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MEDICAL GENETICS CLINIC

The Medical Genetics Clinic provides comprehensive clinical medical genetics services 
to prenatal, pediatric and adult patients.

The Clinic contains a team of health care providers who work together to care for patients 
and their families. Medical geneticists are expert in offering diagnostic services, medical 
recommendations and treatment options for those who have genetic disorders. Genetic 
counselors specialize in education and resources about these conditions to patients and 
their families. Patients with inherited metabolic conditions receive ongoing care from 
other specialized health care providers in the Clinic including metabolic dietitians.





INTRODUCTION

In the last twenty years, genetic research has experienced a true technological 
revolution thanks to the development of massive DNA sequencing methods, which have 
reduced the costs and times of genomic analyzes by over 100 thousand times and have 
exponentially increased their processivity, allowing the large-scale use. The diffusion 
and improvement of human genome scanning technologies at single base resolution have 
made it possible to develop application models that guarantee the simultaneous study 
of different levels of the flow of biological information, through the sequencing of the 
coding portion of the genome (exome; Whole Exome Sequencing, WES), whole genome 
sequencing (WGS), the qualitative and quantitative evaluation of the messenger and 
non-coding RNA populations that characterize cells and tissues (transcriptome), the 
characterization of epigenetic modifications of the genome that participate in the control 
of gene expression (epigenome), in particular its methylation profile (methylome). 
Other important technological innovations in the biomedical field allow the composition 
of metabolites and proteins (including reversible and non-reversible modifications of 
proteins) to be systematically characterized, applied to simple and complex systems 
(metabolome and proteome). The use of these technologies has required the development 
of new bioinformatics analytical approaches, capable of managing and processing an 
enormous amount of generated data, as well as tools for archiving the generated data. 
The transversal application of these technologies, which ranges from the biomedical 
to the biotechnological field, affects, on a broad spectrum, the theoretical and applied 
sciences and requires the integration of multidisciplinary knowledge and skills (e.g. 
medicine, physics, engineering, computer science , robotics, human sciences, ethics). 
The interdisciplinarity of these approaches makes it necessary to develop a new 
paradigm, based on the interaction of networks of knowledge, skills and infrastructures, 
in order to guarantee high levels of application and interpretation of data. The set of 
these so-called “-omics” technologies allows biological systems to be characterized at 
very high resolution, and their systematic use will determine the exponential growth 
of “precision medicine”, through the rapid achievement of diagnosis, the understanding 
of disease mechanisms and the identification of therapeutic approaches based on 
patient stratification, capable of guaranteeing more effective management. Achieving 
the diagnosis still represents a significant critical issue for the National Health System 
(NHS). In recent years, the diagnostic application of exome analysis, which has become 
a first-line investigation in many clinical conditions, in particular in rare and orphan 
diseases diagnosed in pediatric age, has made it possible to achieve important results 
and to obtain a definitive classification in approximately 50% of patients. These data 
exemplify the need to consider the integrated application of -omics technologies as the 
only response to the need for diagnosis in patients in whom previously used approaches 
have not been successful. In addition to reaching the diagnosis, understanding the 
biological basis of diseases is preliminary to the development of personalized and 
precision therapies. This objective is particularly important in conditions in which 



Sequenza DNA non si osserva al microscopio

Segmento di cromosoma 
in diagramma con la 
dimensione più piccola 
osservabile di routine al 
microscopio (10-15 milioni 
di basi DNA)

