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Tips and tricks to diagnose
congenital red blood cell disorders

Anne-Sophie Adam
Clinical Chemistry, LHUB-ULB
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(Anemia) &

UNIVERSITAIR LABORATORIUM BRUSSEL

* Anemia: Condition in which the number of red blood cells (RBC) or the hemoglobin
concentration within them is lower than normal

> Insufficient to meet physiological needs

B Anemia prevalence in 2013, all ages

* Global public heath problem (WHO)

> Affects almost 27% of the world
population (1.93 billion people) (2013)

= 42% of children < 5 years of age

%

= 40% of pregnant women =010

- . 20 to 30

> Increases morbidity and mortality L Wowp
B 50 to 60

Kassebaum, N. J. (2016). "The Global Burden of Anemia." Hematol Oncol Clin North Am 30(2): 247-308.

{.’ EHHSEW BHS Courses — Seminar 2: Red Blood Cells Disorders —13/11/2021




R
INTRODUCTION HEMOGLOBINOPATHIES MEMBRANE DISORDERS W -_
J,
(Anemia) &)

uuuuuuuuuuuuuuuuuuuuuuuuuuu

* Aetiologies: Any condition that decreases the quantity of functionnal hemoglobin or
decreases the quantity of RBC
[ Anemias ]

[ Acquired }

( 1\ 4 1\
Nutritionnal anemias Hemolytic anemias [ Ineffective erythropoiesis
. J . J
( \ N
Chronic diseases
& J _ )
e N\ )
Infectious diseases
\_ J & J
( A
Autoimmune hemolyticanemia
(. J
4 1\
Blood loss
(acute or chronic)

J
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Inherited Hemolytic (Anemias) @ Q)

[ Inherited hemolytic anemias ]
Hemoglobinopathies e deficiencie Membrane disorders
| I I [
Otret:f (HE o Et G6PD PK Other rare Membrane RBC
unsta .e. variants, 61 P! enzyme al .
modified oxygen deficiency deficiency deficiencies composition hydration
affinity Hb variants)
' |
| | | | | |
Alpha Beta
thalassemias thalassemias Hereditary Hereditary Hereditary Hereditary
spherocytosis elliptocytosis stomatocytosis xerocytosis

Classical
SAO hereditary HPP
elliptocytosis

Belgian Hematalogy Saciety

f‘ BHS BHS Courses — Seminar 2: Red Blood Cells Disorders —13/11/2021




HEMOGLOBINOPATHIES

{" jBHSt BHS Courses — Seminar 2: Red Blood Cells Disorders —13/11/2021
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Laboratory techniques X/
LHUB-ULB

e Separation and quantification of Hb fractions

* If presence of Hb variant
* Use of a second method based on a different separation principle

* Give a conclusion
* Interpretation of the different techniques

Eurobloodnet recommandations: http://www.eurobloodnet.com/best-practices/guidelines-repository/16/prevention-and-diagnosis-of-haemoglobinopathies-a-

short-guide-for-health-professionals-and-laboratory-scientists
* Traeger-Synodinos, J., et al. (2015). "EMQN Best Practice Guidelines for molecular and haematology methods for carrier identification and prenatal diagnosis of the

haemoglobinopathies." Eur ) Hum Genet 23(4): 426-437.
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Laboratory techniques &
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LHUB-ULB
* Capillary electrophoresis  HPLC * Isoelectric focusing (IEF)
1¢ 213 3@% - I

N e

% é 2B A

% % = g — — — — —
? ? |

% g | B%+ | A2 ;

| ? | :

% % JU /N Qualitative

| O

Quantitative Quantitative

* Each technique is based on a different principle of separation of Hb fractions
> Variable sensitivity and specificity
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Laboratory techniques

* Important to use a quantitative method to determine:

> Hb variant level
> Hb A2 level
> Hb F level

<)

LABORATOIRE HOSPITALIER UNIVERSITAIRE DE BRUXELLES

UNIVERSITAIR LABORATORIUM BRUSSEL

/?;#:..

S\»-

Table 1. Conditions in which Hb F is raised

Physiological
Neonates
Pregnancy

Hereditary
of thalassacmia
p thalassaemia major and intermedia
P thalassaemia trait (sometimes)
Hereditary persistence of fetal haemoglobin
Sickle cell anaemia + treatment with

hydroxycarbamide (hydroxyurea)

Unstable § chain variants

Acquired (Hb F sometimes raised)
Recovery from bone marrow hypoplasia
Leukaemia
Myeclodysplasia
Thyrotoxicosis
Hepatoma

Table 2. Main pre-analytical subject-related factors
that may increase Hb A, levels

Table 3. Main pre-analytical subject-related factors
that may normalize or decrease Hb A, levels

