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Current challenge - Genotype First Approach 

• Large scale genotype first screening (NIPT)

• Phenotypic variability is larger than expected 

• There may be more mosaic cases without phenotypic 

consequences in general population

• Abnormal results in “phenotypically normal fetus” –

prediction of the (post partum) phenotype

• VUS interpretation is more challenging in absence of 

abnormal phenotype and in case of NIPT results they 

may indicate a presence of another abnormal cell line



shotgun 

massively parallel 

sequencing

WGS with 

coverage ~ 0.2x

10-30mln reads per 

sample

At this moment we use

VeriSeq2 (resolution~ 7Mb) and 

Wisecondor (resolution ~10/20Mb)

NIPT = test of cell-free DNA in maternal plasma

Count number of reads per bin (1 Mb) on 

all autosomes and compare with 

reference bins (WISECONDOR)

~90% maternal

~10% fetal

NIPT = test of 

placental cell-

free DNA



Fetal material
Chorionic villi biopsy

(CVS)

10-14 weeks

Miscarriage risk 0.2%

(Akolekar et al., 2015)

1-2% mosaic, mostly 

confined placental 

mosaicism (± 85%)

Amniocentesis

>16 weeks

Miscarriage risk 0.1%

(Akolekar et al., 2015)

0,2% mosaic (Hsu et al., 

1992)

Cordocentesis

~18 weeks

Miscarriage risk 0.6%

(Tanvisut et al., 2020)



Prenatal investigations – tissue origin

Zygote

Trophoblast

ICM

Fetus (amniotic fluid )

EEM 

Normal early embryonic development

Syncytiotrophoblast

Cytotrophoblast

STC ~ NIPT

Mesenchymal core

LTC

CVS

NIPT

AF



• 2x wash in PBS

• Incubate 1 hour in Trypsin/EDTA (0.05%) in a CO2 incubator at 37°C.

• Re-suspend  – trophoblast cells will separate from the mesenchymal core

• Transfer the core (villi) to a new dish, wash with PBS

• Transfer to a tube and add collagenase (Collagenase II 600U/ml medium)

• Incubate 1 hour in a CO2 incubator at 37°C

• Mix and Centrifuge 10 min. 2000 rpm

• Re-suspend pellet in culture medium

CV – separate before DNA isolation 
Cytotrophoblast

~ NIPT

Mesenchymal core



Prenatal investigations – tissue origin

Amniocentesis

heterogeneous population that includes 

both cell type derived from fetal 

membranes and of the fetus itself



Types of 
mosaic

West JD, Everett CA. Preimplantation chromosomal mosaics, chimaeras and confined placental 
mosaicism. Reprod Fertil. 2022 Apr 5;3(2):R66-R90

Chorionic villi: 1-2%,

mostly confined

placental mosaicism

(± 85%)

Amniotic fluid: 0,2 % 

(Hsu et al., 1992)
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cfDNA 
based NIPT

West JD, Everett CA. Preimplantation chromosomal mosaics, chimaeras and confined placental 
mosaicism. Reprod Fertil. 2022 Apr 5;3(2):R66-R90

Discordant positive NIPT

Discordant positive NIPT

Discordant negative NIPT

i(21q)



“False” positive NIPT ?

NIPT: trisomy 5 and trisomy 7

Chorionic villi sampling (CVS): 

• Cytotrophoblast - normal SNP array 

• Mesenchymal core - normal SNP array 

• Maternal genomic DNA from buffy coat 

- normal SNP array

False positive NIPT?

Technical error??

Sample swap??



Placenta mosaicim

Placenta mosaicism-

abnormal CTB in 1 out of 4 biopsies



T2, T9, T12, T15, T16, T22



Good prenatal diagnostic flow 
provides early diagnosis

We are so proud of the innovations in genetic testing in 

prenatal diagnosis.

We are efficient. We perform less invasive tests and to 

ensure high diagnostic yield, we carefully select patients 

indications to perform appropriate tests.

