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TITLE 

STUDY OF ALLOIMMUNIZATION IN TRANSFUSION 

DEPENDENT THALASSEMIA PATIENTS AT A TERTIARY 

CARE HOSPTAL 

ABSTRACT 

Background: A well-known consequence of thalassemia patients who receive 

multiple blood transfusions throughout their lives is the development of alloimmunity, 

or allo-antibodies against donor red blood cells (RBCs). This leads to hemolysis of the 

donor's red blood cells, making the transfusion less effective and increasing the risk of 

secondary problems such as iron overload. This study was conducted to examine how 

common alloimmunization is in patients with thalassemia. 

Methods: The study enrolled 205 thalassemia patients with a history of multiple 

blood transfusions. Ortho workstation cassettes containing the polyclonal anti-human 

globulin (AHG) for Direct Coombs test (DCT) was used to detect presence of allo-

antibodies against RBC surface antigens. 

Results:  Among the 205 thalassemia patients enrolled in this study, the average age 

of the participants was 11+/- 6 years. Thalassemia major (76%) was the most frequent 

diagnosis followed by thalassemia intermedia (22%). Majority of the cases were 

diagnosed and started on regular blood transfusion therapy between the ages of 1 and 

10 years. Most of Thalassemia major patients (62%) and Thalassemia intermedia 

patients (67%) were born of parental consanguinity. The most frequent therapeutic 

regimen employed was that of hyper-transfusion to maintain the pre-transfusion 

hemoglobin between 9 and 10 g/dl. Only 13% of the patients underwent splenectomy 

among which Thalassemia major cases were the majority. Even though O-Positive 



vii 

 

was the most frequent blood type, most of the operated and alloimmunized cases 

belonged to the B-Positive blood type. Alloimmunization was seen only in 21 out of 

205 patients (10%), among which majority (76%) were born of parental 

consanguinity.  Majority of the operated cases of Thalassemia had developed 

alloimmunization post-splenectomy (52%). There was no association between the 

type of thalassemia, alloimmunization or splenectomy and the blood group in total 

study subjects. With a p value <0.0001, there was a strong association between 

alloimmunization and splenectomy among multi-transfused thalassemia cases. The 

total number of transfusions, the volume of blood transfused and the age at which the 

transfusion was started showed significant correlation with both alloimmunization and 

splenectomy. Parental consanguinity did not seem to have a significant effect on the 

alloimmunization, splenectomy and the type of thalassemia among these cases. 

Conclusions: Our results highlight the importance of erythrocyte screening and 

antigen typing before the initial transfusion. Thalassemia patients undergoing multiple 

transfusions often develop alloimmunization against varied erythrocyte antigens 

which have varying clinical importance. There is a strong relationship between 

alloimmunization and lack of a spleen. 

Key Words: Alloimmunization, thalassemia major, thalassemia intermedia, blood 

transfusion, splenectomy, hemoglobin, allo-antibodies. 

 

 

 



viii 

 

LIST OF ABBREVIATIONS USED 

 

TM   Thalassemia Major 

TI    Thalassemia Intermedia 

BTT   Beta Thalassemia Trait 

Hb   Hemoglobin 

RBC   Red Blood Cells 

AGT   Antiglobulin Test 

AHTR Alloimmune-Mediated Hemolytic Transfusion Reaction 

DAT   Direct Antiglobulin Test 

�   Alpha  

β   Beta 

DFO   Deferoxamine 

SNHL    Sensorineural Hearing Loss 

DVT   Deep Vein Thrombosis 

PTE   Pulmonary Thrombo-Embolism  

AHTR    Acute Hemolytic Transfusion Reaction 

FNHTR            Febrile Non-Hemolytic Transfusion Reaction 

TRALI             Transfusion Related Acute Lung Injury 

HIV                  Human Immunodeficiency Virus 

CMV                Cytomegalovirus 

HBsAg             Hepatitis B Surface Antigen 

TDT                 Transfusion Dependent Thalassemia 

NTDT              Non-Transfusion Dependent Thalassemia 

CBC                 Complete Blood Count 



ix 

 

Hct                   Hematocrit 

MCV                Mean Corpuscular Volume 

MCH                Mean Corpuscular Hemoglobin 

MCHC             Mean Corpuscular Hemoglobin Concentration 

RDW                RBC Distribution Width 

PBS                  Peripheral Blood Smear 

nRBC               Nucleated Rbcs 

BMA                Bone Marrow Aspirate 

TIBC                Total Iron Binding Capacity 

HBE                 Hemoglobin Electrophoresis 

CZE                 Capillary Zone Electrophoresis 

HPLC               High Performance Liquid Chromatography 

MLPA  Multiplex Ligation-Dependent Probe  Amplification 

BMT                 Bone Marrow Transplantation 

HSCT               Hematopoietic Stem Cell Transplant 

HLA                 Human Leukocyte Antigens 

PRBC               Packed Red Blood Cells 

NAT                Nucleic Acid Testing 

Hbd                 Desired Hemoglobin 

Hbc                 Current Hemoglobin 

Wt                   Weight 

IV                    Intravenous 

EPO                 Erythropoetin 



x 

 

HU                   Hydroxyurea 

CVS                 Chorionic Villous Sampling 

CTLA-4           Cytotoxic T-Lymphocyte-Associated Antigen-4 

PD-1                 Programmed Death-1 

AHG                Anti-Human Globulin 

PBM                 Partial Better Matching 

Ig                      Immunoglobin 

EDTA               Ethylene-Diamine Tetra Acetic Acid  

HDN                 Hemolytic Disease Of Newborn 

AIHA                Auto-Immune Hemolytic Anemia 

SPSS                 Statistical Package For Social Sciences 

ROC                  Receiver Operating Characteristic  

 

 

 

 

 

 

 

 



xi 

 

TABLE OF CONTENTS 

 

SL NO. TOPIC PAGE NO. 

01 INTRODUCTION 01-02 

02 OBJECTIVES 03 

03 REVIEW OF LITERATURE 04-60 

04 MATERIALS AND METHODS 61-63 

05 RESULTS 64-81 

06 DISCUSSION 82-96 

07 SUMMARY 97-98 

08 CONCLUSION 99 

09 LIMITATIONS 100 

10 BIBLIOGRAPHY 101-131 

11 ANNEXURES  

 ANNEXURE-I – CONSENT FORMS 132-141 

 ANNEXURE-II – PROFORMA 142-143 

 ANNEXURE-III – DIRECT COOMB’S TEST 144-145 

 ANNEXURE-IV – KEY TO MASTERCHART 145-147 

 ANNEXURE-V – MASTERCHART  122-123 



xii 

 

LIST OF FIGURES 
 

FIG. NO. TITLE 
PAGE 
NO. 

01 TETRAMERIC STRUCTURE OF HEMOGLOBIN 4 

02 HEMOGLOBIN CHAINS AND THEIR CHROMOSOMAL 

LOCATIONS 

5 

03 GOLF-BALL INCLUSIONS SEEN INSIDE RBCS 15 

04 PERIPHERAL BLOOD FILM SHOWING MICROCYTIC 

HYPOCHROMIC RBCS AND BASOPHILIC STIPPLING 

29 

05 PERIPHERAL BLOOD SMEAR OF BETA-THALASSEMIA 

MAJOR 

30 

06 BONE MARROW ASPIRATE SHOWING INCREASED 

NUMBERS OF ERYTHROID PRECURSORS 

31 

07 BONE MARROW TREPHINE SHOWING INCREASED 

NUMBERS OF ERYTHROID PRECURSORS 

32 

08 HPLC SAMPLE DEMONSTRATING INCREASED 

HEMOGLOBIN A2 IN A CASE OF BETA-THALASSEMIA 

TRAIT 

33 

09 HB ELECTROPHORESIS MACHINE 34 

10 COOMB’S TEST 35 

11 DCT RESULTS – REACTION GRADING CHART 58 

12 ANTI-HUMAN GLOBULIN (AHG) COOMBS TEST CARD 64 

13 DISTRIBUTION OF AGE (YEARS) OF STUDY SUBJECTS 66 

14 DISTRIBUTION OF BLOOD GROUPS AMONG STUDY 67 



xiii 

 

SUBJECTS 

15 DISTRIBUTION OF CASES BORN OF PARENTAL 
CONSANGUINITY  

68 

16 DISTRIBUTION OF TYPES OF THALASSEMIA AMONG 

STUDY SUBJECTS 

68 

17 PERCENTAGE OF THALASSEMIA CASES WHO HAVE 

UNDERGONE SPLENECTOMY 

71 

18 PERCENTAGE OF THALASSEMIA CASES WHO HAVE 

UNDERGONE SPLENECTOMY 

72 

19 DISTRIBUTION OF ALLOIMMUNIZATION STATUS OF 

STUDY SUBJECTS 

73 

20 DISTRIBUTION OF ALLOIMMUNIZATION STATUS AMONG 

SPLENECTOMISED PATIENTS 

73 

21 RECEIVER OPERATING CHARACTERISTIC (ROC) CURVE OF 

VOLUME OF BLOOD TRANSFUSED (ML) FOR PREDICTING 

SPLENECTOMY 

74 

22 RECEIVER OPERATING CHARACTERISTIC CURVE OF 

VOLUME OF BLOOD TRANSFUSED (ML) FOR PREDICTING 

POSITIVE ALLOIMMUNIZATION 

75 

23 DISTRIBUTION OF BLOOD GROUPS AMONG THALASSEMIA 

MAJOR CASES 

79 

24 DISTRIBUTION OF BLOOD GROUPS AMONG CASES OF 

THALASSEMIA INTERMEDIA 

79 

 

 

 

 



xiv 

 

LIST OF TABLES 

TABLE NO.  TITLE PAGE NO. 

01 HEMOGLOBIN & ITS VARIANTS ACCORDING TO THE 

DEVELOPMENTAL STAGE 

5 

02 HEMOGLOBINONPATHIES VS THALASSEMIAS 10 

03 GENETIC DEFECTS IN THALASSEMIA 12 

04 CHARACTERISTICS OF α-THALASSEMIA 17 

05 CHARACTERISTICS OF β-THALASSEMIA 20 

06 TRANSFUSION COMPLICATIONS 25 

07 COMPLICATIONS OF THALASSEMIA 26 

08 LABORATORY DIAGNOSIS OF THALASSEMIA 33 

09 CLASSIFICATION OF PATIENTS FOR STEM CELL 

THERAPY 

35 

10 REACTIONS GRADING CHART 43 

11 SOURCES OF ERRORS IN DCT 58 

12 REACTIONS GRADING CHART 59 

13 DISTRIBUTION OF AGE AT DIAGNOSIS AND AGE AT 

FIRST BLOOD TRANSFUSION (YEARS) AMONG THE 

STUDY SUBJECTS 

69 

14 DISTRIBUTION OF TRANSFUSION REGIMEN AMONG 

STUDY SUBJECTS 

70 

15 DESCRIPTIVE STATISTICS OF NUMBER OF 

TRANSFUSIONS OF STUDY SUBJECTS 

71 

16 TYPE OF THALASSEMIA AMONG THE OPERATED 

CASES 

72 



xv 

 

17 DISTRIBUTION OF BLOOD GROUPS AMONG THE 

ALLOIMMUNIZED CASES 

74 

18 ASSOCIATION OF BLOOD GROUP WITH TYPE OF 

THALASSEMIA IN TOTAL STUDY SUBJECTS 

7778 

19 ASSOCIATION OF ALLOIMMUNIZATION STATUS 

WITH BLOOD GROUP IN TOTAL STUDY SUBJECTS 

78 

20 ASSOCIATION OF ALLOIMMUNIZATION WITH 

SPLENECTOMY IN TOTAL STUDY SUBJECTS 

80 

21 ASSOCIATION OF ALLOIMMUNIZATION WITH TYPE 

OF THALASSEMIA 

81 

22 ASSOCIATION OF SPLENECTOMY WITH TYPE OF 

THALASSEMIA 

81 

23 ASSOCIATION OF BLOOD GROUP WITH OPERATED 

THALASSEMIA CASES 

82 

24 ASSOCIATION OF AGE AT DIAGNOSIS AND 1ST 

TRANSFUSION (YEARS) WITH ALLOIMMUNIZATION 

82 

25 ASSOCIATION OF NUMBER OF BLOOD 

TRANSFUSIONS WITH ALLOIMMUNIZATION 

83 

26 ASSOCIATION OF PARENTAL CONSANGUINITY 

WITH ALLOIMMUNIZATION AMONG THALASSEMIA 

83 

27 ASSOCIATION OF VOLUME OF BLOOD TRANSFUSED 

(ML) WITH ALLOIMMUNISATION 

84 

28 ASSOCIATION OF AGE AT DIAGNOSIS AND 1ST 

TRANSFUSION (YEARS) WITH SPLENECTOMY 

84 

29 ASSOCIATION OF NUMBER OF TRANSFUSIONS WITH 85 



xvi 

 

SPLENECTOMY 

30 ASSOCIATION OF PARENTAL CONSANGUINITY 

WITH SPLENECTOMY 

85 

31 ASSOCIATION OF VOLUME OF BLOOD TRANSFUSED 

(ML) WITH SPLENECTOMY 

87 

32 NUMBER OF STUDY SUBJECTS AND GENDER 

DISTRIBUTION IN VARIOUS STUDIES OUTSIDE INDIA 

87 

33 NUMBER OF STUDY SUBJECTS AND GENDER 

DISTRIBUTION IN VARIOUS STUDIES IN INDIA 

88 

34 MEAN AGE OF STUDY SUBJECTS IN VARIOUS 

STUDIES OUTSIDE OF INDIA 

89 

35 MEAN AGE OF STUDY SUBJECTS IN VARIOUS 

STUDIES IN INDIA 

89 

36 MOST FREQUENT BLOOD GROUP AMONG THE 

STUDY SUBJECTS IN VARIOUS STUDIES OUTSIDE 

INDIA 

90 

37 MOST FREQUENT BLOOD GROUP AMONG THE 

STUDY SUBJECTS IN VARIOUS STUDIES IN INDIA 

91 

38 MOST FREQUENT DIAGNOSIS AMONG VARIOUS 

STUDIES 

92 

39 FREQUENCY OF ALLOIMMUNIZATION AMONG 

THALASSEMIA CASES IN VARIOUS STUDIES 

OUTSIDE INDIA 

93 

40 FREQUENCY OF ALLOIMMUNIZATION AMONG 

THALASSEMIA CASES IN VARIOUS STUDIES IN 

INDIA 

94 



xvii 

 

41 MOST FREQUENT BLOOD GROUP IN CASES WITH 

POSITIVE ALLOIMMUNIZATION STATUS 

95 

42 AGE AT FIRST BLOOD TRANSFUSION (YEARS) 

AMONG THE STUDY SUBJECTS WITH 

ALLOIMMUNIZATION 

96 

43 ASSOCIATIONS BETWEEN SPLENECTOMY AND 

ALLOIMMUNIZATION (I & II) 

97 

44 ASSOCIATION BETWEEN GENDER AND 

ALLOIMMUNIZATION 

98 

45 ASSOCIATION BETWEEN NUMBER OF BLOOD 

TRANSFUSIONS AND ALLOIMMUNIZATION IN 

VARIOUS STUDIES OUTSIDE INDIA 

99 

46 ASSOCIATION BETWEEN NUMBER OF BLOOD 

TRANSFUSIONS AND ALLOIMMUNIZATION IN 

VARIOUS STUDIES IN INDIA 

100 

 

 

 



Introduction 

 Page 1 

 

INTRODUCTION 

Hemoglobinopathies are an inherited group of diseases that occurs due to 

faulty hemoglobin synthesis or defective hemoglobin structure1-15. They can be 

broadly classified as either qualitative or quantitative. The term "thalassemia" refers 

to a class of qualitative hereditary diseases characterized by aberrant hemoglobin 

structure brought on by the lack of or reduced synthesis of one or more globin chains. 

Thalassemia can be of two primary types: When one or more genes associated with 

the alpha globin protein are absent or altered, it results in alpha thalassemia (mutated). 

Similar gene abnormalities that influence the generation of the beta globin protein 

result in beta thalassemia10,15-22. The prevalence of alpha and beta thalassemia in the 

Indian subcontinent reflects the overall disease burden. The prevalence of β-

thalassemia in India is widespread, with a carrier frequency of 03-04% on average. 

Every year, approximately 10,000-15,000 infants are born with Thalassemia Major 

(TM). Patients with symptomatic thalassemia require numerous blood transfusions 

throughout the course of their lifetimes to maintain a reasonable standard of living. 

The need for multiple transfusions increases the risk of problems in thalassemia 

patients, including iron overload, alloimmunization, blood-borne infections,               

etc.1,19,23-31. 

The immune system of the recipient responds to foreign antigens (iso-

antigens) from the donor, which results in the process of alloimmunization 

(isoimmunization) after many blood transfusions. A thorough review of the literature 

revealed that anti-E was the most common antibody and that alloimmunization affects 

4.8 (3.9–5.7) of every 100 people who have had numerous blood transfusions. Most 

of the studies done were cross-sectional, which could have led to an underestimation 

of the true prevalence of alloimmunization32-39. Alloimmunization is a well-known 
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complication in thalassemia patients when performing multiple transfusions, because 

their immune system recognizes the donor red blood cells (RBC) surface antigens as 

foreign entity. Hence, the life span of red blood cells (RBC) is shortened, and the 

patients are clinically dependent on increased (repeated) RBC transfusions. Thus, 

alloantibodies and/or autoantibodies of RBC that lead to difficulty in cross-matching 

and delay in obtaining compatible blood for transfusion are a serious problem in 

patient blood management of thalassemia32,40-44. The antiglobulin test (AGT), also 

known as Coombs test, is an immunological laboratory procedure used to detect 

antibodies against the body's circulating RBCs, which cause hemolysis. An 

alloimmune-mediated hemolytic transfusion reaction (AHTR) is brought on by an 

alloantibody that was recently identified in a post-transfusion sample. It can take as 

little as two to three days for an alloantibody to form. Alloantibodies develop, 

possibly accompanied by hemolysis, and result in a positive Direct Antiglobulin Test 

(DAT) 1,45-49. 

Alloimmunization raises the technical challenges, morbidity, and mortality of 

transfusion therapy while complicating and limiting it. In patients who have received 

many transfusions, the incidence of alloimmunization has been significantly 

decreased using phenotypically matched leucodepleted blood49. Hence, this study is 

aimed at estimating the prevalence of alloimmunization in transfusion dependent 

thalassemia patients at a tertiary care hospital in North Karnataka. 
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AIMS AND OBJECTIVES 
 

 

• To study alloimmunization status in transfusion dependent thalassemia patients. 

 

 

• To find the association between frequency of blood transfusions in thalassemia 

patients and positive alloimmunization status. 

• To find an association of blood group distribution in thalassemia patients and their 

alloimmunization status, if any 
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REVIEW OF LITERATURE 

HEMOGLOBIN  

Hemoglobin is a unique transport protein present inside the red blood cells, 

which carries oxygen from lungs to the rest of the body for oxidative metabolism42,50-

60.  Four molecules of oxygen can be carried by one molecule of hemoglobin42,50-60. 

The tetrameric hemoglobin has a molecular weight of 66,700 Daltons and consists of: 

- four globin chains 

- four prosthetic heme group subunits, each of which has a tetrapyrrole ring with a 

ferrous ion in the middle42,50-60 (Figure 1). 

The composition of the globin chains varies with the developmental stage of the 

organism. Genes located on chromosomes 11 and 16 are responsible for production of 

these globin chains42,50-60 (Figure 2).  

The normal types of hemoglobin for each stage of life are given in table 156,59. 

Figure 1: Tetrameric structure of hemoglobin58 

 

Image taken from: Hemoglobin and Myoglobin. The Medical Biochemistry Page. 

Updated: September 27, 2022. Retrieved on 19-12-2022, from 

 https://themedicalbiochemistrypage.org/hemoglobin-and-myoglobin/ 



Review Of Literature 

 Page 5 

 

Table 1: Hemoglobin & Its Variants According to The Developmental Stage56 

 

DEVELOPMENTAL 

STAGE 
TYPE GENOTYPE REFERENCE INTERVAL 

 

Embryonic 

Gower 1 ζ2ε2 - 

Gower 2 α2ε2 - 

Portland ζ2ɣ2 - 

 

Fetal 

(Highest oxygen affinity) 

HbF α2ɣ2 
90-95% before birth 

50-85% at birth 

HbA α2β2 10-40% at birth 

HbA2 α2δ2 <1% at birth 

 

>1 year old 

HbF α2ɣ2 <2% 

HbA α2β2 >95% 

HbA2 α2δ2 <3.5% 

Adult 

(Lesser oxygen affinity 

than HbF) 

HbA α2β2 >95% 

HbA2 α2δ2 1.5-3.7% 

HbF α2ɣ2 <2% 

 

Table taken from: Anemia: - Part 5 A – Sickle Cell Anemia, and Sickle Cell Trait, 

Discussion and Workup. Retrieved on 19-12-2022. From: https://labpedia.net/anemia-

part-5-sickle-cell-anemia-and-sickle-cell-trait-discussion-and-workup/ 
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Figure 2: Hemoglobin Chains and Their Chromosomal Locations59 

 

Image taken from: Anemia: - Part 5 A – Sickle Cell Anemia, and Sickle Cell Trait, 

Discussion and Workup. Retrieved on 19-12-2022. From:  

https://labpedia.net/anemia-part-5-sickle-cell-anemia-and-sickle-cell-trait-discussion-

and-workup/ 
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HEMOGLOBINOPATHIES 

Hemoglobinopathies are inherited diseases occurring due to genetic alterations 

in the structure and function of the hemoglobin molecule1,15,24,48,57,61-64.  

Around 300,000–500,000 babies are born each year with major 

hemoglobinopathies, and it is believed that 7% of the world's population carries a 

defective hemoglobin gene1,15,24,48,57,61-64. 

The abnormality lying within the globin chains can either be qualitative 

(structural alteration) or quantitative (numerical alteration). The resulting hemoglobin 

variant may have altered solubility, function, and stability1,15,24,48,57,61-64. 

Sickle cell anaemia, the most common form of qualitative hemoglobinopathy, 

is caused by deletions or changes in the amino acids that make up the globin chain, 

and it affects 70% of births worldwide1,15,24,48,57,61-64. 