I cromosomi di una cellula al microscopio



different variations in the genome, although underlying the same clinical condition, 
specifically modify normal cellular processes.
GENOMIC ANALYSIS IN CLINICAL PRACTICE. TRADITIONAL ANALYSES 
At the end of the 1950s, karyotype analysis represented the first example of genomic 
analysis, albeit at very low resolution, transferred into clinical practice. Standard 
cytogenetic techniques, at an average metaphase resolution (approximately 320 bands 
per haploid set), allow the identification of chromosomal imbalances of dimensions equal 
to or greater than 10 megabases (1 Mb = 10 million bases), while current molecular 
techniques allow either achieve resolution at the single base level (ISCN, 20163). Part 
of the gap between conventional cytogenetic analysis and single gene analysis has been 
filled by molecular cytogenetic techniques. 
The use of fluorescent molecules has made it possible to standardize fluorescent in situ 
hybridization (FISH), based on direct binding (combined with a fluorochrome) or indirect 
binding (through an intermediate molecule incorporated into the probe) with the DNA 
bases. In this way it was possible to increase the resolution of conventional cytogenetic 
analysis and identify imbalances below the standard chromosomal resolution (Bishop, 
20104). 
Comparative genomic hybridization (CGH) analyzes copy number variations (CNVs) 
on chromosomes, in terms of gain/duplication or loss/deletion. Developed in the early 
1990s, this technique is based on quantitative two-color FISH. 
Even if CGH substantially improves the resolution of the analysis and therefore increases 
the possibility of recognizing genomic imbalances, the information gain is still relatively 
limited (no more than 3 Mb). The development of array-based CGH (array-CGH), in 
which metaphase chromosomes are replaced by DNA sequences adhered to a support 
slide, therefore represented significant progress at the end of the 1990s. 
Array-CGH has largely replaced chromosomal analysis in clinical practice. Its principle 
is essentially that of CGH, and consists of a comparative genomic hybridization that 
uses an array as a substrate instead of metaphases. 
Analysis using arrays using polymorphisms of single nucleotides (SNP-array) has 
more recently allowed resolutions of 5-10 kb to be obtained. In addition to providing 
information on variations in the number of CNVs, these platforms identify regions of 
homozygosity and therefore genes potentially related to recessive diseases, mosaic 
aneuploidies, even when present in low percentages, and uni-parental dismiss.
The first DNA sequencing methodologies date back to the 1970s. The strategy developed 
by Sanger (19776), based on the enzymatic method of chain terminators and on the 
electrophoretic migration of the products of the sequencing reaction, is still used today 
for the sequencing of individual DNA fragments. 
This method, which allows you to obtain sequences of up to 800-1000 bases, has been 
automated to multiply its applicability and facilitate the analysis process. However, the 
high production costs of each investigation and its relative diagnostic effectiveness do 
not allow this technique to be applied on a large scale. 

