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Hemoglobinopathy

Impairment of oxygen delivery
Dystunctional Iron metabolism

Vasoocclusion
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Alpha thalassemia
Beta thalassemia

Sickle cell disease

Hb C disease

Hb E disease

HbX*

High affinity
hemoglobinopathies

Prevalence of hemoglobinopathy gene carriers in the
world’s population (1-3, 6, e1, e2)

Africa

Arab nations

Central Asia and India
South-East Asia

510 30%

5t0 40%
Up to 60% regionally

10 to 20%

5t0 40%
Up to 70% regionally

[ USA and Central America

510 20% ]

Italy
Greece
Turkey

Germany,

Great Britain,

Portugal,

Spain,

France,

the Netherlands,
Belgium,

Scandinavian countries

Albania,

the former Yugoslavia,
Croatia,
Bosnia-Herzegovina,
Bulgaria

Russia

Transcaucasia

7 t0 9%
6to 7%
710 10%

Among total population: 0.5 to 1%
Among immigrants: 5%

2 to 5%

Rare
Up to 5%

Kohn et al.
Dtsch Arztebl
Int 2011;
108(31-32):
532-40



Alpha Thalassemia

Silent a thalassemia
Normal (asymptomatic)

2

. : Functional a gene
O : Non-functional a gene

Normal Hemoglobin
Mild Microcytosis
Requires genetic testing
for diagnosis

a#

Phenotypic expression and types of a-thalassemia.



Alpha Thalassemia

Silent a thalassemia a thalassemia trait
Normal (asymptomatic) (asymptomatic)

2

' : Functional a gene
O : Non-functional a gene

Mild Anemia
Mild Microcytosis

oR Requires genetic testing
for diagnosis

Phenotypic expression and types of a-thalassemia.



Alpha Thalassemia

Silent a thalassemia a thalassemia trait Hb H Disease
Normal (asymptomatic) (asymptomatic) (symptomatic)
t z |
OR OR
Moderate
5 % MICro FiytIC
. : Functional a gene anéemlia (Hb 8-
O : Non-functional a gene
i ) 10g/dL)
Phenotypic expression and types of a-thalassemia. H emo lys 1S



Alpha Thalassemia

Normal

2

Silent a thalassemia

(asymptomatic)
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a thalassemia trait
(asymptomatic)

OR

Phenotypic expression and types of a-thalassemia.

Hb H Disease
(symptomatic)

OR

Hb Bart’s Hydrops Fetalis

/' \
Skin edema

Hepatomegaly

Ascites

©UWorld



Beta Thalassemia

NOMENCLATURE GENOTYPE PHENOTYPE
MILD ANAEMIA (HB>9)
B THAL MINOR 4 ’ ;
BT TRATH B/B* OR B/P MICROCYTOSIS ~55-75FL

? HBA,(3.5-5%)

B THAL INTERMEDIA
(NON-TRANSFUSION

B°/B* (MILD VARIANTS)

JAUNDICE, SPLENOMEGALY
MOD ANAEMIA (HB ~7)
MICROCYTOSIS ~55-70FL

DEPENDENT THAL) OR B*/p* T HBA, (1-2%), T HBF (~60%)
EMH, IRON OVERLOAD
JAUNDICE, SPLENOMEGALY
SEVERE ANAEMIA (HB 3-7)
THAL MAJOR
(QFRANSFUSIJON B%/B* (SEVERE VARIANTS) MICROCYTOSIS ~55-60FL
DEPENDENT THAL) OR B°/B° NO HBA, T HBF (~90%)

EMH, IRON OVERLOAD
BONE DEFORMITIES

©LearnHaem




Sickle Cell Disease
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Chromosome 11