Thalassemia is a type of quantitative hemoglobinopathy caused by a globin 

chain mutation that results in a decrease in or absence of the chain. With more than 

400 identified mutations affecting the assembly of hemoglobin that result in 

ineffective erythropoiesis, this group of autosomal recessive illnesses is exceedingly 

diverse1,15,24,48,57,61-64. 
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THALASSEMIA 

HISTORY: 

Thomas Cooley of Detroit provided the first widely accepted description of 

this category of illnesses in 1925 after observing numerous paediatric examples of 

anemia linked to splenomegaly and skeletal deformities, also known as "Cooley's 

anemia" 23,35,54,63,65,66. George Hoyt Whipple, an American pathologist and physician, 

came up with the term "thalassemia". Since the ailment was initially identified in 

communities residing close to the Mediterranean Sea, its name is taken from the 

Greek term "Thalassa" which means "the sea” 3,10,15,66-68. In 1938, J. Caminopetros 

discovered that this illness is inherited in an autosomal recessive manner23,66. The 

Mediterranean area, Southeast Asia, together with the Indian subcontinent, and West 

Africa were observed to have the highest rates of this category of anemia24,35-36,49,65-75. 

Several famous individuals have made significant strides in understanding the 

pathogenesis, the variety of clinical manifestations, the identification of the numerous 

types, and interconnections of thalassemia syndromes. Many ideas for effective 

treatment modalities for this illness were created, and these included mandatory 

monitoring and regular blood transfusions with or without the need for splenectomy. 

Knowing that frequent transfusions are required in these situations, anonymous safe 

blood donation evolved into an inexpensive successful solution to lessen the suffering 

that thalassemia causes for both the patient and the treating physician63-75. 

In due course, the idea of "hyper-transfusion" was developed to cover up the 

bone marrow's inefficient erythropoiesis and raise hemoglobin levels to almost 

"supernormal" levels. Iron overload was a side effect of this regimen, and frequent 

ferritin levels were tracked down and used as a gauge of iron toxicity. Additionally, it 

was discovered that a hyper-transfusion regimen was not necessary for pre-transfusion 
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hemoglobin levels of 9 to 10 g/dl. As a result, various other regimens were used, 

which assisted in lowering the total amount and frequency of blood transfusions. 

Desferrioxamine, an iron-chelating siderophore that promotes urine elimination of the 

excess unbound iron, was discovered, which further reduced iron toxicity3,50,66,76-93. 

The wellness and comfort of these patients have improved over time owing to 

adherence to numerous developed protocols and enhanced thalassemia treatment 

regimens. Gene therapy research for thalassemia is now promoted and seems to be 

producing encouraging results, although it has not yet been implemented in clinical 

settings10,15,51,54,66,81,82,87,94-97. 

 

HEMOGLOBINOPATHIES VS THALASSEMIAS 

The usual amino acid sequence of globin is altered in hemoglobinopathies. 

The globin subunits that make up the hemoglobin tetramer are normally coordinated, 

however thalassemias are caused by an imbalance in this process. It is now known 

that globin gene mutations in the coding area can result in hemoglobinopathy, a 

structural deficiency, and a biosynthetic defect (thalassemia). It' possible for two 

different mutations to arise in the same gene, leading to a hemoglobinopathy with 

thalassemia-like characteristics3,10,48,51,63,81,82,88,98-104. 

The differences between hemoglobinopathies and thalassemia is given in Table 263.  
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Table 2: Hemoglobinopathies Vs Thalassemias63 

 HEMOGLOBINOPATHY THALASSEMIA 

Characteristics 

Qualitative defects in the structure of 

globin chains resulting in production of 

abnormal hemoglobin molecules 

Quantitative disorders of hemoglobin 

synthesis that produce reduced amounts 

of normal hemoglobin 

RBC Count Reduced Higher than expected for Hb 

RBC Indices Normocytic Normochromic Microcytic Hypochromic 

RBC Morphology 

Target cells 

Sickle cells (in HbS) 

HbC crystals (in HbC) 

Others 

Target cells 

Basophilic stippling, 

Abnormal Hb HbS, HbC, HbE etc. 
HbH (β4) 

Hb Bart’s (¥4) 

Hb Solubility Test HbS, Hb Bart’s, HbC - 

Reticulocyte Count Raised more than in thalassemia Raised 

Table taken from: Randolph T R. Thalassemia. In: Clinical laboratory Hematology 3rd 

edition. Shirlyn B. McKenzie, J. Lynne Williams. Pearson. 2016. p.283-308. 

 

TYPES OF THALASSEMIA AND THEIR GENETIC DEFECTS  

The existence of six globin genes (δ, β, ϒ, α, ε & ζ) results in six different 

versions of thalassemia syndromes3,55,60-63,96. 

The two major types of thalassemia are: 

- α-thalassemia 

- β-thalassemia  

These occur due to impaired synthesis of α globin chains & β globin chains 

respectively3,55,60-63,96.  

The majority of children with thalassemia major (approximately 1 to 1.5 lakh) 

and almost 42 million carriers (3-4%) of the β-thalassemia trait are found in India. 
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Every year, between 10,000 and 15,000 infants are born with thalassemia 

major61,105,106. Certain communities, including Sindhis, Punjabis, Gujaratis, Bengalis, 

Mahars, Kolis, Saraswats, Lohanas, and Gaurs, have been noted to have higher 

incidences of the disease26,30,61,107-110. 

According to their severity, thalassemias are clinically classified into32,63,82: 

1) Thalassemia Major (TM) 

2) Thalassemia Intermedia (TI) 

3) Thalassemia Minor or Trait32,63,82.  

Thalassemia Major (TM) and the severe form of Thalassemia Intermedia 

(TI) both require lifelong blood transfusions and iron chelation. They account for 

most of the disease burden. The aberrant beta thalassemia genes from either one or 

both carrier parents—or the abnormal beta thalassemia gene from one parent plus an 

abnormal variant hemoglobin gene (HbE, HbS) from the other parent—are what 

create the thalassemia syndromes. Beta thalassemia trait (BTT), or thalassemia minor, 

is the carrier state in which the person is clinically normal32,63,82.  

The rare occurrence of δ-thalassemia and the combinations of gene deletions 

(e.g.: δβϒ-thalassemia) renders them clinically insignificant. 

Thalassemic hemoglobinopathies are structural variants of thalassemia 

producing the signs and symptoms of thalassemia. These include:  

- Hemoglobin Constant Spring: Abnormal length of globin chain 

- Hemoglobin E: Point mutation 

- Hemoglobin Lepore: Structural abnormality with ineffective synthesis of non-α-

globin chains63. 
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In some places, the prevalence of HbS among tribal peoples in Southern, 

Central, and Western Indian states might approach 48%. HbE is widespread in the 

North-Eastern states and, in some places, has a carrier frequency as high as 50%. 

West Bengal, Bihar, and Uttar Pradesh in the east are where it is found at lower 

frequencies, while Punjab has roughly 2% of the population with HbD1,26,48,61,106,111. 

The summary of the types of thalassemia along with their common genetic defects 

have been given below in Table number 363. 

 

Table 3: GENETIC DEFECTS IN THALASSEMIA 

TYPE OF 

THALASSEMIA 
MUTATION  EFFECT ON GENE EFFECT ON GLOBIN CHAIN 

Predominantly alpha 

thalassemia 

Some beta thalassemia 

Deletion 

(large) 
Loss of gene Absence of production 

 

 

 

 

 

 

Predominantly beta 

thalassemia 

 

 

 

Promoter Impaired transcription Reduced or absent production 

 

 

Nonsense 

In frame substitution 

 

Frame shift 

Amino acid change 

 

Amino acid changes distal to shift 

 

Longer or shorter globin chains 

Stop codon 
Convert stop codon to 

amino acid codon 

Slightly lengthened 

- Retained 

- Degraded 

Splice site 

Create new splice sites 

Slightly shortened 

- Retained 

- Degraded 

Loss of splice sites 

Slightly lengthened globin chain 

(retained) 

Significantly lengthened globin chain 

(degraded) 

Unaltered globin chain 
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PATHOPHYSIOLOGY OF THALASSEMIA 

The standard α:β ratio is 1:1. (both produced in equal amounts). An imbalance 

in this ratio leads to anaemia, ongoing hemolysis, and ineffective 

erythropoiesis3,24,55,63. 

 

ALPHA-THALASSEMIA:  

Alpha globin (α-globin) is coded by two genes on chromosome 16. Each 

diploid cell has two copies of chromosome 16, which results in four α-globin alleles. 

Reduced synthesis of α-globin chains results from deletion mutation of one or more α-

globin alleles63,74,112-114. 

 

Alpha-thalassemia includes 4 subtypes: 

 

1) Silent carrier 

 

 

Deletion of 1 α-allele   

       (α - / α α  OR  α α / - α) 

              

 

 As long as the other three functioning alleles produce enough α-globin, the 

loss of one α-allele has little effect on the synthesis of β-globin. Typically 

asymptomatic, these patients have normal RBC indices. These diseases are discovered 

by molecular testing and family history inquiries63,112,113. 

 

 

 

 

 

 

 

α1 α2 

α4 α3 
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2) α-thalassemia trait 

 

 

                     Deletion of 2 α-alleles  

        (- - / α α)                

     

 

 

      

                          Deletion of 2 α-alleles  

         (- α / - α) 

                                     

 

 

 Deletion of two α-alleles leads to decreased synthesis of α-globin with normal 

β-globin synthesis63,112,113.  

There are two scenarios that have been observed: -  

- Decreased HbA resulting in mild anaemia with the existence of microcytic 

hypochromic RBCs 

- No significant surplus β-globin, resulting in a normal Hemoglobin Electrophoresis 

result and a normal protein chromatography63,112,113. 

These cases are discovered by molecular testing63,112,113. 

 On supravital staining, HbH inclusions can be seen with much difficulty inside 

RBCs63,112,113. 

 

 

 

 

 

α2 α1 

α3 α4 

α1 α2 

 
α3 

 

α4 
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3) HbH disease 

 

 Deletion of 3 α-alleles  

               

         (- - / - α) 

 
 

With normal β -globin production, the loss of three α -alleles causes a reduction in -

globin synthesis63,112,113. 

The two scenarios seen are: 

- A decrease in HbA that results in a moderate anaemia and the presence of microcytic 

hypochromic RBCs 

- An excessive number of β-globins that bind to produce unstable HbH (β4). Protein 

chromatography and Hemoglobin Electrophoresis both reveal HbH63,112,113. 

Supravital staining of RBCs in these cases exhibit inclusions of HbH (golf ball 

inclusions) 115. 

[Figure 3] 

 

Figure 3: Golf ball inclusions inside RBCs115 

  

 

α2 α1 

    α3 α4 
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Stain – Supravital Methylene Blue staining. (100X magnification) 

Image taken from: Gibbons R. Alpha thalassaemia-mental retardation, X linked. 

Orphanet. J. Rare. Dis. 2006; 1(1)15. 

 

4) Hydrops fetalis / α-thalassemia Major 

 

 

                 

Deletion of all 4 α-alleles  

        (- - / - -) 

                                      

  

The absence of all four α-alleles results in normal production of ϒ-globin, which 

binds to itself to form Hb Barts (ϒ4) with a very high affinity for oxygen. This causes 

tissue hypoxia and significant organ failure in the foetus by preventing the release of 

oxygen to the tissues. As a result, the foetus dies in-utero and this kind of α-

thalassemia is incompatible with life63,112,113. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

α1 α2 

        α4 α3 
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Summary of α-thalassemia and its characteristics is given in table 463. 

Table 4: Characteristics Of Αlpha-Thalassemia63 

ZYGOSITY GENOTYPE PHENOTYPE 
HEMOGLOBIN 

ELECTROPHORESIS 
SEVERITY 

Homozygous alpha 

thalassemia-1 

(--/--) 

α0/ α0 

Hydrops fetalis Hb Barts 

(80-90%) 

Hb Portland (10-20%) 

Fatal 

Heterozygous alpha 

thalassemia-1 

Or 

alpha thalassemia-2 

(--/- α) 

α0/ α+ 

 

Hemoglobin H 

disease 

Birth – Hb Barts 

Adult – HbH 

Chronic, 

moderately severe 

hemolytic anemia 

Heterozygous alpha 

thalassemia-1 

(--/ α α) 

α0 /α 

 

      Alpha    

     thalassemia  

     minor 

 

 

Birth – Hb Barts 

Adult – Normal 

 

Mild to moderate 

Homozygous alpha 

thalassemia-2 

(- α-/ α) 

α +/α+ 
Mild 

Heterozygous alpha 

thalassemia-2 

(- α/ α α) 

α +/α 

Silent carrier 
Normal Normal 

 

Table taken from: Randolph T R. Thalassemia. In: Clinical laboratory Hematology 3rd 

edition. Shirlyn B. McKenzie, J. Lynne Williams. Pearson. 2016. p.283-308. 

BETA-THALASSEMIA    

Most cases of this kind of thalassemia are non-deletional and are caused by distinct 

molecular abnormalities60,63,70,96,112. 

Each of the two beta-globin (β-globin) genes is found on chromosome 1163,116. 

There are two classification systems used: 

- Genotypic system: Six types 

Based on zygosity and the degree of alteration in the β-genes. 

- Phenotypic system: Four categories  

Based on the severity of clinical presentation63,112. 
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Nomenclature63,112: 

β+- gene mutation - Partial block in β-chain synthesis (reduced β-globin synthesis) 

β0- gene mutation - Complete absence of β-chain synthesis  

βSC - Silent carrier 

Only 20 of the more than 200 mutations that have been found are responsible for the 

bulk of β -thalassemia cases63,112. 

 

1) β-THALASSEMIA MAJOR 

 

Genotype:  β0 β0    Homozygous 

        β+ β+ 

        β0 β+    Double heterozygous 

 

Pathophysiology: 

Lack of β-chain synthesis results in -  

• Reduced HbA which compromises RBCs ability to carry oxygen 

• Compensatory rise in the production of other hemoglobins with a higher affinity 

for oxygen, such as HbF and HbA2, which results in a reduction in the amount of 

oxygen delivered to peripheral tissues and tissue hypoxia. 

• Chronic hemolysis brought on by the formation of reactive oxygen species and 

the precipitation of too many free α-chains. The precipitated α-chains in the bone 

marrow cause a number of apoptotic pathways to be activated, which leads to 

inefficient erythropoiesis. 

• Erythroid hyperplasia in relation to the severity of anaemia. As a result, the 

following changes may occur: 

o Expansion of bone marrow 

o Thinning of calcified bone 

o Increased absorption of iron that results in iron toxicity 
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o Extramedullary hematopoiesis in the liver and spleen causes 

hepatosplenomegaly63,112 

 

2) β -THALASSEMIA MINOR 

 

Genotype:  β0 β    Heterozygous 

       β+ β 

Pathophysiology: 

 The normal β-gene controls the synthesis of adequate HbA to provide just 

enough oxygen supply to maintain RBC survival. In heterozygous β+ state, the 

thalassaemic gene also generates β-chains63,112.  

 

3) β -THALASSEMIA INTERMEDIA 

 

Genotype: β0 β+  
 Double Heterozygous  Severely reduced β-chain 

      β0 β    Heterozygous  Mild symptoms    

     β+ β+  
 Homozygous 

Criteria: These patients have the ability to maintain a hemoglobin level that is 

just right for a high quality of life without frequently needing blood 

transfusions63,112.  

 

4) β-THALASSEMIA MINIMA 

 

Genotype: βSC/ β 

 

 These individuals have only mild laboratory abnormalities and no symptoms 

with mild imbalance in the synthesis ratio of α-chains to non-α-chains63,112.  

 
 

Summary of β-thalassemia and its characteristics is given in table 563 
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Table 5: Characteristics Of β -Thalassemia63 

 

ZYGOSITY GENOTYPE PHENOTYPE Hb A Hb A2 Hb F SEVERITY 

Homozygous β0 β0 Major None 
Slight 

Increase 

Moderate 

Increase 
Severe 

 

Double 

Heterozygous 

β0 β+ Major 
Moderate 

Decrease 

Slight 

Increase 

Moderate 

Increase 
Severe 

β0 β+ Intermedia 
Slight 

Decrease 

Slight 

Increase 

Moderate 

Increase 
Moderate 

 

Homozygous 

β+ β+ Major 
Moderate 

Decrease 

Slight 

Increase 

Moderate 

Increase 
Severe 

β+ β+ Intermedia 
Slight 

Decrease 

Slight 

Decrease 

Moderate 

Increase 
Moderate 

 

Heterozygous 

β0 β Intermedia 
Slight 

Decrease 

Slight 

Increase 

Slight 

Increase 
Moderate 

β0 β Minor 
Slight 

Decrease 

Slight 

Increase 

Slight 

Increase 
Mild 

Heterozygous β+ β Minor 
Slight 

Decrease 

Slight 

Increase 

Slight 

Increase 
Mild 

Homozygous βSC βSC 
Mild 

intermedia 

Slight 

Decrease 

Slight 

Increase 

Slight 

Increase 
Mild 

Heterozygous βSCβ Minima Normal Normal Normal Normal 

 

Table taken from: Randolph T R. Thalassemia. In: Clinical laboratory Hematology 3rd 

edition. Shirlyn B. McKenzie, J. Lynne Williams. Pearson. 2016. p.283-308. 
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COMPLICATIONS OF THALASSEMIA 
 

 The following categories might be used to group the effects of thalassemia 

complications:  
  
- Consequences of compensatory mechanisms for anaemia in thalassemia 

- As a result of iron overload 

- As a result of treatment of iron overload (adverse effects of iron-chelating agents) 

- Because of coagulation defects 

- As a result of numerous blood transfusions63,112,117-135 

 

1) Consequences of compensatory mechanisms for the anemia of thalassemia63,112-135 

 Severe tissue hypoxia in thalassemia 

 Increased erythropoietin production 

 Expansion of the dyserythropoietic marrow 

 

Calories required for 

normal growth and 

development are diverted 

towards the development 

of the RBC precursors 

(ineffective) 

 

 

Poor development 

Muscle wasting 

Growth retardation 

Severe skeletal deformities: 

o Deformities of skull and 

face 

o Porosity in long bones  

- Pathological fractures 

- Ineffective drainage 

Recurrent sinusitis 

Middle ear infections  

 

Extramedullary hematopoietic 

tumors in extreme cases 

Increased erythroid 

precursors  

 

- Secondary 

hyperuricemia 

(Gout) 

- Severe folate 

deficiency 
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2) As a result of iron overload63,112-135 
 

By following mechanisms: 

 

(i) Excess free globin chain degradation 

   

Increased production of free iron  

 

            Generation of free radicals 

           

- Damage to lipids, proteins 

- Transmembrane protein Band-3 assembles inside RBCs and precursor cells 

        

        Damage to immune response to new antigens  

 

              Destruction of RBCs and their precursors by macrophages 

 

          Ineffective erythropoiesis                           Chronic Hemolytic anemia 

 

       Hyperbilirubinemia 

 

             Gall stones 

(ii)  Bone marrow hypertrophy 

 

Increased RBC precursors 

 

Decreased production of hepcidin by liver 

 

Increased iron absorption from the intestine (to supply iron for 

erythropoiesis) 

 

Accumulation of iron  

  Liver – Kupffer cells and parenchyma - Hepatomegaly 

  Spleen – Macrophages - Splenomegaly 
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  Skin - Pigmentation 

  Pituitary – Hypogonadism, Growth retardation, Adrenal 

insufficiency 

  Parathyroid – Hypoparathyroidism 

  Thyroid – Hypothyroidism (2nd most common endocrinopathy in 

thalassemia major) 

  Myocardium – Affects conduction system, Intractable cardiac failure 

  Eyes – Retinal pigmentation, Retinal toxicity, cataract 

  Pancreas – Diabetes Mellitus 

  Excess iron  Stimulates production of hepcidin  

            Blocks intestinal absorption of iron 

(iii)   Multiple regular blood transfusions in thalassemia major 

 

Excess iron from the transfused RBCs 

 

 Iron overload 

 

 Serum ferritin levels can be regularly measured to keep an eye on iron 

overload and aids in evaluating a patient's prognosis: the lower the ferritin, the lower 

the risk of heart failure and hypogonadism, and the better the likelihood of survival. 

T2-MRI is a reliable non-invasive approach for determining the quantitative iron 

overload in the heart and liver. A reliable but invasive liver biopsy is only carried out 

prior to a bone marrow transplant. 
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3) As a result of treatment of iron-overload (adverse effects of iron-chelating agents)  

Chelating agents used to treat iron overload are: 

o Deferoxamine (DFO) - 25-50 mg/kg/day subcutaneous over 8 to 12 hours 

o Deferiprone - 50-100 mg/kg/day in two or three divided oral doses 

o Deferasirox - 20-40 mg / kg / day given orally, dispersed in water or 

juice63,112-135 

 By lowering heart failure rates in thalassemia cases, the use of DFO among 

them has significantly improved survival. DFO may induce growth retardation, 

rickets-like bone abnormalities, anaphylaxis, high frequency sensorineural hearing 

loss (SNHL), reversible retinal and optic nerve damage, and a life-threatening 

Yersinia infection at doses greater than 40 mg/kg (Yersinia enterocolitica uses DFO 

as a siderophore) 63,112-135.  

 Deferiprone can result in neutropenia, agranulocytosis, a rise in liver enzymes, 

and arthritis in patients with significant iron overload. Deferasirox frequently causes 

allergic reactions, rashes, gastrointestinal intolerance, an increase in blood 

transaminases, and a rise in creatinine. Deferoxamine and deferiprone should be used 

in combination for patients who do not respond to monotherapy at its highest 

dosage63,112-135.  

4) Because of coagulation defects 

 Some thalassemia patients have a hypercoagulable state, particularly those who 

have had splenectomy surgery or have high platelet counts. A thrombo-embolic event 

is more likely to occur in these people. This is attributed to the procoagulant impact of 

red blood cells with thalassemia (increased surface phospholipids), which accelerate 

thrombin production. Deep vein thrombosis (DVT), portal vein thrombosis, 
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pulmonary thrombo-embolism (PTE), silent strokes due to reduced blood supply to 

the brain causing infarctions may occur. 

5) As a result of numerous blood transfusions 

 Blood transfusion complications can be categorised as acute (beginning within 

24 hours after stopping the transfusion) and delayed (onset more than 24 hours after 

stopping the transfusion). Additionally, they might be categorised as immunologic 

and non-immunologic63,112-136. 