“-OMICS” ANALYSIS 
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Highly parallel sequencing or second generation sequencing (so-called Next Generation 
Sequencing - NGS), introduced into clinical practice about ten years ago, has the ability 
to sequence many DNA fragments simultaneously. This technology makes it possible to 
analyze, at a relatively low effective production cost, millions of DNA sequences in each 
single test and, thanks to the possibility of subsequently automatically analyzing the 
raw sequencing data, to acquire an enormous amount of information on the individual 
genome. In this way it is possible to sequence an entire genome in a few days, an analysis 
that, with traditional techniques, would take years. 
The parallel development of bioinformatics tools, necessary in the management and 
analysis of sequencing data, allows previously unthinkable cognitive objectives to be 
achieved. In particular, it has become possible to develop faster and more efficient 
diagnostic tests and identify, more effectively, numerous new disease genes. Most genetic 
diseases are heterogeneous, meaning they can be caused by mutations of different genes 
in different patients. For a long time, their molecular characterization used the “gene-
by-gene” sequencing approach, an extremely time-consuming and expensive strategy. 
Second generation sequencing techniques allow us to overcome these limitations and 
many laboratories currently use them for the molecular characterization of diseases. 
This approach is particularly efficient in the case of rare and orphan diagnosed diseases. 
A first parallel sequencing method is based on the enrichment of specific genomic regions 
(those in which the disease genes are located) and on their massive parallel sequencing, 
analyzing several patients simultaneously. Using NGS techniques it is possible to test 
up to 96 samples simultaneously, each for the panel of disease genes responsible for the 
suspected condition at a clinical level, obtaining data that can be analyzed in a few days. 
These techniques have therefore revolutionized genetic testing protocols, as they allow 
diagnostic results to be obtained quickly, containing costs of roduction of the test and 
maintaining high quality of the results. Furthermore, they have had notable clinical 
implications, both in the case of highly heterogeneous diseases and in those associated 
with a nuanced phenotype or one devoid of pathognomonic characteristics, in which 
it can be problematic to hypothesize a clinical diagnosis. In fact, the simultaneous 
analysis of all genes potentially associated with the disease in question reduces the 
time necessary to identify the molecular defect, to the benefit of genetic counseling and 
patient care. 
Although whole genome sequencing is in principle the strategy of excellence for the 
study of interindividual genetic variability, it still presents some issues that limit its 
large-scale application, in particular the computational capabilities required by the 
analysis, l archiving of the enormous mass of data produced, their interpretation 
and the higher management cost. For these reasons, second generation sequencing 
techniques are now often used for exome sequencing. With this approach, based on the 
enrichment of genomic fragments that refer to gene sequences coding for proteins and 
for selected subclasses of RNA that have a regulatory function (e.g. microRNA), it is 
possible to limit the analysis to 1-2% of the genome, thus excluding non-coding regions 
and, consequently, losing information that can impact gene expression. 
Current knowledge on the genetic causes of Mendelian diseases suggests that most of 
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their mutations consist of changes in the coding sequence of a gene or an abnormality 
in transcript processing. Therefore, the exome is an enriched portion of the genome, in 
which it is useful to search for mutations with potential clinical impact. It follows that 
its sequencing is fundamental in the diagnosis of rare diseases and in understanding 
the molecular basis of many Mendelian pathologies, as documented by the diagnoses 
obtained in recent years on large cohorts of undiagnosed patients and the hundreds of 
disease genes identified with this technique. 
A complementary approach to exome or genome sequencing is the sequencing of the 
transcriptome, i.e. the RNAs transcribed from a homogeneous or heterogeneous 
population of cells. In principle, the transcriptome is able to characterize the entire 
expression profile of the biological sample, in quantitative and qualitative terms, and 
allows to identify both the molecular events with clinical impact that affect the coding 
regions, and those that, involving the regulatory regions determine changes in the 
processing of transcripts or in their stability. This analysis also allows the identification 
of structural rearrangements of the genome with a quantitative or qualitative impact 
at the messenger RNA level. Its limit is linked to the availability of the tissue to be 
analyzed. The areas in which it can be effectively applied are those of muscular diseases 
and, probably, syndromic conditions.
Regardless of the specific type of sequencing used (exome, genome or transcriptome), 
the analysis and interpretation of sequencing data require numerous bioinformatic 
tools for the processing of the sequences obtained and the annotation, filtering and 