Pain crises
due to ischemia

Anemia

Two copies of a
mutated Hemoglobin
Subunit Beta
(HBB) gene

Susceptibility
to infections

https://www.sangamo.com/programs/clinical-trials/sickle-cell-disease/



H lobin C
e m o g o I n Diagnoses, gene types, hematological findings, and cardinal symptoms of the main hemoglobin disorders (2, 3, 10, 13)
° Diagnosis Red blood call (RBC) count | Hemoglobin pattern Cardinal symptoms
H e m o I o b I n E Sickle-cell disease HbSS Hb 6 to 9 g/dL HbS = 55 to 90% Sickle-cell crises/pain crises
Normochromic sickle cells HbA; >3.5% Acute organ syndromes
Positive hemolysis parameters | HbF = <10 to >20% Chronic hemolytic anemia
HbS heterozygosity HbAS Normal HbS = 35 to 40% No apparent ilness
HbA, 23.5%
Sickle-cell B*-thalassemia HbS B’-thalassemia Hb 9 to 12 g/dL HbS >55% Variable, mild sickle-cell disease
Hypochromia, microcytosis HbF >20%
HbA, >3.5%
Sickle-cell p’-thalassemia HbS p’-thalassemia Hb 6 to 10 g/dL HbS >80% Severe sickle-cell disease
" * - . Hypochromia, microcytosis HbF <20%
Hemoglobin  Point Amino acid  Codon and HbA, >3.5%
mutation substitution base HbSC disease HbSC Hb 10 to 13 g/dL HbS = 50% Weak symptoms of sickle-cell disease
WO" Target cells HbC = 50% Chronic hemolytic anemia
p“ldﬁﬂ u MCV <75 fI HbF <5%
HbC disease HbCC Hb 10 to 12 g/dL HbC >95% Pain crises
H“ m 6 Ghl -) Vd m -> wc Target cells HbA, = 2.5% Organ events
MCV <75l HbF = 0.5% Chronic hemolytic anemia
HbC Beta 6 Glu 5 lys GAG - AAG MCHC >35 gL
HbC heterozygosity HbAC Normal HbC = 50% No apparent disease
HbA = 47%
HbE Beta 26 Glu - Lys GAG — AAG HbA, = 3%
HbE heterozygosity HbAE Hb normal or slightly low HbE = 25 to 35% Mild, hypochromic anemia
Hypochromia
HbE disease HbEE Hb 10 to 14 g/dL HbE >95% Mild anemia
High RBC count HbA, = 2.5% Hemolysis caused by infections/
MCH 20 pg HbF <3% medical drugs
MCV 65l
Target cells

Kohn et al. Dtsch Arztebl Int 2011; 108(31-32): 532-40



Unstable Hemoglobins

Amino acid substitution

Reduced solubility

Increased susceptibility
of oxidation

Precipitation of Hb

l

Spleen

Pitted rigid RBCs
Fragmented RBCs
Anisocytosis
poikilocytosis

1 Inclusion
bodies/Heinz bodies

|

Damage to RBC
membrane

|

* Haemolysis

Anaemia

Jaundice

Gall stone

Legulcer

Increase Retic count
Increased LDH
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Oxygen Delivery

Kupuusamy etal. JHAS 5(1);61-65
doi:10.25259/JHAS_41_2024
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Erythropoiesis

( >

rythroblasts

TTMPRSS6

207%™
OP»PQOrA”m<QO

macrophage

Camaschella et al. N Engl J — e
Med 2015;372:1832-1843




Vasoocclusion

Front. Immunol., 27 April 2021 Sec. Molecular Innate ImmunityVolume 12 - 202



Vasoocclusive Complications

Acute

Acute chest
Infections
Cholecystitis

Stroke

Splenic sequestration
Priapism

+ + 4+ + 4+ + +

Vasoocclusive crisis

Chronic

+ Pulmonary HTN

+ lron overload

+ Renal disease

+ Avascular necrosis
+ Retinopathy

n

Leg ulcers



High affinity hemoglobinopathies

Oxy-Hb %

A
100

50

18 26.1 80 120

= Normal Hb
—— High oxygen affinity Hb with normal cooperativity
— High oxygen affinity Hb with impaired cooperativity

Fig. 1. Oxygen dissociation curves according Hb's 02 affinity and

0. Mangin / La Revue de médecine interne 38 (2017) 106-112

Hematopoiesis

Tissue
)xygenation

3 COintoxication
Methemoglobinemia
High Oxygen afinity Hb
HPHF

02 transportation




CBC and RBC indices
I

Y Y

Patients of Southeast Asian or Mediterranean descent Patients of African descent

Y

Y

No abnormality

Anemia (with reduced MCV
and normal iron status)

Y

Hemoglobin electrophoresis

Hemoglobinopathy ;

¥

Screening —
orma

Hb AS, AC, SS, SC, elevated A,, and
other abnormal hemoglobin

Y

If Southeast Asian, evaluate for c-thalassemia

|

Y

Y

Not a carrier of
o-thalassemia

Carrier of '
o-thalassemia

Y Y

Offer testing of partner to assess reproductive risk

ACOG practice bulletin. 2007



Hemoglobinopathy Diagnosis

isoelectric focusing, or high
performance liquid
chromatography

Hemoglobin electrophoresis,
§ Genetic testing

Sickle cell solubility screening

Oxygen dissociation curves
Y9 test




Considerations
in the
pregnant
patient

Avoidance of factors that precipitate
vasoocclusive/pain crises: Cold, heavy physical
exertion, dehydration, stress