The complications are listed in Table 663,112-136 

Table 6: Transfusion Complications112-136 

ACUTE DELAYED 

IMMUNOLOGIC 
NON-

IMMUNOLOGIC 
IMMUNOLOGIC 

NON-

IMMUNOLOGIC 

- Acute Hemolytic 

Transfusion 

Reaction (AHTR) 

- Allergic reaction 

- Febrile Non-

hemolytic 

Transfusion 

Reaction (FNHTR) 

- Transfusion 

Related Acute 

Lung Injury 

(TRALI) 

Volume overload 

 

Citrate toxicity 

 

Hypothermia 

 

Hypocalcaemia 

- Delayed 

Hemolytic 

Transfusion 

Reaction 

- Post-transfusion 

purpura 

Infectious diseases 

transmission 

- Malaria 

- Human 

Immunodeficiency 

Virus (HIV) 

- Hepatitis C Virus 

(HCV) 

- Cytomegalovirus 

(CMV) 

- Hepatitis B virus 

antigen (HBsAg) 

 

  The summary of complications both common and specific to transfusion 

dependent thalassemia (TDT) and non-transfusion dependent thalassemia (NTDT) has 

been listed in table number 763,137-138. 
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 Table 7: Complications of Thalassemia137-138. 

TDT NTDT COMMON TO BOTH 

 

Pituitary dysfunction 

Hypoparathyroidism 

Diabetes mellitus 

Ineffective erythropoiesis 
Hypogonadism 

Hypothyroidism 

Thrombosis – DVT, Leg ulcers, 

PTE, Pulmonary hypertension, 

silent strokes 

Skeletal abnormalities, 

fractures 

Acute hemolytic episodes Hepatosplenomegaly 

 

Cardiac siderosis 

(arrhythmias, heart 

failure) 

Right heart failure Growth retardation 

Gall stones Iron overload 

Infections Liver fibrosis, cirrhosis 

Hepatocellular carcinoma Folic acid deficiency 

 

DIAGNOSIS OF THALASSEMIA  

- History: Individual history, Family history, Ethnicity63,82,112 

- Physical Examination63,82,112:  

 Signs      Causes 

 Pallor     Anemia  

 Jaundice      Hemolysis  

 Splenomegaly    Sequestration of abnormal  

         RBCs 

       Extramedullary  

                                                                           hematopoiesis, 

       Excessive extravascular  

         Hemolysis 
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Chipmunk facies    Enlargement of the maxillcaused 

by bone marrow   expansion 

- Laboratory investigations63,82,112 

The approach to diagnosis of thalassemia syndromes has been given in the flow chart 

below112. 

 

Flow chart taken from: Weatherall D J. The Thalassemias: Disorders of Globin 

Synthesis. In: Williams Hematology. 9th edition. Kenneth Kaushansky, Josef T. 

Prchal, Oliver W. Press, Marshall A. Lichtman, Marcel Levi, Linda J. Burns, Michael 

A. Caligiuri. Mc Graw Hill Education. 2016. p. 725-58. 
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Laboratory features in thalassemias63,112,139 

1) Complete Blood Count (CBC) 
 

Decreased or 

Normal 
RBC Count 

 

 

Decreased 

Hemoglobin (Hb) 

Hematocrit (Hct) 

RBC Indices  

- Mean corpuscular volume (MCV) 

- Mean corpuscular hemoglobin (MCH) 

- Mean corpuscular hemoglobin concentration (MCHC) 

Increased 

 

Reticulocyte Count 

RBC Distribution Width (RDW) 

Neutrophilia and thrombocytosis may occur. 

 

2) Peripheral Blood Smear (PBS) 140,141 [Figure 4 & 5] 

Microcytic Hypochromic RBCs 

Anisopoikilocytosis – Presence of target cells, nucleated RBCs (nRBCs) and 

polychromatophils 

Basophilic stippling 

nRBCs may be dysplastic or show abnormal hemoglobinization.  
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Figure 4: Peripheral blood film showing microcytic hypochromic RBCs and 

basophilic stippling140. 

[Stain: Leishman’s stain, 400x magnification] (subset showing basophilic stippling) 

 

         

 

Image taken from: Barth D, Hirschmann J V. Anemia. In: Wintrobe’s Atlas of 

Clinical Hematology. First edition. Douglas C. Tkachuk, Jan V. Hirschmann, editors. 

Lippincott Williams & Wilkins. 2007. p.18 
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Figure 5: Peripheral blood smear of beta-thalassemia major141 

Shows many nucleated RBCs, microcytic hypochromic RBCs with multiple 

morphologic changes: target cells, teardrop cells, fragments, basophilic stippling, and 

pappenheimer bodies. 

[Stain: Leishman’s stain, 400x magnification] 

 

Image taken from: Barth D, Hirschmann J V. Anemia. In: Wintrobe’s Atlas of 

Clinical Hematology. First edition. Douglas C. Tkachuk, Jan V. Hirschmann, editors. 

Lippincott Williams & Wilkins. 2007. p.15. 

 

3) Bone Marrow (BM) [Figure 6 & 7] 140 

      Erythroid hyperplasia 

      Raised Prussian Blue staining in marrow (raised iron stores) 
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Figure 6: Bone marrow aspirate (BMA) - Increased numbers of erythroid 

precursors140 

[Stain: Leishman’s stain, 100x magnification] (subset showing erythroid island) 

 

 

Image taken from: Barth D, Hirschmann J V. Anemia. In: Wintrobe’s Atlas of 

Clinical Hematology. First edition. Douglas C. Tkachuk, Jan V. Hirschmann, editors. 

Lippincott Williams & Wilkins. 2007. p.18 
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Figure 7: Bone marrow trephine showing increased numbers of erythroid 

precursors140 

[Stain: H&E, 100x magnification] 

 

 

Image taken from: Barth D, Hirschmann J V. Anemia. In: Wintrobe’s Atlas of 

Clinical Hematology. First edition. Douglas C. Tkachuk, Jan V. Hirschmann, editors. 

Lippincott Williams & Wilkins. 2007. p.18 
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4) Biochemistry 

 

 

Investigations for quantification, typing & structural analysis of hemoglobin:  

1) Hemoglobin Electrophoresis (HBE) 

2) Capillary Zone Electrophoresis (CZE) 

3) High Performance Liquid Chromatography (HPLC) 52,63,112,114 

Hb electrophoresis is less precise at quantifying hemoglobin A2 (HbA2) than HPLC, 

which is an automated method of identifying and separating variant hemoglobins. 

HPLC can extract HbA2 from some hemoglobins, which hemoglobin electrophoresis 

cannot do112,142 [Figure 8]. 

Figure 8: High-Performance Liquid Chromatography (HPLC) Sample Demonstrating 

Increased Hemoglobin A2 (Arrow) In A Case of Beta-Thalassemia Trait112 

 

Image taken from: Weatherall D J. The Thalassemias: Disorders of Globin Synthesis. 

In: Williams Hematology. 9th edition. Kenneth Kaushansky, Josef T. Prchal, Oliver 

W. Press, Marshall A. Lichtman, Marcel Levi, Linda J. Burns, Michael A. Caligiuri. 

Mc Graw Hill Education. 2016. p. 725-58. 

Raised 

Bilirubin 

Serum Iron 

Serum Ferritin 

Decreased 
Total Iron Binding Capacity (TIBC) 

Haptoglobin 
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Figure 9: Hb Electrophoresis Machine 

 

 

Summary of laboratory diagnosis of thalassemia is given in Table 8143. 
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Table 8: Laboratory Diagnosis of Thalassemia143 

SCREENING TESTS 

1. CBC 

LOW HIGH 

HB 

HEMATOCRIT 

RBC INDICES 

RETIC (slight or moderate) 

2. PBS 

Microcytic hypochromic cells 

Varying degrees of anisopoikilocytosis 

RBC inclusions 

Abnormal RBC morphologies 

Presence of nucleated RBCs 

3. 

IRON STUDIES 

(To rule out iron 

deficiency) 

S. FERRITIN S. IRON 

Normal to moderately raised 

 

PRESUMPTIVE DIAGNOSIS 

1. SUPRAVITAL STAINING Alpha-thalassemia: Hb H inclusions 

2. 

HEMOGLOBIN 

FRACTION 

QUANTIFICATION (HbE, 

CZE, HPLC) 

Quantify and classify types of thalassemia based on types 

of hemoglobin – HbA, HbA2, HbF, Hb Barts or other 

mutants 

 

DEFINITIVE DIAGNOSIS 

MOLECULAR GENETIC TESTS 

Indications: 

- Prenatal diagnosis 

- Preconception risk assessment 

- Carrier detection in couples 

- Diagnosis of rare or complex mutations. 

1. Beta-thalassemia: 280 mutations in HBB 
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Initial DNA sequence analysis 

OR 

PCR-based screen for four to six most common mutations 

(If specific ethnic group known) 

 

If Negative 

 

Deletion/duplication analysis 

MLPA (multiplex ligation-dependent probe amplification) 

Gene-targeted microarray analysis 

 

2. 

Alpha-thalassemia: 110 mutations in HBA1 and/or HBA2 

Initial targeted deletional analysis for five most common deletions 

 

If Negative 

 

DNA sequence analysis 

 

If Negative 

 

Deletion/duplication analysis 

MLPA (multiplex ligation-dependent probe amplification) 

Gene-targeted microarray analysis 

 

Table taken from: Management of Thalassemia Major. Guidelines For Management 

of Thalassemia and Sickle Cell Disease. In: NHM Guidelines for Prevention of 

Hemoglobinopathies in India. 2016. p.73-82. 
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THERAPY 

In cases of thalassemia major, the sole curative option is bone marrow 

transplantation (BMT), specifically “hematopoietic stem cell transplant” (HSCT). 

However, due to the expense, the scarcity of BMT centres, and the lack of a good 

HLA (human leukocyte antigens) matched donor, this can only benefit a small 

number of patients61-63,112. 

 In order to remove the significant iron overload caused by the numerous blood 

transfusions, the mainstay of treatment is a schedule of routine blood transfusions 

followed by carefully controlled iron chelation therapy. As a result, it is a transfusion-

dependent illness that has a significant negative impact on healthcare61. 

Treatment modalities in thalassemia include the following63,77,112,144: 

- Regular blood transfusions 

- Iron chelation therapy to prevent iron overload 

- Splenectomy  

- Prevention and treatment of infections 

- Marrow transplantation in special cases (stem cell transplantation) 

- General care 

 

(I) Role of regular blood transfusions in thalassemia – 

 

 Patients with β-thalassemia who maintain hemoglobin levels between 9.5 and 

14.0 g/dL experience normal growth and development. As long as it does not impede 

the child's normal developmental progress, pre-transfusion hemoglobin levels can be 

kept lower than 9.5 g/dl. To prevent wasteful transfusions in situations of intermedia, 

which are frequently mistaken as major, a thorough transfusion regimen must only be 

started with severely low hemoglobin readings. The number of transfusions required 
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varies from every 2-4 weeks based on the child's age, weight, and other 

variables8,63,77,79,102,112,144-146.  

 Prior to storage, all Packed Red Blood Cells (PRBC) are 

leucodepleted63,83,112,147,148. In cases when it is impractical, bedside filtration may be 

utilised. Red blood cells that have been packed and are ideally no older than two 

weeks should be used in transfusions144,150. Blood must be required to be screened for 

syphilis, malaria, HIV, hepatitis B, and hepatitis C. Despite being optional, nucleic 

acid testing (NAT) is advised to reduce the risk of infections being transmitted 

through blood transfusions, particularly in pregnant women and patients who are 

anticipated to get a progenitor cell transplant. Typically, leucodepleted blood products 

are CMV-free63,95,112,144-150. 

 Irradiated blood products should only be used in transfusions for 

immunocompromised patients or those who may have a progenitor cell transplant 

planned in the near future. Unless the recipient has experienced an urticarial reaction 

or any transfusion reaction that could be prevented by washed units, saline-washed 

red cells are not necessary63,87,112,144,149-153. 

 Packed Red Blood Cell (PRBC) requirements are determined by the 

formula63,112,144,154-157: 

                        PRBC in millilitres (ml) = (Hbd - Hbc) X (3 / HCT) X (Wt) 

        

 where, 

 Hbd - Desired hemoglobin 

 Hbc - Current hemoglobin 

 3 - Transfusion factor  

 HCT - Hematocrit of transfused red cells  

 Wt - weight of the patient in kilograms 
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Usual dose – 15 ml/kg body weight 

Rate of transfusion – 5 ml/kg/hr.  

Transporting blood units in controlled, insulated crates that keep their 

temperature between 20C and 80C is preferred. Hb increases by 1 g/dl when 3.5 ml/kg 

of PRBCs with a 60% Hct are transfused. A small volume of packed red blood cells is 

transfused at a rate of 2 ml/kg per hour with close monitoring in cases of congestive 

heart failure or a hemoglobin level below 5 g/dl. If the transfused volume is larger 

than 20 ml/kg, diuretics should be taken into consideration63,112,144. 

Hemovigilance is a term used to describe a set of surveillance procedures that 

cover the entire transfusion chain, from the collection of blood and its components to 

the monitoring of its recipients. These procedures are designed to gather data on any 

unexpected or unfavourable effects that may arise from the therapeutic use of labile 

blood products and to help prevent their occurrence and recurrence. The main 

objective of this is to increase the safety of blood transfusions63,83,112,144,153,158,159. 

 

(II)  Role of iron chelation therapy –  

One ml of PRBC contains 1.16 mg of iron, i.e., one unit of PRBC contains 200 

to 250 mg of iron63,93,112,160-166.  

Iron overload, which ultimately results in cardiac siderosis, is the most 

prevalent cause of mortality in thalassemia patients who require transfusions. This can 

be avoided by beginning iron chelation therapy early63,81,112,164,165. 

To determine iron overload, ferritin is employed as an indication. Chelation 

therapy should be started when the serum ferritin level is greater than 1000 

microgram per decilitre (mcg/dL), which typically occurs after the 12th transfusion. 
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Maintaining a S. Ferritin level of fewer than 1500 mcg/L is the 

target8,63,76,79,112,144,146,160-166. 

 Deferoxamine (Desferrioxamine), given subcutaneously for 8 to 12 hours 

along the anterior abdominal wall by an infusion pump, was the first iron-chelator 

with a long-term benefit that had been established. In addition to 100-200 mg of 

vitamin C (depending on age) administered orally at the beginning of chelation, it is 

started at a dose of 20 mg/kg for 5 days3,10,15,48,63,76,81,112,144,158-166. 

 In situations where there are endocrine or cardiac issues from iron excess, 

continuous intravenous infusion utilising an intravenous (IV) delivery system is 

beneficial. The infusion can be made without this medication's negative side effects 

by including 5 to 10 mg of hydrocortisone. Although local erythema and nodule 

formation are the most often reported adverse effects of deferoxamine, concerns about 

neurosensory and ocular toxicity are not insignificant, justifying the necessity for 

biannual audiometric and ophthalmologic examinations63,83,112,144,160-166. 

It has been established that Deferoxamine is more successful in chelating iron 

than oral chelating medications like Deferiprone (Ferriprox, L1) and Deferasirox. Due 

to its capacity to cross membranes, deferiprone (75 mg/kg TID) is used with 

deferoxamine to remove cardiac iron most effectively. Deferiprone's harmful side 

effect of agranulocytosis has made it necessary to estimate white cell counts on a 

weekly basis. Deferasirox's applications, potency, and adverse effects are still being 

investigated10,63,66,83,112,144,160-166. 

In transfusion-dependent thalassemia, evaluation of cardiac functions and 

mapping of both hepatic and myocardial iron are of highest importance112,144,160-166. 
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(III)  Role of splenectomy in thalassemia – 

The following situations call for splenectomy in thalassemia patients: 

o Hypersplenism – Hypersplenism is the removal of blood cells too quickly and 

prematurely by an overactive spleen. Thrombocytopenia and neutropenia can 

complicate these cases by causing bleeding and recurrent bacterial infections 

respectively. The incidence of hypersplenism can be decreased by maintaining 

high hemoglobin levels63,83,112,144,165-168. 

o Splenomegaly with abdominal pain or massive splenomegaly with impending 

rupture63,83,112,144. 

o Patients who receive effective chelation therapy but still have elevated iron 

storage. The amount of post-transfusional iron loading is decreased by 

splenectomy63,83,112,144. 

o An increase in the amount of blood needed each year as a result of the 

development of alloantibodies, recurring infections, and variations in the 

hematocrit values of transfused blood units63,83,112,144,165-169. 

Surgeries done include: 

- Partial splenectomy to preserve some splenic immune function 

- Total splenectomy 

- Splenic embolization - Less invasive approach to reduce the size of 

spleen63,83,112,144,165-169.  

 Splenectomy is not indicated in children less than 5-years of age due to an 

increased risk of sepsis below this age. Pneumococcal, meningococcal, and influenza 

(type B) vaccinations are given two weeks before the surgery, and post-operative 

prophylactic penicillin is also given (per oral) 83,144,165-169. 
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(IV)  Prevention and treatment of infections in thalassemia – 

Annual testing is required for viral illnesses frequently spread through 

transfusions. These include HIV, CMV, Hepatitis C, and Hepatitis B. Appendicitis 

must be distinguished from Yersinia enterocolitica infection. Gram negative bacteria 

like E. coli, Klebsiella, and Pseudomonas aeruginosa can cause life-threatening 

infections in asplenic patients. Streptococcus pneumoniae (the most frequent), 

Hemophilus influenzae, and Neisseria meningitidis infections can cause post-

splenectomy septicaemia. There are also a few reported cases of post-splenectomy 

fulminant hemolytic febrile syndrome caused by Babesia (protozoan)63,95,112,144-150,165-

169. 

 Patients must have a thorough understanding of the disease, its complications, 

and the benefits and drawbacks of all current treatment options. 

 

(V) Role of stem cell transplantation – 

 

When a person has homozygous beta-thalassemia major or severe HbE-

thalassemia, bone marrow transplantation is advised63,83,112,144.  

 

The hazards of a patient receiving bone marrow or stem cells from a healthy 

HLA-identical sister as a donor are determined by three factors63,83,99,112,144: 

- Hepatomegaly 

- Irregular iron chelation  

- Portal fibrosis 
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On this basis, the patients can be classified into three classes144,170 (Table 9) - 

Table 9: Classification of Patients for Stem Cell Therapy144,170 

 

CLASS 
SURVIVAL 

RATE 

DISEASE FREE 

SURVIVAL RATE 

MORTALITY 

RATE 

REJECTION 

RATE 

I 

LOW RISK 

Adequate iron chelation 

with absence of other 

factors 

 

94% 

 

87% 

 

6% 

 

7% 

II 

INTERMEDIATE 

Two out of three positive 

factors 

 

84% 

 

81% 

 

15% 

 

4% 

III 

HIGH 

All three factors present 

 

80% 

 

56% 

 

18% 

 

33% 

 

 The overall survival rate and the disease-free survival rate in all patients 

receiving stem cell transplants have increased significantly with the use of 

immunosuppressive medications and alkylating agents. For "conditioning," 

medications such as busulfan, cyclophosphamide, methotrexate, and cyclosporin are 

administered prophylactically. However, it is advised that only those individuals who 

have sustained the least amount of organ damage undergo bone marrow 

transplantation63,112,144,171-176. 

After-effects of Bone Marrow Transplantation: 

- Reduction of severe iron overload - Stem cell transplantation, routine blood 

draws (phlebotomy), and iron chelation for the first two years following the 

transplant can all help to lessen the iron laden state.  
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- Inability to reach puberty was discovered in several studies, particularly in class 

III instances144,170-179. 

Tried and failed donors for Bone marrow transplant: 

- Mismatched family member (sibling, parents, relatives) 

- Parental purified haploidentical CD34+ transplantation 

 Nonmyeloablative transplantation had greater rejection rates but low 

mortality. Thalassemia relapse can be avoided by additional infusions of lymphocytes 

from the same donor80,94,144,170-183. 

 Studies on transplantation using "Matched Unrelated Donors" have 

demonstrated a good prognosis and outcome for patients with thalassemia. In 

comparison to BM transplantation, other research on cord blood transplantation have 

produced satisfactory but slower haematological recovery outcomes. Instead of 

waiting until the siblings are older and able to give their agreement for the surgery, 

the cord blood collected from siblings of the patients enables the retrieval of an 

adequate amount of stem cells at the moment of the sibling's birth. Thus, aside from 

class III patients who continue to reject the stem cells, stem cell transplantation is 

currently the only treatment that can "cure" thalassemia. To solve this problem, 

modified conditioning programmes are available63,112,144,170-183. 

General care for thalassemia – 

Patients with thalassemia need high-level care for the rest of their lives. This includes: 

- 

- Early infection detection and treatment 

- Folate supplementation 

- Care for chronic infections brought on by cranial abnormalities, routine dental 

exams, and follow-up visits with suggested blood transfusion schedules 
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- Pre-transfusion, transfusion, and post-transfusion care 

- Regular testing and monitoring of serum ferritin levels 

- Early initiation of iron chelation therapy with ongoing evaluation of the drug's serum 

levels and side effects 

- Symptomatic care for consequences such heart failure, endocrine issues, and 

metabolic bone diseases 

- Annual serological tests for viral infections that are spread through the blood 

transfusion63,83,112,144,180-185. 

EXPERIMENTAL APPROACHES 

(1) Reactivation/Augmentation of fetal hemoglobin (HbF) production 

(2) Somatic gene therapy112,144,180-188 

 Numerous studies have been carried out in light of the finding that, whether 

taken alone or in combination, butyrate analogues and erythropoietin (EPO) may 

cause an increase in foetal hemoglobin synthesis. When sodium phenylbutyrate and 

hydroxyurea were administered in combination or hydroxyurea was used alone, HbF 

production increased in various cases of hemoglobin lepore (Hb Lepore) 

[homozygous or compound heterozygous] and mutations with deletion of β-globin 

gene cluster3,8,51,88,93,94,104,189-192. 

 In NTDT, hydroxyurea (HU) raises HbF and improves laboratory measures. 

Antimetabolites, however, are only occasionally used in TDT. Thalidomide (an 

immunomodulator) in conjunction with HU and Luspatercept (an erythroid 

maturation agent) have been proven to significantly reduce the need for blood 

transfusions and associated consequences along with reduction in serum ferritin 

levels.  Both medications have been tested and approved for use in β-TDT with 

instructions for careful monitoring of any negative side effects. Patients on these 
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drugs achieve transfusion independency and seem to maintain their response for long 

periods of time93,112,144,172-197. 

 In addition to medications, genes are being targeted to alter HbF production. 

Somatic gene therapy corrects β-globin gene transcripts by using trans-splicing 

ribozymes to restore normal splicing and retroviruses as vectors to deliver genes into 

hematopoietic stem cells172-197. 

In addition, special types of thalassemia require specific treatment protocols. For 

example, 

- Treatment of HbH disease – Splenectomy in severe cases with extreme anemia 

and splenomegaly. 

- Patients with sickle cell thalassemia receive the same care as those with sickle cell 

anaemia. 