Thalassaemic syndromes Heterozygous f3-thalassaemia
Other Artefact in the presence
haemoglobinopathies ol Hb S
Some haemoglobin variants
with thalassacmic phenotype
Hypertrophic osteoarthropathy
Megaloblastic anaemia
Pseudoxanthoma elasticum
Hyperthyroidism
Antiretroviral therapy in
patients with HIV

Acquired conditions

Treatment-related
situations

Thalassaemic syndromes

* No Hb variant # No Hemoglobinopathies

‘Silent” B-thalassaemia
alleles
Interaction between
&- and B-thalassaemia
(0+p-thalassaemia)
6P-thalassaemia
Hb H disease and other
a-thalassaemias
a-chain variants
d-chain variants
Erythroleukaemia
Severe iron-deficiency
anacmia
Sideroblastic anaemia

Other haemoglobinopathies

Acquired conditions

43 BHS
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Thalassemias @
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LHUB-ULB
. . . -thal i
¢ Among the most common genetic disorders in the world: ki
> £1.5% of the world population carry B-thalassemia
> +20% of the world population carry a*-thalassemia =, 2
* Approx. 56,000 infants born annually with major thalassemia s G
* Epidemiology: -
> Prevalent from sub-Saharan Africa, through the Mediterranean Bag  Baas B-thalassemias
region and Middle East, to the Indian subcontinent and East / L.
South-East Asia
> Increased incidence in our country due to migration of groups with |
a high frequency of thalassaemic mutations . ‘/ -
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Thalassemias @
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UNIVERSITAIR LABORATORIUM BRUSSEL

e Pathophysiology:
> Due to genetic defects in the a- or B-globin genes
> Impaired globin chain synthesis = Decreased Hb synthesis

Iron overload —» Marrow expansion and bone disease /
: =
q-!
v —» Extramedullary haemopoiesis and organomegaly el
9, Organ damage
o/B-Chainimbalance | Ineffective erythropoiesis . | (heart, liver, endocrine)
. Peripheral haemolysis and gall stones 4 y
' - ﬂ -
Anaemia L Hypercoagulability and vascular disease %
o\ @
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Thalassemias

* Thalassemia syndromes: Highly complex

<)

LABORATOIRE HOSPITALIER UNIVERSITAIRE DE BRUXELLES

UNIVERSITAIR LABORATORIUM BRUSSEL

Disorder Genotype MCV  Anemia Genotype interaction Disorder expected Compound heterozygous
#°/severe ,B"'—tha]assaemia Thalassaemia major
Alpha thalassemia e Mild 87/8° or severe f*- Thalassaemia intermedia to major
silent carrier oo/a- nl none B° or severe 3*-thalassaemia Thalassaemia major thalassaemia (variablc)
) . NTDT . _ o _ Mild 8 ig° or severe gt Mild thalassaemia intermedia (variable)
minor ao/--or low mild Mild 8" -thalassaemia Thalassaemia intermedia ,
o-/a- . thalassaemia
Mild -thala ia (silent i ia i i
- ! ﬁ+ b ey sl el asmacan s o s 63°/3° or severe ﬂ+—d|a]assaemia Thalassaemia intermedia to major
HbH disease o-/-- low moderate ¥I§I’BT or 8p°-thalassaemia Thalassaemia intermedia (variabl)
Hb Lepore Thalassaemia intermedia to major 88°/mild 5*-thalassaemia Mild thalassaemia intermedia
2 +
Bart’s syndrome / low  fatal (variable) 88°/Hb Lepore Thalassaemia intermedia
Beta thalassemia HPFH Not clinically relevant Hb Lepore/s® or severe ﬂ+— Thalassaemia major
minor B/B°orB/p* low  mild NTDT HbC Not clinically relevant thalassaemia
Hb D-Punjab Not clinically relevant HbC/f orsevere §*-thalassaemia  -thalassaemia trait to intermedia
. . iabl
intermedia B*/BrorB°/p* low  moderate NTDT or HbE Not clinically relevant (veriabl)
TDT o Hb C/mild ﬁ+—ﬂlalassaem.ia Not clinically relevant
Hb O-Arab Not clinically relevant _ . . o
maj or Bo / [30 or Bo / B+ low severe TDT Hb D-Punjab/g or severe 5 - Not clinically relevant
‘CODON & - 1bp. IV§1.5GC ﬂlﬂlﬂssﬂemlﬂ
S50160 CO0ONSE! 4240 DEL 5
SN G e o RE e HbE/S orsevere 1-thalassaemia  Thalassaemia intermedia to major
(variable)
Hb O—Arabfﬁn—ﬂ]alassatmja Severe thalassaemia intermedia
%iégg; > o aam‘,ﬁn or severe ﬁ+—ﬂ1alassaemia Mild thalassaemia intermedia
'CODON 8.2bp DEL. 3 %ﬂ : As:g;;ﬁwng;
W aaaal® and cacaaalj®- Mild to severe thalassaemia intermedia
T Therse thalassaemia (variable)
A
POLY-AT- ‘CODONS 41 - 42.4bp DEL..
4 3 BHS
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Thalassemias &)

UNIVERSITAIR LABORATORIUM BRUSSEL

* Phenotypic diagnosis:
> Quantitative separation of Hb fractions: Reference intervals and
= Beta-thalassemia trait: Hb A, > reference values diagnostic thresholds are
= Alpha-thalassemia: Hb A, * reference values method dependant !

