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- A group of human conditions caused by inherited or de novo pathogenic variants in 
a single gene

- Individially rare, but! in aggregate, they are more common

- 1/9 women are carriers of a serious genetic condition

- 80% of affected babies with AR conditions are born to couples with no family 
history

- traditional diagnosis – pregnancies at risk (family history, suspicious ultrasound 
finding) à invasive procedures (CVS, AMC) and DNA analysis

Monogenic diseases



cffDNA in maternal plasma 
à non-invasive prenatal screening (NIPT) for common aneuploidies and others

- screening test
- requires confirmation of positive results with an invasive test
- discordant results (placental mosaicism, maternal rearrangements,
vanishing twin and other problems

à non-invasive prenatal diagnosis (NIPD) of monogenic diseases
- diagnostic test
- placental mosaicism has not been reported for single-gene diseases
- does not require an invasive test to confirm a positive result
- can be carried earlier than CVS or AMC (sufficient cffDNA levels are 
from around 6-7 weeks)

Monogenic diseases
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NIPD for monogenic diseases are technologically more challenging compared to NIPT

- fetal fraction is relatively low 5-20%
- therefore the need for highly sensitive detecting techniques
- precise confirmation of fetal fraction to avoid false negative results
- cffDNA fragments are short à problems detecting large deletions, duplications 

and rearrangements
- maternal somatic mosaicism can be a problem in some cases

Monogenic diseases
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2000 – non-invasive diagnosis of achondroplasia, published in Lancet

Monogenic diseases

2000 – non-invasive diagnosis of myotonic dystrophy, published in Clinical Chemistry



Techniques for sgNIPT
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Techniques for single gene NIPD
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Two main scenarios:

1. De novo and paternally-inherited variants for dominant 
conditions or recessive conditions where the mother 
and father carry different mutations

- technically easier
- low level variant detection
- mutation is not present in the maternal cfDNA but only in the 

small fetal fraction

2. Dosage-based techniques for the detection of 
maternally-inherited variants in autosomal recessive, X-
linked or dominant disorders

- more challenging, requires a complex approach
- we are trying to detect variants which is present in fetal as 

well as maternal cfDNA



Techniques for single gene NIPD
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1. De novo and paternally-inherited variants for dominant conditions or recessive 
conditions where the mother and father carry different mutations
– PCR-based methods – for testing of individual mutation
– NGS-based methods – allow to test of many causative mutations in a gene



Techniques for single gene NIPD
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2. Dosage-based techniques for the detection of maternally-inherited variants in 
autosomal recessive, X-linked or dominant disorders

- Relative haplotype dosage 
analysis (RHDO)

- multiple SNPs surrounding 
mutation

- we need both parents and 
affected proband or sibling

- Relative mutation dosage 
(RDO)
- dPCR techniques
- does not require family 

haplotype, only blood 
sample from the mother is 
sufficient



Techniques for single gene NIPD
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1. De novo and paternally-inherited variants for dominant 
conditions or recessive conditions where the mother 
and father carry different mutations

- Fetal sex determination
- RhD status
- Achondroplasia, thanatophoric dysplasia, myotonic dystrophy
- AB0 group prediction 
- CF, beta-thalassemia

2. Dosage-based techniques for the detection of 
maternally-inherited variants in autosomal recessive, X-
linked or dominant disorders

- CF, DMD, SMA
- haemophilia, CAH, beta-thalassemia, maple syrup urine 

disease, cobalamin C deficiency, sickle-cell disease





NIPD for monogenic conditions is technically possible and available

Its usage is still largely limited to pregnancies at increased risk

?? the use of cfDNA to screen for common monogenic conditions 

Is it ready for routine clinical use in low-risk pregnancies ??

Routine testing
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Arguments for (dr. Neeta Vora):
- AR conditions (clinically available for CF, SMA, hemoglobinopathies)

- it allows the identification of affected pregnancies without the need for involving the partner 
in testing (e.g. in the USA less than 50% of partners of pregnant women who are carriers 
complete the screening and also 50% pregnancies are unplanned, therefore the current 
conception of preconceptual carrier screening or early in pregnancy may be insufficient

- Single blood draw is needed from the pregnant women
- Both PPV and NPV of sgNIPT is superior to traditional carrier screening
- The time to identify high-risk fetus is shorter than with the traditional screening
- Cost-effectiveness
- Better management of affected pregnancies (new therapy possibilities) 

- AD conditions (clinically available for up to 25 AD de novo conditions)
- Identification of affected fetuses that would have either presented later in pregnancy with 

fetal anomalies or not been detected prenatally given normal ultrasound 

Routine testing
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Arguments against (dr. Lyn Chitty):
- AR conditions 

- Traditional carrier screening can be carried out in many jurisdictions and added value of 
routine sgNIPT has not been clearly demonstrated

- The limited number of variants in the screened genes
- The available studies have suboptimal follow-up and lack of clinical validation  

- AD conditions
- Total lack of validation studies, suboptimal follow-up in the available studies
- Risk of false reassurance in case of negative results and unnecessary invasive procedure in 

case of false positive results

Routine testing
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Arguments against:
Routine testing
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• NIPD for monogenic conditions is a rapidly developing field

• It can offer safe and accurate testing to couple with a relevant family history or 
following an abnormal ultrasound findings

• Techniques for paternally-inherited and de novo variants

• Techniques for more challenging maternally-inherited variants

• ?? time to offer to low-risk pregnant women ??

• Further clinical validation studies are needed before broad implementation 

Summary



Thank you for your attention!