- Thalassemia intermedia - It is crucial to closely follow these patients, especially if 

it appears that their hemoglobin level is stable. However, a regular transfusion 

schedule must be followed in cases with growth retardation and when anaemia 

symptoms interfere with everyday activities. In extreme circumstances or if 

hypersplenism manifests, a splenectomy is required. Due to the increased risk of 

iron loading in intermedia patients from gastrointestinal iron absorption (3 to 5 mg 

per day), it is crucial to monitor blood iron and ferritin levels often, as well as to 

receive a proper and sufficient chelation therapy. Iron supplements are not 

recommended in these cases since they could increase iron absorption by up to 10 

mg per day3,8,63,83,93,112,144,170-197. 
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PROGNOSIS 

 The survival rate and prognosis of patients with thalassemia have significantly 

improved over time with sufficient blood transfusion, chelation therapy, general care, 

and monitoring of ferritin levels. Thalassemia is still a global health issue and a 

financial burden, despite the fact that there are strong facilities for its care and 

treatment. Some cases have been demonstrated to have a poor prognosis and early 

mortality. Poor prognostic factors include lack of follow-up, non-compliance with 

chelation therapy and transfusion regimens, low socioeconomic status, and lack 

of awareness of the condition63,112. 

PREVENTION 

Screening can be divided into two groups on the basis of expected outcomes- 

• Screening for early detection of Thalassemia (TM and severe TI) and Sickle Cell 

Disease to achieve reduction in mortality and morbidity with improvement in quality 

of life of the affected. 

• Screening for detection of carriers of -Thalassemia Trait and Sickle Cell Trait to 

reduce birth of children affected with Thalassemia or Sickle Cell Disease. Two ways 

are known to help prevent thalassemia: 

- Genetic counselling - Marriage counselling and population screening for disease 

carriers 

- Prenatal diagnosis –  

The pre-requisites of prenatal sampling include: 

• Thalassemia carrier status of the couple under investigation. 

• The mother's blood type to prevent Rh incompatibility if it exists. 

• Pre-test counselling and the couple's fully informed signed consent55,63-

65,83,93,112,144,145. 
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For prenatal diagnosis, there are three foetal sample techniques available: 

1. Chorionic Villous Sampling (CVS) - Conducted between 10 and 12 weeks (first 

trimester of pregnancy). 

2. Amniocentesis - Executed after 16 weeks of gestation in late-arriving patients 

or when the foetal position makes it impossible to collect the chorionic villi for 

sampling. 

3. Fetal blood sampling: Blood is taken from the hepatic vein, the heart, or by 

cordocentesis at 18 to 20 weeks of gestation. Either DNA analysis or HPLC are 

used to process the sample55,65,93,112,144,198,199. 

Mothers are screened during the first prenatal visit, the father is screened if the 

mothers are carriers, and various options are suggested, including pregnancy 

termination, if both parents are carriers, which increases the risk that the unborn child 

will have severe transfusion-dependent thalassemia112,144,198,199.  

Quick DNA sequencing technology allows for the direct detection of 

mutations in the DNA of the foetus and members of its family, providing a rapid 

diagnosis with the lowest error rate ever recorded. Fetal DNA is also being extracted 

from maternal blood and plasma in an effort to diagnose thalassemias before 

implantation198-203. 

Prenatal diagnosis has several limitations because no test is perfect (2% 

reported mistakes). Pregnancy termination in cases when a child is affected is 

stressful for the mother and may be unethical for many individuals. Post-test 

counselling is crucial for assisting the couple in navigating the emotional strain 

caused by their bond to their unborn child198-203. 
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ALLOIMMUNIZATION 

Alloimmunization is the immune response to non-self-antigens following 

exposure to genetically distinct cells or tissues16,36,72,100. RBCs have a variety of 

antigens on their surface, and each person has a different distribution of these 

antigens. Before every blood transfusion, only the ABO and Rh D antigens are 

typically evaluated. Any RBC surface antigen from a donor can cause an 

immunological reaction in the receiver. This difference may lead to alloimmunization, 

especially in those who have received numerous frequent blood transfusions. These 

allo-antibodies do not, however, develop against all or any of the RBC antigens in 

every person. Individual differences also exist in how these antibodies affect a 

person's body and how long it takes for an immune response to manifest35,36,72,204-208. 

Patients with thalassemia who require many blood transfusions over the course 

of their lifespan frequently develop alloimmunization. Immunosuppressive drug 

therapy must be started in these patients because of the complications these newly 

produced antibodies can cause. These antibodies can either be of the non-hemolytic 

type (more prevalent) or the hemolytic kind200-213. 

A complex outstretched phenotype analysis of a patient's RBC surface antigens 

can help identify the antigen against which the likelihood of developing an antibody 

would be greatest; for example, a higher alloimmunization rate can be predicted if 

blood is matched only for a small subset of antigens, and a lower rate can be 

anticipated if a large antigen panel is tested for match. The variability between donor 

and recipient RBC antigens should be as low as possible35,36,72,200-213. 

According to one theory, alloimmunization is a reliable indicator of whether 

HLA alloimmunization may result in harmful clinical effects209-213. 
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The following factors are known to contribute to the development of allo-antibodies 

in thalassemia: 

• Disparity between the blood group systems: The development of allo-antibodies 

may be explained by the existence of 35 blood group systems and more than 330 

distinct RBC surface antigens, each of which has a unique distribution pattern in 

every individual38,206. In a study of 319 thalassemia patients receiving routine blood 

transfusions, Hari Krishan Dhawan et al. (2014) discovered that alloimmunization 

prevalence was 5.64%. Their study mandated the requirement for RBC antigen 

typing prior to the first transfusion and the provision of antigen-matched blood to 

the recipients214. 

• Immune status of the patient: Patients with infections or other immunomodulating 

diseases may experience more problems because of alloimmunization (increased 

allo-sensitisation). Additionally, the level of allo-immunization differs from person 

to person. Despite numerous transfusions from different donors, some persons still 

fail to build allo-antibodies; nevertheless, when transfused, some people swiftly 

develop immunity to their least common antigen215-218. Rubiraida Molina-Aguilar 

et al. (2020) revealed how alloimmunization may be associated with immune 

system imbalances. Randomized antibody screening performed in 1,434 multi-

transfused patients using agglutination technique showed a low CD4/CD8 ratio in 

alloimmunized patients along with increased B lymphocyte count, and lack of 

regulatory cells in these patients216. A study by Mohammad Taher Hojari et al. 

(2014) concluded that alloimmunization shortens the lifespan of circulating 

erythrocytes and that identifying RBC phenotypes may help reduce 

alloimmunization rates. They suggested that DNA technology can help read a 

patient's blood group profile and solve agglutination problems even though the use 
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of molecular methods with leukocytes may be unreliable due to contamination of 

the donor WBC with those of the patients218. 

• Ethnicity: Different ethnic groups have varying degrees of inflammatory 

immunological responses, which contribute to the development of allo-

antibodies219-221. African Americans, who are already known to have a greater 

incidence of several inflammatory disorders, are particularly observed to have 

higher rates of this. Increased levels of inflammatory cytokines and other 

stimulatory molecules (such CD80 & CD86) are present in this ethnic group due to 

a combination of environmental, social, cultural, and economic variables219-221. The 

presence of immunomodulatory genes that favour the synthesis of molecules like 

cytotoxic T-lymphocyte-associated antigen-4 (CTLA-4) and programmed death-1 

(PD1) that support a greater immune response may also play a role21,72,83,215-221. 

• Type of thalassemia: More in thalassemia major requiring multiple units and higher 

frequency of blood transfusion than any other type. Arwa Z. Al-Riyami et al. 

(2019) studied patients with non-transfusion dependent thalassemia intermedia 

cases who were more likely to develop alloimmunization. A total of 17 articles 

were reviewed by them. Alloimmunization rates were found to range from 2.87% 

to 30% in TDT patients and 6.8% to 19.5% in NTDT patients. The most common 

antibodies were seen to be against RBC surface antigens K and E. Age at the start 

of transfusion therapy, gender, history of splenectomy, the number and type of 

transfused blood units were all seen to be contributory factors222.  

• Race of both the donor and the recipient: A higher rate and level of 

alloimmunization have been observed in thalassemic recipients who are of a 

different race from the donor in a small number of studies. For instance, Asians 

receiving white blood have a larger risk of developing allo-antibodies than Asians 
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receiving blood from their own ethnicity (homogenicity of red cell antigens) 

21,33,36,100,149,223. 

• Gender: Previous literature has shown the rate of alloimmunization to be higher in 

females than in males214,224,225. 

• Type of blood component transfused: Due to changes in immunogenicity, using 

leucodepleted blood for transfusions has been demonstrated to lower the rate of 

alloimmunization226. Anuja P. Premawardana et al. (2019) examined different 

forms of thalassemia and assessed the criteria of treatment and the success of 

ongoing prevention efforts in 1774 patients at 23 different sites. They concluded 

that providing designated staff and adequate resources would improve the quality 

of care and help manage patients in multiple small units227. 

• Age of start of transfusion therapy: According to studies, the rate of 

alloimmunization is lower if the transfusion therapy is initiated earlier. Infants in 

particular, who are younger age groups, do not develop allo-antibodies to antigens 

found on blood cells34. The rate of alloimmunization can be delayed or decreased 

by this type of acquired immunological tolerance to the RBC allo-antigens228. Arwa 

Z. Al-Riyami et al. (2018) conducted a retrospective review and found the 

association between alloimmunization and patient's age and the dose of transfusion 

units229. 

• Total number and extent of transfusions: The likelihood of developing allo-

antibodies against donor RBC antigens increases with blood transfusion volume 

and frequency. A study done by Nrages Obaidi et al. (2011) found no association 

between the number of transfused units and alloantibody production in patients 

with thalassemia, but that it nevertheless plays an important role in alloantibody 
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production in patients who have received multiple blood transfusions over a long 

period of time230. 

• Splenectomy status: Patients who have had splenectomy have a higher rate of 

alloimmunization than patients who have not. This can be related to the RBC 

membrane's altered shape, which intensifies and amplifies the immunomodulation 

and raises the risk of allosensitization in splenectomized individuals49,231,232.  

• Absolute number of antigens per RBC and immunogenicity of the antigen: The 

dose of the antigen in the blood group varies in millions per one RBC. Only a few 

of them are known to cause the production of antibodies (immunogenicity) 65. 

Sumita Mahapatra et al (2019) investigated the incidence, type, and frequency of 

RBC alloantibodies in 816 patients with thalassemia and sickle cell anemia. They 

found that multiple transfused individuals need to be phenotyped before transfusion 

in thalassemia patients233. Aveen M. Raouf Abdulqader et al. (2020) examined the 

prevalence of alloimmunization in 204 multiple-transfused mainline thalassemia 

patients in Iraq. They used the gel map method to correlate the erythrocyte 

phenotype of ABO/RhD antigens and performed irregular antibody screen to 

identify these antibodies. Their study signifies the importance of matching 

erythrocytes to the Rhesus and Kell lineages to prevent the development of 

alloantibodies234. 

• Co-existence of autoantibodies in the recipient: Pregnancy or a prior blood 

transfusion with an unmatched blood type may be to blame. This can delay the 

acquisition of compatible blood, the initiation of transfusion therapy, and reduce 

red cell survival following the transfusion. It can also exacerbate and speed up the 

effects of allo-antibodies and interfere with the results of pre-transfusion 

compatibility testing214. Anjali Handa et al. (2020) performed periodic screening 
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for red blood cell antibodies at specific time intervals post-transfusion in 100 

multiple transfused individuals and concluded its necessity to prevent 

alloimmunization in these patients235. 

 

TESTING PRESENCE OF ALLO-ANTIBODIES: 

 An immunological laboratory test known as the Coombs test or Antiglobulin 

test is used to do this. Either a direct or indirect technique can be used to identify the 

presence of antibodies to RBC surface antigens236. 

 

Principle of coomb’s test (Figure 10) –  

- Direct coomb’s test: This test is used to find antibodies that are firmly bound 

to antigens on the surface of red blood cells. To separate the recipient's RBCs, the 

blood sample that was obtained is washed with saline. Additionally, this aids in 

removing additional unbound antibodies from the patient's blood that can skew test 

results. The bound antibodies are then identified by adding Coomb's Anti-human 

Globulin (AHG) monospecific reagent to identify and characterise the antibody type, 

or Coomb's Anti-human Globulin (AHG) polyspecific reagent to identify both IgG 

and/or Complement C3236-240. 

- Indirect coomb’s test: By removing the native RBCs from the blood sample, it 

is possible to identify the unbound antibodies that are associated to the RBC surface 

in the patient's serum. Next, recognised antigenic foreign RBCs are incubated with the 

isolated serum sample. The incidence of agglutination after adding the Coomb's 

antiglobulin (AHG) reagent denotes a positive result236-240. 
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Figure 10: Coomb’s Test237 

 

Image taken from: Direct and indirect antiglobulin (Coombs) testing [Online] 

Retrieved on 20-12-2022. From: 

 https://www.uptodate.com/contents/image?imageKey=HEME%2F100639 

 The patient's welfare should always come first when trying to prevent 

alloimmunization. But making sure that the donor and recipient are a perfect match 

takes time and money. Cost-benefit analysis recommends providing "Partial Better 

Matching" (PBM), where the antigens frequently causing alloimmunization are 

carefully examined. This is because the majority of alloimmunizations are non-

hemolytic in nature. The antigens Rh, Cc, Ee, K, Fy, and Jk are among 

them147,220,225,241,242. 
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The danger of alloimmunization should be decreased theoretically by using 

leucodepleted blood in addition to PBM. To detect delayed alloimmunization 

reactions, recipients must be closely monitored. Patients getting multiple and frequent 

transfusions should be rigorously monitored and educated about their condition241,242. 

 

DIRECT COOMB’S TEST [DIRECT ANTI-GLOBULIN TEST (DAT )] 

USE:  

To demonstrate the coating/sensitisation of RBCs in-vivo with immune antibodies 

[immunoglobulin G (IgG)] of the complement236-248. 

 

PRINCIPLE:  

  Anti-human globulin (AHG) reagent, which binds to the Ig G antibodies 

present on the RBC surface, is added to a sample of antibody-coated RBCs to 

determine the presence of agglutination236-240,243-248. 

AHG reagents are used to directly screen washed RBCs from a patient or a donor to 

look for cell sensitization brought on by blood transfusions or even hemolysis brought 

on by incompatibility and mismatched organ transplants236-240,243-248. 

It can be done simultaneously, although it is typically done initially with only 

polyspecific reagents and then repeated with monospecific reagents in case of a 

positive polyspecific DAT236-240,243-248.  

 

SAMPLE:  

4 to 7 ml of patient’s blood in Ethylenediamine tetraacetic acid [EDTA tube (lavender 

top)] is preferred. EDTA is used to chelate serum calcium to prevent in-vitro fixation 

of complement factor C3 that would otherwise lead to a falsely negative result244. 
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REAGENTS, EQUIPMENTS AND SUPPLIES: 

- 12 x 75 mm tubes 

- Polyspecific AHG 

- Monospecific AHG 

- Dispo pipettes 

- Anti-IgG  

- Anti-C3 

- Inedible marking pens 

- Isotonic saline 

- Coomb’s control cells 

- Serofuge 

- Lighted agglutination viewer244 

 

PROCEDURE236-240,243-247: 

 

Wash the patient’s RBCs 3-6 times with normal saline 

 

Decant the supernatant saline from the last wash 

 

Make 5% suspension of washed red cells 

 

Add one drop of 5% washed cells to a labelled tube 

 

Add one drop of AHG reagent 

 

Mix well and centrifuge at 1000 RPM x 1 min 

 

Note the results as per the reaction grading chart 
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Table 10: Reactions Grading Chart236 [Refer to Figure 11] 

 

REACTIONS PATTERN 

4+ Agglutinated RBCs form a band at the top of the bead column 

3+ Most agglutinated RBCs are retained or trapped in the upper half of the 

bead column 

2+ Agglutinated RBCs are observed throughout the length of the bead 

column 

A small button of cell may be visible at the bottom of the bead column 

1+ Most agglutinated RBCs are retained or trapped in the lower half of the 

bead column 

A small button of cell may be visible at the bottom of the bead column 

0.5+ Most agglutinated RBCs pass through and form a disrupted button at the 

bottom of the bead column 

0 

Negative 

All RBCs pass through and form a smooth button at the bottom of the 

bead column  

(No agglutination) 

Table taken from: Tholpady A. Antibody screening. Retrieved on 20-12-2022. From: 

https://emedicine.medscape.com/article/1731232-

overview#:~:text=The%20antibody%20screening%20test%20performed,that%20are

%20considered%20clinically%20significant. 

 

Figure 11 – DCT Results – Reaction Grading Chart236 
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Image taken from: Tholpady A. Antibody screening. Retrieved on 20-12-2022. From: 

https://emedicine.medscape.com/article/1731232-

overview#:~:text=The%20antibody%20screening%20test%20performed,that%20are

%20considered%20clinically%20significant. 

APPLICATIONS OF DCT: 

• Diagnosis of hemolytic disease of the new-born (HDN)  

• Diagnosis of AIHA (Auto-Immune Hemolytic Anemia) 

• Diagnosis of drug induced immune hemolytic anemia  

• Investigation of hemolytic transfusion reactions due to allo- or auto-

antibodies247 

Sources of errors in DCT are given in Table 11247. 

 

Table 11: Sources of Errors in DCT247 

FALSE NEGATIVE FALSE POSITIVE 

Inadequate washing of red cells Autoagglutination or poly-agglutination of 

RBCs 

Test is interrupted or delayed Improper washing of glassware 

Problems with AHG reagent  

- Bacterial contamination of reagent 

- Improper storage  

- Failure to add AHG reagent 

- Decreased reactivity of AHG 

reagent 

Over centrifugation 

Presence of other antibodies in the AHG 

reagent 

Contaminated reagents  

Saline contaminated by heavy metals or 

colloidal silica 

 

Table taken from: Coombs test. Retrieved on 20-12-2022. From: 

https://my.clevelandclinic.org/health/diagnostics/22978-coombs-

test#:~:text=Direct%20Coombs%20test%20(sometimes%20called,such

%20as%20autoimmune%20hemolytic%20anemia. 
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VALIDATION OF NEGATIVE DCT243-248: 

 

Add IgG sensitized red cells (check cells) to negative coombs test 

    AGGLUTINATION 

         Present          Absent 

                Test result is valid                         Invalid test 

result 

 

 

LIMITATIONS: 

 

- Observer variation of the interpretation of the results may affect the accuracy of 

the test result. 

- Proper use and handling of the product should be strictly followed as per 

instructions243-248. 
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MATERIALS AND METHODS 
 

STUDY DESIGN: One year hospital based prospective cross-sectional study. 

 

STUDY PERIOD: January 01, 2021 to December 31, 2021 

 

STUDY POPULATION: All transfusion dependent thalassemia patients admitted 

under thalassemia day care unit at KLE’s Dr. Prabhakar Kore Charitable hospital and 

KLE’s Dr PK Hospital and MRC, Belagavi, from 1st January 2021 to 31st December 

2021. 

 

INCLUSION CRITERIA:  

• All transfusion dependent thalassemia patients of either sex of all age groups. 

EXCLUSION CRITERIA: 

• Refusal of consent to participate in the study 

• Thalassemia patients with additional hemoglobinopathies. 

• Immunocompromised patients 

• Thalassemia patients on treatment with immunosuppressants 

• Pregnant thalassemia patients 
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METHODOLOGY: 

A total of 205 patients of Thalassemia registered for regular blood transfusion 

management at KLE’s Dr. Prabhakar Kore Charitable hospital and KLE’s Dr PK 

Hospital and MRC, Belagavi, Karnataka were selected for the study. An informed 

written consent (from patients >18-years of age) or assent (from parents/guardians of 

patients <18-years of age) was taken in all the cases.  

The information about the clinical parameters was obtained from the patient’s 

records from Medical Records Dept, Blood bank and Department of Pathology, 

KLE’s Dr. Prabhakar Kore Charitable hospital and KLE’s Dr PK Hospital & MRC, 

Belagavi.  

The data was collected using a predesigned proforma consisting of the following 

information:  

- Age of patient 

- Gender 

- Blood group 

- Consanguinity 

- Siblings with thalassemia 

- Diagnosis via Hb-Electrophoresis 

- Age at diagnosis and the first blood transfusion 

- Transfusion regimen  

- Total number of transfusions till date 

- Type of blood component used for transfusion (standard, washed, leucodepleted) 

- Total volume of transfusion received till date 

- Hb before the last transfusion 

- Hb after the last transfusion 
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- Rate of fall of hemoglobin per week 

- Splenectomy status 

- Alloimmunization status 

After obtaining the above information, 4 to 6 ml of venous blood was 

collected from each patient in EDTA tube (lavender top).  

Step 1 – Preparation of the 4% red blood cell suspension. 

0.5 ml of the anticoagulated blood was added to 4 ml of normal saline in a 

test-tube. This was mixed and centrifuged at 1000 rpm for 5 min. The supernatant was 

removed and discarded. 50 microlitre of the settled (packed) RBCs was then mixed 

with 1 ml of normal saline in a separate test-tube to prepare the 4% RBC suspension. 

Step 2 – Performing Direct Coomb’s test 

The wells of the Ortho workstation cassettes containing the polyclonal anti-

human globulin (AHG) are opened. 6 samples can be tested at a time. To this, 10 

microlitre of the above prepared cell suspension is added and then centrifuged for 5 

minutes at 1500 rpm. The results are read as per the grading chart (Table 12,                                

Figure 12). 
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Table 12: Reactions Grading Chart 

REACTIONS PATTERN 

4+ Agglutinated RBCs form a band at the top of the bead column 

3+ 
Most agglutinated RBCs are retained or trapped in the upper half of the 

bead column 

2+ 
Agglutinated RBCs are observed throughout the length of the bead column 

A small button of cell may be visible at the bottom of the bead column 

1+ 

Most agglutinated RBCs are retained or trapped in the lower half of the 

bead column 

A small button of cell may be visible at the bottom of the bead column 

0.5+ 
Most agglutinated RBCs pass through and form a disrupted button at the 

bottom of the bead column 

0 

Negative 

All RBCs pass through and form a smooth button at the bottom of the bead 

column  

(No agglutination) 
 

Figure 12: Anti-Human Globulin (AHG) Coombs Test Card 
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STATISTICAL ANALYSIS 

 The presentation of the Categorical variables was done in the form of number 

and percentage (%). On the other hand, the quantitative data were presented as the 

means ± SD and as median with 25th and 75th percentiles (interquartile range). The 

data normality was checked by using Kolmogorov-Smirnov test. The cases in which 

the data was not normal, we used non-parametric tests. The following statistical tests 

were applied for the results: 

1.  The association of the variables which were quantitative and not normally 

distributed in nature were analysed using Mann-Whitney Test (for two groups) and 

variables which were quantitative and normally distributed in nature were analysed 

using ANOVA (for more than two groups) and Independent t test (for two groups). 