We work with high through put techniques = We perform 

more tests, more patients can be helped!

How to implement the testing to serve our patients needs?



2005

Chorionic villi sampling 

at 11 weeks

Karyotyping in Short 

Term Culture – STC 

results within 2-3 days

Down syndrome –

diagnosis at ~11.3 

weeks

Advanced Maternal Age 42 (risk 1:54)
2017

AMA– no indication for 

invasive prenatal diagnosis

NIPT results at 12.2 wk

“After NIPT amniocentesis 

should be performed” 

Amniocentesis at 15.4 

weeks - QF-PCR and 

microarray

Non-mosaic Down 

syndrome – diagnosis at 

~16 weeks



Why can’t we perform CVS after NIPT?





2017-2022

retrospective data 

analysis

follow up studies in AF 

and CVS after NIPT 

showing increased risk 

for trisomy 21, 18 or 13

Total number of patients with high risk for T21, 

T18 or T13 (AF + CVS)

n= 395

Excluded:

AF (NIPT performed after 13.4 wk) n = 44

AF (NIPT performed elsewhere) n=9

AF

n= 101 (29%)

CVS

n= 241 (71%)

Abnormal NIPT result T13 T18 T21 T13/18/21

Final report based on CVS (separate cytotrophoblast and 

mesenchymal core analysis)

85% 100% 97% 96%

70% patients chose early diagnosis by CVS
96% had definitive diagnosis by CVS



New integrated prenatal screening

Genotyping first or phenotyping 

first?

NIPT possible at 10 wks

Fetal Anomaly Scan optimal at 

13-14 wks

Both NIPT and early ultrasound detect a comparable percentage of aberrant cases

and each component has an important impact, but cannot fully substitute the other.



NIPT: 4q terminal gain

Straver et al., 2014,

Nucleic Acids Res. 2014 Mar; Vol. 42, No. 5 e31

doi:10.1093/nar/gkt9922(5):

WISECONDOR

Which follow up test 

should be done?

FISH 4qter probe?

Karyotyping?

QF-PCR?

Microarray?

Sequencing?



Amniocentesis: 2qter deletion

10 Mb deletion: 46,XY,del(2)(q37.1)

~2q37 deletion syndrome

Parents normal karyotypes



Placenta: chromosome 4

1

2

3

4

85 Mb duplication 2/4 biopsies (CTB) NIPT confirmed



Placenta: chromosome 2



Are these very exceptional cases?
Whole genome follow up test needed!

Do not use targeted 

technique for genome 

wide NIPT follow up.



Zuffardi at al.



Report only (likely) pathogenic findings
Windowed, bin test: 11Mb chr11:116000000-127000000, z= 5.636

To report or not to report?



Amniocentesis at 15 3/7 weeks

de novo terminal loss van ca. 9 Mb in band 11q24.2q25

associated with Jacobsen syndrome.



Placenta investigation after
temination of pregnancy

Cytotrophoblast

mos loss 10Mb

mos gain ~8 Mb

1

2

3

4

1

2

3

Mesenchymal core

Loss 9Mb 

4

CTB

MC



Indications for extensive work-up (24 cell clones excluding the original dish with abnormal colony)

• Autosomal trisomy involving chromosomes 2, 5, 8, 9, 12, 13, 14, 15, 16, 18, 20, 21, 22 (SCo, MCo) 

• Unbalanced structural rearrangement (MCo) 

• Marker chromosome (MCo) 

Indications for moderate work-up (12 cell clones excluding the original dish with abnormal colony)

• Autosomal trisomy involving a chromosome 1, 3, 4, 6, 7, 10, 11, 17, 19 (SCo, MCo) 

• Unbalanced structural rearrangement (SCo) * Marker chromosome (SCo) 

• Extra sex chromosome (SCo, MCo) 

• 45, X (SCo, MCo)

• Balanced structural rearrangement (MCo)

• Monosomy (other than 45,X) (SCo, MCo) 

