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REVIEW OF HB STRUCTURE

� Delivers oxygen to the cells

� Tetramer (4 subunits – 2 ‘A’ and 2 ‘B’) plus Heme groups

� A = Alpha like genes and pseudo-genes : 141 amino acid 

(Chromosome 16); ξξ, α, θ(Chromosome 16); ξξ, α, θ

� B = Beta like genes and pseudo genes:146 amino acid  

(Chromosome 11); ε,γ,β,δ
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Normal hemoglobin production

chain balance
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Hemoglobin Hemoglobin 
TypeType

NameName ComponentsComponents

AdultAdult AA αα22ββ22

A2A2 αα22δδ22

FetalFetal FF αα22γγ22

EmbryonicEmbryonic PortlandPortland ζζ22γγ22EmbryonicEmbryonic PortlandPortland ζζ22γγ22

Gower 1Gower 1 ζζ22εε22

Gower 2Gower 2 αα22εε22

AbnormalAbnormal HH ββ44

Bart’sBart’s γγ44
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Hemoglobins in normal adultsHemoglobins in normal adults

HbA HbF HbA2

98% ~1% <3.5%



Disorders of Disorders of HemoglobinHemoglobin

1. 1. ThalassemiaThalassemia:: globinglobin chains structurally chains structurally 

normal(normal(quantitativequantitative), but have imbalance in ), but have imbalance in 
production of two different types of chainsproduction of two different types of chainsproduction of two different types of chainsproduction of two different types of chains

2. 2. HemoglobinopathiesHemoglobinopathies: : globinglobin chain chain 

is abnormal (is abnormal (qualititativequalititative). ). HbHb S, S, HbHb C, C, 
HbHb E E 



�� HbHb SS ((bb6 Glu      Val) mutation, a A    T    6 Glu      Val) mutation, a A    T    

substitution substitution at at codoncodon 66

�� HbHb CC ((bb6 Glu      Lys) mutation, a G      A6 Glu      Lys) mutation, a G      A�� HbHb CC ((bb6 Glu      Lys) mutation, a G      A6 Glu      Lys) mutation, a G      A

�� HbHb EE ((bb26 Glu      Lys) mutation, a G     A26 Glu      Lys) mutation, a G     A

�� HbHb O O ArabArab ((bb121 Glu      Lys) mutation, a G     A121 Glu      Lys) mutation, a G     A

�� HbHb DD ((bb121 Glu      121 Glu      GlnGln) mutation) mutation



What is What is ThalassemiaThalassemia ??

ThalassaemiaThalassaemia isis aa groupgroup ofof inheritedinherited
disordersdisorders ofof hemoglobinhemoglobin synthesissynthesis
characterizedcharacterized byby aa reducedreduced oror absentabsent
oneone oror moremore ofof thethe globinglobin chainschains ofof
adultadult hemoglobinhemoglobin ..adultadult hemoglobinhemoglobin ..

TheThe namename isis derivedderived fromfrom thethe GreekGreek
wordswords ThalassaThalassa == Sea"Sea" andand ""HemiaHemia ==
Blood"Blood" inin referencereference toto anemiaanemia ofof thethe
seasea..



The The The The first description first description first description first description ofofofof
Cooley’s Cooley’s Cooley’s Cooley’s anaemiaanaemiaanaemiaanaemia. From the. From the. From the. From the
Transactions of the Transactions of the Transactions of the Transactions of the 
American Pediatric Society, American Pediatric Society, American Pediatric Society, American Pediatric Society, 
37, 2937, 2937, 2937, 29––––30, 30, 30, 30, 1925192519251925....37, 2937, 2937, 2937, 29––––30, 30, 30, 30, 1925192519251925....



Thomas B. Cooley (1871–1945). Cooley

was born at Ann Arbor, Michigan,

graduated MD in 1895 and interned

at the Boston City Hospital. After

studying in Germany he returned to

Boston to work in contagious disease.

After further appointments in Ann Arbor

and Detroit, and a period of service in

France during the First World War, he

settled in Detroit, where he spent thesettled in Detroit, where he spent the

rest of his life in paediatric practice.