B-thalassemia a-thalassemia
8.0 40
7.0 1 3 a5l
o
o >
_ 607 o 30 1 had N
e ®
< 501 8 < 25
2 g
40 g o8
3.0 A 1.5 1 8
8
2.0 10 1 2 3
+ 0
B/ BB Number of deletions T
Hb H disease
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Thalassemias

Mother
* Molecular analysis: g
> ALWAYS in prenatal diagnosis Carer o - |23
> To confirm the diagnosis of al-thalassemia trait e
(genetic counselling) 1
> Other situations: to be discussed |t
-f:; Hb Lepore
-88_28 } HbE
223 @0 O @ o O
m ' OIION
5’ % Intran Il % 3 Hb C
ATA EXON 1 EXOM 2 EXOM 3 Hb DPunist
O 8° OF HPFH
Mot idenltified

\ | | \
2 Pl P2 el o2 ol 61

— — . S—e Key:

e . Serious risk - refer couple for counselling - prenatal diagnosis to be offered

=aFlk

Less serious risk - refer couple for counselling - further investigation may be required
__THAI I

__HW Minimal risk

--MED

[ 4
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.
Unstable Hb variants @ ggggggggggg

UNIVERSITAIR LABORATORIUM BRUSSEL

* Approx. 150 Hb variants :
> Chronic or episodic hemolysis
> Mild, moderate or severe hemolytic anemia (depending on the severity of the molecular
defect)

= Group of disorders characterized by clinical, laboratorial and genetic heterogeneity.

M o mm mm@a T & ad @@ b B
* They undergo rapid denaturation, precipitation ﬂl
and degradation within the RBC " |
_ _ . A;=972% 2o} | Ap=86.6%
> Misleading electrophoretic results Ay=2.4% ] Ay=26%
F=0% | F=04%
CS=0.4% et 1| C8=0%

Waneesorn J. et al., 2011
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Unstable Hb variants @ EEEEEEEEEEE

LHUB-ULB
* Diagnosis of unstable Hb variants: : e
> Blood smear: Heinz bodies o
> Laboratory tests:
Not done on
= Heat test

Fridays !
= |sopropanol test

> Genetic analysis

Normal ctrl

Hb Leiden
* Automated detection of unstable hemoglobin
variants by Sysmex XE- & XN-Series analyzers

> Low fluorescence signals and major cluster
analysis interferences

> Lysis of the RBC and release of unstable Hb
may interfering with the leukocyte staining
process ?

@ Jongbloed et al., 2018
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Altered oxygen affinity Hb variants = __ &

LHUB-ULB
* High oxygen affinity: * Low oxygen affinity:
> >120 Hb variants described > At least 70 Hb variants described
> Autosomal dominant transmission > Increased oxygen delivery to the tissues
> Deliver less oxygen than normal Hb A: = Compensatory decrease in erythropoiesis
= Mild tissue hypoxia > Clinical features: depends on the decrease of
= |ncreased EPO production oxygen affinity
= Polycythemia = Moderate decrease: Anemia
> Clinical features: = Marked decrease (p50> 50 mmHg): Cyanosis

= No hepato- or splenomegaly (# PV)

= Possible symptoms of hyperviscosity
(headaches, vertigo, tinnitus, and
paresthesia in the extremities)

= |ncreased risk of thrombosis in later life
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Altered oxygen affinity Hb variants = __ &

UNIVERSITAIR LABORATORIUM BRUSSEL

* Diagnosis of altered oxygen affinity Hb variants:

> Phenotypic detection of Hb variants: hemoglobin
electrophoresis, HPLC or capillary electrophoresis (+
unstable Hb test)

> p50 measurement: HEMOX Analyzer (TCS Scientific)

B Exploration standard
de 'hémoglobine (+/- IEF)

[J Iso-électrofocalisation
(IEF)

[[] Test d' "instabilité"

[[] Pas de test phénotypique
permettant le diagnostic

Oxygen Equilibrium Curve

Orvain et al., Annales de Biologie Clinique. 2017;75(1):39-51.

%6 Ouyhemaoglobin

_ Within 7H after blood collection!

