middle  11 2 56.5 

Upper class  3 1 17.4 

Consanguineous 

marriage  
 

 
 

2
nd

 degree 9 3 52.2 

3
rd

 degree 4 0 17.4 

NCM 6 1 30.4 

Family history     

Nil 25  80.6 

Siblings + 
6  

(3 siblings )  

 
19.4 

 

 

Out of all the recruited samples 12/23 (51.6%)  were female children and 11/23 (51.6%) were 

males. Among thalassemia major children 10 were male and 9 were female children , and 
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among thalassemia intermedia there were 1 male and 3 female children . There is no gender 

predilection for thalassemia .   

 

14/23 (60.8 %) were from Rural background and 9/23 ( 39.1 % ) were from Urban 

background . Among thalassemia major children 12 were from rural and 7 from urban and 

among thalassemia intermedia 2 each  were from urban and rural . Majority from rural areas 

can be explained by the more prevalence of consangneious marriages in rural areas compared 

to urban .  

 

13 out of 23 had belonged to upper middle class, out of which 11 had Beta thalassemia major 

and 2 had thalassemia intermedia , followed by 4 out of 23 each from lower middle and upper 

class , in both 3  had thalassemia major and 1 had thalassemia intermedia . rest 2 cases of 

thalassemia major were from upper lower class . children belonging to upper and upper 

middle class were better managed and followed up owing to the education and better 

understanding of the disease by parents and regular monitoring .  

 

 

Almost 30.4% (7/23) children‘s parents did not have history consanguineous marriage but 

majority of them, accounting for about 52.2% (12/23 ) of the patient‘s parents had second 

degree consanguineous marriage, out of which majority i.e9/19 cases were of thalassemia 

major and 3/4 cases were thalassemia intermedia. 12.9% had third degree consanguineous 

marriage and all the 4 cases were of beta thalassemia major . 
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3 patients had similar history of thalassemia in the family and 2 pair of siblings ( 4 cases ) 

were diagnosed have thalassemia major , and 1 pair of siblings had thalassemia major in 

younger sibling and intermedia in  elder sibling .  

Thalassemia being an Autosomal recessive disorder , knowing the history of consangniuity 

and family history becomes most important for further prenatal and genetic counselling for 

the parents.   
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Table 12: Frequency distribution of patients on the basis of caste . 

 

 
 

thalassemia 

major (19)  

thalassemia 

intermedia(4) 

Total 

 

MADAR 2 0 2 

UPPAR 2 0 2 

LINGAYAT 9 2 11 

RAJPUT 1 0 1 

AMBIGA 1 0 1 

KURUBA 2 1 3 

MUSLIM 2 1 3 

Total 19 4 23 

  

 

 

Out of 20 Hindus in the recruited samples, 11 were Lingayat followed by 3 were from 

Kuruba community ,  2 each from Uppar and Madar community and one each from Ambiga 

and Rajput community . 3 were from Muslim community .  

Consanguineous marriages are more prevalent to specific communities in Karnataka like 

Jains , siddhi‘s , lambani ‗s . Majority of lingayath community in this area and practice of 

consanguineous marriages is a factor contributing to the burden of the disease .  
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Table 13: Symptoms wise  frequency distribution of patients at the time of diagnosis of 

TDT. 

 

Symptoms 

No. of 

patients 

(n=23) 

% 

Irritability 9 39.1 

Easy Fatiguability 5 21.7 

pallor 23 100  

Hurried breathing 1 4.3 

 
.  

Graph 3: SYMPTOMS wise  frequency distribution of patients at the time of diagnosis 

of TDT  . 

 

Recruited cases of haemolytic anemia presented with varied clinical symptoms , out of 

which, Pallor- 100% ,  irritability- 39.1% and fatiguability – 29.7% were found to be the most 

predominant ones.  

Other presentation noted were fever in 11 patients of thalassemia major and 3 patients of 

thalassemia intermedia , vomiting and loose stools in 2 patients with thalassemia major and 
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intermedia , cough and cold in 3 patients . 1 patient of thalassemia major presented in CCF 

with symptoms of hurried breathing .   
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Table 14: Frequency distribution of Clinical signs of patients at the time of diagnosis of 

TDT . 

 

Clinical Signs 

No. of 

patients 

(n=31) 

% 

Pallor 23 100.0 

Icterus 2 8.69 

Hepatosplenomegaly 23 100 

Signs of CCF  1 4.34 

 

 
 

 

Graph 4: Frequency distribution of clinical signs patients studied at the time of 

diagnosis of TDT 

 

All the recruited patients were presented with anaemia and hepatosplenomegalyat the time of 

diagnosis but only 2/23 (8.69 %) had icterus, out of which it was one case of thalassemia 

major and intermedia.Signs of CCF ( Tachypnea, Tachycardia , Increased work of breathing , 
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Hepatomegaly ) was found in only 1 case along with the co-morbidity of VSD -10mm and 

only that case required ICU at admission .  
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Table 15: Frequency distribution of Clinical signs at the time of follow up cases of TDT .  

 

Clinical signs 
No. of 

patients ( 20) 
% 

Pallor 20 100 

Icterus 4 20 

Hemolytic facies 3 15 

Hepatosplenomegaly 17 85 

Signs of CCF  1 5 

Convulsions  

( Hypoxic ) 
1 5 

 

20 patients were on regular follow up with us , they were analysed for consistent clinical 

findings at follow up and it was found that pallor (100% ) was noted all the individuals , 

followed by hepatosplenomegaly in 17/20 cases (85% ) , icterus in 4/20 (20 %) , and 

Hemolyticfacies in 3/20 (15 %) . 

In our study one subject had signs of CCF and had 1 episode of convulsions .  

  

 

 

Graph 5 :Frequency distribution of Clinical signs at the time of follow up cases of TDT  
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Table 16: Frequency distribution of Anthropometric Parameters in follow up patients 

of TDT . 

 

 

 

Anthropometric 

parameters 

Thalassemia 

major (17) 

Thalassemia 

intermedia(3) 

Weight for age  

( Underweight) 
11 3 

Length/height for 

age ( Stunting ) 
13 1 

Weight for length  

(Wasting ) 
3  

 

Out of total 20 follow up patients , 13/17 cases of thalassemia major were found to have 

stunting and 11/17 have underweight and only 1 has wasting ; among 3 cases of thalassemia 

intermedia 2 cases have underweight and 1 case had both stunting and underweight.  

No skin changes  and signs of vitamin deficiency were noted further radiological assessment 

has to be carried out to know the Bone age of the patients at puberty.    