ThalassemiaThalassemia

►►ResultsResults inin overalloverall decreasedecrease inin amountamount ofof
hemoglobinhemoglobin producedproduced andand maymay induceinduce
hemolysishemolysis..

►►ResultsResults inin microcyticmicrocytic,, hypochromichypochromic anemiasanemias
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►►ResultsResults inin microcyticmicrocytic,, hypochromichypochromic anemiasanemias
ofof varyingvarying severityseverity..

►►MayMay bebe eithereither homozygoushomozygous defectdefect oror
heterozygousheterozygous defectdefect..

►►MayMay contributecontribute protectionprotection againstagainst malariamalaria..



Demographics: ThalassemiaDemographics: Thalassemia

•• FoundFound mostmost
frequentlyfrequently inin thethe
Mediterranean,Mediterranean,Mediterranean,Mediterranean,
Africa,Africa, WesternWestern
andand SoutheastSoutheast
Asia,Asia, IndiaIndia andand
BurmaBurma



Genetic Types Genetic Types of of ThalassemiaThalassemia

ttwo basic groups of wo basic groups of thalassemiathalassemia::

�� Alpha ( Alpha ( αα ))ThalassaemiaThalassaemia

Beta ( Beta ( ββ ))ThalassaemiaThalassaemia�� Beta ( Beta ( ββ ))ThalassaemiaThalassaemia

�� Genetic: Genetic: autosomalautosomal recessiverecessive

�� Alpha Alpha thalassemiathalassemia usually caused by gene usually caused by gene 
deletion;deletion; Beta Beta thalassemiathalassemia usually caused usually caused 
by mutation. by mutation. 



�Delta Beta Thalassemia

� Hb Lepore

�HPFH

�Beta Thalassemia with Hb S�Beta Thalassemia with Hb S

�Beta Thalassemia with Hb C

�Beta Thalassemia with Hb E



ALPHA THALASSEMIA

� Alpha Thalassemia: deficient/absent alpha subunits 

� Excess beta subunits

� Excess gamma subunits newborns

� Tetramers formed:

� Hemoglobin H adults
β/γ β/γ

� Hemoglobin H adults

� Hemoglobin  Bart’s newborns

� Five types:

� Silent Carrier

� Trait (Minor)

� Hemoglobin H Disease

� Major (Hemoglobin Bart’s)

� Hemoglobin Constant Spring β/γ

β/γ



GENETIC BASIS OF ALPHA

THALASSEMIA

� Encoding genes on chromosome 16 (short arm)

� Each cell has 4 copies of the alpha globin gene

� Each gene responsible for ¼ production of alpha 

globin

� 4 possible mutation states:� 4 possible mutation states:

� Loss of ONE gene � silent carrier

� Loss of TWO genes � thalassemia minor (trait)

� Loss of THREE genes � Hemoglobin H

� Accumulation of beta chains(b4)

� Loss of FOUR genes � Hemoglobin Barts(g4)

� NO alpha chains produced ∴ only gamma chains present



� Deletions named according to their size

� 3.7kb; 4.2kb; 5.2kb; 20.5kb

� Deletions named according to their origin� Deletions named according to their origin

� Med, Fil, Thai, SE Asian 



COMMON ALPHA THALASSAEMIA DELETION

MUTATIONS



NON-DELETIONAL ALPHA THAL

� Usually represented as αα/αTα

� May be more severe than deletional form – there 

is an abnormal product made; can cause more 

cellular damagecellular damage

� Most common is Hb Constant Spring



Classification & TerminologyClassification & Terminology

AlphaAlpha ThalassemiaThalassemia

•• NormalNormal αααα//αααα

•• Silent carrierSilent carrier -- αα//αααα

•• Minor(trait)Minor(trait) --αα//--αα

----//αααα----//αααα

•• HbHb H diseaseH disease ----//--αα

•• BartsBarts hydropshydrops fetalisfetalis ----//----











CLINICAL OUTCOMES OF ALPHA THALASSEMIA

� Silent carriers 
• asymptomatic , normal

� Alpha Thalassemia minor (trait)
• no anemia

• microcytosis

-unusually small red blood cells due to fewer Hb in RBC

“normal”• “normal”