R
"
E_

p
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Red blood cell membrane disorders = Q)
LHUB-ULB
Structural Disorders lonic Transport Disorders
Hereditary Spherocytosis (HS) | Hereditary Stomatocytosis (HSt)
Hereditary Elliptocytosis (HE) Hereditary Xerocytosis (HX)

Hereditary Ovalocytosis (HO)

(Southeast Asian ovalocytosis SAO)
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uuuuuuuuuuuuuuuuuuuuuuuuuuu

 First described in 1871 as microcythemia in a case history by 2 Belgian physicians

* Most common inherited haemolytic anemia:
> Prevalence: 1/2000 — 1/5000 in Nothern Europe
> Probably higher (undiagnosed mild cases)

* Highly heterogeneous group of disorders:
> Clinical severity: fully compensated haemolysis to transfusion-dependant anemia
> Protein defect: ankyrin, band 3, spectrin and protein 4.2
> Mode of inheritance: 75% dominant; 25% recessive/de novo
> Age of diagnosis
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Hereditary spherocytosis &

UNIVERSITAIR LABORATORIUM BRUSSEL

e Pathophysiology:

GIy’PﬂhDrin .

Glycophorin B Glycophorin A Glycophorin /D

= Membrane loss
(microvesicles)

o-Spectrin

oA Tropomyosin
Tropomodulin sl
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HEMOGLOBINOPATHIES MEMBRANE DISORDERS

Hereditary spherocytosis

e Pathophysiology:

Spectrin, ankyrin, or Q @
protein 4.2 deficiency ®

Release of microvesicles

A

Erythrostasis

I

Reduced Splenic
cellular deformability trapping

Reduced
surface-to-volume ratio

Release of microvesicles

O Tail of osmotic
' ( ) fragility curve
Band-3 defi
= Lipid bilayer and-3 deficiency O
= Spectrin ( }
@  Ankyrin O
@ Band3

conditioning

ssssssssssssssssssssssssssssssssssssssssssssss

UNIVERSITAIR LABORATORIUM BRUSSEL

Low pH

High macrophage

contact

—» Haemolysis

)

Further loss
of membrane

Low glucose

concentration
High oxidants
concentration

Splenic

Microspherocytes
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UNIVERSITAIR LABORATORIUM BRUSSEL

* Clinical features and Family history

e Laboratory findings

1. First line tests

= RBC morphology

= Biological haemolysis parameters

= Erythrocyte and Reticulocyte parameters
2. Screening tests

= Cryohaemolysis test

= Eosine-5-maleimide binding test
3. Diagnostic tests

= Ektacytometry

= SDS-PAGE
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uuuuuuuuuuuuuuuuuuuuuuuuuuu

IDENTIFICATION, DONNEES CLINTQUES ET BIOLOGIOUES
(ou joindre la bialogie) DU PATIENT fen gras = données indispensables)

* Neonatal period/infancy: N
> Neonatal jaundice potedenabeance B T |
> Hb level: o A
. O Inconme
= Normal at birth Suspicion oSH oElliptocytose  oAutre-.........
= Rapid fall in Hb levels within the 15t month after birth e oM eF  Dimbnewmle meldt
. . . . Histoire familiale Comi © non Bilirubine non conj. mg/dL
> Anemia: mostly improves during the 15 year of life Améumie hémelytiue oo omw L vL
Splénomégakie T oul O non ;N; . } mg/dL
. . ) Hémoglobine gidl
 Childhood/Adulthood: i i oo O o
Diabate Cou ©mnon GR 10°/mm
> Persistent jaundice, anemia, splenomegaly, Tefire néomatal N o
gaIIStones Transfusion 7 O/ N (date de la dermers v -
. . transfosion.-........._.. 3 MCH PE
> Hemolysis: can be compensated in adult Tritment RDW %
> Sudden onset of acute anemia ot Liende pret e ()
Morphologie GR.
Tast de Coombs direct
* Positive famlly h|Story in 75% of cases Send a pre-transfusion blood specimen
or wait for complete clearance of
residual transfused RBC
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Laboratory findings

1. First line tests

> RBC morphology:
= Spherocytes, mushroom cells, acanthocytes, etc.

= Good PPV in HS when associated with a family history
and compatible RBCs indices

> Hemolysis parameters:
= Low total Hb level (but can be normal if compensated)

Da Costa L, 2013

= Low or absent haptoglobin level

= Hyperbilirubinemia
Direct antiglobulin test (DAT)

Enzymopathy tests (G6PD, PK)

- Haemobloginopathy tests
[ > Erythrocyte and Reticulocyte parameters ] .