2. The association of the variables which were qualitative in nature were analysed 

using Chi-Square test. If any cell had an expected value of less than 5 then Fisher’s 

exact test was used.  

3. Receiver operating characteristic curve was used to find cut off point of volume of 

blood transfused (mL) for predicting splenectomy, positive alloimmunization. 

 

 The data entry was done in the Microsoft EXCEL spreadsheet and the final 

analysis was done with the use of Statistical Package for Social Sciences (SPSS) 

software, IBM manufacturer, Chicago, USA, version 25.0. 

 

 For statistical significance, p value of less than 0.05 was considered 

statistically significant.  
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RESULTS AND OBSERVATIONS 
 

The study was conducted at KLE’s Dr. Prabhakar Kore Charitable hospital 

and KLE’s Dr PK Hospital and MRC, Belagavi. 205 transfusion dependent 

Thalassemia patients of either sex of all age groups were included in the study apart 

from the patients meeting the exclusion criteria. Phlebotomy was performed under 

strict aseptic precautions and 4-6 mL of venous blood was collected in EDTA test 

tubes. Antibody screening via Direct Coomb’s Test (DCT) was performed in all 

collected samples and results are as follows. 

Figure 13: Distribution of age (years) of study subjects 

 

Patients between the ages of 1 and 10 made up 50% (103), while those between the 

ages of 11 and 20 made up 41% (84) of the cases. Only 09% (18) were in the >20-

year-old age group [Figure 13]. 

The average age of the study participants was 11 +/- 06, while the median age (25th-

75th percentile) was 10 (07-15). Of the total number of patients, 43% (88) were 

female and 57% (117) patients were male.  
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Figure 14: Distribution of blood groups among study subjects 

 

 

O-Positive made up most patient blood types (74, or 36%), followed by B-Positive 

(55, or 27%), A-Positive (47, or 23%), AB-Positive (13, or 06%), O-Negative (07, or 

03%), A-Negative (04, or 02%), and B-Negative (04, or 02%). Only one patient 

(01%) out of 205 had an AB-Negative blood group. [Figure 14] 
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Figure 15: Distribution of cases born of parental consanguinity 
 

 

Majority of the thalassemia patients (128, or 62%) were born of parental 

consanguinity [Figure 15]. Among them 41 (20%) had a family history of 

hemoglobinopathies and 39 (19%) cases had a sibling with diagnosed thalassemia. 

Figure 16: Distribution of type of thalassemia among study subjects 

 

Hemoglobin electrophoresis was used to determine the type of thalassemia. 

Thalassemia major, followed by thalassemia intermedia, was the most frequently 

diagnosed condition - 156 (76%) and 45 (22%) respectively. Only 3 cases of HB-E 

thalassemia (1.5%) and 1 case of alpha-thalassemia (0.5%), were observed.                  

[Figure 16] 
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Table 13: Distribution of age at diagnosis and age at first blood transfusion 

(years) among the study subjects. 

 

Age at diagnosis 

Age at first transfusion (years) 
Frequency Percentage 

1 to 10 years 128 62% 

11 to 20 years 67 33% 

>20 years 09 04% 

Unknown 01 01% 

Mean ± SD 9 ± 5 

Median 

(25th-75th percentile) 
8.5 (6-13) 

Range 0.5-28 

 

 

A total of 128 patients (62%) received their diagnoses and started transfusion therapy 

between the ages of 1 and 10 years, 67 patients (33%) were diagnosed and treated 

from the ages of 11 and 20. Only 09 out of 205 patients (04%) with a diagnosis and 

transfusion therapy started when they were older than 20, and in 01 out of 205 

patients (01%) this history was unknown. [Table 13] 

Majority of Thalassemia major patients (98/157 (62%)) and Thalassemia intermedia 

patients (30/45 (67%)) were born of parental consanguinity. 

Twenty six out of 157 patients of Thalassemia major (16.5%) and 11 out of 45 

Thalassemia intermedia patients (24%) had a sibling with Thalassemia. 
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Table 14: Distribution of transfusion regimen among study subjects. 

 

Transfusion regimen 
Pre-transfusion hemoglobin 

to be maintained (g/dl or g%) 
Frequency Percentage 

Super-transfusion 

 
11 to 12 04 02% 

Hyper-transfusion 

 
09 to 10 163 79.5% 

Hypo-transfusion 

 
07 to 08 38 18.5% 

Total  205 100% 

 

 

The majority (163 (80%) of our patients were on hyper-transfusion regimen to 

maintain the pre-transfusion hemoglobin between 09 and 10 g/dl, followed by hypo-

transfusion regimen (38 (19%) to maintain pre-transfusion hemoglobin between 07 

and 08 g%, and only 04 out of 205 patients (02%) received super-transfusion regimen 

to maintain pre-transfusion hemoglobin between 11 and 12 g% [Table 14].  

 

Majority of the cases (192, or 94%) were receiving matched leucodepleted packed red 

blood cells (PRBC), 08 (04%) patients receiving triple saline-washed PRBC (contains 

10-20% less RBCs than original unit) and 05 (02%) patients are receiving Donor 

Type ‘O’ PRBC.  
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Table 15: Descriptive statistics of number of transfusions of study subjects 

 

Variable Mean ± SD Median (25th-75th percentile) Range 

Number of 

transfusions 
118 ± 78 105 (60-168) 4-412 

 

Mean value of number of transfusions of study subjects was 118 ± 78 with median 

(25th-75th percentile) of 105 (60-168). [Table 15] 

 

 

Figure 17: Percentage of thalassemia cases who have undergone splenectomy 

 

 

 

Only 27 patients (13%) out of 205 underwent splenectomy [Figure 17]. 
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Table 16: Type of thalassemia among the operated cases. 
 

Type of thalassemia Frequency Percentage 

Thalassemia major 14 52% 

Thalassemia intermedia 12 44% 

Hb-E Thalassemia 01 04% 

Total operated cases 27 100% 

 

Majority of the operated patients were that of Thalassemia major (14 (52%)) followed 

by Thalassemia intermedia (12 (44%)) and 1 case (04%) of Hb-E Thalassemia.     

[Table 16] 

Only 7 operated (26%) cases had a sibling with Thalassemia.  

Majority (17 (63%)) of the operated cases were born of parental consanguinity.  
 

Figure 18: Distribution of blood group among operated thalassemia cases. 

 

Majority of the operated cases of Thalassemia belonged to the blood group B-Positive 

(10 (37%)) followed by A-Positive (6 (22%)), O-Positive (6 (22%)) and B-Negative 

(02 (07%)). Only 1 out of 27 operated patients (4%) each belonged to the blood 

groups A-Negative, AB-Positive and O-Negative. [Figure 18] 
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Figure 19: Distribution of alloimmunization status of study subjects. 

 
 

Only 21 out of 205 thalassemia patients (10%) showed presence of alloimmunization. 

[Figure 19]. Thalassemia major outnumbered Thalassemia intermedia among the 

alloimmunized cases. 

Out of 41 cases with family history of Thalassemia, majority (37 (90%)) developed 

Alloimmunization. Only 04 out of 21 cases with positive Alloimmunization (19%) 

had sibling with Thalassemia. 

Majority (16 (76%)) of the alloimmunized cases were born of parental consanguinity. 
 

 

Figure 20: Distribution of alloimmunization status among splenectomised patients 

 

Among the operated thalassemia cases, majority [52% (8 major and 6 intermedia)] of 

them developed Alloimmunization post-splenectomy. [Figure 20] 
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Table 17: Distribution of blood groups among the alloimmunized cases 

Blood group Frequency Percentage (%) 

A-Positive 05 24 

B-Negative 01 05 

B-Positive 08 38 

O-Positive 07 33 

Total cases with positive Alloimmunization 21 100 
 

Most of the alloimmunized cases belonged to the blood group B-Positive (8 (38%)), 

followed by O-Positive (7 (33%)) and A-Positive (5 (24%)) with only 1 case (5%) 

belonging to the blood group B-Negative. [Table 17] 
 

 

Figure 21: Receiver operating characteristic (roc) curve of volume of blood 

transfused (ml) for predicting splenectomy. 
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ROC curves above the diagonal line are considered to have reasonable discriminating 

ability to predict splenectomy. Discriminatory power of volume of blood transfused 

(mL) (AUC 0.848; 95% CI: 0.789 to 0.896) was excellent. Volume of blood 

transfused was the significant predictor of splenectomy at cut off point of >9750 ml 

with area under curve of 0.848 for correctly predicting splenectomy. [Figure 21] 

The above table shows that the patients who had undergone splenectomy, 84.62% of 

patients had volume of blood transfused >9750 ml. If volume of blood transfused 

>9750 ml, then there was 31.90% probability of splenectomy and if volume of blood 

transfused <= 9750 ml, then 96.80% chances of no splenectomy. Among patients who 

had not undergone splenectomy, 71.86% of patients had volume of blood transfused 

<=9750 ml.  

Figure 22: Receiver operating characteristic curve of volume of blood transfused 

(ml) for predicting positive alloimmunization. 
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ROC curves above the diagonal line are considered to have reasonable discriminating 

ability to predict positive Alloimmunization. Interpretation of the area under the ROC 

curve showed that the performance of volume of blood transfused (mL) (AUC 0.967; 

95% CI: 0.932 to 0.988) was outstanding. Volume of blood transfused was the 

significant predictor of positive Alloimmunization at cut off point of >15000 ml with 

area under curve of 0.967 for correctly predicting positive Alloimmunization. [Figure 

22] 

The above table shows that the patients who had positive Alloimmunization, 100% of 

patients had volume of blood transfused >15000 ml. If volume of blood transfused 

>15000 ml, then there was 42.90% probability of positive Alloimmunization and if 

volume of blood transfused <=15000 ml, then 100% chances of negative 

Alloimmunization. Among patients who had negative Alloimmunization, 83.72% of 

patients had volume of blood transfused <=15000 ml.  
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Table 18: Association of blood group with type of thalassemia in total study subjects. 

 

Blood group 
Thalassemia 

major (n=156) 

Thalassemia 

intermedia (n=45) 

Others 

(n=4) 
Total p value 

A-Negative 
03  

(02%) 

01  

(02%) 

0  

(0%) 

04  

(01%) 

0.54* 

A-Positive 
34  

(22%) 

12  

(27%) 

01  

(25%) 

47  

(25%) 

AB-Negative 
01  

(01%) 

0  

(0%) 

0  

(0%) 

01  

(0.3%) 

AB-Positive 
09  

(06%) 

04  

(09%) 

0  

(0%) 

13  

(05%) 

B-Negative 
03  

(02%) 

01  

(02%) 

0  

(0%) 

04  

(01%) 

B-Positive 
44  

(28%) 

08  

(18%) 

03  

(75%) 

55  

(27%) 

O-Negative 
04  

(2%) 

03  

(07%) 

0  

(0%) 

07  

(2%) 

O-Positive 
58  

(37%) 

16  

(35%) 

0  

(0%) 

74  

(36%) 

Total cases of 

Thalassemia 

156  

(100%) 

45  

(100%) 

04  

(100%) 

205  

(100%) 

* Fisher's exact test 

With p value=0.54, there was no association between the type of thalassemia and 

blood group in total study subjects. [Table 18] 
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Table 19: Association of alloimmunization status with blood group in total study 

subjects. 

Alloimmuni

zation 

status 

A- 

(n=04) 

A+ 

(n=47) 

AB- 

(n=01) 

AB+ 

(n=13) 

B- 

(n=04) 

B+ 

(n=55) 
O- (n=07) 

O+ 

(n=74) 
Total p value 

Negative 
04  

(100%) 

42  

(89%) 

01  

(100%) 

13  

(100%) 

03  

(75%) 

47  

(85%) 

07  

(100%) 

67  

(90.5%) 

184  

(90%) 

0.649* Positive 
0  

(0%) 

05  

(11%) 

0  

(0%) 

0  

(0%) 

01  

(25%) 

08  

(14.5%) 

0  

(0%) 

07  

(9%) 

21  

(10%) 

Total 
04  

(100%) 

47  

(100%) 

01  

(100%) 

13  

(100%) 

04  

(100%) 

55  

(100%) 

07  

(100%) 

74  

(100%) 

205  

(100%) 

* Fisher's exact test 

With p value=0.649, there was no association between alloimmunization and blood 

group in total study subjects. [Table 19] 
 

 

Table 20: Association of alloimmunization with splenectomy in total study 

subjects. 

Alloimmunization 

Splenectomy 

not done 

(n=178) 

Splenectomy 

done (n=27) 
Total p value 

Negative 
171  

(96%) 

13  

(48%) 

184  

(90%) 

<0.0001† Positive 
07  

(04%) 

14  

(52%) 

21  

(10%) 

Total 
178  

(100%) 

27  

(100%) 

205  

(100%) 

† Chi square test 

 

Proportion of patients with positive Alloimmunization was significantly higher among 

cases that underwent splenectomy (p value <0.0001). There was a strong association 

between alloimmunization and splenectomy among thalassemia cases. [Table 20] 
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Figure 23: Distribution of blood groups among thalassemia major cases 

 
 

Majority of the Thalassemia major cases belonged to the blood group O-Positive (59 

(37.5%)), followed by B-Positive (44 (28%)), A-Positive (34 (22%)), AB-Positive (09 

(06%)), O-Negative (04 (02.5%)), A-Negative (03 (02%)) and B-Negative (03 

(02%)). Only one case of Thalassemia major belonged to the blood group AB-

Negative. [Figure 23] 
 

Figure 24: Distribution of blood groups among cases of thalassemia intermedia. 

 

Most of the cases of Thalassemia intermedia belonged to the blood group O-Positive 

(16 (35%)), followed by A-Positive (12 (27%)), B-Positive (08 (18%)), AB-Positive 
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(04 (09%)) and O-Negative (03 (07%)). Only 1 out of 45 intermedia patients (02%) 

belonged to the blood groups A-Negative and B-Negative. [Figure 24] 

Majority of the cases with positive alloimmunization were undergoing hyper-

transfusion regimen (12 (57%)) to maintain the hemoglobin of 09 to 10 g%. Only 09 

out of 21 patients (43%) were undergoing hypo-transfusion regimen to maintain the 

hemoglobin between 07 to 08 g%.  

 

Majority of the splenectomised cases were undergoing hyper-transfusion regimen (16 

(59%)) to maintain the hemoglobin of 09 to 10 g%. Only 11 out of 27 patients (41%) 

were undergoing hypo-transfusion regimen to maintain the hemoglobin between 07 to 

08 g%.  

 

Table 21: Association of alloimmunization with type of thalassemia. 

 

Alloimmunization 

Thalassemia 

major 

(n=156) 

Thalassemia 

intermedia 

(n=45) 

Others 

(n=4) 
Total p value 

Negative 
142  

(91%) 

38  

(84%) 

4  

(100%) 

184  

(90%) 

0.397* Positive 
14  

(09%) 

7  

(16%) 

0  

(0%) 

21  

(10%) 

Total 
156  

(100%) 

45  

(100%) 

4  

(100%) 

205  

(100%) 

* Fisher's exact test 

 

With p value=0.397, there was no association between alloimmunization and 

diagnosis. [Table 21] 
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Table 22: Association of splenectomy with type of thalassemia. 

Splenectomy 

Thalassemia 

major 

(n=156) 

Thalassemia 

intermedia 

(n=45) 

Others 

(n=04) 
Total p value 

Not done 
142  

(91%) 

33  

(73%) 

03  

(75%) 

178  

(87%) 

0.006* Done 
14  

(09%) 

12  

(27%) 

01  

(25%) 

27  

(13%) 

Total 
156  

(100%) 

45  

(100%) 

04  

(100%) 

205  

(100%) 

* Fisher's exact test 

With P value=0.006, there was no association between splenectomy and type of 

thalassemia (table 22). 

Table 23: Association of blood group with operated thalassemia cases. 

Blood group 
Splenectomy not 

done 
(n=178) 

Splenectomised 
(n=27) 

Total p value 

A-Negative 
03  

(02%) 
1  

(04%) 
4  

(03%) 

0.201* 

A-Positive 
41  

(23%) 
6  

(22%) 
47  

(22.5%) 

AB-Negative 
1  

(0.5%) 
0  

(0%) 
1  

(0.2%) 

AB-Positive 
12  

(07%) 
1  

(04%) 
13  

(06.5%) 

B-Negative 
2  

(01.5%) 
2  

(07%) 
4  

(02%) 

B-Positive 
45  

(25%) 
10  

(37%) 
55  

(27%) 

O-Negative 
6  

(03%) 
1  

(04%) 
7  

(03%) 

O-Positive 
68  

(38%) 
6  

(22%) 
74  

(36%) 

Total 
178  

(100%) 
27  

(100%) 
205  

(100%) 
* Fisher's exact test 
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With p value=0.201, there was no connection between blood type and splenectomy in 

Thalassemia patients irrespective of the type of thalassemia. [Table 23] 

Table 24:  Association of age at diagnosis and 1st transfusion (years) with 

alloimmunization. 

Age at diagnosis and 

1st transfusion 

(years) 

Negative 

(n=183) 

Positive 

(n=21) 
Total p value 

1 to 10 years 
126  

(69%) 

02  

(09.5%) 

128  

(63%) 
<0.0001* 

11 to 20 years 
53  

(29%) 

14  

(67%) 

67  

(33%) 
0.0005† 

>20 years 
04  

(02%) 

05  

(24%) 

09  

(04%) 
0.0007* 

Mean ± SD 8.57 ± 4.76 16.72 ± 5.1 9.41 ± 5.39 

<0.0001¶ 

Median 

(25th-75th 

percentile) 

8.1 

(5.25-11.35) 

15.8 

(13.3-19.3) 

8.5 

(5.6-13.1) 

Range 0.5-28 7.2-27.8 0.4-28.1 

¶ Independent t test, * Fisher's exact test, † Chi square test 

With p value <0.0001, the age at diagnosis and 1st transfusion (years) was 

significantly associated with the development of alloimmunization. [Table 24] 

 

Table 25: Association of number of blood transfusions with alloimmunization. 

Number of 

blood 

transfusions 

Negative 

(n=184) 

Positive 

(n=21) 
Total P value 

Mean ± SD 106.91 ± 71.73 
216.76 ± 

56.63 

118.16 ± 

77.75 

<0.0001‡ 
Median (25th-

75th 

percentile) 

98.5 

(53-149.75) 

190 

(174-263) 

105 

(60-168) 

Range 4-412 102-319 4-412 

‡ Mann Whitney test 
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With p value <0.0001, the total number of transfusions was significantly associated 

with the development of alloimmunization in thalassemia cases. [Table 25] 

Table 26: Association of parental consanguinity with alloimmunization among 

thalassemia. 

Parental 

Consanguinity 

Negative 

(n=184) 

Positive 

(n=21) 
Total p value 

No 
72  

(39%) 

05  

(24%) 

77  

(38%) 

0.17† Yes 
112  

(61%) 

16  

(76%) 

128  

(62%) 

Total 
184  

(100%) 

21  

(100%) 

205  

(100%) 

† Chi square test 

Parental consanguinity did not seem to have a significant effect on the 

alloimmunization status among thalassemia cases (p value=0.17). [Table 26] 

 

 

Table 27: Association of volume of blood transfused (ml) with alloimmunization. 

 

Volume of 

blood 

transfused (mL) 

Negative 

(n=172) 

Positive 

(n=21) 
Total p value 

Mean ± SD 
6919.84 ± 

7937.88 

32197.62 ± 

10714.06 

9670.27 ± 

11417.46 

<.0001‡ 
Median 

(25th-75th 

percentile) 

3750 

(475-10562.5) 

31200 

(24000-43200) 

5750 

(600-16750) 

Range 40-40000 16750-52250 40-52250 

‡ Mann Whitney test 

With p value <0.0001 the volume of blood transfused (mL) was seen to significantly 

affect the alloimmunization status in thalassemia patients. [Table 27] 
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Table 28: Association of age at diagnosis and 1st transfusion (years) with 

splenectomy. 

Age at diagnosis 

and 1st 

transfusion (years) 

Not done 

(n=177) 

Done 

(n=27) 
Total p value 

1 to 10 years 
122  

(69%) 

06  

(22%) 

128  

(63%) 
<0.0001† 

11 to 20 years 
50  

(28%) 

17  

(63%) 

67  

(33%) 
0.0003† 

>20 years 
05  

(03%) 

04  

(15%) 

09  

(04%) 
0.019* 

Mean ± SD 8.6 ± 5.01 14.67 ± 4.88 9.41 ± 5.39 

<0.0001¶ 

Median 

(25th-75th 

percentile) 

8.1 

(5-11.3) 

14.1 

(13.1-17.15) 

8.5 

(5.6-13.1) 

Range 0.5-28 6.8-25.5 0.5-28 

¶ Independent t test, * Fisher's exact test, † Chi square test 

With p value <0.0001, the age at which the transfusion was started was seen to 

significantly impact the need for splenectomy in thalassemia patients. [Table 28] 

 

Table 29: Association of number of transfusions with splenectomy. 

Number of 

transfusions 

Not done 

(n=178) 

Done 

(n=27) 
Total P value 

Mean ± SD 109.56 ± 75.59 174.85 ± 68.41 118.16 ± 77.75 

<0.0001‡ 

Median 

(25th-75th 

percentile) 

98.5 

(53-156.25) 

174 

(139.5-197.5) 

105 

(60-168) 

Range 4-412 29-319 4-412 

‡ Mann Whitney test 

The total number of transfusions was seen to significantly affect the need for 

splenectomy among thalassemia cases (p value <0.0001). [Table 29] 
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Table 30: Association of parental consanguinity with splenectomy. 

Parental 

Consanguinity 

Not done 

(n=178) 

Done 

(n=27) 
Total p value 

No 
67  

(38%) 

10  

(37%) 

77  

(38%) 

0.952† Yes 
111  

(62%) 

17  

(63%) 

128  

(62%) 

Total 
178  

(100%) 

27  

(100%) 

205  

(100%) 

† Chi square test 

There was no association between parental consanguinity and need for splenectomy 

among thalassemia cases (p value=0.952). [Table 30] 

 

Table 31: Association of volume of blood transfused (ml) with splenectomy. 