� Alpha Thalassemia intermedia (Hb H)
• microcytosis & hemolysis

• clinically variable, results in severe anemia

• Mild bone changes

• splenomegaly

• Hb H is susceptible to oxidation, therefore oxidant drugs and 

foods are avoided

• Cells: "golf ball" appearance, especially when stained with 

brilliant cresyl blue



CLINICAL OUTCOMES OF ALPHA THALASSEMIA

� Alpha Thalassemia major

• occurs in utero

• Since alpha chains are synthesized in fetal life, symptoms of 

Alpha-Thalassemia Major begin in fetal life

• Hb Bart's has high oxygen affinity so cannot carry oxygen to 

tissuestissues

• At birth, see severe hypochromic, microcytic anemia with 

numerous NRBCs

• fatal hydrops fetalis

- Edema , ascites caused by accumulation serous fluid in fetal 

tissues as result of severe anemia. Hepatosplenomegaly, 

cardiomegaly., leads to death



HYDROPS FETALIS





BBETAETA TTHALASSEMIAHALASSEMIA

� Commonly found in Mediterranean, Middle East,

Asia, and Africa

� Three clinical types:

� Minor� Minor

� Intermedia

� Major (Cooley anemia)

� May be asymptomatic at birth as HbF functions



Classification & TerminologyClassification & Terminology

Beta ThalassemiaBeta Thalassemia

•• NormalNormal ββ//ββ

•• MinorMinor ββ//ββ00

ββ//ββ++

•• IntermediaIntermedia ββ00//ββ++•• IntermediaIntermedia ββ00//ββ++

ββ++//ββ++

•• Major Major ββ00//ββ00

ββ++//ββ+   +   

ββ00//ββ++



Beta Thalassemia

Chain imbalance

ββββ
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        ββββ
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CLINICAL OUTCOMES OF BETA THALASSEMIA

� Beta Thalassemia minor (trait)
• asymptomatic 

• microcytosis

• mild anemia

� Beta Thalassemia intermedia
• symptoms similar to Cooley Anemia but less severe

� Beta Thalassemia major (Cooley Anemia)� Beta Thalassemia major (Cooley Anemia)
• most severe form 

• moderate to severe anemia

• intramedullary hemolysis (RBC die before full development)

• peripheral hemolysis & splenomegaly

• skeletal abnormalities (overcompensation by bone marrow)

• increased risk of thromboses 

• pulmonary hypertension & congestive heart failure



Thalassemia major



Thalassemia minor



Basophilic stippling, Target cell 



PathophysiologyPathophysiology

��DisturbanceDisturbance ofof ratioratio betweenbetween AlphaAlpha &&
nonnon alphaalpha globinglobin chainchain synthesissynthesis thenthen
absentabsent oror decreasedecrease productionproduction ofof oneone oror
moremore globinglobin chainschainsmoremore globinglobin chainschains

�� FormationFormation ofof abnormalabnormal HbHb structuresstructures

�� IneffectiveIneffective erythropoiesiserythropoiesis

�� ExcessiveExcessive RBCsRBCs DestructionDestruction

�� IronIron OverloadOverload

�� ExtraExtra--medullarymedullary hematopoiesishematopoiesis



PathophysiologyPathophysiology

�� αααααααα--------chain excesschain excesschain excesschain excesschain excesschain excesschain excesschain excess

�� unstableunstable

�� Precipitates within the cell, causes damagePrecipitates within the cell, causes damage

�� Macrophages destroy the damaged RBCs in the Macrophages destroy the damaged RBCs in the 
bone marrow, leads to ineffective bone marrow, leads to ineffective erythropoiesiserythropoiesisbone marrow, leads to ineffective bone marrow, leads to ineffective erythropoiesiserythropoiesis

�� Spleen also removes damaged RBCs, leads to Spleen also removes damaged RBCs, leads to 
chronic chronic extravascularextravascular hemolysishemolysis
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PathophysiologyPathophysiology

�� ββ--------chain excesschain excesschain excesschain excesschain excesschain excesschain excesschain excess

◦◦ UnstableUnstable

◦◦ Combines to form Combines to form hgbhgb molecules with 4 molecules with 4 ββ--chains ( chains ( 

hemoglobin H)hemoglobin H)

�� Infants: excess gamma chains combine with Infants: excess gamma chains combine with hgbhgb�� Infants: excess gamma chains combine with Infants: excess gamma chains combine with hgbhgb
molecules (hemoglobin Bart’s)molecules (hemoglobin Bart’s)

◦◦ High oxygen affinity, poor transporter of oxygenHigh oxygen affinity, poor transporter of oxygen
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Signs & SymptomsSigns & Symptoms

� Thalassemia Minor :

Usually no signs or symptoms 

except for a mild anemia.