=

= High serum LDH level
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 Abnormal RBC indices have been proposed but their sensitivities are low
> I MCHC
> N RDW
> P Hyperdense cells (Advia analyzer)

* Development of additional parameters based on complete blood count (CBC) and
reticulocyte parameters on last generation hematology analyzers:

> Many publications about their effectiveness as HS first tier screening tool

Indian J Hematol Blood Transfus m PR
DOIL 10.1007/512288-016-0680-0 ; === —
Ann Hematol
ORIGINAL ARTICLE DO 10.1007/500277-014-2127-8 {ORATORY HEMATOLOGY .
‘ ORIGINAL ARTICLE
Usefulness of Retic L-DYN y
Spherocytosis In C Eva A ytomated reticulocyte parameters for hereditary spherocytosis
Olga Cicp-iclal + Anna Adamo pre Screening
Katarzyna Zhikowska® « Twon &

J. BR

Elena Lazarova - Olivier Pradier « Frédéric Cotton -
Béatrice Gulbis

[TTTF I TR




Erythrocyte/Reticulocyte parameters & HS &

Analyzers Par-ameters of Definition Usefulnessin HS Explanation
interest
Siemens % Hyperdense RBCs Membrane loss associated with increased permeability to
. % Hyper % Hyper T .
(Advia 2120) (MCHC> 41 g/dL) monovalent cations
# Sodium pump hyperactivity
+ +
Abbot Diagnostics 0 » Na loss > K entry
% Hyperchrome RBCs
CELL-DYN % HPR % HPR T > i
( . % (MCHC > 41 g/dL) % Dehydration
Sapphire) # 1 MCHC
Reduced deformability of the spherocytes
Beckman-Coulter MSCV < MCV # Incapacity to increase their volume in hypo-osmotique
(DxH800, LH755, MSCV Mean Sphered Cell Volume Solufion y P d
LH780)
. Membrane loss and decreased surface areain HS
MRV Mean Reticulocyte Volume MRV { . o
# Already occur during erythropoiesis
Sysmex Immature Reticulocvte High reticulocyte count without an equally elevated IRF
(XNs, XT-4000i, IRF - eyt Rét/IRF T # Hypothesis: abnormal/decreased coloration of the
Fraction .
XE-5000) reticulocytes
MicroR % Microcytic RBCs
(MCV < 60fL) MicroR T Spherocytes = small hyperdense cells
& # T microcytic RBCs %
% Hypo-haemoglobinized MicroR/Hypo-He T > T Hyper-haemoglobinized % = ¥ hypo-haemoglobinized %
Hypo-He (MCH < 17 pg)

A Parameters not standardized, method dependant.
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Laboratory findings Q)

2. Screening tests

> Cryohemolysis test:

= Based on the increased susceptibility of spherocytic RBCs to
cold (0°C) in hypertonic conditions

= Measure the % of cryohemolysis compared to a normal control

l:Ifnilf.'ul.E TRRATETER e
: ;zi.al .
> Eosin-5’-maleimide (EMA) binding test: . ',|- !| !
% ' orma o
* Flow cytometric test based on the decreased of Band 3 protein 27| ||| ST 2
in HS RBC 3 . lll'll
= EMA dye binds to Band 3 protein ! gl §
= Measure % of decreased mean fluorescence intensity (MFI) . | J'H_\' | ]
compared to controls o .Ji ) ﬁ Aty
1 1 R 1AA 1AR4
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Laboratory findings

3. Diagnostic tests:

> Osmotic gradient ektacytometry:

= Analysis of the RBC deformability in changing osmotic
environment conditions with a constant shear stress
applied

> Sodium dodecyl sulphate polyacrylamide gel
electrophoresis (SDS Page):

= Determines the type and the extend of membrane
protein deficiency

<— w-spectrine
>~ p-spectrine
ankyrine

> Molecular analysis (NGS) -
§ protéine 4.1
L protéine 4.2
-

~— actine

[ PR,

43 BHS
“; Belgian Hematalogy Society
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UNIVERSITAIR LABORATORIUM BRUSSEL

Ion channel function
—_—

Membr. flex.
Cell surface | Cytoplasmic viscosity (MCHC) |
Cell volume T

S/V ratio |
Osmotic fragility.

0 max D hyper

-0 min

100 150 200 250 300 350 400 450 500
Osmolality (mOsm/kg)

patient
\ = = = HSpatient
‘\ = = = HSpatient
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G6PD deficiency <)
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* Most common enzymatic disorder of RBCs
> Affecting 400 to 500 million people worlwide
» Global distribution but more common in areas in which malaria is endemic

* Mode of inheritance: X-linked disorder
> Men are more commonly affected than women

* Clinical expression: from asymptomatic to episodic to(Chronic hemol@

> Depends on the degree of the enzyme deficiency
> Determined by the characteristics of the G6PD variant (>130)

i ';GBPDMED (||).‘

Residual G6PD activity Clinical manifestations

(% of normal)

ms " .