prioritization of the identified variants . Sequencing platforms generate a huge amount 
of raw data, which is converted into nucleotide sequences using computational tools. The 
generated files are usually found in a format that contains, in addition to the reading of 
the nucleotide sequences, quality scores associated with each base read. The sequenced 
single base resolution requires the analysis of the files using a complex bioinformatic 
workflow which allows, in a first phase, to align the sequences produced to the reference 
genome and, subsequently, to identify and functionally annotate the variants that 
characterize it. 
The alignment phase is performed with computational systems that compare each of 
the sequences produced with the reference genome, allowing their correct positioning. 
To ensure the reliability of these systems and obtain a global assessment of sequencing 
efficiency, several quality parameters are usually applied. Among them, particularly 
relevant are coverage, i.e. the percentage of target genomic sequences read by sequencing, 
and depth, i.e. the number of reads referring to a specific base of the genomic sequence 
of interest. The next step in the bioinformatics approach is “variant calling,” which 
identifies locations where the aligned sequences differ from the reference sequences. 
The list obtained is subsequently annotated: all the information available in the literature 
and databases is associated with each variant. The variants obtained can be processed 
with heuristic prioritization and filtering methods, in order to reduce the high number of 
variants and select those with functional significance. Typically, in the first phase, high 
allele frequency variants in the general population are eliminated, which are assumed 
not to have a pathological impact on a phenotype classified as rare. For this purpose, 
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public and in-house databases are used, which allow the identification of variants that 
have low frequency in the population or that have not been previously identified. In a 
second phase, the available information on each variant and its gene is collected and 
evaluated, in order to prioritize the former based on their predicted effect, and the 
genes based on their biological relevance (e.g. expression, function), with respect to 
the phenotype of interest. Different tools are used for the annotation and functional 
prediction of variants, each of which has strengths and weaknesses. For this reason, 
a prioritization strategy capable of exploiting multiple prediction tools is generally 
implemented. 
The last phase of the analysis is the interpretation of the data, which cannot be 
automated, at least with current tools, and requires particular attention and specific 
experience and knowledge. This phase is strongly influenced by the detail of the clinical 
information collected on the patient and may require re-evaluation. -omics analyses, 
even in the case of negativity, offer the advantage of being able to be re-evaluated over 
time. Given that the interpretation is strictly dependent on clinical data (a child’s 
phenotype can evolve and define itself over time) and on the knowledge of the genes 
and variants available at the time of the analysis, the data from an exome or from any 
other genomic approach can be reworked over time.
Exome sequencing has proven to be particularly efficient in the diagnostic field and is 
used as a first-line test in large international centers. Recent studies agree on a detection 
rate of approximately 30-50% in patients affected by genetic diseases without diagnosis 
or with an uncertain diagnosis. 
However, success in achieving a molecular diagnosis through exome sequencing can 
vary considerably based on patient characteristics  disease under examination (e.g. a 
condition that can be classified in a specific group of clinical conditions, such as spastic 
paraplegia, retinopathy, osteochondrodysplasia, etc.) and the sequencing strategy used 
(analysis of the proband only compared to the analysis of the family unit ). 
The clinical use of genome sequencing theoretically offers the greatest resolution and 
information. While on the one hand, the diagnostic yield of whole genome sequencing 
would appear to be only slightly higher than that of exome sequencing (gain of 
information approximately 10% in exome negative cases), this analysis also allows the 
identification of the presence of structural rearrangements (e.g. CNVs, translocations, 
inversions), which can only occasionally be detected with exome sequencing. However, 
it should be underlined that the potential of WGS is not yet fully known and it is 
therefore desirable that it can begin to be used in centers with documented expertise, 
with dedicated investments. 
The possibility of integrating genomic data obtained with complementary approaches 
(e.g. transcriptome associated with genome sequencing) paradigmatically illustrates 
the extraordinary potential of -omics technologies in clinical practice. 
An aspect of particular relevance, relating to the use of new genomic sequencing 
technologies, concerns the identification of sequence variations in disease genes not 
correlated with the clinical picture that required molecular assessment (so-called 
incidental findings). This aspect is important considering the high resolving power of 



