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New developments in Prenatal Genetic Testing:
towards comprehensive genome screening?
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▪ from syncytiotrophoblasts

▪ cffDNA: 0-25% of total cell free DNA

▪ short sequences (˜169bp)

Non Invasive Prenatal Testing: cell free (fetal) DNA in 
maternal plasma



Non Invasive Prenatal Testing: cell free (fetal) DNA in 
maternal plasma

▪ 1-100ng total cfDNA/ml plasma



Non Invasive Prenatal Testing by massive parallel sequencing

▪ sequence ˜1/5 of the genome

shallow whole genome sequencing



Non Invasive Prenatal Testing by massive parallel 
sequencing

▪ map the sequences back to the genome



8,31%

Non Invasive Prenatal Testing: counting statistics



1,28%

8,31%

Non Invasive Prenatal Testing: counting statistics



Z-scorechr21 = 
readschr 21  – readschr21

1.35%

Z-score to define cut-off

1.28%

standard deviation chr 21



Z-scorechr21 = 
1.35% – 1.28%

0.005%

1.35%

1.28%

= 14

Z-score to define cut-off



+5.0

Z-score  3 <> 5 = grey-zone
> 5 = high risk for trisomy



high correlation between Z-score and fetal fraction



Dheedene et al.  2016

Fetal fraction calculation



Fetal fraction > 4% in most pregnancies



NIPT semi-automated workflow
3 a 4 runs/week

6 – 7 days

wisecondorX / 
PREFACE

+
vivar

- ‘fetal’ cell free DNA originates from syncythiotrophoblasts (placenta)

- strongly fragmented DNA: ~169 bp in size

- 1/5 of the genome is sequenced







2 years of NIPT reimbursement

8 Centers for Human Genetics: 153 575 NIPT samples

▪ Trisomy 21:      1/300 (<> 1/800 live births without testing)

▪ Trisomy 13:      1/1650

▪ Trisomy 18:      1/1450

Low Fetal Fraction (FF < 4%): ~2%

Van Den Bogaert et al. (2021)



2 years of NIPT reimbursement

8 Centers for Human Genetics: 153 575 NIPT samples

▪ Trisomy 21:      1/300 92,39%

▪ Trisomy 13:      1/1650 43,90%     Confirmed on amniocentesis 

▪ Trisomy 18:      1/1450 84,62%

→ Confined Placental Mosaicism?!

Van Den Bogaert et al. (2021)



Invasive Testing - numbers

~3000

~7600 

2011 

2018 

Van Den Bogaert et al. (2021)



NIPT: moeilijkheden in de dagelijkse praktijk

Dr. Ellen Roets



What holds the future?



23



Frequencies of Genetic Disorders in 1,169,873 Births, 
1952-83

>= 53 / 1000 individuals (younger than 25) carry a genetic disorder

1.8 / 1000 chromosomal disorder (1.2/1000 = downsyndrome)

3.6 / 1000 single gene disorder

46.4 / 1000 multifactorial

1.7 autosomal recessive
0.5 X-linked condition
1.4 autosomal dominant

Baird et al. (1988)



Belgian Genetics Expanded Carrier Screening

▪ 1400 mild to severe recessive disorders

▪ Everybody carries 3 -5 recessive (lethal) alleles

▪ 1-2% of all couples at risk

https://www.health.belgium.be/nl/node/31149







Figure adapted from Kaspa et al.  2014, Nat Rev Neur.