Volume of 

blood 

transfused (mL) 

Not done 

(n=167) 

Done 

(n=26) 
Total p value 

Mean ± SD 
7466.25 ± 

9127.78 

23826.92 ± 

14389.4 

9670.27 ± 

11417.46 

<0.0001‡ 
Median 

(25th-75th 

percentile) 

3500 

(400-11250) 

20475 

(13500-31425) 

5750 

(600-16750) 

Range 40-45000 600-52250 40-52250 

‡ Mann Whitney test 

The volume of blood transfused (mL) was seen to significant affect the need for 

splenectomy among thalassemia cases (p value <0.0001). [Table 31] 
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DISCUSSION 

Patients with hereditary thalassaemia syndromes are among the most common 

users of blood transfusions across the globe. This population is more prone to 

transfusion-related problems like blood-borne infections, iron overload, and 

production of allo-antibodies (IgG) against minor blood group systems such the Kidd, 

Kell, and Rh systems (E, C, e), which may aggravate the hemolytic reaction234.  

Alloimmunization, an immunological problem brought on by frequent 

transfusions of red blood cells, can make it challenging to find appropriate 

donor blood. Blood banks that have fewer donor resources and technical restrictions 

must take this into account when planning long-term transfusion support for cases that 

depend on transfusions16,36,72,100. 

This study evaluated the alloimmunization status in 205 cases of thalassemia. 

Association between the number of blood transfusions thalassemia patients received 

and their positive alloimmunization status as well as the distribution of blood groups 

among thalassemia patients and their alloimmunization status was also investigated. 

Anti-red cell alloantibodies were present in 10% of our patients. 
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Table 32: Number of study subjects and gender distribution in various studies outside 

India 

 

Table 33: Number of study subjects and gender distribution in various studies in India 

 

The number of participants in the current study was comparable to that in El-

Beshlawy et al. Males make up the majority of the cases in our study, as they do in the 

majority of the studies described above as shown in Table 32. Given that thalassemia 

is observed to be equally prevalent in both men and women, this gender disparity in 

studies may be owing to more male patients being enrolled for treatment than female 

patients, or it may be related to gender differences in thalassemia prevalence across 

various geographic regions [Table 32 & 33]. 

Study Total number of Subjects Males (%) Females (%) 

Obeidi et al.230 90 43 57 

El-Beshlawy et al.225 200 47 53 

Hassan et al.249 75 64 36 

Singer et al.215 64 42 58 

Ameen et al.21 190 51 49 

Obaid et al.100 40 42 58 

El-Danasoury et al.16 235 54 46 

Ghasemi et al.250 110 56 44 

Ahmed AM et al.36 501 56 44 

Saied DA et al.73 95 49 51 

Sadeghian et al.35 313 60 40 

Hussein et al.33 272 49 51 

Pazgal et al.251 40 52 48 

Present Study 205 57 43 

Study Total number of Subjects Males (%) Females (%) 

Gupta et al.38 100 56 44 

Dhawan et al.214 319 74 26 

Present Study 205 57 43 
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Table 34: Mean age of study subjects in various studies outside of India 

Study Mean age (years) 

Obeidi et al.100 18 

El-Beshlawy et al.16 23 

Hassan et al.249 18 

Singer et al.215 15 

Ameen et al.21 13 

Davoudi-Kiakalayeh A et al.208 26 

El Danasoury et al.16 12 

Ghasemi et al.250 23 

Sadeghian et al.35 14 

Ho et al223 18 

Saied DA et al73 17 

Present Study 11 
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Table 35: Mean age of study subjects in various studies in India 

 

Study Mean age (years) 

Gupta et al.38 26 

Dhawan et al.214 15 

Present Study 11 

 

The mean age in the current study was comparable to that reported by Davoudi-

Kiakalayeh A et al. and Ameen et al [Table 34]. Numerous studies show diverse age 

ranges due to variances in thalassemia prevalence among various age groups of 

diverse populations (some places may have a higher population of the paediatric age 

group with thalassemia while other areas may have a higher adult population). [Table 

34 & 35] 

 

Table 36: Most frequent blood group among the study subjects in various studies 

outside India 

Study Blood Group 

Marbut et al.252 O Positive 

Laghari et al.253 O Positive 

Patidar et al.254 O Positive 

Davoudi-Kiakalayeh A et al.208 O Positive 

Sadeghian et al35 O Positive 

El-Beshlawy, A. et al.16 A Positive 

Saied DA et al73 A Positive 

Hussein et al33 A Positive 

Ghasemi A et al.250 O Negative 

Present Study O Positive 
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Table 37: Most frequent blood group among the study subjects in various studies 

in India 

Study Blood Group 

Sinha et al.30 O Positive 

Mondal et al.1 O Positive 

Solanki et al.24 O Positive 

Gupta et al.38 A Positive 

Present Study O Positive 

 

Subjects in the current study and the majority of the research stated above are O-

Positive blood type carriers (shown in Table 36 & 37). This may be because people 

with this blood group are more likely to have thalassemia major which is the most 

prevalent among all thalassemia syndromes. 
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Table 38: Most Frequent Diagnosis Among Various Studies 

Study 
Thalassemia 

Major (%) 

Thalassemia 

Intermedia (%) 
Others (%) 

El-Beshlawy, A.16 74 26 0 

Saied DA et al73 78 22 0 

Obaid et al100 65 35 0 

Ho et al.223 96 0 

HbE/beta 

thalassemia heterozygocity 

syndrome - 4 
 

Ahmed AM et al.36 78 12 
Sickle cell-Beta-

Thalassemia syndrome – 11 

Thompson AA et 

al.149 
76 8 

HbE – 12 

Alpha- thalassemia – 1 

HbH or HbH/Constant 

Spring - 2 

Other variants - 1 

Present Study 76 22 
HbE – 2 

Alpha-Thalassemia – 1 

 

Thalassemia major is the most frequent diagnosis in the present analysis, which is 

consistent to practically all of the earlier studies examined as shown in Table 38. This 

might be the case since Thalassemia major is the most common form of thalassemia 

syndromes worldwide. 
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Table 39: Frequency of Alloimmunization Among Thalassemia Cases in Various 

Studies outside India 

Study Frequency of alloimmunization (%) 

Obeidi et al.230 10 

Bilwani et al.255 9.2 

Hassan K et al.249 22.7 

Hussein et al.33 22.8 

Seferi et al.259 11.8 

Zaidi et al.108 8.6 

Saifeldeen et al.257 23.1 

Qidwai et al.258 10.75 

Abdulqader et al.234 5.8 

Vichinsky E et al.153 19 

Davoudi-Kiakalayeh A et al. 24.7 

Ahmed AM et al. 11.3 

Saied DA et al. 28.4 

Gader AGMA et al. 22.06 

Ho et al.223 7.4 

El Danasoury et al.16 19.5 

Abdelrazik AM et al259 7.98 

Ameen R et al21 30 

Azarkeivan A et al.260 12.1 

Bahatti et al.261 4.97 

Pazgal I et al251 42.5 
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Thompson AA et al149 16.5 

Cheng CK et al.262 29.8 

M Vaziri et al.263 4.0 

El-Beshlawy Amal et al16 18 

Amin M et al.20 17.9 

Obaid JMAS et al100 42.5 

El Kababi Set al242 8.75 

Jansuwan S et al.49 17.5 

Hussein E et al33 22.8 

Present study 10 
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Table 40: Frequency of Alloimmunization Among Thalassemia Cases in Various 

Studies in India 

Study Frequency of alloimmunization (%) 

Datta SS et al.109 5.6 

Dhawan HK et al214 5.64 

Jeengar RK43 6.67 

Gupta JK et al38 7 

Present study 10 

 

With a 10% alloimmunization frequency, the current study was comparable to past 

studies by Obeidi et al., Bilwani et al., Bashawari et al., and Qidwai as shown in 

Table 39. This could be explained by the following factors: 

• Giving blood to participants in the various research populations from donors with 

similar ethnic backgrounds and homogeneous red blood cell antigens. 

• There is a good supply of leucodepleted PRBCs in these areas. 

• There is agreement between the sample sizes and the most prevalent type of 

thalassemia in these studies. 
 

The prevalence of alloimmunization differs greatly between studies as shown 

in Table 39 & 40. If the studies only included adult populations who had already 

received several blood transfusions, included cases of thalassemia major in their 

entirety or those comprising mainly of splenectomised thalassemia cases, and those 

who were diagnosed at a very early age, alloimmunization would be much higher than 

the others. There may also be a role for variations in immunological tolerance 

between populations, sample sizes employed in various studies, and a deficiency in 

leucodepleted PRBC in certain regions.  
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Table 41: Most Frequent Blood Group in Cases with Positive Alloimmunization 

Status 

Study 

Most frequent 

Blood group with 

alloimmunization 

Prevalence of 

Alloimmunization 

among them (%) 

Association 

Saied DA et al73 O-Positive 38 Not significant 

Sadeghian et al35 A-Positive 67 Significant 

Hussein et al33 A-Positive 21 - 

Gupta et al38 O-Positive 57 - 

Gader AGMA et al.72 O-Positive 44 - 

Present study B Positive 38 Not significant 

 

In most research, O-Positive blood groups exhibited the highest prevalence of 

alloimmunization; however, this was not the case in the current study, where B-

Positive blood groups exhibited the highest prevalence. This might be as a result of 

the population included in that research having a high prevalence of that specific 

blood group. Literature on the impact of blood type on alloimmunization is scarce. 

Although B-Positive blood groups were the most often alloimmunized blood groups 

in our analysis, the correlation was found to be inconsequential, which is consistent 

with a study by Saied DA et al. that revealed no correlation between O-Positive blood 

groups and alloimmunization. [Table 41] 
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Table 42: Age at first blood transfusion (years) among the study subjects with 

alloimmunization. 

Study 

Mean age at first 

blood transfusion 

(years) 

Association: 

Age at first transfusion and 

development of 

alloimmunization 

Jeengar RK et al.43 2.3 Significant 

Dhawan HK et al.214 2 Significant 

Abdelrazik AMR et al.259 2.8 Significant 

Saifeldeen ER et al.257 8 Significant 

Obeidi N et al.100 2.14 ± 2.40 Not significant 

Pazgal I et al.251 1 Significant 

Hussein E et al.33 <12 Not significant 

El-Beshlawy A et al.225 1 – 10 Significant 

Our study 9.41 ± 5.39 Significant 

 

The majority of studies agree with our present study in that they discovered a 

correlation between age at the start of the transfusion and the presence of 

alloimmunization. According to certain research, there is a statistically significant 

difference in the mean age at first transfusion between patients who are 

alloimmunized and those who are not i.e., the likelihood of developing 

alloimmunization increases with the age at which transfusion therapy is initiated. 

Patients who started transfusion therapy at a young age are likely to have a lesser risk 

of developing alloimmunization since their immune systems are still developing and 

may have developed some sort of immunological tolerance to allogeneic RBC 

antigens. [Table 42] 
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Table 43: Associations Between Splenectomy and Alloimmunization (i & ii) 

Table 43 (i): Associations Between Splenectomy and Alloimmunization 

Study 
Splenectomised 

cases (%) 

Prevalence of 

Alloimmunization 

among them (%) 

Association 

Jansuwan S et al.49 23.8 29.4 Significant 

Thompson AA et al.149 49.4 21 Significant 

El-Beshlawy et al.225 59 - Not significant 

Pujani M et al.147 7 6.25 Not significant 

Our study 13 52 Significant 

 

Table 43 (ii): Associations Between Splenectomy and Alloimmunization 
 

Study 

Frequency of 

Alloimmunization 

(%) 

Splenectomised 

cases with 

alloimmunization 

(%) 

Association 

Qidwai A et al.258 40 0.3 Not significant 

Zaidi U et al.108 8.6 7 Not significant 

Our study 10.24 67 Significant 

 

The impact of splenectomy on alloimmunization status is subject to 

conflicting findings as seen in Table 43 (i & ii). Although there is a higher 

prevalence of alloimmunization among splenectomized thalassemia cases, the 

association between the two varies depending on the sample size, age groups 

taken, the number of blood transfusions the study population received, and the 

number of splenectomized cases taken in those studies. 
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The elevated rates of alloantibody formation in the operated cases were due to 

the spleen's inability to remove antigens and damaged cells from the blood stream. In 

thalassemia patients, it also results in altered immunological tolerance and increased 

serum IgG and IgA concentrations. 

The malformed RBCs in operated cases show novel antigens that trigger an 

immune response. However, this discovery may simply be the product of a larger 

transfusion burden in those instances.  

 

 

Table 44: Association Between Gender and Alloimmunization 

 

Study Gender 
Association between gender and 

alloimmunization 

Thompson AA et 

al149 
Females > Male Not significant 

El-Beshlawy et al.225 Male > Female Not significant 

Qidwai A et al.258 Females > Male Not significant 

Sadeghian MH et al35 Females > Male Not significant 

Pazgal I et al.251 Male > Female Not significant 

Our study Male > Female Not significant 

 

According to the minimal literature that is currently available (as seen in Table 

44), there is no correlation between gender and alloimmunization. This result was 

consistent with our current research. 
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Table 45: Association Between Number of Blood Transfusions and 

Alloimmunization in various studies outside India 

Study 
Association between number of blood transfusions and 

alloimmunization 

Jansuwan S et al.49 Significant 

El-Beshlawy et al.225 Significant 

Schonewille H et al.264 Not significant 

El Danasoury A S et al.16 Significant 

Pazgal I et al.251 Not significant 

Hussein E et al.33 Significant 

Saied DA et al.73 Not significant 

Ahmed et al36 Not significant 

Our study Significant 
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Table 46: Association Between Number of Blood Transfusions and 

Alloimmunization in various studies in India 

Study 
Association between number of blood transfusions and 

alloimmunization 

Pahuja Set al34. Not significant 

Patel AS et al.83 Not significant 

Our study Significant 

 

It has been shown that thalassemia patients who get more blood transfusions 

both in terms of volume and quantity have an earlier onset of alloimmunization [Table 

45 & 46]. However, most of the literature reviewed viewed this correlation as being 

insignificant. According to the present study and the studies conducted by Jansuwan 

S. et al., El-Beshlawy et al., El Danasoury A. S. et al., and Hussein E. et al., there was 

a significant correlation between the two variables. The prevalence of non-transfusion 

dependent thalassemia in the different study groups, the sample size, and the type of 

blood component used for transfusion could all be factors in this varying observation. 
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SUMMARY 
 

This study was a descriptive observational study of 205 cases from January 

01, 2021, to December 31, 2021 and was performed in was performed in Pathology 

Department of KAHER’s Jawaharlal Nehru Medical College and Dr Prabhakar Kore 

Hospital & Research Centre, Belagavi. 

 The study aimed at estimating the prevalence of alloimmunization in 

transfusion dependent thalassemia patients at a tertiary care hospital in North 

Karnataka. Other objectives included finding an association between frequency of 

blood transfusions and a positive alloimmunization status and to find any association 

between blood group distribution in thalassemia patients and their relationship with 

alloimmunization status. 

Significant findings in this study are as follows: 

• The greatest number of patients belonged to the age group 1-10 years (50%). 

• There were more males than females (57% males, 43% females) . 

• O-positive was the most frequently observed blood group among thalassemia 

cases (36%). 

• Majority (76%)) of our patients consisted of Thalassemia major diagnosed by 

Hemoglobin electrophoresis. 

• Majority of the operated cases of Thalassemia and the cases with 

alloimmunization belonged to the blood group B-Positive [37 % and 38% 

respectively]. 

• Majority (79.5%) of our patients were receiving blood transfusion according to 

the hyper-transfusion protocol. 
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• Only 13% of the patients in our study underwent splenectomy and majority of 

them had Thalassemia intermedia who were born of parental consanguinity. 

• Prevalence of alloimmunization was found to be 10% in our study among which 

67% were Thalassemia major and only 33% were Thalassemia intermedia cases. 

Majority of them were also found to have already undergone splenectomy and 

were born of parental consanguinity.  

• Out of 41 cases with family history of Thalassemia, 90% developed 

Alloimmunization. 

• B-Positive was the most prevalent blood group among the alloimmunized 

thalassemia cases. 

• Volume of blood transfused was the significant predictor of splenectomy at cut off 

point of >9750 ml with area under curve of 0.848 for correctly predicting 

splenectomy. 

• Volume of blood transfused was the significant predictor of positive 

Alloimmunization at cut off point of >15000 ml with area under curve of 0.967 

for correctly predicting positive Alloimmunization. 

• Alloimmunization and splenectomy had a significant correlation. The age at 

which the transfusion was started, which acts as a barometer for how long the 

transfusion therapy had been ongoing, was also demonstrated to have a strong 

correlation with both.  

• The frequency, volume, and total number of blood transfusions have a big impact 

on the development of alloantibodies and needing splenectomy. 

• The type of thalassemia, gender, parental consanguinity, and blood groups had no 

impact on either alloimmunization or splenectomy. 
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CONCLUSION 
 
 

Patients with multiple transfusions for thalassemia frequently develop 

alloimmunization. According to our findings, 10% of the multi-transfused thalassemia 

patients have alloimmunization. 

In this study, it was discovered that alloantibodies developed in the majority of 

splenectomized patients, particularly in those with thalassemia major. While the 

majority of the cases in our study were O-positive, blood group B-positive individuals 

were those who developed alloimmunization. 

Parental consanguinity was a common factor in patients who showed positive 

alloimmunization or had to undergo splenectomy or were diagnosed with thalassemia 

major. 

The amount of blood transfused over the course of a person's lifetime is 

discovered to be a significant contributor to the development of alloimmunization and 

the requirement for splenectomy. It was observed that a higher volume of blood 

transfusion is needed for cases to develop alloimmunization than those who develop 

transfusion complications and ultimately need splenectomy. 

Alloimmunization can be prevented by extended matched phenotyping. Since 

this is financially and logistically demanding the need for better transfusion policies 

are necessary. The results of this study can help with patient interventions, health 

education, and future research projects aimed at the therapeutic transfusion problems 

in thalassemia patients.  
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LIMITATION 

 
• The frequency of type of allo-antibody produced in each patient could not be 

carried out due to financial limitations. 

• Some study components and their causes could not be compared or evaluated due 

to lack of relevant literature. For instance, why O-Positive is the most prevalent 

blood type among people with thalassemia and why some blood types are more 

likely to develop alloimmunization. 
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ANNEXURE I  

INFORMED CONSENT 

 

STUDY OF ALLOIMMUNIZATION IN TRANSFUSION DEPENDENT 

THALASSEMIA PATIENTS AT A TERTIARY CARE HOSPTAL 

Principal Investigator: Reg. No. BN0120001 

Guide: DR______________ 

Purpose of the study: You are being asked to enroll as per the eligibility criteria for 

participation in this study. 

The purpose of this study is to detect alloimmunization in transfusion dependent 

thalassemia patients. 

Procedure: During this study, your blood group will be tested, and Direct Coomb’s 

Test (DCT) will be done to detect your alloimmunization status. The principal 

investigator of the study is Reg. No. BN0120001 under the guidance of Dr. 

___________. 

If you agree to enroll yourself in this study, your DCT report along with your blood 

group report will be used for research purpose. 

Risks and benefits: There are no risks involved in taking part in this study. The benefit 

would be to know a better way to predict alloimmunization status in thalassemia 

patients and the importance of advocating specific transfusion guidelines to prevent 

complications due to alloantibodies produced against the donor RBCs in thalassemia 

patients undergoing multiple blood transfusions. 

Alternatives: Taking part in this study is voluntary. You may choose not to take part 

in this study or if you decide to take part now, you can later change your mind and 



Annexures 

 

 Page 137 

 

withdraw from the study. The study doctor or sponsor may terminate your 

participation in this study anytime. 

Privacy and confidentiality:  All information collected about you during this study 

will be kept confidential to the extent permitted by law. The code numbers will 

identify you in this research record. Information from this study will be published but 

your identity will be confidential in any publication. No information about you or 

information provided by you during research will be disclosed to other without your 

written permission except: 

1. In emergency to protect your rights and welfare. 

2. If required by law. 

Financial incentives for participation: You will not be paid / offered any gift / 

incentives for participating in this study. 

Authorization to publish results: The results of this study would be forwarded to the 

KAHER, Belagavi as a part of requirement towards the completion of MD degree, 

review, and publishing.  

Questions: In case you have any questions related to the study in future you can 

contact: 

1. Reg. No. BN0120001, Department of Pathology, J.N. Medical College. 

2. Dr. ______________, Department of Pathology, J.N. Medical College. 

3. If you have any queries about your rights as a study subject, you may call Dr. Roopa 

Bellad, Professor, Department of Paediatrics, Chairman of J.N. Medical College 

Institutional Ethical Committee of Human Subjects Research, Ph No- 9448113403, at 

J.N. Medical College, Belagavi 
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CONSENT STATEMENT 
 

 I voluntarily agree to take part in this study by signing below. I may withdraw 

at any time. I am not giving up any legal rights by signing this form. My signature 

below indicates that I have read, or it has been read to me, this entire consent form 

and have had all my questions answered. 

In case of the queries during the study or in future you may contact following person. 

 

Principal Investigator:  

Guide                           :  

 

Name of the participant:    

(signature/thumbprint) 

 

Name of the witness:                                                                                   

(signature/thumbprint) 

 

Name of the investigator:                                                                                  

(signature/thumbprint) 

 

Date: 

 

Address:   

 

Phone no: 
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�ಳ�ವ��ೆಯುಳ
 ಒ�
�ೆ 
 

ವ�ಾ�ವ�ೆಯ�� ಅವಲಂ�ತ ಥಲ�ೆ���ಾ �ೋ"ಗಳ�� ತೃ�ೕಯ ಆ�ೈ�ೆ ಆಸ
(ೆ)ಯ�� 

ಅ*ೋಇಮು-.ೈ�ೇಶ0 ಅಧ-ಯನ. 

ಪ)4ಾನ ತ56ಾ7�ಾ8: Reg. No. BN0120001 

<ಾಗ�ದ>�: ?ಾ. _____________________ 

ಅಧ-ಯನದ ಉBೆCೕಶ: 

ಈ ಅಧ-ಯನದ�� EಾಗವFಸಲು ಅಹ�(ಾ <ಾನದಂಡಗಳ ಪ)�ಾರ Bಾಖ*ಾ� ಪ?ೆಯಲು 5ಮKನುL 

�ೇಳ*ಾಗು�MBೆ. 

ವ�ಾ�ವ�ೆ ಅವಲಂ�ತ ಥಲ�ೆ���ಾ �ೋ"ಗಳ�� ಅ*ೋಇಮು-.ೈ�ೇಶ0 ಅನುL 

ಕಂಡುFOಯುವPದು ಈ ಅಧ-ಯನದ ಉBೆCೕಶQಾ"Bೆ. 

R4ಾನ: 

ಈ ಅಧ-ಯನದ ಸಮಯದ��, 5ಮK ರಕM ಗುಂಪನುL ಪ8ೕSಸ*ಾಗುತMBೆ ಮತುM 5ಮK 

�ಶ)*ೋFೕಕರಣ UV�ಯನುL ಕಂಡುFOಯಲು ?ೈ�ೆWX ಕೂಂY� Zೆ[X (OU\) <ಾಡ*ಾಗುತMBೆ. 