these analyzes and the potential ethical implications. 
There are specific indications on whether or not to communicate these results to patients 
who specifically request them, and this underlines the importance of activating a pre- 
and post-test genetic counseling process, managed by specialists who are familiar with 
the interpretation of genomic data, as well as to use dedicated consent forms, which 
take into consideration all possible options from users. Available data indicate that the 
error rate in second generation sequencing is very low, but not negligible, and is strictly 
dependent on the type of variation (single nucleotide change vs multi-base insertion/
deletion) and its sequence context. For this reason it is essential to always validate 
the selected variants with Sanger sequencing, or other techniques, although it still 
represents the reference sequencing technique today. 

RARE DISEASES
Rare diseases offer a paradigmatic model of large-scale development of a new concept of 
diagnostic activity, based on the introduction of innovative analytical tools that transfer 
-omics techniques into clinical practice. 
This is a heterogeneous group of conditions which affect, in approximately 60% of cases, 
the pediatric range and which, in approximately 80% of cases, have a genetic cause or 
a large genetic component. 
Their overall number represents a health problem of great social impact (probably 
around one million people affected in Italy, excluding rare tumors). 
Despite the peculiarity of the approximately 8,000 rare diseases identified to date, 
patients affected by these conditions and their families share common healthcare and 
social needs, such as the uncertainty of the diagnosis, which pushes them towards a true 
diagnostic odyssey punctuated by repeated visits , expensive and varied investigations 
and analyses. Difficulties in diagnosis are, among other things, justified by the fact that 
approximately 85% of known rare diseases have a frequency of less than one affected 
person per million people (Wakap, 20208). 
For this reason, approximately half of patients do not obtain the diagnosis, 25% reach 
it in a period between 5 and 30 years, during which approximately 40% of them receive 
incorrect diagnoses and inappropriate treatments or even unnecessary surgical 
interventions (EURORDIS, 20099; Molster, 201610). 
This scenario has been significantly revolutionized by the availability of second 
generation sequencing techniques. One of the first studies carried out in the USA at the 
Baylor College of Medicine, relating to 2000 patients, reported a diagnostic resolution 
in 25% of patients, with percentages varying between 20%, in the case of subjects who 
did not present neurological symptoms, and 36% in those suffering from neurological 
problems (ataxia, movement disorders) (Yang, 201411). 
In the Canadian national FORGE project, WES analysis of 362 families allowed us to 
characterize the molecular defect in 188 (51.7%), including 105 (29%) with mutations 
in known disease genes and 83 in new disease genes. A possible mutation was identified 
in 28 families patogenetica in a new disease gene (Sawyer, 201612). 



PRENATAL DIAGNOSIS.
Prenatal exome. Prenatal diagnosis includes instrumental and laboratory investigations 
carried out during pregnancy aimed at monitoring the health of the embryo/fetus, 
starting from the early stages of development up to the moments preceding birth. 
Prenatal genetic diagnosis, depending on the time and clinical indication, uses a series 
of different investigations (karyotyping, array-CGH, molecular analyses). 
Their appropriateness is evaluated based on the usefulness of the result for the 
management of pregnancy and not only on their diagnostic yield. In this sense, for a 
rational use of NHS resources, the indiscriminate use of predictive genetic investigations 
must be discouraged in pregnancies that are not at risk. NGS techniques, particularly 
WES, have changed the diagnostic approach of genetic diseases. 
Considering that the primary objective of prenatal genetic analysis is to provide 
explanations regarding the finding of fetal pathologies and their clinical management, 
it is necessary that clear results emerge from genomic analyzes and therefore such as 
not to create interpretative doubts. 
For this reason, it is important that the analysis is carried out on the trio (fetus + 
parents) and that the most complete clinical data possible is available (ultrasound 
scans, family history, any autopsy findings in the event of pregnancy termination). 
The limitation of objective data on the fetus and the lack of knowledge of the prenatal 
phenotype of rare diseases, which are mostly diagnosed after birth, often makes it 
difficult to interpret the results of genomic analyses. 
For this reason, only the variants classified as pathogenetic or probably pathogenetic 
must be reported on the report, reporting variants of uncertain or unknown significance 
(Variations Of Uncertain Significance - VOUS) only if associated with a known clinical 
picture. It is therefore important to provide pre-test and post-test consultancy and the 
management of the entire diagnostic process at accredited laboratories, which can 
make use of professionals with specific clinical and laboratory skills. 
A critical issue is that of time, given that the prenatal diagnosis must be reported 
within a short time frame, while the analysis of the exome requires relatively long 
times, which include, among other things, those necessary to confirm with alternative 
methods any pathogenetic variants identified. However, with optimal organization, it is 
possible to obtain results within about ten days, but it should not be forgotten that WES, 
similarly to other genetic investigations, has limitations, as it does not identify genomic 
imbalances (CNV), small intragenic rearrangements and triplet expansion mutations. 
There are still few scientific works relating to the use of WES in prenatal diagnosis, 
which however have only focused on some aspects, especially the diagnostic yield, in 
the absence of follow-up data or cost-effectiveness analyses. 
All recent studies have involved selected case series, in particular pregnancies with 
ultrasound-evident defects, with normal karyotype and array-CGH. Best et al. (2018) 
performed a meta-analysis of 31 studies, reporting a diagnostic yield between 6.2 and 
80%. The highest diagnostic yields were obtained for investigations carried out on trios 
and on fetuses with multiple anomalies or with ultrasound findings attributable to 



POSTNATAL GENETIC DIAGNOSIS

CHROMOSOME AND GENETIC STUDY CONSTITUTIONAL DISORDERS

PRECONCEPTIONAL SURVEY IN PHISIOLOGICAL OR MEDICAL REPRODUCTION. 