Growth monitoring the most important factor to prevent the short stature , one because of 

reduced bone growth and because of hypothyroidism as most common complication, while 

none of our subjects had hypothyroidism .  
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Table 17: Frequency distribution of laboratory parameters in patients studied at the 

time of diagnosis of TDT  

 

 

Lab parameters 

No. of 

patients 

(n=23) 

 

% 

 
Thalassemia 

major (19) 

Thalassemia 

Intermedia 

(4)  

 

Hemoglobin (g/dl)    

<7.0 16 4 86.9 

7.0-9.9 3 0 13.0 

10.0-10.9 0 0 0 

TLC ( cells /mm
3
)    

<6000 0 1 4.34 

6000-14000 6 2 34.7 

>14000 13 1 60.86 

Plateletcount 

(lakh/mcL)  
 

 
 

<1.5  0 0 0 

1.5-2 9 2 47.8 

2-10 10 2 52.2 

RETIC count    

<1% 0 1 4.34 

1-2% 0 0 0 

>2% 19 3 95.6 
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Hb was classified based on WHO grading of anemia into 3 categories as severe anemia ( <7.0 

mg/dl ) , moderate anemia ( 7.0 -9.9 mg/dl ) and mild anemia(10.0-10.9 mg/dl ) and Total 

lecucocyte count, platelet counts and reticulocyte counts were classified based on age specific 

values according to standard textbooks .  

20/23 - 86.9% of the TDT children had Hb level<7.0 mg/dl out of which 16 were diagnosed 

to have thalassemia major and 4 with thalassemia intermediaand only 1 thalassemia major 

child presented in CCF , followed by 13 % between 7.0-9.9 mg/dl out of them all were 

diagnosed to have thalassemia major . 

Majority of them- 14/23 were having leucocytosis , WBC count >14,000, out of which 13 

were diagnosed to have thalassemia major and 1 with thalassemia intermedia . 8/23 were 

having WBC count between 6000-14000 cells/cumm – out of which 6 were diagnosed to 

have thalassemia major and 2 with thalassemia intermedia and one patient of thalassemia 

intermedia presented with leucopenia.  

52.2 % had Platelet levels between 2-10 lakh/microlitre, followed by 47.8 % with 1.5-2 

lakh/microlitreandretic (reticulocyte) count were < 1% in only 1 patient of thalassemia 

intermedia , whereas all the others presented with reticulocyte count of >2 % , out of which 

19 were diagnosed to have thalassemia major and 3 with thalassemia intermedia 
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Peripheral smear findings in  thalassemia :  

 

 

All Presented with a Peripheral smear finding of Severe Microcytic hypochromic anaemia . 

 

Presence of anisopoikilocytosis, tear drop cells , helmet cells , nRBC ‗s were the consistent 

findings .   

19 cases were found with Severe microcytic hypochromic blood picture with marked 

anisopoikilocytosis; followed by Severe microcytic hypochromic with moderate 

anisopoikilocytosis in about 4 of the patients . 

It would be wrong to differentiate the peripheral smear as ones with marked and moderate 

anisopoikilocytosis as it is a subjective analysis. 

 

Table 18:Distribution of Hb electrophoresis pattern in β thalassemia major patients 

 

VARIABLES Min Max Mean  

HbA 2.70 52.58 10.15 

HbF 43.57 95.20 87.37 

HbA2 1.80 4.60 2.80 

 

HbF ,HbA and HbA2 all showed a variable increase ranging from 43.57-95.20 , 2.70-52.58,  

 

1.80 -4.60 respectively , with mean of 87.37 , 10.15 and 2.80 respectively . 
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Table 19:Distribution of Annual Transfusion requirements in transfusion dependent 

anemia in our follow up cases ( in last 1 year )  

 

ATR groups Total 

thalassemia 

major 

thalassemia 

intemedia 

GPI SICKLE THAL 

 
<200 ml/kg 12 3 1 0 16 

200-250ml/kg 5 0 0 1 6 

Total 17 3 1 1 22 

    

 

Follow up cases of Transfusion dependent haemolytic anemia were assessed for their annual 

transfusion requirement and it was found that 16/22 ( 72.7 %) required blood transfusion less 

than 200ml/kg in a year out of which 12 were thalassemia major patients and 3 with 

thalassemia intermedia and 1 with glucose phosphate isomerase deficiency .  

6/22 (27.3%) required blood transfusion between 200-250ml/kg out of which 5 were with 

thalassemia major and 1 with sickle thalassemia  

 
 

 

Graph 6 :Annual Transfusion requirements in transfusion dependent anemia in our 

follow up cases . 
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Chelation History : 

 

All our follow up cases , including 17 cases of beta thalassemia major , 3 cases of thalassemia 

intermedia and 1 case each of Glucose phosphate isomerase deficiency and Sickle 

thalassemia were on chelation therapy with Deferasiroxand doses were adjusted with 3 

monthly monitoring of S.ferritin levels .  

 

 

Splenectomy : 

 

1 of our thalassemia major and 1 thalassemia intermedia patients underwent splenectomy  at 

5 years and 7 years respectively , with S.ferritin level >2000mg/dl at the time of splenectomy 

and Annual Transfusion rate >250ml/kg .  

One subject among our study was noted to have hypersplenism with spleen size of 16cm at 

the time of splenectomy .  

Our study suggests , more the blood requirement per year , higher the incidence of 

hypersplenism and need for splenectomy.  
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MONITORING OF BETATHALASEMIA MAJOR PATIENTS 

 

 

Table 20 :Distribution of Regularly monitored laboratory parameters inβ thalassemia 

major patients 

 

 

VARIABLES Min Max Mean SD 

Pre 

transfusion 

Hb 

5.0 7.9 6.36 0.816 

Serum Ferritin 426.8 5391.80 1793.11 1202.28 

SGOT 40.00 208.00 94.58 54.66 

SGPT 21.00 207.00 62.05 47.35 

Creatinine 

(mg/dl) 
0.16 0.87 0.34 0.18 

T4 1.02 1.65 1.43 0.25 

TSH 3.32 4.76 3.99 0.55 

 

 

 

Lab parameters were measured for monitoring of our follow up cases of beta thalassemia 

major who were regularly . Mean Pre-transfusion Hb was found to be 6.36 with SD of 0.816.  

Mean S.ferritin level was found to be in 1793.11 ng/ml .T4 and TSH did not show any 

significant changes. There were no derangements found in S.creatinine in any of the patients 

.There was little derangement in the LFT with SGOT was found to high in majority of the 

individuals with a mean of 94.05 Units/L. and mean SGPT 62.05 Units/L  above the normal 

range 
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Table 21:Patterns of mutations found in beta thalassemia cases in our study .  

