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Sickle Cell Disease results from Haemoglobin S:
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a single nucleotide mutation
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at the protein level
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Newborn Screening (NBS) for Sickle Cell Disease
Conventional methods
Isoelectric focusing (IEF)
Capillary electrophoresis

Confirmatory tests

Hbs separated according to charge
HPLC

- IEF
- HPLC
- Capillary electrophoresis

Hbs separated according to charge/polarity

Point of
care tests

70-80.000 tests/year

Innovative high throughput methods

More
recently

(POC)
Autopuncher

Maldi-Tof

Mass spectrometry (MS/MS or MALDI-TOF)

Globin chains separated according to mass
2-300.000 tests/year

Immuno
assays

Mass spectrometry
HbA

C5H9NO4
MW: 147,1
Glutamic acid

bS Glu ->Val

HbS

The mass difference is used to
separate the bA from the bS
globin chain or peptide
C5H11NO2
MW: 117,1

Valine

Mass spectrometry: MALDI-TOF
There are several
2 -type
MALDI-TOF
of Mass Spectrometry analyzers
Example 1: - M ALDI-TOF-M S

TOF = Time of Flight, analyseur
en temps de vol

MS = spectrométrie
mass spectrometry
de masse

peptides

flying tube

+

-

M ALDI = Matrix Assisted Laser Desorption Ionization
source d’ionisation laser assistée par une matrice

ionized molecules
are accelerated
under
the influence
of an electric
and reach
the detector
Les (+)
molécules
ionisées (+) sont
accélérées
sous l’influence
du champfield
électrique
et arrivent
according to their
order of selon
increasing
mass (mass/charge
ratio
au collecteur
ordre croissant
de masse (rapport
m/z= =m/z)
masse/charge)

MALDI-MS analysis of dried blood spots
mass spectrum

healthy FA

15867 bA chain
carrier FAS

bS chain 15837

or compound
heterozygote

patient FS

as a first-line screen, MALDI identifies the bS globin chain
and thus the presence of HbS in a blood sample
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Mass spectrometry: Tandem Mass Spectrometry (MS/MS)
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Boemer et al(3) have recently published an MSMS method, based on our original method(1,2), for newborn

Comparison MS-MALDI vs MS/MS
MS-MALDI

MS/MS

Direct analysis of the dried
blood sample
Shorter procedure

Trypsin digestion

Robust instrumentation
Routine use since 2019
Identifes only HbS and HbC

More complex instrumentation
Routine use since 2013
Identifes all the Hb variants

(HbE and HbD under development)

Multipurpose equipment

Dedicated equipment

MS-MALDI in low income countries?
SCD

2 platform configurations can be envisaged

application

low throughput screening

high throughput screening

low level of automation

high level of automation

▪

100 à 400 samples/day

▪

1000-2000 samples/day

▪

instruments shared with other
applications (bacterial typing)

▪

100% automation

▪

low cost (<2 €)

▪

preparation of samples manually

▪

target : countries with national NBS program

▪

target : low-income countries

SCD: a group of disorders caused by different genotypes

… all including HbS and the the βS gene
Several common and some rare genotypes
• Sickle cell anemia (SCA = SS disease)
• HbSC disease
• HbS-beta thalassemia (β° or β+)
• HbSDPunjab, HbS/OArab, HbSE
• Rare dominant variants SAntilles, SOman

Limits of the phenotypic diagnosis
Compound heterozygotes
HbS/β-thal
β°-thal/β+-thal
HbS/rare Hb variant (MS/MS)
Father not available
Rare variants with clinical expression
HbS Antilles / HbS Oman (MS/MS)
Prenatal diagnosis…. -> non-invasive prenatal diagnosis
Preimplantation diagnosis

DNA testing = "molecular diagnosis"

Molecular diagnosis
from genes to proteins
DNA

cell
nucleus

transcription

genes
(HBB: b-globin)
c.20A>T
bS mutation

messenger RNA

translation
Protein
Haemoglobin
(p.Glu7Val)
Hb S

Molecular diagnostics is referred
to as the detection of genomic
variants (at the DNA level)
aiming to facilitate detection,
diagnosis, subclassification,
prognosis of a disease, and
monitoring response to therapy.

Most often molecular diagnostic uses PCR
Most of the molecular diagnostic techniques use the Polymerase Chain
Reaction (PCR) to amplify the DNA fragment (gene) of interest
Source of DNA:

DNA
1 copy of the
gene of interest

- fresh blood
- dried blood
- oral swab
- saliva
- tissue (tumour)
….

1 PCR cycle

2 copies of the
gene of interest

2 PCR cycles -> 4 copies of the gene of interest....

30 PCR cycles -> > 106 copies of the gene of interest

A multitude of methods to analyse the PCR product
Any variation in the DNA sequence can now be identified
by
DNA fragments electrophoresis

Indirect or direct methods targeted
to (a)(NGS)specific mutations(s)
Séquençage nouvelle génération

Untargeted approaches
- gene sequencing
- exome sequencing
- whole genome sequencing

Séquençage « classique »:
Methode de Sanger

Séquençage nouvelle génération: NGS
Séquençage parallèle de masse

New Generation Sequencing (NGS)

Mutation-specific
DNA chips

NGS sequencer

Sanger sequencer

DNA-based PoC tests ?
Rapid identification of
- pathogens
- pathogen variants
- resistance genes
- disease-relatated mutation
i.e. b-Thal mutations
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