
Diagnosi prenatale e 
percorso coppie a rischio



New at-risk couple in our Centre/year
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DNA di conferma

Gravidanza?
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Diagnosi prenatale

• La gravidanza è iniziata e siamo più o meno in tempo di fare qualcosa

Siamo in tempo per offrire villocentesi
(10 – 12 s.g.)

Siamo in tempo per offrire amniocentesi
(> 16 s.g.)

Siamo fuori tempo massimo
(> 21 s.g.)





Cell-free DNA 

• short fragments of DNA released into the bloodstream 
through a natural process of cell death

• cfDNA (fetal fraction) derived from the placenta can be 
detected after 4-7 g.w. and is undetectable within hours 
postpartum

• Various cfDNA NIPT technologies; it’s important to 
understand how fetal fraction is used and how it can affect 
test results. 

Usually NGS / SNParray



cff-DNA: when?

• Cromosomes

• Y chromosome for X-linked diseases → avoid PND

• AD diseases for paternal mutations

• AR disease for paternal mutations

PND required for diagnosis



Recessive diseases

• aneuploidy diagnosis based on quantitation (in NGS by counting 
sequence reads from multiple sites on a chromosome compared to 
sequence reads from other chromosomes)

• for autosomal recessive disorders quantitative analysis is focused on 
only 1 or 2 mutations → determining the maternally transmitted 
allele requires precise quantitative analysis → very difficult with short 
reads



Recessive diseases

Relative mutation dosage (RMD) 

• quantitative comparisons between 
variant and wild-type alleles

• Powerful for single nucleotide 
variants (SNVs) and small 
insertions/deletions (InDels) but 
usually cannot detect large InDels 
and copy number variants (CNVs). 

• Sequencing errors and amplification 
bias of low-abundance fetal variants 
in cfDNA. 

Relative haplotype dosage (RHDO) 

• determines the relative proportions 
of variant and normal haplotypes in 
maternal plasma. 

• Can theoretically detect most types 
of variants, including large InDels
and CNVs. 

• Requires parental haplotype 
information



Relative mutation dosage (RMD) 

• analyze balance or imbalance of wild-type 
and mutant alleles in maternal plasma using 
digital PCR

• Droplet digital PCR (ddPCR): PCR-based 
technique - absolute quantification of the 
targeted DNA molecules

• high sensitivity – lower cost compared to NGS 



• IVSI-110G>A

• 8-13 gw

• 33 samples correctly classified, 6 inconclusive, 1 misclassified 
(contamination – low fetal fraction)

• 97.06% accuracy (95%CI, 82.46–99.68), 100% sensitivity (95% CI, 76.84-
100), and 95% specificity (95% CI, 75.13–99.87)



• cffDNA → NGS sequencing of alpha genes

• Machine learning → fragment count profiles across the HBA gene cluster 
→ correct classification of alpha carrier status

• sensitivity and specificity >99% for common genotype classes 
(i.e.,αα/−−SEA, αα/−α3.7 and αα/−α4.2

• PPV and NPV of the model for αα/−−SEA (Vietnam): 99.29% and 99.99%



Relative haplotype dosage (RHDO) 

RHDO analyzes a range of SNP allele counts within a haplotype→more 
robust

Expensive (reconstruction of each parental haplotype)



interrogates the relative proportions of maternal 
haplotypes through the use of heterozygous single-
nucleotide polymorphisms (SNPs).

The number of sequenced reads for each allele of the 
respective informative loci is counted and the fetal DNA 
fraction is determined.
Statistical analysis evaluates whether a haplotype 
dosage balance or imbalance for Hap I (haplotype 
associated with the mutant allele) or Hap II (haplotype 
associated with the wild-type allele)



Relative haplotype dosage (RHDO) 

RHDO analyzes a range of SNP allele counts within a haplotype→more 
robust

Expensive (reconstruction of each parental haplotype)

Attempt to use population haplotype: haplotypes reconstruction using 
a sample of the carrier population → reference panel 

Deduction of parental haplotypes from genotypes

Determination of parental inheritance in the cffDNA → infer fetal 
genotype 

Invasive PND if affected fetus



Inferred 94% (111/118) of the fetal alleles
7 cases: not feasible because of lack of informative SNP

Accuracy: 99%

80$/test ethnic backgrounds! 
consider including SNPs to distinguish ethnic information



• Long reads sequencing (e.g. Nanopore sequencing): can phase 
haplotype of complex 

• Each long read spans multiple heterozygous SNPs →more accurate

• DNA quality and quantity crucial

400$/family

Correct classification in 12/13 families 
(small quantity of informative SNPs)
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Carrier Screening
• Identify carriers without family history

• Recessive or XL disease with high frequency in the population 
(eg. CF-SMA-thal):
• Well known phenotype

• Impact on quality of life/duration of life

• Intellectual deficit

• Requires therapy

• Paediatric onset

• PND/PGT available
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Carrier Screening – who?