I <10 CNSHA (NNJ, acute exacerbations) » T

I <10 None in the steady state ;
1] 10-60 None in the steady state i -::éGPDA'(III) B
v 100 None iz = el < ik

A" >100 None




INTRODUCTION HEMOGLOBINOPATHIES MEMBRANE DISORDERS ENZYME DEFICIENCIES “ m

GePD deficiency &

UNIVERSITAIR LABORATORIUM BRUSSEL

* Physiopathology:

Glucose
Glucose-6-Phosphate
dehydrogenase deficiency

Glucose Potential triggers of oxidative
stress
1. Infection (mostcommon)
2. Oxidantdrugs

Glucose 3. Fava beans

l \‘ HOe /
Glucose Glucose
6-phosphate 6-phosphate % ﬁ NADP* % ﬁz GSH [R P ‘“\
Glucose 6-phosphate Glutathione Glutathione
dehydrogenase reductase peroxidase (ROS)

e ¢ N\ o N |
Glycolysis < gluconate NADPH GS-SG 2H,0 0, |
‘/ K. + H+ ."

2 ATP i NADH l

Pentose
2 Pyruvate phosphate
i pathway 4— MetHb Oxy Hb
2 Lactate ,-"’F— ’
7
._.-‘/ /"
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INTRODUCTION

G6PD deficiency

e Severity and course of hemolytic episode
depend on:

» G6PD variant
> Type and duration of oxydative stress

+ Age & Coexisting disease conditions

* Only a few drugs with well-documented causal
relationship

» No test available: in vitro # in vivo
> Individual drug metabolization

* Hemolysis most frequently related to the
infection than to the drug

> Treat the infection
> Change the treatment

l’ BHS
‘. Belgian Hematology Societ:

HEMOGLOBINOPATHIES MEMBRANE DISORDERS ENZYME DEFICIENCIES

Category of drug Predictable hemolysis
Antimalarials Dapsone

Primaquine

Pamaquin

Tafenoquine
Methylene blue

Analgesics/Antipyretic Phenazopyridine

Cotrimoxazole
Sulfadiazine
Quinolones
Nitrofurantoin

Antibacterials

Other Rasburicase
Toluidine blue
Niridazole
Pegloticase

- Nes

Q)

ssssssssssssssssssssssssssssssssssssssssss

uuuuuuuuuuuuuuuuuuuuuuuuu

Possible hemolysis

Chloroquine
Quinine

Aspirin (high dose)
Paracetamol
(Acetaminophen)

Sulfasalazine

Chloramphenicol
Isoniazid

Ascorbicacid
Glibenclamide

Vitamin K (Menadione)
Isosorbide

Dinitrate
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&/
GepPD deficiency Q)

uuuuuuuuuuuuuuuuuuuuuuuuuuu

e Laboratory techniques:
> Qualitative: MetH reduction test

= Fails to diagnose heterozygotes with <40% enzyme activity
= Not reliable for female patients

= Suitable fo emergency screening for G6PD deficiency (eg. administration of rasburicase prior to
initiation of chemotherapy)

> Quantitative: Enzyme levels
= Should always follow a qualitative test
y a In any doubt: contact the lab.
= Normal if > 60% (steady-stae)
= Qur conclusions:

o >60%: « Activité suffisante... »

o0 <30%: « Possibilité de crise hémolytique... »
o 30-60%: « Probabilité faible de crise d’hémolyse ».
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G6PD deficiency: Pitfalls Q)

uuuuuuuuuuuuuuuuuuuuuuuuuuu

* Final G6PD activity should be interpreted in light of the reticulocyte count and/or other RBCs
enzyme levels (HK, PK, 6PGD) measured on the same sample

> Young RBCs and reticulocytes have much higher G6PD activity than mature RBCs
> Standardisation for the population of RBCs tested: if any doubt, contact the lab.

* Acute hemolytic episode: RBCs with the most severly reduced G6PD activity will have hemolyzed
> May result in normal or even raised enzyme levels and a false-normal result
> Test should be repeated 2-3 months after resolution
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G6PD deficiency: Management (Prevention) &

uuuuuuuuuuuuuuuuuuuuuuuuu

* Prevention:
> Avoid oxydative stressors

* Hemolysis: Make the diagnosis and
> Stop the drug
> If severe anemia: Blood transfusion

= Recommandations cut-off: Hb 7 g/dL
= |f rapid decrease in Hb and hemoglobinuria cut-off: Hb 9 g/dL

> If acute renal failure: Hemodialysis might be required
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INTRODUCTION

HEMOGLOBINOPATHIES

Rare & Very rare anemias

e About 90 rare types of anemia have

been described
* Among them * 80% are inherited

e www.orpha.net

Belgian Hematology Society

MEMBRANE DISORDERS

© Aceruloplasminemia

© Adenylate kinase deficiency

® Alpha-thalassaemia - trait or carrier
® Autosomal dominant sideroblastic anaemia