Conventional Karyotype (diagnosis), genetic panel of variants predisposing to 
Trombophilia (not diagnosis)
Phisiological Reproduction Procedures, normal phenotype, spontaneous abortions

KARYOTYPE TECHNICAL INDICATIONS.
Cell cultures Cytogenetic investigations can be performed on different tissues using 
short/medium/long cell cultures term Chromosome banding. The karyotype must 
be analyzed with banding technique (G, Q, R), with the exception of chromosomal 
instability syndromes and in the search for aberrations induced by clastogenic agents. 
Differential staining techniques must be available for specific regions chromosomal (C, 
Nor, Da-DAPI). 
The banding resolution level must be reported in the documentation laboratory and in 
the report. The International System for Chromosome Nomenclature (ISCN, current 
edition) defines 5 chromosome banding resolution levels (300,400,550,700,850), to be 
used as reference. The level of resolution of the banding of a metaphase can sometimes 
be obtained directly from the data image analysis systems. The level of resolution must 
be related to the diagnostic question and the type of tissue studied: the number of 300 
bands is the minimum recommended level for chorionic villus analysis with the method 
direct; 400 bands is the minimum level in postnatal diagnosis. 
The karyotype is not the investigation of choice for the identification of structural 
anomalies in cases of mental retardation, congenital defects, dysmorphism, the array-
CGH/SNP technique being preferable. The Karyotyping is not the investigation of 
choice for the identification of structural anomalies in cases of suspected microdeletion 
syndrome, FISH analysis with selected probes being preferable based on clinical 
suspicion. 
When it is not possible to obtain the recommended resolution in relation to the question 
diagnostic, in the absence of chromosomal anomalies, genetic counseling is indicated if 
necessary execution of the array-CGH/SNP technique or repetition of the exam, in the 
presence of a clear clinical indication. 

TROMBOPHILIA PREDISPOSING VARIANTS



GENE- PERSONA  
PREDICTIVE AND FUNCTIONAL MARKERS
GENETIC PREDISPOSITION 
TROMBOPHILIA

The test analyzes the genetic polymorphisms predisposing to the indicated functions, the technical 
evaluation is performed on the panel of genes considered valid and informative to the best of 
today’s scientific knowledge. This evaluation aims to obtain a summary value where the degree 
of predisposition enhances the population prevalence and frequency data, the Magnitude data. 
The indications do not depend on the subject’s medical history and are not a medical tool. The 
indications are a contribution to the optimization of the functional picture of the subject available 
to the phisician.

The allelic component of the analyzed variants is expressed with an arbitrary value of predisposition 
to the function of the variants themselves, considering the population frequency and the Magnitude. 
The scheme goes from a MINIMUM PREDISPOSITION value of -4.5 to a MAXIMUM value of +8. The 
value 0 is the equilibrium point

Results: Arbitrary predisposition value: -0.5 The panel of variants analyzed is within a profile 
common to the general population



Conventional Karyotype, genetic panel of variants for Cystic Fibrosis, Spinal 
Muscolar Atrophy, FRAXA mental retardation.
Medical Reproduction, Infertility. Screening for AR and X linked mendelian disorders 
in phisiological Reproduction, normal phenotype.



Spinal Muscular Atrophy (SMA) is a neuromuscular disease with death of 
the nerve cells in the spinal cord that give the muscles the movement command; 
it is very disabling and with reduced life expectancy.

SMA affects approximately 1:10,000 births and is the most common genetic 
cause of infant death.
One healthy carrier for every 50 people.
Two healthy carriers, in each pregnancy, have a 25% chance of transmitting the 
disease to each of their children. 