Preimplantation Genetic Testing (PGT)



Frequencies of Genetic Disorders in 1,169,873 Births, 
1952-83

>= 53 / 1000 individuals (younger than 25) carry a genetic disorder

1.8 / 1000 chromosomal disorder (1.2/1000 = downsyndrome)

3.6 / 1000 single gene disorder

46.4 / 1000 multifactorial

1.7 autosomal recessive
0.5 X-linked condition
1.4 autosomal dominant (~de novo)

Baird et al. (1988)





Target enrichment



Target enrichment



Target enrichment



Target enrichment



Target enrichment



Target enrichment

▪ sequence >1000x

deep, targeted sequencing



Screening panel for 30 genes associated with dominant, 
monogenic diseases



Frequencies of Genetic Disorders in 1,169,873 Births, 
1952-83

>= 53 / 1000 individuals (younger than 25) carry a genetic disorder

1.8 / 1000 chromosomal disorder (1.2/1000 = downsyndrome)

3.6 / 1000 single gene disorder

46.4 / 1000 multifactorial

1.7 autosomal recessive
0.5 X-linked condition
1.4 autosomal dominant

Neuropsychiatric disorders (autism, schizophrenia,…)
Coronary artery disease
Type 2 diabetes
Cancer
…

Baird et al. (1988)



Prof. Jean-Laurent Casanova (Rockefeller USA)



NIPT for pregnancy complications?



Belgian Consortium on Prenatal Genetic Testing



Machteld Baetens
Cindy Badoer
Sigri Beckers
Bettina Blaumeiser
Nathalie Brison
Saskia Bulk
Bert Callewaert
Patrizia Chiarappa
Winnie Courtens
Melanie Delaunoy
Anne Deleener
Marjan Derademaeker
Julie Desir
Laurence Desmyter
Anne Destree
Koen Devriendt
Annelies Dheedene

Colombine Meunier
Marije Meuwissen
Joke Muys
Bruno Pichon
Sonia Rombaut
Liesbeth Rooms
Eva Sammels
Yves Snazjer
Olivier Vanakker
Melanie Van Cauwenberghe
Leen Vancoillie
Ann Van den Bogaert
Kris Van den Bogaert
Sonia Van Dooren
Joris Vermeesch
François Wilkin

Armelle Duquenne
Esra Ekinci
Lucie Evenepoel
Nathalie Fieremans
Annelies Fieuw
Jean-Stephane Gatot
Bernard Grisart
Christine Hans
Mauricette Jamar
Toon Janssen
Katrien Janssens
Sandra Janssens
Adeline Jacquinet
Kathelijn Keymolen
Lore Lannoo
Damien Lederer
Björn Menten

Belgian Consortium on Prenatal Genetic Testing



Extra slides



Clinical and Societal Impact of National Publicly Funded 
Firts-Tier Non-Invasive Prenatal Testing



Reported autosomal trisomies

true positive (green); confined placental mosaicism (yellow); negative on both amniotic fluid and placenta biopsy (red); 
negative on amniotic fluid but no placenta biopsy available (blue); no invasive follow-up (grey)



incidence



Performance of NIPT as a first-tier screening test

Table 1:Incidence Sensitivity Specificity PPV NPV

% % CI95% % CI95% % CI95% % CI95%

Trisomy 21 0.32 98.91 97.24 - 99.58 99.98 99.97 - 99.99 92.39 89.34 - 94.61 100.00 99.99 - 100.00

Trisomy 18 0.07 97.47 91.23 - 99.30 99.99 99.98 - 99.99 84.62 75.82 - 90.61 100.00 100.00 - 100.00

Trisomy 13 0.06 100.00 90.36 - 100.00 99.97 99.96 - 99.98 43.90 33.67 - 54.68 100.00 100.00 - 100.00

PPV = positive predictive value; NPV = negative predictive value; CI95% = 95% confidence interval



Number of invasive procedures normalized per 1,000 
live births 



What about Sex Chromosome Abnormalities?



Sex Chromosome Abnormalities: detectable, but with low(er) sensitivity / 
specificity

aberrant Y?
X/XY mosaicism?



Collaboration between all eight genetic centers 
(BEGECS)

▪ consensus panel of clearly pathogenic mutations (class V) (~100 
genes/conditions)

▪ severe, childhood onset disorders

▪ pre-test counseling by genetic counselor with informed consent

▪ preferential preconceptional , prenatal possible for high risk groups

https://www.health.belgium.be/nl/node/31149