No additional work-up 
• Balanced structural rearrangement (SCo)

• Break at centromere with loss of one arm (SCo)

• All single cell abnormalities

Pseudo-mosaicism versus true mosaicism

(Hsu et al., 1992; Hsu and Benn, 1999)

SCo: single 

colony/single dish; MCo: 

multiple colonies/single 

dish

Pseudo-mosaicism Type A – one cell in a colony

Pseudo-mosaicism Type B – all cells of one single colony abnormal

Pseudo-mosaicism Type C – multiple colonies in the same culture dish

True mosaicism –

two or more 

abnormal colonies in 

at least two 

independent in situ 

culture dishes.



• NIPT is more sensitive for placental mosaicism 

than CVS

• Analysis of mesenchymal core of CV can be offered

as a follow up in case of T21, T18, T13

• Most patients choose CVS as it gives a high 

probability for early final results (96%)

• Be aware of mosaicism in case of a structural 

aberration found with NIPT – offer amniocentesis 

and whole genome follow up test

• Be aware that low percentage mosaicism in amniotic 

fluid may derive from extraembryonic cells

Take home message



Prenatal Multidisciplinary Expertise Team 

Clinical Geneticists

Laboratory 

specialists 

Gynecologists 

Psychologists 

Bio-Statisticians

Ethicist

Bioinformaticians

Lab Units

ACKNOWLEDGMENTS

Diane van Opstal

Gosia Srebniak

Marjolein Weerts

Mark Drost

Hennie Brüggenwirth

Marieke Joosten

Karin Diderich

Myrthe van den Born

Vyne van der Schoot

Kyra Stuurman

Robert-Jan Galjaard

Yvonne Govers-Schreij

http://www.google.nl/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwiV4o-Ot9fLAhVF9w4KHcwvBiwQjRwIBw&url=http://www.erasmusmc-verloskunde.nl/&psig=AFQjCNG5zvCq9MtKRrlIOcnxXWv2YY6Urw&ust=1458843883804045
http://www.google.nl/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwiV4o-Ot9fLAhVF9w4KHcwvBiwQjRwIBw&url=http://www.erasmusmc-verloskunde.nl/&psig=AFQjCNG5zvCq9MtKRrlIOcnxXWv2YY6Urw&ust=1458843883804045
http://www.google.nl/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjPr968uNfLAhUCgA8KHU6CCSUQjRwIBw&url=http://www.erasmusmc.nl/verloskunde_gynaecologie/Uw_dokter/Verloskunde/1988034/&bvm=bv.117604692,d.ZWU&psig=AFQjCNF3Whrhk_-Hmgz3Nvz2FIrCF4innw&ust=1458844233456332
http://www.google.nl/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjPr968uNfLAhUCgA8KHU6CCSUQjRwIBw&url=http://www.erasmusmc.nl/verloskunde_gynaecologie/Uw_dokter/Verloskunde/1988034/&bvm=bv.117604692,d.ZWU&psig=AFQjCNF3Whrhk_-Hmgz3Nvz2FIrCF4innw&ust=1458844233456332
http://www.google.nl/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwibx4Lkt9fLAhXBew8KHbISCygQjRwIBw&url=http://www.erasmusmc-verloskunde.nl/&bvm=bv.117604692,d.ZWU&psig=AFQjCNGATj_j2nNn0ng9euoou79uO2GRqg&ust=1458844064449771
http://www.google.nl/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwibx4Lkt9fLAhXBew8KHbISCygQjRwIBw&url=http://www.erasmusmc-verloskunde.nl/&bvm=bv.117604692,d.ZWU&psig=AFQjCNGATj_j2nNn0ng9euoou79uO2GRqg&ust=1458844064449771
