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Defective synthesis of 3-globin subunit;
accumulation of toxic a-globin chain aggregates®

BONE MARROW
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= Beta thalassemia is caused due to
gene mutation of beta chain of
Uk hemoglobin. Mutations result in
a,m[' absent (aka B0) or diminished (aka

C B+) production of B-globin chain.
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[Heterozygous refers to having twodifferent alleles for a particular gene, one inherited from each parent. | —3* ).f s
IHomozygous refers to having two identical alleles for a particular gene, inherited from both parents|

B-Thalassemia; types
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Thalassemia TBY/BTC Patients can have a normal life, but may need occasional
intermedia Bo/Bt = transfusions, example at times of increase demand (illness or
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Severe microcytic, hypochromic anemia. Untreated, causes 3 ofsy!
Homozygous

Be/B°

‘_T._"'—l anemia, splenomegaly and severe bone deformities, and death

GL""”"’E‘fj before age 20. Treatment is blood transfusion; splenectomy for
splenomegaly and chelation for iron overload
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B Thalassemia Minor

The Mest™ commen

v" Is much more common form of thalassemia, also affects most commonly
individuals in Mediterranean countries and parts of Southeast Asia & Africa .

v" The patients are heterozygous therefore asymptomatic & anemia is mild if
it is present.

v The abnormalities are confined to peripheral blood and CBC.

v" Peripheral blood smear show hypochromic microcytic anemia.

v" There is increased Hb A2, whileormil or increased .
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B-Thalassemia Major

v Affects individuals in Mediterranean countries and parts of Southeast Asia & Africa .

v Most individuals inheriting any two Bo have B-thalassemia major .

v" The patients are homozygous .

PED o, The anemia manifests at 6th-9th months after birth as Hb synthesis switches from HbF
to HbA

v' Affected children fail to develop normally and their growth is retarded .

v With transfusions alone the survival into the second & third decades is possible, but
gradually they develop iron overload , hemochromatosis & heart failure .
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Pathogenesis of 3 thaﬁsiemia

YRy Normoblasts, also known as erythroblasts, are a type of erythroid precursor.

* B chains not produced - a chains accumulate in normoblasts - destruction of
normoblasts in bone marrow - ineffective erythropoiesis sl,§l

severe <« Anemia = —=» Hypoxia in tissues e e NS,
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4 = P erythropoietin production by renal cells .

R 2R\
* Extramedullary hematopoiesis
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44+ Bone changes + cardiac failure & |, death. hypoxia
* Repeated blood transfusions.
2

* Iron overload “Secondary Hemochromatosis”



B-Thalassemia Major
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B thalassemia major “splenomegaly”
&9

ooyl
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Extramedullary hematopoiesis
occurs in the liver & spleen
causing prominent _
splenomegaly (up to 1500 ”ﬂr
grams) & hepatomegaly. —
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B thalassemia -

The ineffective erythropoiesis & red cell hemolysis stimulates erythropoietin secretion.

This causes severe erythroid hyperplasia and skeletal deformities due to expanded
hyperplastic marrow invading the bone cortex giving an appearance of what is called
“hair on end” as in the skull also there is a delay of bone growth.
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Another disastrous effect is the
excessive absorption of iron together
with frequent blood transfusions
given to the patients will lead to
secondary hemochromatosis due to
increased iron overload.

Progressive hemochromatosis is an
important cause of death.
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Diagnosis of B thalassemia

opl el P ists b ) 13
* The diagnosis of B-thalassemia minor is made by Hb electrophoresis. R o

D Mine?

* In addition to reduced amounts of HbA (a22), the level of HbA2 (a262) is
increased.

* The diagnosis of B-thalassemia major can generally be made on clinical grounds.

Treatment: chronic blood transfusion; splenectomy and iron chelation to prevent
. _’
secondary hemochromatosis



Thalassemia — extra notes

»Parvovirus B19 is a virus that affects erythrocyte precursors and shuts down
RBC production. In a normal person, shutting down RBC production for a week
would not affect the person.— W e\ L

However, patients with B-thalassemia major cannot tolerate RBC production loss.

So, they have a high risk of developing an aplastic crisis. characterized by a sudden and severe
7 decrease in the production of red blood cells

» It was found that patients with thalassemia are protected against malaria
infection by plasmodium falciparum. ¥
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Iron panel for microcytic anemias

Iron AOCD Thalassemia @ payor g
Deficiency Minor ols g Y
Serum iron v 4 Normal ol=dst e !
TIBC 1 ‘Normal
% saturation \) \) Normal
Serum 1 @ Normal ——» d< o
feﬂ'iﬁn Hb electrophoresis




CLASSIFICATION OF ANEMIAS

=
-

|

® |ron Deficiency

® Thalassemia
® Anemia of

-«

|

® Sideroblastic Anemia

Chronic Disease l

.

e Marrow Failure

® Aplastic Anemia

® Myelofibrosis

® | eukemia/
metastasis

® Renal Failure

® Anemia of Chronic
Disease

.

® Megaloblastic Anemia

- B12 Deficiency
= Folate Deficiency

 High

|

l ® Alcoholic Liver Disease

® Sickle Cell Anemia

® G6PD Deficiency

® Hereditary Spherocytosis
® Autoimmune Hemolytic

Anemia

® Paroxysmal Nocturnal

Hemoglobinuria




Macrocytic anemia

Normal Megaloblastic MACROCYTIC
blood cells anemia cells ANAEMIA

A God)

N NON- eoi (9Pt
MEGALOBLAST MEGALOBLAST Rl
¢ B12 deficiency (e.g. ¢ Alcohol
pernicious ¢ Reticulocytosis J‘rl ’
anaemia) (e.g. haemolysis)
¢ Folate deficiency ¢ Liver disease
(e.g. diefary ¢ Hypothyroidism

insufficiency)
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Folate and Vitamin B12

=Both folate and Vit B12 are involved in DNA
precursor synthesis

[ Homocysteme} m

=Folate comes to body as methylated
tetrahydrofolate (M-THF).