Signs & SymptomsSigns & Symptoms

�� ThalassemiaThalassemia IntermediaIntermedia::

�� clinical presentation typically occurs at 2clinical presentation typically occurs at 2--4 years 4 years 
of ageof age

�� HbHb levels  7 g/levels  7 g/dLdL without without TxTx supportsupport

When their When their TxTx requirements reach  8 units per requirements reach  8 units per �� When their When their TxTx requirements reach  8 units per requirements reach  8 units per 
year, they are reclassified as year, they are reclassified as ––TMTM

�� Anemia, Anemia, hyperbilirubinemiahyperbilirubinemia, , hepatosplenomegalyhepatosplenomegaly

�� The majority of the patients will require The majority of the patients will require TxTx at at 
some point in their lives or when hemolytic or some point in their lives or when hemolytic or 
aplasticaplastic crises associated with acute infections, crises associated with acute infections, 
folatefolate deficiency,hypersplenismdeficiency,hypersplenism, or pregnancy , or pregnancy 
occur.occur.



�� Indications for regular Indications for regular TxTx in TIin TI

�� growth failure or cosmetic facial and bony growth failure or cosmetic facial and bony 
abnormalitiesabnormalitiesabnormalitiesabnormalities

�� Massive Massive splenomegalysplenomegaly , , hypersplenismhypersplenism

�� progressive anemia, fatigue, progressive anemia, fatigue, 
cardiopulmonary complicationscardiopulmonary complications



Signs & SymptomsSigns & Symptoms

�� ThalassemiaThalassemia Major :Major :

1. Severe anemiaSevere anemia, Jaundice or yellow colored 
skin.

2. Growth retardation.

3. Bony abnormalities specially of the facial   3. Bony abnormalities specially of the facial   
bones.

4. Pathological fractures4. Pathological fractures

5. HepatosplenomegalyHepatosplenomegaly







Clinical features of severe b thalassemia intermedia. 

(a,b) Facial appearances; (c) chronic leg ulcer



Laboratory Laboratory 
Diagnosis of Diagnosis of 

5353

Diagnosis of Diagnosis of 
ThalassemiaThalassemia



Laboratory DiagnosisLaboratory Diagnosis

�� ThalassemiaThalassemia minorminor::

�� HemoglobinHemoglobin :: HbHb levellevel isis usuallyusually normalnormal oror mildlymildly
reducedreduced..

�� PBSPBS :: HypochromiaHypochromia andand MicrocytosisMicrocytosis,, basophilicbasophilic
stippling,stippling, targettarget cellcell..stippling,stippling, targettarget cellcell..

�� LowLow MCV,MCV, NlNl RDW,RDW, elevatedelevated RBCRBC countcount ..

�� ReticulocyteReticulocyte CountCount increasesincreases

�� HbHb electrophoresiselectrophoresis



Beta thalassemia traitBeta thalassemia trait

Peripheral smear from a patient with beta thalassemia trait. 
The field shows numerous hypochromic and microcytic red cells (thin arrows), 
some of which are also target cells (blue arrows).



17 yr/ old  male17 yr/ old  male17 yr/ old  male17 yr/ old  male





DDxDDx of of MicrocyticMicrocytic, , HypochromicHypochromic
AnemiaAnemia

►►Iron DeficiencyIron Deficiency

►►Alpha Alpha ThalThal

►►Beta Beta ThalThal

HbHb E DiseaseE Disease►►HbHb E DiseaseE Disease

►►Anemia of Chronic DiseaseAnemia of Chronic Disease

►►SideroblasticSideroblastic AnemiaAnemia

►►Lead PoisoningLead Poisoning
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7  months/old/ male