Folic acid supplementation: 4mg daily

Care in centers with expertise in mgt of sickle
cell complications

Hb >10 (Hb SS and B thal) and Hb S < 40%*

Consideration to exchange transfusion 4-6
weeks prior to delivery*

Avoid Hydroxyurea and iron chelation (3
months prior to conception)

Aspirin with increased risk for pre-eclampsia,
anticoagulation with history of stroke/VTE and
Inpatient ppx



Considerations for neonates

Sickle cell Disease

+ Serial ultrasounds and antepartum fetal testing

+ Monitoring for post natal opioid withdrawal

+ Monitoring for signs/symptoms of acute ischemic stroke
+ Referral to hematology

Hb barts Hydrops fetalis
+ Prevention through screening
+ Intrauterine bone marrow transplantation? CRISPR?

B thalassemia Major
+ Early initiation of transfusion/possibly intrauterine



NEWBORN
SCREEN RESULT

PRESUMED DIAGNOSIS

FA Normal
FAS Sickle cell trait
FS Sickle cell anemia: Hemoglobin SS or

hemoglobin S/f° thalassemia

: 2 0 :
Newborn screening = e

F Transfusion-dependent f-thalassemia
(B-thalassemia major)
FA Barts Hemoglobin H disease
Hemoglobin fractionation by electrophoresis and chromatography
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Hb SS and contraceptives/HRT/GAHT

(ondition Sub-Condition (u-lUD  ING-UD Implant DMPA  POP

Age Menarche | Menarche | ‘,
to to

<20 yrs:2 | <20yrs:2

Menarche
to

a) Body mass index (BMI) >30 kg/m?

b) Menarche to <18 years and BMI = 30
kg/m?

Smoking a) Age <35
b) Age =235, <15 cigarettes/day
¢) Age >35, >15 cigarettes/day

I Dysmenorrhea Severe

King et al. Mediterr J Hematol Infect Dis 2020; 12; e2020032



C-Reactive Protein and the Menstrual Cycle in Females
with Sickle Cell Disease

Other
gynecologic

¢ Vaso-occlusive episodes (VOESs) in sickle cell disease (SCD) » C-reactive protein (CRP) levels are significantly higher in
exhibit a perimenstrual pattern in female patients the follicular phase than the luteal phase

° ° :
considerations . :
+ 30-40% HMB ;
+ Sexual dysfunction and R A T

dyS pa reunia are a |SO Conclusion: Cyclic patterns of inflammation that peak in
common the follicular phase of the menstrual cycle may underlie VTH
the perimenstrual occurrence of VOEs. Visual

+ NSAIDs can be safely Wu et al. DOI: 10.1016/j.bvth.2025.100067 Abstract
used for dysmenorrhea




Hematologic Treatment

+ Hydroxyurea

No evidence that it decreases pain during menstruation (no impact on
CRP). Can not be used during pregnancy

+ Simple or Exchange transfusions

Only available treatment during pregnancy
+ Voxelotor - withdrawn from market
+ Crizanlizumab - P selectin inhibitor

Can not be used during pregnancy

+ L-glutamine - amino acid powder




BMT and
Gene Therapies

Bourzac et al. Nature
549, pagesS28-S30
(2017)

GENE EDITING WITH CRISPR

CRISPR-Cas9 gene editing is helping to tackle sickle-cell disease in two ways.

Using a guide RNA, the Cas9 enzyme can
target and repair the faulty B-globin gene.

B-globin gene

T replaced
with A

Corrected
base

Incorrect
base
B-globin
Gene repaired and normal
red blood cells produced.
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oo

000
© Normal red
t blood cells

Cas9 promotes the production of fetal
haemoglobin by breaking a gene that
encodes a repressor such as BCL11A.

JNINIVNINY IR
BCL11A L* e
@ -

BCL11A

Fetal
haemoglobin

DNA damage and %
error-prone repair

— &8
Production no longer blocked and
sickling of red blood cells prevented.

Fetal haemoglobin




Intersectionality
and
determinants of
health in sickle
cell disease

Individual person'’s
biological make-up
with SCD gene that
interact with age,
gender, sex and other

consitutal factors

Berghs et al. BMJ
global health. July 2020
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