© Beta-thalassaemia - trait or carrier

© CDA with thrombocytopenia (GATA | mutation

® Congenital acanthocytosis

® Congenital dyserythropoietic anaemia type Il
© Delta Beta-thalassaemia

© DMT1- deficiency anaemia

© Fanconi anaemia

© GLRX5-related Sideroblastic anaemia

© Glucose-6-phosphate dehydrogenase deficiency

© Glutathione synthetase deficiency

© Haemoglobin D disease

© Haemoglobin H disease

© Haemoglobin M with anaemia

© Hereditary persistance of fetal haemoglobin
© Hereditary Stomatocytosis

© Hydrops fetalis

® |ron - refractory iron deficiency Anemia

© L ecithin cholesterol acyltransferase deficiency
® Other thalassaemias

® Pancytopenia with malformations

® Pearson's Syndrome

© Phosphoglycerate kinase deficiency

® Pyruvate kinase deficiency
©® Sickle cell trait

© SLC20A38-related Sideroblastic anaesmia

© Triose phosphate isomerase deficiency
® \Wolfram Syndrome

i
A

LABORATOIRE HOSPITALIER UNIVERSITAIRE DE BRUXELLES

UNIVERSITAIR LABORATORIUM BRUSSEL

© Adenosine deaminase increased activity -ADA-

© Aldolase deficiency
® Atransferrinemia

© Autosomal recessive sideroblastic anaemia

© Beta-thalassaemia major (and intermedia)

© Compound heterozygous sickling disorders

© Congenital dyserythropoietic anaemia type |

® Congenital dyserythropoietic anaemia type [l

© Diamond- Blackfan-Anemia

© Familial hypoplastic anaemia

© Gamma-glutamyl-cysteine synthetase deficiency

© Glucose phosphate isomerase deficiency

® Glutathione reductase deficiency

© Haemoglobin C disease

© Haemoglobin E disease

© Haemoglobin Lepore

© Hereditary Elliptocytosis

© Hereditary Spherocytosis

© Hexokinase deficiency

© |merslund-Grasbeck-Syndrom

© Kearns-Sayre syndrome

© Mitochondrial myopathy sideroblastic anaemia

® Other types of congenitale dyserythropoetic Anemia

© Paroxysmal nocturnal hemoglobinuria
© Phosphofructokinase deficiency

©® Pyrimidine 5 nucleotidase deficiency

® Sickle cell anaemia

® Sideroblastic anaemia associated with ataxia
© Thiamine-responsive megaloblastic anemia
© Unstable haemoglobin

© X linked sideroblastic anaemia (gene ALAS2)
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&/
Rare & Very rare anemias @ ggggggggggg

UNIVERSITAIR LABORATORIUM BRUSSEL

Clinical Phenotype / Laboratory testing

Transfusion before diagnosis testing
Unsolved cases
Discrepancy between clinical phenotype and diagnosis

Next Generation Sequencing (NGS)
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Why Next-Generation Sequencing ? AV

uuuuuuuuuuuuuuuuuuuuuuuuuuu

* PCR based methods and Sanger sequencing:

> Easy and cost-effective for finding the molecular defect in phenotypes where gene implicated
is known

> Eg. G6PD gene, B-thalassemia

* Targeted NGS:
> Very useful in hemolytic anemias where the conventional testing is not diagnostic
> Cost-effective and efficient approach for providing rapid and accurate genetic diagnosis

> One can sequence hundreds of millions of short sequence (200 bp) in a single run and in a
short period of time with a low per base cost
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&/
Next-Generation Sequencing @ EEEEEEEEEEE

uuuuuuuuuuuuuuuuuuuuuuuuu

* More data produced with the same amount of input DNA

e Simultaneous screening of multiple genes in multiple samples
* Identification of new pathogenic variants

* Detection of multigene disorders

* Higher sequencing depth enables higher sensitivity

» Decreased sequencing cost per gene

Challenges

* High complexity of workflow and results

* Huge volume of data to analyze and to store
* Long turnaround time

* Ambiguous results with variants of uncertain significance
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NGS to diagnose hereditary hemolytic anemia )

LHUB-ULB
* « In house » panel of 4427 genes (mendeliome) ULB
a. Ataxia (524 genes) 9
b. Congenital malformation syndromes (853 genes)

C.

> G

Early onset epileptic encephalopathy (836 genes) Genetics
Hereditary Hemolytic Anaemias due to unknown or doubtful origin (44 genes)

Hereditary spastic paraplegia (160 genes)

Neurodevelopmental disorders (1376 genes)

Neuromuscular disorders (535 genes)

Dermatogenetic panel, severe, rare and hereditary genodermatoses (374 genes)
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&/
Take home messages Q)
LHUB-ULB
* Hemoglobinopathies

> Thalassemia syndromes: hemolysis and inneffective erythropoiesis
> Don’t forget about unstable Hb variants
> Modified oxygen affinity Hb Variants: p50 measurement now available at LHUB-ULB

Membrane disorders
> Hereditary spherocytosis: guidance by clinical picture

Enzyme deficiencies
> G6PD deficiency: make the diagnosis to be able to prevent hemolysis as much as possible

Consider NGS in selected patients
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* ERN-EuroBloodNet: The European Reference
Network on Rare Hematological Diseases

http://www.eurobloodnet.eu/

EuroBlee

What do we offer?