?ಾ.__________________ (<ಾಗ�ದ>�) ಅವರ <ಾಗ�ದಶ�ನದ�� ಅಧ-ಯನದ ಪ)ಮುಖ 

ತ56ಾ7�ಾ8 Reg. No. BN0120001. (�.d). ಈ ಅಧ-ಯನದ�� 5ಮKನುL Bಾಖ�ಸಲು 5ೕವP 

ಒ�
ದ�ೆ, 5ಮK ರಕM ಗುಂಪP ವರefಂe�ೆ 5ಮK OU\ ವರeಯನುL ಸಂgೆhೕಧ.ಾ ಉBೆCೕಶ�ಾi" 

ಬಳಸ*ಾಗುತMBೆ. 

ಅkಾಯ ಮತುM ಪ)fೕಜನಗಳ� 

ಈ ಅಧ-ಯನದ�� EಾಗವFಸುವPದ8ಂದ �ಾವPBೇ ಅkಾಯಗ�ಲ�. ಥಲ�ೆ���ಾ �ೋ"ಗಳ�� 

ಅ*ೋಇಮು-.ೈ�ೇಶ0 UV�ಯನುL ಉFಸಲು ಉತMಮ <ಾಗ�ವನುL ��ದು�ೊಳ�
ವPದು ಮತುM 

ಅ.ೇಕ ರಕM ವ�ಾ�ವ�ೆ�ೆ ಒಳ�ಾಗುವ ಥಲ�ೆ���ಾ �ೋ"ಗಳ�� Bಾ5 ಆm �Uಗಳ Rರುದn 

ಉತ
�M�ಾಗುವ ಅ*ೋಆಂ\oಾOಗ�ಂದ ಉಂZಾಗುವ (ೊಂದ�ೆಗಳನುL ತ?ೆಗಟXಲು 5e�ಷX 

ವ�ಾ�ವ�ೆ <ಾಗ�ಸೂrಗಳನುL ಪ)�kಾeಸುವ kಾ)ಮುಖ-(ೆ. 
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ಪ�ಾ�ಯಗಳ�: 

ಈ ಅಧ-ಯನದ�� EಾಗವFಸುವPದು ಸsಯಂkೆ)ೕ8ತQಾ"Bೆ. ಈ ಅಧ-ಯನದ�� EಾಗವFಸeರಲು 

5ೕವP ಆti <ಾಡಬಹುದು ಅಥQಾ 5ೕವP ಈಗ EಾಗವFಸಲು 5ಧ�8Uದ�ೆ, 5ೕವP ನಂತರ 5ಮK 

ಮನಸ�ನುL ಬದ*ಾuಸಬಹುದು ಮತುM ಅಧ-ಯನeಂದ FಂBೆ ಸ8ಯಬಹುದು. ಅಧ-ಯನದ Qೈದ-ರು 

ಅಥQಾ kಾ)fೕಜಕರು ಈ ಅಧ-ಯನದ�� 5ಮK EಾಗವFಸುR�ೆಯನುL �ಾವPBೇ ಸಮಯದ�� 

�ೊ.ೆ�ೊ�ಸಬಹುದು. 

 

�ೌಪ-(ೆ  

ಈ ಅಧ-ಯನದ ಸಮಯದ�� 5ಮK ಬ�ೆw ಸಂಗ)Fಸ*ಾದ ಎ*ಾ� <ಾF�ಯನುL �ಾನೂ55ಂದ 

ಅನುಮ�ಸುವ ಮ\X�ೆ �ೌಪ-Qಾ"ಡ*ಾಗುತMBೆ. ಈ ಸಂgೆhೕಧ.ಾ Bಾಖ*ೆಯ�� �ೋy ಸಂ6ೆ-ಗಳ� 

5ಮKನುL ಗುರು�ಸುತMQೆ. ಈ ಅಧ-ಯನದ <ಾF�ಯನುL ಪ)ಕ\ಸ*ಾಗುವPದು ಆದ�ೆ �ಾವPBೇ 

ಪ)ಕಟ�ೆಯ�� 5ಮK ಗುರುತು �ೌಪ-Qಾ"ರುತMBೆ. 5ಮK �zತ ಅನುಮ�uಲ�Bೆ 5ಮK ಬ� wೆ 

�ಾವPBೇ <ಾF� ಅಥQಾ ಸಂgೆhೕಧ.ೆಯ ಸಮಯದ�� 5ೕವP ಒದ"Uದ <ಾF�ಯನುL ಇತರ8�ೆ 

ಬFರಂಗಪOಸ*ಾಗುವPeಲ�: 

1. 5ಮK ಹಕುiಗಳ� ಮತುM ಕ*ಾ-ಣವನುL ರSಸಲು ತುತು� ಪ8UV�ಯ��. 

2. �ಾನೂ5ನ ಪ)�ಾರ ಅಗತ-RದC�ೆ. 

 
EಾಗವFಸುR�ೆ�ೆ ಆ{�ಕ |)ೕ(ಾ�ಹ: 

ಈ ಅಧ-ಯನದ�� EಾಗವFಸಲು 5ಮ�ೆ �ಾವPBೇ ಉಡು�ೊ�ೆ / |)ೕ(ಾ�ಹ ಧನ 

5ೕಡ*ಾಗುವPeಲ�. 

ಫ�(ಾಂಶಗಳನುL ಪ)ಕ\ಸಲು ಅ7�ಾರ: 

ಈ ಅಧ-ಯನದ ಫ�(ಾಂಶಗಳನುL ಎಂO ಪದR, Rಮgೆ� ಮತುM ಪ)ಕಟ�ೆಯ ಪ~ಣ��ೊ�ಸುR�ೆಯ 

ಅವಶ-ಕ(ೆಯ EಾಗQಾ" oೆಳಗRಯ �ಾ�ೇm �ೆ ರQಾ5ಸ*ಾಗುತMBೆ. 
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ಪ)gೆLಗಳ� 

ಭRಷ-ದ�� 5ೕವP ಅಧ-ಯನ�ೆi ಸಂಬಂ7Uದ �ಾವPBೇ ಪ)gೆLಗಳನುL �ೊಂeದC�ೆ 5ೕವP 

ಸಂಪ��ಸಬಹುದು: 

1. Reg. No. BN0120001, �ೋಗgಾಸ� REಾಗ, �ೆ.ಎ0. Qೈದ-�ೕಯ �ಾ*ೇಜು. 

 

2. ?ಾ. ______________, �ೋಗgಾಸ� REಾಗ, �ೆ.ಎ0. Qೈದ-�ೕಯ �ಾ*ೇಜು. 

3. ಅಧ-ಯನದ Rಷ-Qಾ" ನಮK ಹW◌ು◌ೆಗಳ ಬ�ೆ◌ೆ 5ೕವP m◌ಾವPBೆೀ ಪರ�◌ೆ◌ೆಗಳನು◌ೆ �ೆ 

◌ಂeದದ�ೆ, 5ೕವP ��◌ಾ �ೆm◌ೆ◌ೆ 

ಅ�◌ು�ರಯ, �ೆಎ0 ಎಂಸV ಐಇಸV ಮMu R�ಗ5 OಐಸVಎಂಆರ, ನಗುಷL� ಇ5◌ೆ◌ಿ� ◌ು� ಆ� 

Zೆ◌ೆOಶನ� �OಸV0 

oೆಳಗ�R -590010, ಅವರನು◌ೆ �ೆ) <ಾಡಬಹುದು, ಪ
ಎ� ಸಂ�◌ೆಯ- 9480422500, �ೆ.ಎ0. 

Qೆೈದಯ�ೕ�ಯ �ಾ*ೆೀಜು, oೆಳಗR 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
ಒ�
�ೆಯ �ೇ��ೆ 
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�ೆಳ�ೆ ಸF <ಾಡುವ ಮೂಲಕ ಈ ಅಧ-ಯನದ�� EಾಗವFಸಲು .ಾನು ಸsಯಂkೆ)ೕರ�ೆuಂದ 

ಒಪP
(ೆMೕ.ೆ. .ಾನು �ಾವPBೇ ಸಮಯದ�� Fಂ(ೆ�ೆದು�ೊಳ
ಬಹುದು. ಈ �ಾ�w� ಸF <ಾಡುವ 

ಮೂಲಕ .ಾನು �ಾವPBೇ �ಾನೂನು ಹಕುiಗಳನುL �ಟುX�ೊಡು�Mಲ�. �ೆಳ"ನ ನನL ಸF .ಾನು 

ಓeBೆCೕ.ೆ, ಅಥQಾ ಅದನುL ನನ�ೆ ಓeBೆ, ಈ ಸಂಪ~ಣ� ಒ�
�ೆಯ ರೂಪ ಮತುM ನನL ಎ*ಾ� 

ಪ)gೆLಗ��ೆ ಉತM8UBೆ ಎಂದು ಸೂrಸುತMBೆ 

 
ಪ)4ಾನ ತ56ಾ7�ಾ8:  

<ಾಗ�ದ>�:  

EಾಗವFಸುವವರ �ೆಸರು:     (ಸF / �ೆoೆ�ರಳ�) 

 

�ಾSಯ �ೆಸರು:      (ಸF / �ೆoೆ�ರಳ�) 

 

ತ56ಾ7�ಾ8ಯ �ೆಸರು:     (ಸF) 

 

e.ಾಂಕ: 

R�ಾಸ:       ದೂರQಾ� ಸಂ6ೆ-: 
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मािहतीपूण� संमती 

 

टे�रटरी केअर ��ालय येथे र�सं�मण अव�ंिबत थॅ�ेसीिमया ��ांम�े  

ए�ोई#ूनायझे&नचा अ(ास. 

)धान अ+ेषक: Reg. No. BN0120001 

माग�द&�क: डॉ._______________ 

 

अ(ासाचा उ2े&: 

या अ(ासाम�े भाग घे5ासाठी पा7ते8ा िन&क� &नुसार आप;ा�ा नोदंणी कर5ास 

सांिगत�े जाते. 

र�सं�मण अव�ंबून अस�े;ा थॅ�ेसीिमया8ा ��ांम�े ए�ोई#ूनायझे&न &ोधणे हा या 
अ(ासाचा हेतू आहे. 

 

)ि�याः  

या अ(ासादर#ान, आप;ा र�गटाची चाचणी के�ी जाई� आिण आप�ी 
ए�ोई#ूनायझे&न >?थती &ोध5ासाठी डायरे@ कोAची चाचणी (डीसीटी) के�ी जाई�.              

डॉ. _______________ (माग�द&�क) यां8ा माग�द&�नाखा�ी Reg. No. BN0120001 (पीजी) या 
अ(ासाचे मुN तपासनीस आहेत. आपण या अ(ासाम�े आप�ी नावनोदंणी कर5ास 

सहमती द&�िव;ास आप;ा र�गटा8ा अहवा�ासह आप�ा डीसीटी अहवा� सं&ोधना8ा 
उ2े&ाने वापर�ा जाई�. 

जोखीम आिण फायदे 

या अ(ासाम�े भाग घे5ात कोणतीही जोखीम नाही. थॅ�ेसीिमया8ा ��ांम�े 

ए�ोई#ूनायझे&न >?थतीचा अंदाज �ाव5ाचा अिधक चांग�ा माग� आिण थॅ�ेसीिमया8ा 
P�ांम�े र�दाQांकडून र�दाQा आरबीसीिवPR र�वािहSा तयार के;ा जाणाT या 
गंुतागंुत रोख5ासाठी िवि&U र�सं�मण माग�द&�क तVांचे समथ�न कर5ाचे महV जाणून 

घे5ाचा फायदा होई�. 

िवकWः  

या अ(ासाम�े भाग घेणे ऐ>Yक आहे. आपण या अ(ासाम�े भाग न घे5ाची िनवड कP 

&कता िकंवा आपण आता भाग घे5ाचा िनण�य घेत;ास आपण नंतर आप�े मत बद�ू आिण 

अ(ासापासून दूर जाऊ &कता. अ(ास डॉ@र िकंवा )ायोजक या अ(ासामधी� आप�ा 
सहभाग कधीही र2 कP &कतात. 
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गोपनीयता 

या अ(ासा8ा दर#ान आप;ाब2� संकि�त के�े�ी सव� मािहती काय[ा\ारे परवानगी 
अस�े;ा मया�देपय]त गोपनीय ठेव�ी जाई�. कोड नंबर आप;ा�ा या सं&ोधन रेकॉड�म�े 

ओळखती�. या अ(ासाची मािहती )काि&त के�ी जाई� परंतु आप�ी ओळख कोणQाही 
)का&नात गोपनीय असे�. आप;ाब2� िकंवा सं&ोधनादर#ान )दान के�े�ी मािहती िकंवा 
इतर मािहती आप;ा ि�>खत परवानगीि&वाय इतरांना उघड के�ी जाणार नाहीः  

1. आपaा�ीन प�र>?थतीत आप�े हb आिण क;ाण संरिcत कर5ासाठी. 

2. काय[ाने आवdयक अस;ास. 

 

सहभागासाठी आिथ�क )ोeाहनः  

या अ(ासाम�े भाग घे5ासाठी आप;ा�ा कोणतीही भेट / )ोeाहन िद�े जाणार नाही. 

 

प�रणाम )काि&त कर5ासाठी अिधकृतताः  

या अ(ासाचे िनका� एमएडी पदवी, आढावा आिण )का&न पूण� कर5ा8ा आवdयकतेचा 
भाग hणून काहेर, बे�ागावीकडे पाठिव�ा जाई�. 

 

)शनावळी: 

भिवjात अ(ासा&ी संबंिधत काही )dन अस;ास आपण संपक�  साधू &कताः  

1. डॉ. ऐdवया� एम एस, पॅथॉलॉजी िवभाग, जे.एन. मेिडकल कॉलेज, फोन नंबर- 7483884149 / 
8861399064 

2. डॉ. सुनीता वाय पाटील , पॅथॉ�ॉजी िवभाग, जे.एन. मेिडक� कॉ�ेज, फोन नंबर- 
9845284106 

3. आप;ाकडे अ(ासाचा िवषय hणून आप;ा हbांब2� काही &ंका अस;ास आपण 

डॉ. Pपा बेkद, )ोफेसर, बा� रोग&ाl िवभाग, मानवी िवषय सं&ोधनाची सं?था नैितक 

सिमती, अ�c जे.एन. मेिडक� कॉ�ेज बे�ागावी. कॉ� कP &कता. फोन नंबर 
9448113403,  
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संमती िवधान 

 

मी खाली nाcरी कPन या अ(ासात भाग घे5ास nेYेने सहमत आहे. मी कधीही माघार 

घेऊ शकतो. या फॉम�वर सही कPन मी कोणतेही कायदेशीर हb सोडत नाही. खाली माझी 
nाcरी सूिचत करते की मी हा संपूण� संमती फॉम� वाचला आहे िकंवा माoा कडून वाचिव�ा 
गेला आहे आिण माoा सव� )pांची उqरे िदली आहेत. 

 

)धान अ+ेषक:  

 

माग�द&�क: 

 

सहभागीचे नाव:      (nाcरी / अंगठाचा ठसा) 

 

 

साcीदाराचे नाव:      (सही / अंगठाचा ठसा) 

 

 

चौक&ीचे नाव:       (nाcरी) 

 

तारीख: 

 

पqा:        फोन नंबरः  
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ANNEXURE II 
 

PROFORMA 

 

STUDY OF ALLOIMMUNISATION IN TRANSFUSION DEPENDENT 

THALASSEMIA PATIENTS AT A TERTIARY CARE HOSPITAL. Thalassemia 

patients who are registered at KLE’s Dr. Prabhakar Kore Charitable hospital and 

KLE’s Dr PK Hospital and MRC, Belagavi are enrolled in this study.  This study will 

include 205 cases of thalassemia receiving regular transfusions. The study is a 

prospective cross-sectional study. The data collected will comprise of age, sex, age at 

first transfusion, transfusion frequency, number of transfusions till date and 

splenectomy status as a part of their treatment.  Phlebotomy will be performed under 

strict aseptic precautions and 3 mL of venous blood will be collected in EDTA test 

tubes. Antibody screening via Direct Coomb’s Test will be performed in all collected 

samples. 
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PATIENT DETAILS    

Name:        Age:                                                                                      

Sex:        IP no.:                                                                                      

Brief clinical history:         

Age of onset of symptoms: 

Age at first transfusion: 

Blood group: 

Type of blood received: [A] Whole blood 

    [B] Packed Red Blood Cells (PRBC) 

    [C] Leucodepleted blood 

Frequency of transfusion:  

Number of transfusions till date:  

Hemoglobin (%): [A] Before transfusion -  

                             [B] After transfusion -  

Splenectomy status: 

Direct Coomb’s Test:  

 

 

 

 

 

 

 

 

 

 

 



Annexures 

 

 Page 148 

 

ANNEXURE IV 

DIRECT COOMB’S TEST 

 

Direct Coombs Test [DCT] / Direct Antiglobulin Test [DAT] 

The direct Coombs test is used to detect antibodies (IgG or C3) that are stuck to the 

surface of red blood cells that sometimes destroy red blood cells and cause anemia. 

To identify if a patient’s RBCs are coated with immunoglobulin, complement or both, 

AHG with reactivity to human immunoglobulin and/or compliment is added to the 

patient’s RBCs. If cross linking and subsequent agglutination is present, direct 

Coomb’s test is positive. 

Specimen: EDTA blood  

 

Materials : 

1. Test tubes 

2. AHG reagent  

3. Positive control cells (IgG coated)  

4. Centrifuge and microscope  

 

Procedure : 

1. Make 5% cell suspension of patient blood by washing 3 times with normal saline.  

2. After last washing decant the supernatant completely. 

3. Take 1 drop of patient’s cell suspension in a test tube.  

4. Add 2 drops of A.H.G reagent with the patient’s cell suspension in the test tube.  

5. Mix well and centrifuge the mixture for at 1500 RPM for 1 minute.  
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6. Gently shake the tube and examine with naked eye and under microscope to see the 

agglutination.  

7. If the test result is negative, add a drop of control cells.  

8. Mix well and centrifuge the mixture for at 1500 RPM for 1 minute and look for 

agglutination. If no agglutination is seen, the result is invalid.  

 

Result: 

Presence of agglutination means a positive DAT indicating the presence of human 

immune globulin or complement bound to RBCs.  

Absence of agglutination means a negative DAT.  

 

Uses of DAT: 

1. Presence of autoantibodies against RBC as in the case of warm autoimmune 

hemolytic anemia (AHA).  

2. To detect hemolytic transfusion reactions when incompatible blood is transfused, 

the donor cells get coated with recipient’s antibodies and the DAT is positive. 
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ANNEXURE V 

KEY TO MASTER CHART 

 