*THF is the active form. M-THF donates its )ethvl -Vit 812

methyl group to Vit B12. Vit B12 then gives
. Methyl- THF) o
methyl group to homocysteine. [(fmm diet) | %[(acﬂve Lo

"Homocysteine how becomes methionine.
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Mylet'S P



Megaloblastic anemia
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Megaloblast: abnormal erythroid precursors showing nuclear: cytoplasmic dyssynchrony (more
immature nucleus for the degree of maturity of the cytoplasm)

Macrocyte: mature red blood cell with increased MCV (100 - 110 fL)
YV L) oUWs o3 RBC i’
4
Megaloblastic anemia is a disorder of impaired DNA synthesis (with normal RNA synthesis).

Manifests with the presence of megaloblasts in the bone marrow resulting in ineffective
erythropoiesis, and macrocytes in the peripheral blood and hypersegmented neutrophils
AN\ g 32 55 s oty 25 G o s GEU du
€ 0\ o pantdl gs by +
> Disorder of impaired DNA synthesis - delayed nuclear maturation - nuclear: cytoplasmic
dyssynchrony



Vitamin B12

»Source of Vit b12 is mainly animal derived proteins

»Vitamin B12 is mainly absorbed in ileum NATURAL
Y e SOURCES OF
»Vitamin B12 deficiency takes years to develop due to large
hepatic storage - ‘A <1
o:-\‘v’ o SALMON
vegetarlan poes

Examples of vitamin B12 deficiency include: )(b

. J) MII.K AND DAuzv . Mﬁgg&l’(& :
o.&! Yo o
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MUT'I'ON AND
CHICKEN

v Dietary deficiency “especially in vegans” 7

v" Pernicious anemia (autoimmune)

v"Damage to terminal ileum (mainly in Crohn’s disease)

Q ow;,-.oﬁ_(ue;
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What is pernicious anemia?

Absorption of Vitamin B12

i Anti-parietal Ab
L Antiparietal Ab  No absorption of Ani-IF Ab
o Vit B 12

1 L Sl 9

b . X
Pernicious anemia | P - V.”e Co MP\Q
labpedia.net

Vitamin B12 deficiency is caused by pernicious anemia when
an auto-antibody against the parietal cells & intrinsic factor is
seen in autoimmune gastritis. This interferes with vitamin B12
absorption. These autoantibodies can be detected in the
patient's serum.



Folic acid

»Source of folic acid is mainly dark green vegetables and food
»Folic acid is mainly absorbed in jejunum

» Folic acid deficiency develops in months as body stores are
MinimMum — g, © . s

Examples of vitamin Folic acid deficiency include:

v Dietary deficiency

v" Increased demand “ex: pregnancy”
Ly e A



Megaloblastic Anemia
Clinical features

/

» Anemia (Macrocytic RBCs and hypersegmented neutrophils) \
e s \ LY . ’
> Glossitis dn‘_)’v" e ad ?Jd/(ﬁyy

» Serum low folate OR low Vitamin B12
N N O NI NN

» Increased serum homocysteine (causes an increased risk for thrombosis)
A%

¥ > Subacute combined degeneration of the spinal cord (only in Vit B12 deficiency)[patients present
with neurological manifestations, such as paresthesia, balance disorders, peripheral neuropathy,

visual disturbances IR R AN ol -
¥ Why does Vitamin B12 cause neurological symptoms? (;""4’ O/ oolph o o) b

v'Because Vit B12 is necessary to convert methylmalonic acid to succinyl Coenzyme A

AR

v'Increased methylmalonic acid in myelin cells impairs spinal cord myelinization resulting in subacute
combined degeneration of the spinal cord



Megaloblastic Anemia
Pathogenesis

J The morphologic hallmark of megaloblastic anemia is the
enlargement of the erythrocytes precursors (Megaloblasts)

J The other myeloid lineage are affected; the granulocytes
precursors also enlarged (giant metamyelocytes) and yield
highly characteristic hypersegmented neutrophlls) Pabwre A
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_ Eventually, impaired DNA synthesis can lead to ineffective
hematopoiesis in all 3 cell lines - pancytopenia “anemia,
leukopenia & thrombocytopenia”
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Megaloblastic Anemia
o o0 Diagnosis and morphology *as/erriey's
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CBC: anemia with high MCV. Also, might have i A (i
leukopenia, and thrombocytopenia (pancytopenia). £ . .:.1,3":,;.;9,;,,,e
Low retic count (ineffective erythropoiesis) £ ®
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( £ Metamyelocyte
Peripheral smear: Macrocytes. Anisocytosis (variation e
in RBC size) and poikilocytosis (variation in RBC shape). : ot

Nucleated red cells are seen with immature nucleus.
CNeutrophiIs show hypersegmentation.
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Megaloblastic Anemia

Presentation depends on the underlying cause of megaloblastic anemia;

~ General anemia symptoms: weakness, shortness of breath, impaired
concentration and exercise ability,.....

» Clinical features specific to cobalamin (vit B12) deficiency: neurological
manifestations sHhan Uit B

»~Folic acid deficiency is less common: it is characterized by similar clinical
and hematological features but without neurological features.

++Treatment: Supplementation of B12 and folate with dramatic increase of
reticulocytes in blood 2-3 days after vit.B12 injection
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