Cases  Mutations found  

Case 1 HBB: c.92+5 G>C ( IVS-1-5(G>C ) ) 

Case 2  HBB: c.92+5 G>C ( IVS-1-5(G>C ) ) 

Case 3 HBB :c. 110 T>C ( poly A (T>C) 

Case 4 HBB :c. 110 T>C ( poly A (T>C) 

Case 5 HBB: c. 110 T>C ( poly A (T>C) 

Case 6 HBB: c.92+5 G>C ( IVS-1-5(G>C ) ) 

Case 7 HBB : c.47 G>A ( codon 15 (G-A) 

Case 8 HBB: c.92+5 G>C ( IVS-1-5(G>C ) ) 

Case 9 HBB: c.92+5 G>C ( IVS-1-5(G>C ) ) 

Case 10  HBB: c.92+5 G>C ( IVS-1-5(G>C ) )  

 

Methodology :Sanger sequencing based DNA analysis was performed to identify the 

mutations in the coding region and reported mutations in the beta globin gene ( HBB ) .  

DNA was isolated from the sample received using a commercial kit that works on silica 

membrane based DNA purification . Mutation Surveyor software V5.1.1 is used for 

identifying the mutations and identified sequence alterations were reported in accordance 

with HGVS – Human Genome Variation Society nomenclature and annoted using one or 

more of the following databases – ClinVar, OMIM, HGMD and SwissVar. 
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Results :Based on the mutations found in the our study in HBB gene , most common found 

was IVS-1-5 G>C and was Homozygous transmission , second most common mutation was  

HBB :c. 110 >C ( poly A (T>C) and only one patient had HBB : c.47 G>A ( codon 15 (G-A) 

mutation. 
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DISCUSSION 

Hereditary haemolytic anaemias are also the important causes of mortality and morbidity 

among paediatric age group in developing countries after sepsis and malnutrition. These 

group of anaemias will be presenting with wide range of clinical presentations.
1
 The type of 

anaemia also differs widely based on the gender, age of onset of the disease/age of onset of 

symptoms, frequency of transfusions required. The disorder might progress even to involve 

the different organ systems. 
 

There was no recent study as per our knowledge in last 10 years done in this region of 

northern Karnataka ( Hubli-Dharwad )  to know the clinical spectrum of haemolytic anaemia 

latest being known was by Shivashankara et al in the year 2008.  . As Studied by other 

studies , most recent one being Mohanty  et al in 2020 , a multicenteric study approved by 

ICMR proved the high burden of thalassemia in India .It becomes important for us to give 

special emphasis on Transfusion dependent anaemia especially thalassemia major . 

It becomes equally important to know the mutational analysis of beta thalassemia patients in 

order to do the genetic counselling and prenatal testing for future pregnancies in order to 

reduce the burden of the disease and also on the family.  

Hence, we conducted a study to analyse the clinical profile of different haemolytic anaemias 

with special importance on beta thalassemia major along with genetic analysis of 10 of beta 

thalassemia major individuals   
2-5

 

 

In our study, the distribution of beta thalassemia was the common finding. Of which 61.3% 

were diagnosed with β thalassemia major followed by intermedia in 12.9% and trait was 

found in 6.5% of the study population. One patient was with β thalassemia minor. GPI 

deficiency was found among 6.5%. One patient each were diagnosed with hereditary 
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spherocytosis and sickle cell thalassemia. Similar to our study Anusha R et al also observed 

that beta thalassemia major in 19/41 was the commonest cause of haemolytic anaemia 

followed by malaria (9/41), sickle beta thalassemia (4/41), thalassemia intermedia (4/41) and 

one each were found with sickle cell disease, sickle cell trait, AIHA, hereditary 

spherocytosis, thalassemia minor.44 Contrary to these Shivashankara AR et al majority of 

the study population accounting for about 20/50 were with beta thalassemia trait followed by 

thalassemia major in about 15/50 cases. Two with sickle cell trait and one case of a 

compound heterozygote of HbS/beta thalassemia trait.46 Contrary to our findings study by 

Chattopadhyay K et al found HbE  Beta  Thalassemia  in 41.1%  as the commonest  

congenital  haemolytic  anaemia  followed  by  Beta  Thalassemia in about 23.6%,  Beta  

Thalassemia  trait  among 13.5%,  HbE  trait  in 5.1%,  sickle  Beta  Thalassemia among 

4.7% and the sickle Thalassemia trait found in 4.7%.  

Mean age at the diagnosis of Beta thalassemia major was found to be 1.3 years and beta 

thalassemia intermedia was 5.3 years and trait was 3.5 years and Glucose Phosphate 

isomerase deficiency was 3.95 years . 

1 each each of HBE variant and Hereditary spherocytosis presented at neonatal period on day 

3 and day 8 of life respectively and sickle thalassemia presented at 7 months . 

Both Thalassemia trait and minor were incidentally detected while investigating for other 

causes . 

Male : female ratio was 1.1 : 1 in thalassemia major , 0.3:1 in thalassemia intermedia and 1:1 

in GPI deficiency . 1 female child each presenting to us were diagnosed with HBE variant 

thalassemia ,Heriditary spherocytosis and Sickle cell thalassemia .  

7 cases of Beta thalassemia major , 2 from thalassemia intermedia and 1 case of beta 

thalassemia trait were from urban location and rest were noted to be from rural area.  
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9 cases of thalassemia major and 3 cases were thalassemia intermedia , both the cases of GPI 

deficiency , 1 case of thalassemia trait and 1 case of sickle thalassemia were born out of 2nd 

degree consanguineous marriage . Parents of 4 cases had third degree consanguineous 

marriage and all the 4 cases were of beta thalassemia major .all others were born out of non 

consanguineous marriage.  

It can be inferred that Beta thalassemia major is the most common variant of haemolytic 

anaemia in this geographical area.  

 

In our study majority of the children were aged more than 8 years accounting for 34.7% 

among them 5 had thalassemia major and 2 had thalassemia intermedia followed by 26.08% 

were aged 4.1 to 8 years ( 5 cases of thalassemia major and 1 case of thalassemia intermedia ) 

. 17.39 % were aged 2.1-4 years ( all 4 cases were of thalassemia major )  , 13.04 % were 

between 1.1-2 years ( 3 cases of thalassemia major )  and less than 1 year were 8.69 %  ( 1 

case each of thalassemia major and intermedia ). As the age increased , it was found the 

patients presented with more complications due to increased demand of blood transfusion and  

iron overload status. Loss of school days due to repeated admissions can also be considered 

as one confounding factor for the intellectual growth of the child . 

As our age inclusion criteria ranged from 0-14 years of age , it would be difficult to consider 

the age of patient at the time of study as an individual factor for an inference but more 

patients in the age group of more than 8 years indicates the effectiveness of the treatment and 

blood transfusion and chelation therapy extending the life span of the patients . 

 

In our Children who presented us and suspected to have hemolytic anaemia based on clinical 

features were further thouroughly assessed with proper history , symptoms and signs such as 

pallor , jaundice, easy fatiguability and irritability  , hepatomegaly or splenomegaly further 
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analysed with hematological parameters with Hb, Reticulocyte count and Peripheral smear 

mainly. Hb electrophoresis to confirm the diagnosis    

 

Almost 47.8 % of the recruited study population were diagnosed with thalassemia before 6 

months itself out of which 10 cases were thalassemia major and 1 of thalassemia intermedia . 