• IVF

• Gamete donors

• Consanguineous marriage

• General population

Cost-benefit?

Probably with panels < 500$



• Social stigma

• Reduced penetrance/variable 
expressivity

• Not possible to detail every disease

• Residual risk

• Stress related to the choices

• Obliged to perform PND

• Can really recognize all the 
carriers?

• Knowledge

• Reduce the psychological impact of 
the pathology

• optimal strategy for diagnosis and 
treatment

• Possible PGT/PND



• Knowledge

• Reduce the psychological impact 
of the pathology

• optimal strategy for diagnosis 
and treatment

• Possible PGT/PND

• Social stigma

• Reduced penetrance/variable 
expressivity

• Not possible to detail every disease

• Residual risk

• Stress related to the choices

• Obliged to perform PND

• Can really recognize all the 
carriers?





Preimplantation genetic testing (PGT)

• Aneuploidy (PGT-A) → higher implantation rates / less risk of 
pregnancy interruption

• Specific genetic disorders (PGT-M)

Kokkali G, Vrettou C, Traeger-Synodinos J, et al. Birth of a healthy infant 
following trophectoderm biopsy from blastocysts for PGD of β-thalassaemia
major: case report. Hum Reprod. 2005;20:1855-1859



Preimplantation genetic testing (PGT)

• Aneuploidy (PGT-A) → higher implantation rates / less risk of 
pregnancy interruption

• Specific genetic disorders (PGT-M)

• It is NOT

A way to make "designer babies”

manipulating or altering an embryo's genome



• No differences in children status comparing IVF alone vs IVF+PGT

• Preimplantation genetic testing is not a guarantee: Sensibility 95-99%

Insufficient DNA

amplification failure (allele drop-out)

different genetic condition that was not tested



• No differences in children status comparing IVF alone vs IVF+PGT

• Preimplantation genetic testing is not a guarantee: Sensibility 95-99%

Insufficient DNA

amplification failure (allele drop-out)

different genetic condition that was not tested

monitoring ADO and contamination by STR / SNPs 
linked to the pathogenic variant locus

Linkage analysis especially for alpha thalassemia



• SNP arrays (Karyomapping) 

• Haplotypes in the couple in order to determine the informative SNPs 

• Embryo haplotypes compared to the parental haplotypes

• detection of any monogenic disorder

• Concurrent HLA typing (likelihood of finding an embryo unaffected for 
the disease and matched to the affected child in the family is 18.8%)



PND after PGT-M?

• If the test is done correctly: residual risk 1% for the monogenic 
disease

• If PGT-A is not performed → chromosomal risk as per maternal age



PND after PGT-M?

• If the test is done correctly: residual risk 1% for the monogenic 
disease

• If PGT-A is not performed → chromosomal risk as per maternal age

Chromosome abnormalities 
ultrasound





Standard prenatal tests

Spontaneous pregnancy
-> general population 
risk

National Health system

Karyotype

Pregnancy termination

Wait up to 10 gw

ICSI -> higher risk

No pregnancy 
termination

$$

Karyotype

Lots of test before

Inconclusive tests 
(ADO)

No embrios

No pregnancy

PND PGT
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Standard prenatal tests

Spontaneous pregnancy
-> general population 
risk

National Health system

Karyotype

Pregnancy interruption

Wait up to 10 gw

ICSI -> higher risk

No pregnancy 
termination

$$

Karyotype

Lots of test before

Inconclusive tests 
(ADO)

No embrios

No pregnancy
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ITG

nascita

La domanda a cui dovete rispondere è: come vivreste 
l’accompagnare vostro figlio in ospedale almeno una/due volte al 
mese e a fare terapia a casa ogni giorno?



ITG

nascita

La domanda a cui dovete rispondere è: 
come vivreste l’accompagnare vostro figlio in ospedale almeno 
una/due volte al mese e a fare terapia a casa ogni giorno?

Ma può andare a 
giocare a pallone in 

cortile?

Quindi deve fare 
un prelievo ogni 
volta? Fa male

Un’altra major 
no

Per cui può avere 
una vita normale 

come la mia

Sempre in 
ospedale non è 

vita

Lo sappiamo e 
possiamo curarlo 
subito al meglio
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(DPN – PGT – altro)

Consegna referto DNA
Nuova discussione delle 

possibilità (DPN – PGT – altro)

Raccomandazione di rivolgersi presso 
centro IVF per colloquio informativo
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Informazione sulle possibilità 

(DPN – PGT – altro)

Consegna referto DNA
Nuova discussione delle 

possibilità (DPN – PGT – altro)

Follow-up prole



FETO SANO/PORTATORE SANO – 6/12 mesi

FETO AFFETTO/NON NOTO – 3 mesi



coppia a rischio nota
in gravidanza

Ecografia di datazione

Esecuzione DPN

Consegna referto DPN

Colloquio

Follow-up prole

Signora prima di dire 
a suo marito che è 
incinta lo dice a noi



Pregnancy 
termination

(268 thal
94 SCD)
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