Method: AmplideX® SMA Plus Kit according to the manufacturer’s instructions. 
The kit is based on amplification gene analysis (PCR) and capillary electropho-
resis (CE) on SeqStudio Flex Genetic Analyzers (Thermo Fisher Scientific), to 
obtain the SMN1 exon 7 copy number quantification. Purpose of the test: 
The AmplideX® SMA Plus kit is an assay based on the amplification of exon 7 of 
the SMN1 and SMN2 genes together with an endogenous control (EC) starting 
from purified genomic DNA: the fluorescent amplicons specific for SMN1 and 
SMN2 are separated by capillary electrophoresis and compared to the co-ampli-
fied endogenous control for determine the respective number of copies. 
The kit also allows the detection of gene conversion events (SMN1-SMN2 and 
SMN2-SMN1), the presence of the c.*3+80T>G and c.*211_*212del variants of 
SMN1 associated with gene duplication on single chromosome and the c.859G>C 
variant of SMN2 correlated with a less severe disease phenotype due to a more 
efficient splicing mechanism of SMN2.
The number of copies of exon 7 of SMN2 and the possible presence of “hybrid” 
genes (with sequences belonging to both SMN1 and a SMN2) and variants of 
SMN1 (c.*3+80T>G and c.*211_*212del) and SMN2 (c.859G>C) will only be re-
ported if clinically useful to determine the phenotype of the disease. 
Specificity: >99%; Sensitivity: 71-95% (variable in relation to ethnicity) Limita-
tions: The analysis is designed to perform quantitative measurement of exon 7 
of the SMN1 and SMN2 genes, while it is not capable of highlighting nonsense, 
missense or frameshift variants of the gene sequence. 
Approximately 3-8% of individuals who are healthy carriers of Spinal Muscular 
Atrophy have two copies of the SMN1 gene on a single chromosome and zero co-
pies on the other chromosome; these subjects are defined as “silent carriers” or 
“2+0 carriers”. The analysis quantitative is not able to identify the silent carrier 
state. The silent carrier state can, however, be discriminated by the subject ha-
ving one copy of the gene on each chromosome thanks to the presence of single 
nucleotide variants that occur in linkage disequilibrium with gene duplication 
on a single chromosome. 
The presence of the SMN1 variants c.*3+80 T>G (g.27134 T>G) and 
c.*211_*212del (g.27706_27707 delAT) suggest the presence of a gene dupli-
cation on a single chromosome and therefore of a silent carrier. The probability 
of being a silent carrier varies based on the presence/absence of the aforemen-
tioned variants in different ethnicities (Luo et al. 2014; Alías et al. 2018). 
The two variants are not specific to the SMN1 gene or the SMN2 gene, but are 
detected independently their presence on one or the other gene. The annealing 
sites of the primers contained in the AmplideX® SMA Plus kit have no known 
nucleotide variants with minor allele frequency (MAF) greater than 0.005, ho-



wever the presence of rare variants could alter the dosage quantity of SMN1 
and SMN2 genes (Prior et al. 2011)



Cystic Fibrosis is a common disease as it affects 1:2500 both males and fema-
les, it is generally serious, present from birth.
 
It is inherited from parents who are, almost always without knowing it, healthy 
carriers. The bronchi and lungs suffer the most damage where mucus tends to 
stagnate, generating infection and inflammation which, over time, leads to re-
spiratory failure. The damage also involves the pancreas, intestine and liver. 
The severity and type of symptoms may vary from person to person. The me-
dian survival at 40 years is 50%. In Italy there is one healthy carrier for every 
25 people. 
Two healthy carriers, in each pregnancy, have a 25% chance of transmitting the 
disease to each of their children. Fetal analysis is performed with chorionic vil-
lus sampling or amniotic fluid.

The CFTR gene variants investigated are specifically chosen because they re-
present the complete group of clinically validated variants classified as causing 
cystic fibrosis in the CFTR2 database at John s Hopkins University, a product of 
the CFTR2 (Clinical and Functional Translation of CFTR) initiative. 