30.4 % were aged between 6 to 12 months at the time of diagnosis and nearly 21.7% were 

aged above 2 years.  

Anusha R et al also found the similar mean age of the patients as our study.
43

, Contrary to 

our study Kruthika MV et al found the mean age of diagnosis of beta thalassemia major was 

found to be 10 months . 

Easy availability of health care services and early detection and referral from the peripheral 

centres have helped to diagnose the cases of hemolytic anaemia at the earliest and provide the 

appropriate treatment in way having a better outcome and survival . 

 

Out of all the recruited samples 12/23 (51.6%)  were female children and 11/23 (51.6%) were 

males. Among thalassemia major children 10 were male and 9 were female children , and 

among thalassemia intermedia there were 1 male and 3 female children .  

There was no statistically significant association found with respect to gender and 

thalassemia. Contrary to our study Anusha R et al and Preethi BP et al observed a greater 

number of male children than females in their study.
43,45

 Also, in Shivashankara AR et al in 

which 80% of the recruited children were male and remaining 20% were females.
46

. 

Most cases of Hemolyticanemia are not sex specific except Autoimmune haemolytic anaemia 

is likely to occur more in females and G6PD deficiency being a X- linked recessive disease is 

more likely to occur in males . So, in our study Gender being studied as a demographic data 

cannot be analysed for gender predilection of thalassemia patients.  
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14/23 (60.8 %) were from Rural background and 9/23 ( 39.1 % ) were from Urban 

background . Among thalassemia major children 12 were from rural and 7 from urban and 

among thalassemia intermedia 2 each  were from urban and rural .  Contrary to our study in 

study done Kruthika MV et al , had more number of urban patients than rural .  

In our study more rural cases may be due to the fact that there were more number of 

consanguineous marriages in rural areas when compared to urban areas . 

As such hemolytic anaemia can not be differentiated as a Rural disease or Urban disease.    

 

13 out of 23 had belonged to upper middle class, out of which 11 had Beta thalassemia major 

and 2 had thalassemia intermedia , followed by 4 out of 23 each from lower middle and upper 

class , in both 3  had thalassemia major and 1 had thalassemia intermedia . rest 2 cases of 

thalassemia major were from upper lower class .  

Children belonging to upper middle and upper class were managed and monitored properly 

when compared to the children belonging to the other groups due to educated parents who 

had better understanding of the disease and the probable complications . 

Parents of the children belonging to lower Socio-economic status were more reluctant for 

getting the investigations done for monitoring of iron overload due to financial issues which 

again add to the economic burden of the family. Kruthika MV et al showed that more than 

50% of the annual income was spent on thalassemic children for blood transfusion among 

lower SES groups . 

 

 

Almost 30.4% (7/23) children‘s parents did not have history consanguineous marriage but 

majority of them, accounting for about 52.2% (12/23 ) of the patient‘s parents had second 

degree consanguineous marriage, out of which majority i.e9/19 cases were of thalassemia 
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major and 3/4 cases were thalassemia intermedia. 12.9% had third degree consanguineous 

marriage and all the 4 cases were of beta thalassemia major . 

3 patients had similar history of thalassemia in the family and 2 pair of siblings ( 4 cases ) 

were diagnosed have thalassemia major , and 1 pair of siblings had thalassemia major in 

younger sibling and intermedia in  elder sibling .  

Whereas in Preethi BP et al the history of consanguineous marriage of parents was observed 

in 55% in which the 19 cases were second degree and three cases were third degree.
45

Other 

members of the family were not affected by similar illness in their study. As per the family 

history collected by Shivashankara AR et al ten out of the 50 children were the products of 

consanguineous marriages and majority of these were diagnosed with beta thalassemia 

major.
46

 

History of consanguinity is most important because of fact that thalassemia are autosomal 

recessive in inheritance especially beta thalassemia and the practice of consanguineous 

marraiges are more in this region of north Karnataka irrespective of caste and religion 

.Thalassemia are being genetically inherited from the heterozygous parents , so , in order to 

prevent the further children having the disease increasing the emotional and economic burden 

of the family – prenatal genetic testing and genetic counselling should be advised . This plays 

a major role in reducing the overall disease burden also.    

 

Out of 20 Hindus in the recruited samples, 11 were Lingayat followed by 3 were from 

Kuruba community ,  2 each from Uppar and Madar community and one each from Ambiga 

and Rajput community . 3 were from Muslim community .  

Same as our observation, 92.5% of the study population in Preethi BP et al were Hindus. 

Caste wise distribution in Preethi BP et al also reported majority of the patients belonged to 
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Lingayat community followed by Kuruba, Gowda and Lambani. This could be due to 

increased prevalence of Hindu Lingayat population in the particular epidemiological area.
45 

Higher frequency has been observed in certain communities, such as Sindhis, Punjabis, 

Gujaratis, Bengalis, Mahars, Kolis, Saraswats, Lohanas and Gaurs by different studies all 

over india . 

D.Mohanty et al a multicentric study showed prevalence of more beta thalassemia trait 

among Jain population followed by Vokkaliga( gowda ) , SC and other communities and 

HBE variant in Kolkata and other north eastern states and majority in Dibrugarh .  

Most of the haemolytic anaemia being autosomal recessive in inheritance ,  the practice of 

endogamy and consangnious marriages in  this part of north Karnataka irrespective of caste 

and high prevalence of lingayath community in this geographical area can be inferred as the 

reason for high prevalence of Hemolytic anaemia .   

 

Recruited cases of haemolytic anemia presented with varied clinical symptoms ,out of which, 

Pallor- 100% ,  irritability- 39.1% and easy fatiguability – 29.7% were found to be the most 

predominant ones.  

Other presentation noted were fever in 11 patients of thalassemia major and 3 patients of 

thalassemia intermedia , vomiting and loose stools in 2 patients with thalassemia major and 

intermedia , cough and cold in 3 patients .  

All the recruited patients were presented with anaemia and hepatosplenomegaly at the time of 

diagnosis but only 2/23 (8.69 %) had icterus, out of which it was one case of thalassemia 

major and intermedia . Signs of CCF ( Tachypnea, Tachycardia , Increased work of breathing 

, Hepatomegaly ) was found in only 1 case along with the co-morbidity of VSD -10mm and 

only that case required ICU at admission .  
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One of our subjects presented to us with symptoms of cardiac failure – tachypnea, 

tachycardia , hepatomegaly and  hurried breathing . child was also diagnosed to have CHD-

VSD 10mm with Bi-directional shunt . child was admitted in ICU and evaluated . with 

Anaemia , Peripheral smear s/o hemolysis and high Reticulocyte count child was suspected to 

have haemolytic anaemia and Hb electrophoresis was sent which was s/o Beta thalassemia 

major . 