http://www.google.nl/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjsoJmVutfLAhXC-g4KHVlgARgQjRwIBw&url=http://www.verloskundigenwateringen.nl/&psig=AFQjCNFzvGCR1pwOW7hPIX4lQlgsT_PJ9g&ust=1458844704148868
http://www.google.nl/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjsoJmVutfLAhXC-g4KHVlgARgQjRwIBw&url=http://www.verloskundigenwateringen.nl/&psig=AFQjCNFzvGCR1pwOW7hPIX4lQlgsT_PJ9g&ust=1458844704148868
http://www.google.nl/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwiutvOWuNfLAhVGLw8KHZp8DlcQjRwIBw&url=http://www.erasmusmc-verloskunde.nl/&bvm=bv.117604692,d.ZWU&psig=AFQjCNGXsOt_yKUtKiPzO1gydWykBGsmlA&ust=1458844170659528
http://www.google.nl/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwiutvOWuNfLAhVGLw8KHZp8DlcQjRwIBw&url=http://www.erasmusmc-verloskunde.nl/&bvm=bv.117604692,d.ZWU&psig=AFQjCNGXsOt_yKUtKiPzO1gydWykBGsmlA&ust=1458844170659528
https://www.google.nl/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwiBp8LJutfLAhVEAA8KHUzMAKwQjRwIBw&url=https://nl.linkedin.com/in/anneke-dijkman-15641312&v6u=https://s-v6exp1-ds.metric.gstatic.com/gen_204?ip=156.83.1.6&ts=1458758413805418&auth=ubmz4ftefq2epj4r7myswn4lwihjigjn&rndm=0.6616970779025595&v6s=2&v6t=2629&bvm=bv.117604692,d.ZWU&psig=AFQjCNGiA3ZGnfDcDJ741OADLuwmKXVt9w&ust=1458844813761984
https://www.google.nl/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwiBp8LJutfLAhVEAA8KHUzMAKwQjRwIBw&url=https://nl.linkedin.com/in/anneke-dijkman-15641312&v6u=https://s-v6exp1-ds.metric.gstatic.com/gen_204?ip=156.83.1.6&ts=1458758413805418&auth=ubmz4ftefq2epj4r7myswn4lwihjigjn&rndm=0.6616970779025595&v6s=2&v6t=2629&bvm=bv.117604692,d.ZWU&psig=AFQjCNGiA3ZGnfDcDJ741OADLuwmKXVt9w&ust=1458844813761984
https://www.google.nl/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjQz-7gutfLAhXIwA4KHW4bCNUQjRwIBw&url=https://www.asz.nl/specialismen/gynaecologie_verloskunde/gynaecologen/rombout-de-weerd/&bvm=bv.117604692,d.ZWU&psig=AFQjCNEaU-DQQmo7Rq5GJFpBnDGUeToIEg&ust=1458844863006663
https://www.google.nl/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjQz-7gutfLAhXIwA4KHW4bCNUQjRwIBw&url=https://www.asz.nl/specialismen/gynaecologie_verloskunde/gynaecologen/rombout-de-weerd/&bvm=bv.117604692,d.ZWU&psig=AFQjCNEaU-DQQmo7Rq5GJFpBnDGUeToIEg&ust=1458844863006663
https://www.google.nl/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwj6scbllMzUAhVJaFAKHbnrDmMQjRwIBw&url=https://www.amphia.nl/patienten-en-bezoekers/zorgverleners?PKeyword%3D%26Department%3D8ccb6f9af0c5485589aa1a6cdfbc0152%26Group%3Da3f29b55c2c54c82bdc717624c8e2533&psig=AFQjCNF-kwk_iphIidLOxVOawif0cH16ig&ust=1498039133382499
https://www.google.nl/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwj6scbllMzUAhVJaFAKHbnrDmMQjRwIBw&url=https://www.amphia.nl/patienten-en-bezoekers/zorgverleners?PKeyword%3D%26Department%3D8ccb6f9af0c5485589aa1a6cdfbc0152%26Group%3Da3f29b55c2c54c82bdc717624c8e2533&psig=AFQjCNF-kwk_iphIidLOxVOawif0cH16ig&ust=1498039133382499