SN  - Serial Number 

YRS  - Years 

BG  - Blood Group 

PC  - Parental Consanguinity 

SWT  - Sibling with Thalassemia 

PWH  - Parents with Hemoglobinopathy 

Dx  - Diagnosis 

AD / AFT - Age at Diagnosis / Age at First Transfusion 

TR  - Transfusion Regimen 

n  - Number of Transfusions till date 

S  -  Splenectomy 

TBT  -  Type of Blood Transfused 

VBT  - Volume of Blood Transfused 

mL  -  Milli-litre 

iHb  - Initial Hemoglobin 

fHb  - Final Hemoglobin 

g/Dl  -  Gram per Decilitre 

RGHb/wk - Rate of fall of hemoglobin per week 

DCT  - Direct Coombs Test 

ALLO  - Alloimmunization 

M  - Male 

F  - Female 

Mo  - Mother 
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Fo  - Father 

+  - Positive 

-  - Negative 

Y - Yes 

N - No 

TM - Thalassemia Major 

TI - Thalassemia Intermedia 

AT - Alpha Thalassemia 

HT - HBE Thalassemia 

Tt - Thalassemia Trait 

St - Sickle Trait 

HyrTr - Hyper-transfusion Regimen 

HTr - Hypo-transfusion Regimen 

STr - Super-Transfusion Regimen 

D - Done 

ND - Not Done 

PRBC - Packed Red Blood Cells 

TSW - Triple Saline Washed 

O-TB - O Type Blood 
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1 8.1 M A + N N N TM 7.7 HyrTr 101 ND PRBC 5000 8.2 12 1.5 -
2 7.8 M B - N N N TM 7.1 HyrTr 56 ND PRBC 1000 7.5 13.4 0.5 -
3 1.8 F A + N N N TM 1.1 HyrTr 11 ND PRBC 100 9.7 13.5 0.7 -
4 9.1 M A + Y N N TM 8.8 HyrTr 99 ND PRBC 7500 8.6 12.6 0.6 -
5 18.5 M B + Y N N TM 17.6 HTr 211 ND PRBC 27500 6.7 9 0.1 -
6 4.6 F B + N N N TM 3.1 HyrTr 32 ND PRBC 200 8.4 12.9 1 -
7 10.8 F A + Y N N TI 4.3 HTr 44 ND PRBC 600 7.1 10.6 0.9 -
8 11.8 F B + N N N TM 11.5 HyrTr 168 ND PRBC 16750 7 12.1 1.6 -
9 21.1 M B + Y N N TI 9.2 HyrTr 299 ND PRBC 45000 6 11 2.2 +
10 18.1 M B + Y N N TM 17.8 HyrTr 319 D PRBC (TSW ) 45500 8 10.7 1.8 +
11 5.5 M AB + N N N TI 3.4 HyrTr 36 ND PRBC 100 8.4 13.5 1 -
12 10 F B + Y N N TI 3.8 HTr 36 ND PRBC 200 7 10.2 0.8 -
13 1.6 F B + Y N N TM 1 HyrTr 9 ND PRBC 100 9.2 13.6 0.7 -
14 14.6 F B + Y N N TI 8.1 HTr 97 ND PRBC 800 4.9 10 1.8 -
15 19.3 M O + N N N TI 15 HyrTr 238 ND PRBC - 7.8 9.9 0.6 -
16 16.8 F A + N N N TM 15.3 HyrTr 207 ND PRBC 24500 7.5 11.6 0.8 -
17 1.8 F O + Y N N TM 2.4 HyrTr 15 ND PRBC 600 8.4 12.9 1 -
18 15.7 M O + Y N N TI 11.8 HyrTr 172 ND PRBC 18000 9.6 13.2 1.2 -
19 11.9 F O - Y N N TI 9 HTr 80 ND PRBC 2400 6.6 11.4 0.8 -
20 6.3 F O + N N N TM 6 HyrTr 65 ND PRBC 600 9.7 14 0.9 -
21 11.2 F A + Y N N TM 10.4 HyrTr 165 ND PRBC 15000 7.1 11.4 1.8 -
22 11.9 F O - Y N N TI 9.1 HTr 80 ND PRBC 2400 6.6 11.4 0.8 -
23 6.4 F B + Y N N TM 6.3 HyrTr 69 ND PRBC 800 9.1 13.5 1 -
24 13.1 F A + Y Y N TM 12.3 HyrTr 166 ND PRBC 17250 9 13.2 1.1 -
25 8.8 M B + N Y N TM 7.7 HyrTr 79 ND PRBC 2400 8.7 12.4 1.7 -
26 10.3 M B + N N N TM 9.7 HyrTr 133 ND PRBC 10000 8.5 12.5 1.1 -
27 13 F B + N N N TM 9.7 HyrTr 126 ND PRBC 9600 9.1 12.5 1.1 -
28 5.9 F A + N N N TM 5.3 HyrTr 22 ND PRBC 3000 8.1 13.5 1.3 -
29 9 F A + Y N N TM 8.2 HyrTr 100 ND PRBC (TSW ) 5500 8.2 12.2 1.4 -
30 11.7 M B + N N N TM 10.2 HyrTr 157 ND PRBC 7.5 11.1 1.3 -
31 2.9 F AB + N N N TM 0.6 HyrTr 5 ND PRBC 400 5.7 8.7 -
32 2.8 M A + Y N N TM 2.2 HyrTr 25 ND PRBC 230 8.6 13.1 1.1 -
33 9.7 F AB + Y N N TM 8.3 HyrTr 108 ND PRBC 6250 7.8 12.1 1.3 -
34 9.7 F O + Y Y N TM 8.9 HyrTr 90 ND PRBC 6300 7.9 11.2 1.1 -
35 17 M B + Y N N TM 14.7 HyrTr 209 D PRBC (TSW ) 9.5 13.2 0.9 -
36 15.4 F B + Y N N TM 14.8 HyrTr 212 ND PRBC 212 7.7 10.2 0.7 -
37 6.5 M O + Y N N TM 0.8 HyrTr 4 ND PRBC 600 6.7 9.7 -
38 16.2 M O + N N N TM 15.7 HyrTr 348 ND PRBC (TSW ) 8.5 12.7 1 -
39 4.4 M B + Y N N TM 3.4 HyrTr 38 ND PRBC 300 8.1 12.6 1.2 -
40 6.9 F B + Y Y N TM 6.8 HyrTr 80 ND PRBC 2750 8.7 13.5 1 -
41 21.3 M O + Y N N TI 16.1 HTr 174 D PRBC 24500 7.1 8.5 0.3 +
42 11.1 F O + Y Y N TM 10 HyrTr 138 ND PRBC 11750 9.1 13.5 1.6 -
43 13 M A + Y N N TI 9.3 HyrTr 174 D PRBC 11750 7.7 10.3 1.4 -
44 14.4 F B + Y N N TM 13.9 HyrTr 195 ND PRBC 24500 8.3 12 1.4 -
45 11.1 F B + N N N TM 9 HyrTr 116 ND PRBC 8250 9 13.4 1.1 -
46 15.3 F B + Y Y N TM 14.8 HyrTr 160 D PRBC 13200 9.3 11.4 0.8 -
47 8.7 M A + Y N N TM 8 HyrTr 100 ND PRBC 7000 4.9 7.9 0.3 -
48 17.4 M O - Y N N TM 16.8 HyrTr 224 ND PRBC 28800 7.1 9.2 0.8 -
49 11.8 M A + Y N N TM 11.5 HyrTr 177 ND PRBC 19000 8.6 10.8 1.4 -



50 16.8 M O + Y Y N TM 16.5 HyrTr 172 D PRBC 18000 9.7 12.6 1 +
51 5.1 M O + Y Y N TM 4.2 HyrTr 45 ND PRBC 50 10.02 13.5 0.8 -
52 8 M O + N N N TM 7.7 HyrTr 98 ND PRBC 10200 7.9 12.5 0.8 -
53 12.2 M A + N N N TM 11.6 HyrTr 152 ND PRBC 8.9 11.7 1.1 -
54 7.3 M O + N N N TM 6.7 HyrTr 76 ND PRBC 1500 8 12.3 1.2 -
55 26.5 M B + N N N TM 20 HyrTr 372 ND PRBC 9.6 13.5 0.8 -
56 7.5 M AB + N N N TI 4.7 HTr 39 ND PRBC 400 7.4 11 0.9 -
57 27.9 M O + N N N TM 28.1 HyrTr 177 ND PRBC 19250 9 11.7 1 -
58 9 M A + Y N N AT 8.5 HTr 58 ND PRBC 2250 7.5 10.1 0.5 -
59 15.1 M O + Y Y N TI 10 HyrTr 148 ND PRBC 13500 8.8 12.6 1.1 -
60 4.8 F AB - N N N TM 4.5 HyrTr 46 ND PRBC 60 8.1 12.6 0.9 -
61 12.9 M A + Y N N TM 10.5 HyrTr 135 ND PRBC 8750 7.8 11.9 1.1 -
62 1 F O + Y N N TM 0.4 HyrTr 4 ND PRBC 200 8.6 13.1 -
63 10.6 M A + Y N N TI 7.7 HTr 115 D PRBC (O-TB) 14400 7.3 10.4 0.7 -
64 8.3 M A + Y N N TM 7.4 HyrTr 114 ND PRBC 4000 8.2 11.7 1.2 -
65 6.7 M O + N N N TM 5.2 HyrTr 70 ND PRBC 3200 8.5 13.5 2.5 -
66 10.1 M B + Y N N TM 9.4 HyrTr 128 ND PRBC 10500 9.6 13.5 1.1 -
67 3.2 F A + Y N N TM HyrTr 29 ND PRBC 100 8.1 12.6 1 -
68 3.7 F A - N N N TM 2.7 HyrTr 27 ND PRBC 240 5 8 1.1 -
69 8.3 M B + Y N N TM 8 HyrTr 97 ND PRBC 7500 9.5 13.5 0.8 -
70 8 M A + N Y N TI 3.8 HTr 39 ND PRBC 200 7.4 12.2 0.9 -
71 14.1 F O + Y N N TI 10.8 HyrTr 134 ND PRBC 9750 9.2 13.4 0.8 -
72 10.8 F B + Y N N TM 9.9 HyrTr 134 ND PRBC 12600 10.6 13.5 0.9 -
73 2.8 F O + Y N N TM 2.3 HyrTr 15 ND PRBC 800 7.5 12 1 -
74 9.5 F O + Y N N TM 8.8 HyrTr 101 ND PRBC 20000 8.9 13.3 -
75 13.2 M O + N Y N TM 13 HyrTr 263 ND PRBC 36000 8.4 11.5 1.4 +
76 9.5 F O + N N N TM 8.9 HyrTr 110 ND PRBC 6000 9 13.5 1 -
77 18.1 M B + N N Fo - Tt, Mo - St HT 14.1 HTr 135 ND PRBC 10250 7.8 10 0.8 -
78 4.2 M B + Y Y N TM 3.9 HyrTr 53 ND PRBC 90 7.4 11.2 1.3 -
79 7.6 M A + Y N N TM 7.3 HyrTr 84 ND PRBC 2750 9 13.5 1 -
80 6.7 F B + Y Y N TM 6.1 HyrTr 88 ND PRBC 500 7.1 11 1.5 -
81 4.3 F A + Y N N TM 4 HyrTr 43 ND PRBC 200 8.9 13.4 1 -
82 1.8 F A + Y N N TM 1.2 HyrTr 12 ND PRBC 150 8.8 13.3 0.7 -
83 20.9 M B + N N N TM 20.4 HyrTr 412 ND PRBC 8.5 10.2 1.1 -
84 22.3 M O + Y N N TM 21.6 HyrTr 315 ND PRBC 8.1 12.1 1.4 -
85 9.8 M O + Y N N TI 6.7 HTr 9 ND PRBC 800 9.8 13.2 1.1 -
86 14.1 F B + N N N TM 13.5 HyrTr 217 ND PRBC 19200 8.5 10 1 -
87 14.6 F A + N Y N TI 3.7 HyrTr 88 ND PRBC 221 6 8.8 1.2 -
88 2 M A + N N N TM 1.3 HyrTr 12 ND PRBC 900 8.3 12.8 0.9 -
89 4.1 M A + Y N N TM 3.7 HyrTr 40 ND PRBC 210 10.8 13.5 0.6 -
90 6.8 M B + Y Y N TM 5.3 HyrTr 66 ND PRBC 400 10.3 13.5 0.9 -
91 14.2 M O + N N N TI 11.3 HyrTr 218 ND PRBC 21250 8 13.3 1.2 -
92 9.8 M B + N N N TM 9.5 HyrTr 139 ND PRBC 12000 8.1 11.6 1.3 -
93 5.3 F O + N N N TM 5 HyrTr 63 ND PRBC 250 9.9 13.5 1.2 -
94 14.2 F O + N Y N TM 14.1 HyrTr 225 ND PRBC 28750 9.2 11.3 1.2 -
95 1.5 F A + Y Y N TM 0.8 HyrTr 9 ND PRBC 600 10.2 13.5 0.8 -
96 9.2 F A - Y Y N TM 8.8 HyrTr 8.8 ND PRBC 6250 8.3 11.7 1.3 -
97 21.4 M A + Y N N TM 20.7 HyrTr 250 ND PRBC 40000 9.7 11.5 1.1 -
98 11.7 F O + N N N TM 11.3 HyrTr 158 ND PRBC 19000 6.6 9.6 1.5 -
99 6.8 F A + N N N TM 6.3 HyrTr 71 ND PRBC 5300 8.5 12.6 1 -

100 12.3 M AB + Y N N TM 11.6 HyrTr 140 ND PRBC 11750 6.5 9.5 0.8 -
101 4.1 M A + N N N TM 3.7 HyrTr 37 ND PRBC 40 7.1 11.6 1 -
102 6.9 F O + Y N N TM 6.6 HyrTr 91 ND PRBC 1750 8.4 12.3 0.3 -
103 9.7 F A + N Y N TI 4.8 HTr 35 ND PRBC 200 7.2 11.2 0.8 -
104 7.3 M O + Y N N TI 3.1 HTr 36 ND PRBC 120 4.6 8.4 0.6 -
105 11 F O + Y Y N TM 9.6 HTr 145 ND PRBC 9600 6.5 9.8 0.9 -



106 14.6 F AB + Y N N TM 13.6 STr 105 ND PRBC (O-TB) 5750 7.8 12.3 2.8 -
107 15.8 F O - Y N N TI 13.2 HyrTr 148 D PRBC 17750 7.6 10.6 0.7 -
108 12.6 M B + N Y N TI 8.3 HTr 108 D PRBC 7000 8.8 10.6 0.2 -
109 23.8 M B + Y Y N TI 23.2 HTr 185 D PRBC 27500 7.7 13.5 0.5 +
110 16.1 M O + Y N N TM 15.3 HTr 190 D PRBC (TSW) 28500 6.8 8.2 0.8 +
111 8.1 M B + Y N N TM 6.3 STr 79 ND PRBC 1000 9.9 14.5 1.5 -
112 12.3 M B + Y N N TM 10.8 HyrTr 133 ND PRBC 10750 9.2 12.3 1.1 -
113 8.8 M O + Y N N TI 5.7 HTr 76 ND PRBC 200 7.5 10.4 0.9 -
114 5.8 F A + Y N N TM 5.7 HyrTr 65 ND PRBC 600 7.3 11.9 1.4 -
115 8.7 F O + Y N N TM 8.3 HyrTr 99 ND PRBC 5000 7.9 10.8 1.5 -
116 2.5 M B + N N N TM 2.3 HyrTr 21 ND PRBC 900 8.6 13.1 1.1 -
117 20.8 M B + Y N N TM 18 HyrTr 246 ND PRBC 7.9 9.7 1.1 -
118 13 M AB + Y N N TM 10.2 HyrTr 100 ND PRBC 6000 8 10.9 0.6 -
119 13.7 M A + Y N N TM 13.1 HyrTr 175 ND PRBC 21000 9.1 12.5 1 -
120 6.3 M B + N N N TM 5.8 HyrTr 79 ND PRBC 50 6.8 9.8 1.6 -
121 14.7 M O + Y N N TM 14.5 HyrTr 238 ND PRBC 9 13.5 1.2 -
122 14.3 F O + Y N N TM 14.1 HyrTr 206 ND PRBC 24000 9.2 13.5 1.2 -
123 4.8 M B + N N N TM 4.6 HyrTr 24 ND PRBC 1000 9.4 11.5 0.8 -
124 5 F O + N N N TM 3.5 HyrTr 45 ND PRBC 90 7.8 13.5 1.4 -
125 16.5 F B + N Y N TM 15.5 HTr 205 D PRBC 31500 9.4 11.1 0.3 +
126 12.4 F B + Y N N TM 12.1 HyrTr 167 ND PRBC (TSW) 16750 8.8 11.7 1.2 +
127 14 F B + Y N N TM 13.7 HTr 173 ND PRBC (O-TB) 23250 4.8 12.9 1.3 +
128 1.9 F AB + Y N N TM 0.8 HyrTr 12 ND PRBC 700 8.1 12.6 0.8 -
129 21.3 F AB + Y N N TI 16.8 HyrTr 212 ND PRBC 24500 9.5 12.1 0.9 -
130 8.4 F O + N N N TM 8.2 HyrTr 111 ND PRBC 7000 8.5 12 1.1 -
131 4.3 F A + Y Y N TM 3.9 HyrTr 35 ND PRBC 60 8.2 12.7 0.7 -
132 10.8 M B - Y N N TM 10.8 HyrTr 171 ND PRBC 13600 5.3 8.3 1.5 -
133 18.7 M B + Y N N TI 18.1 HyrTr 90 ND PRBC 500 7.4 10 1.5 -
134 8.3 M O + Y N N TI 2 HyrTr 34 ND PRBC 800 8.8 13.5 1.2 -
135 12.8 F A + Y Y N TI 5.6 HTr 53 ND PRBC 2400 6.9 9.8 0.3 -
136 1.6 M O + N N N TM 1.1 HyrTr 11 ND PRBC 60 9.7 13.5 0.8 -
137 9.7 F O + N N N TM 8.3 HyrTr 141 ND PRBC 12000 10.6 13.5 1.1 -
138 21 M O + N N N TI 19.3 HTr 254 D PRBC 43200 7.2 9.6 0.4 +
139 4.6 M AB + Y N N TM 4.3 HyrTr 41 ND PRBC 320 7.1 11.5 3.4 -
140 12.2 M O + Y N N TM 11.4 HyrTr 176 ND PRBC 8.2 11.9 1.5 -
141 14.6 M B - N N N TM 13.2 HyrTr 163 D PRBC 19200 8.7 11.6 0.6 -
142 20.3 M B + Y Y N TM 14.9 HyrTr 241 ND PRBC 27000 9.3 12.6 1.1 -
143 14.5 F O + Y N N TM 12.9 HyrTr 183 ND PRBC 21500 8.6 12.3 1 -
144 8.9 F O + Y N N TM 8.6 HyrTr 120 ND PRBC 9000 8.8 13.5 1.2 -
145 7.8 M B + N N N TM 7.4 HyrTr 104 ND PRBC 6250 9.2 13.5 0.6 -
146 6.4 M O + Y N N TI 4.3 HTr 60 ND PRBC 120 7.2 11.5 0.9 -
147 7.4 M O - N N N TM 6.8 HyrTr 84 ND PRBC 2750 7.5 11.9 1 -
148 16.9 M A + N Y N TI 14.1 HTr 29 D PRBC 2800 7.4 10.3 0.9 -
149 3.7 M O + N N N TM 3.3 HyrTr 38 ND PRBC 800 7.3 11.8 1.2 -
150 8.2 F O + Y Y N TM 7.7 HyrTr 105 ND PRBC 4200 9.2 12.1 1.2 -
151 14.7 F B + Y Y N TI 13.1 HTr 83 ND PRBC 2800 7.5 10.3 1.1 -



152 13.8 F B + N N N TM 13.2 HyrTr 189 D PRBC 24000 8.3 11.9 1 +
153 31.3 M A + Y N N TI 25.5 HTr 179 D PRBC 21750 7.2 8.9 0.2 +
154 9.5 M O + Y N N TM 9.3 HyrTr 113 ND PRBC 8750 8.7 13.1 1.2 -
155 22.3 M B + Y Y N TM 6.3 HyrTr 163 ND PRBC 7750 8.9 11.8 0.9 -
156 4.5 F A + Y N N TM 3.9 HyrTr 46 ND PRBC 40 9.8 13.5 0.9 -
157 16.3 M A + Y N N TM 15.1 HTr 219 ND PRBC 28000 7.2 9.2 1.1 +
158 19.9 F O + Y N N TM 19.3 HyrTr 263 D PRBC 37000 9.8 11.8 0.5 +
159 10.9 M O + N N N TI 7.8 HyrTr 109 ND PRBC 2750 9.1 11.9 1.4 -
160 3.9 M O + Y N N TM 3.6 HyrTr 45 ND PRBC 150 9.1 13.5 0.9 -
161 14.1 F B + Y N N TM 14.1 HyrTr 168 D PRBC 19200 8.6 11.9 0.7 -
162 3.8 M O + Y N N TM 3.6 HyrTr 47 ND PRBC 100 9.3 13.5 0.9 -
163 11.8 F A + Y N N TI 8.8 HTr 76 ND PRBC 3500 4.3 8.1 1.3 -
164 14.1 M O + Y N N TM 13.7 HyrTr 157 ND PRBC 17500 6.3 9.3 0.8 -
165 9.5 F A + Y Y N TI 6.1 HyrTr 79 ND PRBC 250 8.6 12.5 1 -
166 7.2 F O + Y N N TM 6.9 HyrTr 81 ND PRBC 3000 8.5 13.1 1.1 -
167 6.8 M O + Y Y N TM 5.6 HyrTr 66 ND PRBC 300 10 13.5 0.9 -
168 6.8 M B + Y N N TM 6.3 HyrTr 76 ND PRBC 800 7.1 11.8 1.4 -
169 8.3 F O - N Y N TM 8.1 HTr 108 ND PRBC 7500 5.7 9.4 1.3 -
170 9.8 F O + N N N TM 8.8 HyrTr 83 ND PRBC 4000 7.1 13.2 0.5 -
171 11.1 M AB + Y N N TM 9.8 HyrTr 122 ND PRBC 6600 8.8 13.1 1.1 -
172 20.3 M O + Y N N TI 166 STr 166 ND PRBC 13000 8.2 12.2 1.4 -
173 7.4 M B + N N N TM 6.8 HTr 79 ND PRBC (O-TB) 2400 7 11.9 1.1 -
174 19.2 F B + Y N N TM 19.1 STr 149 ND PRBC 16800 9.3 10.7 0.6 -
175 10.8 F O + Y N N TM 10.2 HyrTr 154 ND PRBC 13250 8.1 12.3 1 -
176 12.9 F O + Y Y N TM 11.3 HyrTr 157 ND PRBC (TSW) 15000 9.3 11.7 0.8 -
177 18.8 M B + N N N TI 13.3 HTr 189 D PRBC 31200 6.8 8.5 0.2 +
178 3.4 F O - Y N N TM 3 HyrTr 31 ND PRBC 50 8.9 13.4 0.7 -
179 9.5 M O + N N N TM 9.1 HyrTr 116 ND PRBC 7250 8.8 12.3 1.2 -
180 10.3 M B - Y N N TI 7.2 HyrTr 102 D PRBC 52250 8.9 12.1 0.9 +
181 7.6 M O + N N N TM 7 HTr 83 ND PRBC 3500 9.2 13.5 1 -
182 15.6 M AB + Y N N TI 8.5 HTr 131 D PRBC (O-TB) 7500 8 9.7 0.9 -
183 9.7 F O + Y N N TM 8.3 HyrTr 113 ND PRBC (TSW) 5000 8.4 11.2 1.3 -
184 9.9 M A - Y N N TI 6.2 HTr 104 ND PRBC 2000 7.5 11.54 0.7 -
185 9.5 F O + N N N TM 8.6 HyrTr 122 ND PRBC 8500 8.5 12.5 1.1 -
186 10.8 M B + N Y N HT 8.1 HTr 65 ND PRBC 400 7.8 11.4 1.1 -
187 12.9 M AB + Y N N TM 12.7 HyrTr 186 ND PRBC 8.2 13.5 1.4 -
188 16 F B + N Y N HT 13 HyrTr 77 D PRBC 600 9.1 11.7 1.1 -
189 20.5 M A + Y N N TM 20.1 HyrTr 274 D PRBC 44000 9.2 11.7 1.2 +
190 3.4 M O + N N N TM 3.1 HyrTr 35 ND PRBC 100 10.5 13.5 0.7 -
191 7.9 F O + N N N TM 7 HyrTr 74 ND PRBC 4800 9.8 13.5 0.9 -
192 16.3 M A + Y N N TM 15.8 HyrTr 257 ND PRBC 32000 7 9.9 0.6 +
193 8.1 M O + Y N N TM 8 HyrTr 81 ND PRBC 9000 7.7 12.1 1.6 -
194 10.1 M O + N N N TI 7.4 HTr 111 ND PRBC 4750 6.2 10 1.1 -
195 17.3 M O + N N N TI 13.2 HyrTr 177 ND PRBC 19200 10.8 13.2 0.5 -
196 22.3 M O + Y N N TM 22.1 HyrTr 307 D PRBC 48000 9.9 13.3 0.4 +
197 14.5 M A + N N N TM 14 HyrTr 158 D PRBC 19200 7.3 13 0.1 -
198 17.5 M A + N Y N TI 13 HyrTr 194 ND PRBC 17750 7.5 8.9 1.2 -
199 7.3 M A - N N N TM 6.8 HyrTr 79 D PRBC 10000 9 13.5 1.1 -
200 28.1 M A + Y N N TM 27.8 HyrTr 172 ND PRBC 18250 8.6 11 1.1 +
201 9.5 M A + Y Y N TM 8.5 HyrTr 120 ND PRBC 8000 7.2 10.2 0.4 -
202 5.8 M O + N N N TM 5.3 HyrTr 56 ND PRBC 200 9.1 13.5 1 -
203 8.6 F O + Y N N TM 7.4 HyrTr 112 ND PRBC 8250 7.7 12.7 1 -
204 7.1 M O + Y Y N TM 5.4 HyrTr 63 ND PRBC 400 7.4 12.1 1.3 -
205 5 F O + N N N TM 4.8 HyrTr 55 ND PRBC 500 8.7 13.5 0.9 -