Similar to our observation, majority of the patients were presented with pallor in Anusha R 

et al accounting for about 93% and Icterus was seen in 36 patients. Splenomegaly was seen 

in all cases and massive splenomegaly causing abdominal discomfort in 2 children. 

Splenectomy was undertaken in one patient..
44

 All children received routine immunizations 

except one, special vaccines were administered in about 7 cases. Similar to the present study, 

Chattopadhyaya K et al Hepatomegaly was the most common presenting complaint among 

the recruited study population accounting for 66.3% of the samples, followed  byjaundice  in 

53.9%  and 
47 

 

20 patients were on regular follow up with us , they were analysed for consistent clinical 

findings at follow up and it was found that pallor (100% ) was noted all the individuals , 

followed by hepatosplenomegaly in 17/20 cases (85% ) , icterus in 4/20 (20 %) , and 

Hemolytic facies in 3/20 (15 %) . 

1 child ( Shrushti Sannagoudar ) at the age of 3 years 9 months and  who was regular blood 

transfusion since the age of 7 months  presented with signs of congestive cardiac failure and 

had 1 episode of convulsions i/v/o severe anaemia with Hb-2.6 . Anusha R et al showed 

Haemolyticfacies were observed in 13 cases of thalassemia major and X ray of skull showed 

crew cut appearance among 4 cases of thalassemia major
44

. Chattopadhyaya K et al found 

thalassemic facies among 53.2% population. 
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No other study was found were they had analysed for persistant and newly developed  

clinical signs separately on follow up .  

It can be inferred that , though haemolysis is a continuous process , regular transfusions can 

prevent the development of haemolytic facies and massive splenomegaly .   

 

 

Out of total 20 follow up patients , 13/17 cases of thalassemia major were found to have 

stunting and 11/17 have underweight and only 1 has wasting ; among 3 cases of thalassemia 

intermedia 3 cases have underweight and 1 case has stunting ;. 

Various factors contribute to growth failure in transfusion dependent anaemia especially in 

thalassemia major , they are noted to be Chronic anaemia, Iron overload , chelation toxicity, 

transfusion transmitted infections , chronic liver disease , nutritional deficiency and endocrine 

dysfunction . Reduced spinal height by flat vertebra is seen in thalassemia children.Growth 

hormone deficiency has been encountered in 1/3rd patients of Transfusion dependent 

anaemia.  Majority in our study were noted to have stunted growth or short stature ,defined as 

height less than 3
rd

 centile or < -2 SD  of mean height for age and sex.  

Assessment of a child with short stature includes a thorough history, physical examination,  

assessment of bone age, screening for other iron overload status and complications, screening 

for coeliac disease before going onforGrowthHormone testing . Management involves  

optimization of transfusion and chelation regimen, correction of underlying nutritional 

deficiencies, and endocrine abnormalities. Growth hormone replacement therapy can be 

initiated in patients with established GH deficiency along with replacement of sex steroids 

This finding is in consistent with the findings of Anusha R et al and also study done by 

Kruthika MV et al showed that all the thalassemics had growth retardation . 
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Hb was classified based on WHO grading of anemia into 3 categories as severe anemia ( <7.0 

mg/dl ) , moderate anemia ( 7.0 -9.9 mg/dl ) and mild anemia (10.0-10.9 mg/dl ) and Total 

lecucocyte count, platelet counts and reticulocyte counts were classified based on age specific 

values according to standard textbooks .  

20/23 - 86.9 % of the TDT children had Hb level<7.0 mg/dl out of which 16 were diagnosed 

to have thalassemia major and 4 with thalassemia intermedia  and only 1 thalassemia major 

child presented in CCF , followed by 13 % between 7.0-9.9 mg/dl out of them all were 

diagnosed to have thalassemia major . 

Majority of them- 14/23 were having leucocytosis , WBC count >14,000, out of which 13 

were diagnosed to have thalassemia major and 1 with thalassemia intermedia . 8/23 were 

having WBC count between 6000-14000 cells/cumm – out of which 6 were diagnosed to 

have thalassemia major and 2 with thalassemia intermedia and one patient of thalassemia 

intermedia presented with leucopenia.  

52.2 % had Platelet levels between 2-10 lakh/microlitre , followed by 47.8 % with 1.5-2 

lakh/microlitre and retic (reticulocyte) count were < 1% in only 1 patient of thalassemia 

intermedia , whereas all the others presented with reticulocyte count of >2 % , out of which 

19 were diagnosed to have thalassemia major and 3 with thalassemia intermedia 

Similar to the present study Anusha R et al, Mean Hb was found to 4.1 gm% and Mean 

Retic count of 7.2 .Shivashankara AR et al also found that in beta-thalassemia major cases 

the average Hb was 5.5g%, MCV was 62fl and the average MCH was 18pg. 

Chattopadhyaya et al, assessment of haematological profile in congenital haemolytic 

anaemias  showed significant number of patients in beta thalassemia major with <5 gm% of 

haemoglobin with mean of 5.4mg%  in beta thalassemia and HBE beta thalassemia , mean 

Hb of 9.0gm% in beta thalassemia trait and sickle beta thalassemia trait and mean of 6.6gm% 
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in sickle cell beta thalassemia . Mean TLC 4455.7 cells per mm3 in beta thalassemia patients 

, 6805.0 cells/cumm in beta thalassemia trait , 5016.4 cells/cumm in HBE beta thalassemia , 

67714 cells/cumm in sickle beta thalassemia  and showed a normal mean platelet count in the 

haemolytic anemia
46

 

During an approach to children with thalassemia, the basic haematological parameters like 

low Hb and High reticulocyte count indicates towards the diagnosis of haemolytic anaemia 

and by knowing the other cell lines it helps a Paediatrician to differentiate the other causes of 

anaemia , while Hb electrophoresis confirms the diagnosis .  

 

All Presented with a Peripheral smear finding of Severe Microcytic hypochromic anaemia . 

 

19 cases were found with Severe microcytic hypochromic blood picture with marked 

anisopoikilocytosis; 16 out of those 19 cases were Thalassemia major and rest 3 were 

Thalassemia intermedia followed by Severe microcytic hypochromic with moderate 

anisopoikilocytosis in about 4 of the patients , out of which 3 were having thalassemia major 

and 1 with thalassemia intermedia.  

Same as our study Shivashankara AR et al also observed severe microcytic hypochromic 

anaemia, anisocytosis, poikilocytosis and high percentage of target cells.
46 
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Fig 11 : Peripheral blood smear of beta thalassemia major patient showing severe microcytic 

hypochromic blood picture , nucleated RBC and poikilocytosis .  

. 