= 66 highly skilled and multidisciplinary healthcare teams in 15 Member States

= Advanced specialized medical equipment and infrastructures

* Concentration of resources for the design, validation and implementation of high-quality and cost-effective services
* Patient-centred approach

Bringing together patients and health professionals to better shape clinical care.

-
L]

Patients Professionals

If you have a v : 3
The involvement of patients otk Aaiabrlagtodt ERN-EuroBloodNet professionals work together to:
organizations in the Board of disease, you are * Establish a European cross-border referral system for
ERN-EuroBloodNet has been not alone. patients and samples.
ascertained from the outset Contact us to see how 3 S 3
in order to guarantee their o e T Ao = Promote evidence-based guidelines by pooling

pivotal role within the network. expertise within the network.
EURORDIS - Rare Diseases Europe
(www.eurordis.org) has established
European Patient Advocacy Groups — ePAGs - for each
ERN and is ensuring transversal coordination as well as consultation by sharing of expertise
providing specific training programmes. If you are visiting and the safe exchange of clinical
a patient with a rare information.

hematological treating,

you are not working alone.

= Disseminate cutting-edge knowledge and facilitate
continuing medical education.

* Provide inter-professional

Eight ePAGs’ representatives are currently ensuring
that the patient’s voice is fully represented in the
ERN-EuroBloodNet Board and increasing the role of

* Gather the critical mass needed
for the development of innovative
therapies, clinical trials and cutting-
edge methodologies for diagnosis.

X g _ Contact us to see how
patients in clinical care in Europe. More ePAGs are we can help you.

joining as the network is developing!
Stay updated at www.eurobloodnet.eu

ERN-EuroBloodNet encompasses oncological (for adult
patients) and non-oncological (for adult and paediatric

ERN-EuroBloodNet seeks to guarantee that European
citizens affected by rare hematological diseases can
yveloid

rare hereditary hemochromatosis.

{g BHS BHS Courses — Seminar 2: Red Blood Cells Disorders —13/11/2021

Belgian Hematology Saciety




REFERENCES

{‘ BHSt BHS Courses — Seminar 2: Red Blood Cells Disorders —13/11/2021




INTRODUCTION HEMOGLOBINOPATHIES MEMBRANE DISORDERS W “

References @

ssssssssssssssssssssssssssssssssssssssssssss

uuuuuuuuuuuuuuuuuuuuuuuuuuu

Stephens, A.D., et al., ICSH recommendations for the measurement of haemoglobin F. Int J Lab Hematol, 2012. 34(1): p. 14-20.
Stephens, A.D., et al., ICSH recommendations for the measurement of haemoglobin A2. Int J Lab Hematol, 2012. 34(1): p. 1-13.

Traeger-Synodinos, J., et al., EMQN Best Practice Guidelines for molecular and haematology methods for carrier identification and
prenatal diagnosis of the haemoglobinopathies. Eur J Hum Genet, 2015. 23(4): p. 426-37.

Teixeira, C., D. Pina, and M.I. Freitas, Automated detection of unstable hemoglobin variants by Sysmex XE-Series analyzers. Clin
Chem Lab Med, 2017. 55(11): p. e243-e246.

Yudin, J. and M. Verhovsek, How we diagnose and manage altered oxygen affinity hemoglobin variants. Am J Hematol, 2019. 94(5):
p. 597-603.

Jamwal, M., P. Sharma, and R. Das, Laboratory Approach to Hemolytic Anemia. Indian J Pediatr, 2020. 87(1): p. 66-74.

Roper, D., et al., Laboratory diagnosis of G6PD deficiency. A British Society for Haematology Guideline. Br J Haematol, 2020. 189(1):
p. 24-38.

King, M.J., et al., ICSH guidelines for the laboratory diagnosis of nonimmune hereditary red cell membrane disorders. IntJ Lab
Hematol, 2015. 37(3): p. 304-25.

Rets, A., et al., Molecular diagnostic update in hereditary hemolytic anemia and neonatal hyperbilirubinemia. Int J Lab Hematol,
2019. 41 Suppl 1: p. 95-101.

f" BI—,IS BHS Courses — Seminar 2: Red Blood Cells Disorders —13/11/2021




; ) Without it, the bones had
S (U720 0120 O GITHREREle to ration the hemoglobin.
before the iron shortage. Red blood cells are no

good without it.

Sorry, kid,

that’s it.

I h a n k ©2016 The Awkward Yeti
I We are the survivors.
you | i

Hey, looks like they made
some diet changes up top.
We're all good now.

What are

ing?
fheAwkwardYeﬁ.com Yyou wearing
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