HbF ,HbA and HbA2 all showed a variable increase ranging from 43.57-95.20 , 2.70-52.58,  

1.80 -4.60 respectively , with mean of 87.37 , 10.15 and 2.80 respectively . In contrary to our 

study Balgair et al(2000) showed HbA -10-90 %, HbF 10-90% and HbA2 1.5-4 5 ; Antanio 

C et al (2007) showed HbF 95-98% and HbA2 2-5% ; Shivashankara et al ( 2008 ) showed 

Hbf 38-35% , HbA2 2-5% ; Krithika MV et al showed HbA 0-91.3 % , HbF 3.5-97.5% and 

HbA2 1.2-9.6% . In Anusha R et al ,MeanHbF was highest in thalassemia major with 

72.5%, followed by thalassemia intermedia (46) and sickle thalassemia (29.45). HbS was 

highest in sickle cell disease (88%), followed by sickle thalassemia (60.4%), sickle cell trait 

(24%). Shivashankara AR et al study showed that presence of HbA2 was 3% and HbF was 

55% in thalassemia major patients.
46 

This may be due to variation in Hb electrophoresis pattern and also presence of Homozygous 

and heterozygous varieties of beta thalassemia major . 

 

Follow up cases of Transfusion dependent haemolytic anaemia were assessed for their annual 

transfusion requirement and it was found that 16/22 ( 72.7 %) required blood transfusion less 

than 200ml/kg in a year out of which 12 were thalassemia major patients and 3 with 

thalassemia intermedia and 1 with glucose phosphate isomerase deficiency .  

6/22 (27.3%) required blood transfusion between 200-250ml/kg out of which 5 were with 

thalassemia major and 1 with sickle thalassemia 

Even Preethi BP et al and Chattopadhyaya K et al has found majority of the beta 

thalassemia major patients requiring more frequent transfusion compared to other types.
44,47 
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Annual Transfusion requirement in transfusion dependent anaemia should be < 200ml/kg/day 

without hypersplenism for ideal management by blood transfusion .if the requirement crosses 

250ml/kg of PRBC then splenectomy should be considered in order to reduce the iron 

overload . 

 

All our follow up cases , including 17 cases of beta thalassemia major , 3 cases of thalassemia 

intermedia and 1 case each of Glucose phosphate isomerase deficiency and Sickle 

thalassemia were on chelation therapy with Deferasirox and doses were adjusted with 3 

monthly monitoring of S.ferritin levels .  

Deferasirox is a tridentate oral iron chelatorlicensed for use in children above two years of 

age. The drug is administered once a day at a dose of 20-40 mg/kg/day, preferably before a 

meal. We need to disperse the drug in water or apple juice using a non-metallic stirrer. The 

adverse effects include nausea, vomiting, diarrhea, and skin rash.  

Deferasirox has known renal and hepatic toxicities, including elevation in creatinine and liver 

enzymes and proteinuria. Serum creatinine and SGPT are to be monitored regularly. Loss of 

zinc and calcium in the urine necessitates concomitant zinc and calcium supplements. 

Deferasirox reduces liver iron concentration across all LIC values . 

 

1 of our thalassemia major patient and one case of thalassemia intermedia underwent 

splenectomy ( Harsha and Jyothi ) at 5 years and 7 years respectively , with S.ferritin level 

>2000mg/dl at the time of splenectomy and Annual Transfusion rate >250ml/kg .  

Case of thalassemia major( Harsha ) was noted to have hypersplenism with spleen size of 

16cm at the time of splenectomy .and Case of thalassemia intermedia ( Jyoti ) underwent 

splenectomy while a spleen size of 15.6 cm .  
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With an annual transfusion requirement of >250ml/kg / year splenectomy is adviced to 

reduce the iron overload and its complications we must ensure compliance with lifelong 

Pencillin prophylaxis. Splenectomised patients CBC should be measured  6-12 monthly. And 

given low dose aspirin to the children in case of thrombocytosis > 800,000.,  Influenza 

vaccine annually and  Pneumococcal vaccine every 5 years 

 

Lab parameters were measured for monitoring of our follow up cases of beta thalassemia 

major who were regularly . 

The Mean Pre-transfusion Hb in our study was found to be 6.36 with SD of 0.816. The target 

is to maintain the pre-transfusion hemoglobin level between 9 and 10 g/dL.Attemptsto 

maintain pre-transfusion hemoglobin at above 10 g/dL increase transfusion requirements and 

the rate of iron loading.If cardiac insufficiency is present, higher pretransfusionhemoglobin 

levels (10 to 12 g/dL) should be maintained with smaller volume transfusions given every 

one to two weeks. 

 

Adequate chelation is important  to prevent development of other chronic complications. 

Chelation must be initiated once S. ferritin is above 1000.S.Ferritin should be monitored 3  

monthly along with SGOT, SGPT, urine for microalbuminuria to know the adequacy of 

chelation. Mean S.ferritin level in our study was found to be in 1793.11 ng/ml . 

Also, in Anusha R et al the mean serum ferritin was 1427 ng/ml. Mean serum bilirubin was 

measured and was found highest in thalassemia major (3.1) followed by sickle thalassemia, 

thalassemia intermedia, thalassemia minor. 
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All our follow up cases are on chelation therapy with Deferasirox .Deferasirox has known 

renal and hepatic toxicities, including elevation in creatinine and liver enzymes  and 

proteinuria. Serum creatinine and SGPT need to be monitored regularly, preferably once in 2 

to 3 months. In case of deranged values, the drug needs to be withheld and restarted when 

normalized and tolerated. SGOT ,SGPTandS.creatinine levels were measured 3 monthlyin 

our study based on the guidelines . There were no studies found recently for comparison of 

monitored labparameters . 

There were no derangements found in S.creatinine in any of the patients . There was little 

derangement in the LFT with SGOT was found to high in majority of the individuals with a 

mean of 94.05 Units/L. and mean SGPT 62.05 Units/L  above the normal range . 

 

Hypothyroidism results primarily due to iron deposition in the thyroid gland [primary  

hypothyroidism] or iron toxicity to Hypothalamic Pituitary Axis [secondary hypothyroidism].  

The degree of thyroid dysfunction is proportional to iron overload. So annual evaluation of 

FreeT4 and TSH starting at 10 years of age is recommended . 

T4 and TSH were measured for above 10 year old children to look for endocrine 

abnormalities in our study  did not show any significant changes. 

 

Out of 19 cases of thalassemia major in our study all were under chelation therapy except 2 

newly diagnosed  cases . Regular monitoring of S.ferritin,SGOT , SGPT , and creatinine and 

early initiation of chelation therapy will help to prevent iron overload complications by 

repeated blood transfusions . Monitoring of T4 and TSH will help to prevent and treat the 

endocrine complication like hypothyroidism in the cases of thalassemia major.  
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Based on the mutations found in the our study in HBB gene , most common found was  

IVS-1-5 G>C and was Homozygous transmission , second most common mutation was  HBB 

:c. 110 T>C ( poly A (T>C) and only one patient had HBB : c.47 G>A ( codon 15 (G-A) 

mutation.  

Similarly to study , Kruthika MV et al showed most common mutations found in 90% of 

their cases were IVS 1-5 ( G-C ), FS 41-42(-CTTT) , Codon 30 (G-C ) , Codon 15 ( G-A ) . 

Bashyam et al ( 2004 ) their study done in south Indian population especially in the state of 

Andhra Pradesh  revealed 9 mutations , among them 98% of the population had 4 common 

mutations IVS-1-5 ( G-C ) (IVS1+5 G>T) , Codon 41/42(-TTCT) (c.124_127delTTCT), 

Codon 15 (G-A) (C.47 G>A) , and HbS sickle mutation (c.20A>T).   

In study done by Gururaj D Kulkarni et al( 2012 ) , they sequenced the entire beta globin 

gene in 36 clincally identified cases of beta thalassemia major  from Karnataka , mainly 

Dharwad region ,  study revealed 11beta thalassemia variants . the most common being 

IVSII-16 G>C , IVSI-5 G>C , IVSII-74 T>G , Codon 3 (T>C) , and Poly A site (T>C) 

similar to our study
47

 .  
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CONCLUSION 

 

The World Health Organization (WHO) has suggested that about 5% of the world population 

are carriers for different inherited disorders of haemoglobin. The genetic pattern, clinical 

features, prevalence and the progression of disease depends on the demographic profile, 

socio-economic status and involvement of the systemic organs. Hence, we conducted a 

prospective observational study by recruiting all the children (<18 year old) attended to the 

department of paediatrics at SDM medical college diagnosed with haemolytic anaemia.  

The genetic constitution, clinical and demographic features had noted and analysed. 

 

Our aim was to highlight the clinical spectrum of haemolytic anaemia in north Karnataka , 

and very few studies are done . Suspected cases of haemolytic anaemia should be  screened at 

earliest to give a prompt treatment in order to acertain their personal and  social well being 

and also to reduce the overall burden of the family of the affected individuals physically , 

emotionally and economically .    

 

Our study highlights the need of monitoring of Beta thalassemia major individuals for various 

lab parameters according to already laid guidelines , by which we can reduce the 

complications of iron overload , endocrine complications , blood transfusions transmitted 

infections .  
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Our study also conducted , the genetic testing in consent given subjects were the most 

common genetic mutations in Beta thalassemia major individuals were found , which helps to 

screen for the individuals were the index case in the family has died because of some co- 

morbidity . 

It will help for prenatal screening of the mothers for future pregnancies or for screening if any 

first degree relatives are having haemolytic anaemia . 

 

Limitations : 

1. Due to covid-19 , the study population was restricted to 31 only ( small number ). 

2. Endocrine complications were not screened for all diseases like GH deficiency , 

hypopitutarism , Gonadal issues in our study. 

3. Genetic testing was done in any 10 subjects , owing to economic constraints and was 

not done on all the subjects .  
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SUMMARY 

 

Based on our observations we conclude that  

1. Beta thalassemia major is the most prevalent transfusion dependent anaemia in this 

geographical area followed by thalassemia intermedia and Glucose phosphate 

isomerise deficiency. 

2. Mean age at the diagnosis of Beta thalassemia major was found to be 1.3 years and 

beta thalassemia intermedia was 5.3 years and trait was 3.5 years and Glucose 

Phosphate isomerase deficiency was 3.95 years . Hereditary spherocytosis and HBE 

variant thalassemia presented in neonatal period . 

3. Male : female ratio was 1.1 : 1 in thalassemia major , 0.3:1 in thalassemia intermedia 

and 1:1 in GPI deficiency . No major sex differentiation was found in our study . 

4. Being Autosomal recessive disorders both thalassemia and Glucose phosphate 

isomerise deficiency had a strong family history of second degree consangnuieous 

marriage.  

5. Study of 23 follow up cases of Transfusion dependent thalassemia showed majority in 

our study period were more than 8 year old . 

6. Age at the time of diagnosis were 0-6 months in majority of the individuals in our 

study. 

7. Girl and boy children were almost equal in number with 12 girls and 11 boys .  

8. Majority belonged to rural areas , parents had history of second degree consangneoius 

marriage, belong to upper middle class . 3 siblings had similar illness in the family  
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9. Out of 20 hindus in the study , 11 belonged to lingayath community followed by 3 

each from kuruba community and muslims .  

10. Majority of the children presented with symptoms of irritability, easy fatiguability, 

pallor and signs like  pallor ,  hepatosplenomegaly . 1 child presented in CCF. 

11. On follow up with other persistant signs , 3 children had developed haemolytic facies 

and 1 child presented in CCF and hypoxic convulsions .  

12. Anthropometric analysis showed majority had stunted growth.  

13. 20 out of 23 children presented with Hb less <7.0mg/dl at the time of presentation and 

only 1 was in CCF. 14/23 had leucocytosis WBC count>14000 cells/cumm and 

Platelets were in normal range for all the children and 22/23 presented with a 

reticulocyte count of >2%. 

14. The classic picture of peripheral smear in thalassemia in children was severe 

microcytic hypochromic anemia and all the children had the same blood picture. 

15. Hb electrophoresis pattern of beta thalassemia major individuals  showed mean HbF 

of 87.37 , HbA -10.15 and mean HbA2 -2.80 .  

16. Majority of children had a annual transfusion requirement of < 200ml/kg and all our 

follow up cases were on chelation therapy with deferasirox. 

17. 2 patients had underwent splenectomy with annual transfusion requirement of 

>250ml/kg and one of them had hypersplenism .  

18. Beta thalassemia major patients were regularly monitored for transfusion and 

chelation complications , there mean Pre transfusion Hb was 6.36, S.ferritin – 

1793.11, SGot-94.58 , SGPT- 62.05 , S.Creatinine-0.34 , T4- 1.43 and TSH -3.99 .  

19. Based on the mutations found in the our study in HBB gene , most common found 

was IVS-1-5 G>C and was Homozygous transmission , second most common 
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mutation was  HBB :c. 110 T>C ( poly A (T>C) and only one patient had HBB : c.47 

G>A ( codon 15 (G-A) mutation.  
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CLINICAL PICTURES  

 

 

 

Fig 12 a : Picture showing haemolytic facies with frontal bossing, 

maxillary hypertrophy ,depression of nasal bridge , malocclusions of 

teeth .  
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Fig 12 b :Family picture of 2 siblings with thalassemia major while 

both the parents were thalassemia minor . Elder sibling was 7 year old 

and younger was 5 year old both of them had short stature . 

Mutational analysis of both of them showed IVS 1-5 G>C mutation.   
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Fig 12 c : Child with Sickle Beta thalassemia diagnosed at 9 months 

of age on regular blood transfusion monthly.  
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ANNEXURE 1   

PROFORMA 

 

Name:        Case Number: 

 

Age / Sex: 

 

Religion / Caste: 

 

DOB:        Place of birth: 

 

Place of origin of the family (if not native): 

 

Address and telephone No. 

 

Diagnosis:  

 

Age at diagnosis: 

 

Presenting complaints: 

Pallor: Yes / No 

Easy fatiguability: Yes / No 

Recurrent Resp. infection (cough/cold) : Yes / No 

Fever: Yes / No 

Distention of abdomen: Yes / No 

Breathlessness: Yes / No 

Jaundice: Yes / No 

GI symptoms ( vomiting/diarrhea) : Yes / No 
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Pain Abdomen:                                                                                                                  Yes / No 

Irritability: Yes / No 

If any other: Specify  

 

 

Past History: 

No. of Blood transfusions received. 

No. of previous hospital admissions 

 

 

FAMILY HISTORY: 

1. CONSANGUITY: 

2. TOTAL NUMBER OF ISSUES: 

3. BIRTH ORDER: 

4. FAMILY COMPLETED: YES / NO 

5. SIMILAR ILLNESS IN FAMILY: 

 

BIRTH HISTORY: 

 

ECONOMIC BURDEN: 

SOCIO-ECONOMIC STATUS:  

 a. JOINT / NUCLEAR 

 b. FATHERS OCCUPATION AND EDUCATION: 

 c. MOTHERS OCCUPATION AND EDUCATION: 

 d. EARNING MEMBERS: 

 e. PERCAPITA INCOME: 

 

EXPENSES:  
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IMMUNISATION STATUS: 

 

BCG / DPT 1 2 3 / O P V 1 2 3 / Measles / DPT 1
st
 B / OPV 4 / MMR / DPT 2

nd
 B 

 

OPV 5 / MMR 2 / DT/ Hep B 1 2 3 / HiB / Pneumococcal / Typhoid 

 

Investigations at diagnosis: 

Date Hb TLC DLC Retic Platelets PBS 

N L E B M 

 

 

 

          

 

 

ANTHROPOMETRY: 

Parameters Present Centile 

Weight   

Length / Height   

Head circumference   

Chest circumference   

Midarm circumference   

Height for Age   

Weight for Age   

 

NUTRITIONAL STATUS: 

MALNUTRITION NO. GR-I GR-II GR-III GR-IV 

EXPECTED 

WEIGHT 

80% 70-80% 60-70% 50-60% < 50% 

 

CLINICAL FEATURES: 
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SYMPTOMS: 

 

VITALS: 

 TEMP:  PR: 

 RR:  BP: 

HEAD TO TOE EXAMINATION: 

 

HEAD: 

AF: FULL / LEVEL / 

DEPRESSED 

HAIR: NORMAL / ABNORMAL 

FRONTAL BOSSING: PRESENT / ABSENT 

MALAR PROMINENCE PRESENT / ABSENT 

CROWDING OF TEETH PRESENT / ABSENT 

JAUNDICE PRESENT / ABSENT 

PALLOR: PRESENT / ABSENT 

 

 

ORAL CAVITY: 

ANGULAR STOMATITIS: PRESENT / ABSENT 

PIGMENTATION: PRESENT / ABSENT 

GLOSSITIS: PRESENT / ABSENT 

 

HANDS:  

KOILONYCHIA: PRESENT / ABSENT 

PLATYNYCHIA: PRESENT / ABSENT 

CLUBBING: PRESENT / ABSENT 

KNUCKLE 

PIGMENTATION: 

PRESENT / ABSENT 
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OEDEMA: PRESENT / ABSENT 

 

 

VITAMIN A DEFICIENCY: PRESENT / ABSENT 

LYMPH NODES: PRESENT / ABSENT 

SMR STAGING:  

SYSTEMIC EXAMINATION:  

 

Per Abdomen 

 

Liver: 

 

Spleen: 

 

Ascitis: 

 

Respiratory system: 

 

Cardiovascular system: 

 

Central nervous system: 

 

Endocrine  system :  

 

Transfusion record in cases of beta thalassemia: 

 

No. of Transfusions received before enrollment. 
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DATE NO. OF 

UNITS 

TYPE OF 

BLOOD 

PRE- 

TRANS.HB 

POST  

TRANS.HB 

SOURCE 

OF 

BLOOD 

TYPE OF 

DONOR 

       

       

       

       

       

 

SERUM FERRIIN LEVEL: 

 

 

BIOCHEMICAL / ENDOCRINAL: 

 

Date SGOT SGPT Urea Creatinine Thyroid 

Function 

tests 

      

      

 

 

 

Photos: 

 

Reports scanned: 
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ANNEXURE 2  

INFORMED CONSENT SHEET 

 

Principal investigator                                                                                  Guide                              

DR.SHREYAS H . V                                                                       DR VIJAY KULKARNI 

Post Graduate Student                                                                           Professor and HOD 

Dept of Paediatrics                                                                                   Dept of Paediatrics 

SDMCMS&H, Dharwad-09                                                                 SDMCMS&H, 

Dharwad-09       

“CLINICAL SPECTRUM OF HEMOLYTIC ANEMIA IN SDM MEDICAL 

COLLEGE AND HOSPITAL WITH SPECIAL EMPHASIS ON BETA 

THALASSEMIA MAJOR WITH CLINICAL FEATURES AND RELEVANT 

LAB STUDIES AND CARRIER TRACING OF DIAGNOSED CASES OF 

BETA THALASSEMIA MAJOR” 

1. The study undertaken is for academic purpose and the treatment of the patient. No 

additional work up will be done. The work up done will only be in view of treatment 

of the patient. 
2. This study has been explained to me and I understand what the study involves and 

therefore I agree to take part in the study. 

3. I understand that I can refuse to permit carrying on with the any of the procedure said 

above. 

4. The study involves clinical examination, and blood investigation. The above said 

examinations are for the study purpose and help my treatment. 

5. I have been explained about the use  of my hospital records for study and treatment  

purpose and I agree to disclose my hospital records for the same and have been 

promised not to disclose information to any third parties  

 

 

 

Signature of the Patient……………………………………………… 

 

Full name………………………………………………………….. 
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Date…………………….. 

 

Full address…………………………………………………………. 

I HAVE BEEN PRESENT WHILE THE PROCEDURE HAS BEEN EXPLAINED TO THE 

PATIENT AND I HAVE WITNESSED HIS/HER CONSENT FOR THE PROCEDURE 

 

 Signature of the witness……………………………………………. 

(The witness should not be a person connected with the study) 

 

Full name…………………………………………………………… 

Date………………….. 

 

Full address…………………………………………………………………………….. 
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                              .                            

                                                   .      
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ಈ                                                     
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