The variations include those recommended in 2004 by the American College 
of Medical Genetics (ACMG)1 and in 2011 by the Amer ican College of Obstetri-
cians and Gynecologists (ACOG)2. 
The essay tests: 134 variants that cause cystic fibrosis; a variant of the panel 
recommended by the ACMG (R 117H, classified as a mutation of various clinical 
consequences, MVCC, from CFTR2); a modifying variant rip ortated conditio-
nally (PolyT); and three conditionally reported benign variants (I506V, I507V, 
F508C)14

For a total of 139 variants reported. The 134 cystic fibrosis-causing variants 
correspond to 129 cystic fibrosis-causing variants contained n the CFTR2 data-
base. 
The CFTR2 database includes five cystic fibrosis-causing variants for which the 
same c changes in protein level can occur from two distinct nucleotide changes 
[e.g., S466X(C>A ) and S466X(C>G)]. 
These five variants are listed by amino acid codon in the CFTR2 database (e.g 
e.g., S466X) while the assay reports each individual variant [e.g., S466X(C>A) 
and S466X(C>G)].

5T/TG12-13 CFTR genotype
In recent years, patients with cystic fibrosis (CF) conductance regulator (CFTR) 
variant poly(T) sequences have been increasingly reported with a wide spec-
trum of clinical severity. 
The long-term clinical outcomes and progression to a CF diagnosis over time in a 
large Italian cohort of patients carrying the CFTR F508del/5T;TG12 genotype.
After a median follow-up of 6.7 years (range 0.2-25 years), 15 patients progres-
sed to CF, bringing the total number of CF diagnoses to 45/129 (34.9%). 
Most of these patients had mild lung diseases with pancreatic sufficiency and a 
low prevalence of CF-related complications.
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Fragile X Syndrome (Martin Bell Syndrome). Fragile X syndrome is the 
most frequent form of hereditary mental retardation. It is caused by a mutation 
of the FMR1 gene located on the X chromosome (FRAXA mutation). 

This mutation consists of an amplification and subsequent methylation of a CGG 
triplet sequence localized in the transcribed and non-translated portion of the 
first exon of the gene and is responsible for blocking its transcription.
Since the gene codes for a protein necessary for the normal development of the 
central nevous system, the lack of the protein causes mental retardation. 
Normal alleles have a number of triplets between 5 and 45; in mutated alleles, 
solely responsible for the syndrome, this number is greater than 200 (complete 
mutation). Alleles with a number of triplets between 56 and 200 (premutation) 
are normally expressed but are unstable, with a tendency to transition towards 
complete mutation during female meiosis. Therefore, healthy women who have 
a premutation have a high risk of passing on a full mutation to a son or dau-
ghter.

Methodology: Amplification conducted using fluorescent primers of the 5’ UTR 
region of the FMR1 gene (NM_002024) containing a variable number of CGG 
trinucleotide repeats. Genotyping conducted by electrophoretic run on a Ther-
moFisher SeqStudio capillary sequencer Flex. 
Limits: The technique does not allow the highlighting of single nucleotide varia-
tions (aka point mutations), deletions and/or gene duplications as well as the 
Methylation status of the FMR1 gene Amplification and subsequent genotyping 
are capable of measuring alleles of lengths up to 80 CGG triplets. 
The methodology may not highlight the presence of large triplet expansions 
(>80 repeats). If a single allele is identified, in subjects of female sex or with 
two X chromosomes, it is not possible to discriminate between a homozygous 
genotype and a compound heterozygous genotype having a allele larger than 80 
repeats. 
In this case it is advisable to proceed with genotyping using second level analy-
sis. Sensitivity of the method >99%.
 
Long Range FMR1 PCR technology can resolve many of the technological chal-
lenges that limit routine fragile X testing. 
This method reproducibly amplified alleles with greater than 1,000 CGG repe-
ats, and demonstrated excellent concordance with Southern blot in an asses-
sment of clinical specimens whose FMR1 alleles spanned the entire range of 
CGG repeats. 
The consistency and sensitivity of the reagents to detect premutation and full 
mutation alleles, including mosaic species that may only be present in a few per-
cent of cells, also resolved ambiguities in identifying female homozygous sam-
ples that can confound conventional FMR1 PCR assays. 
Reproducible detection of full mutation alleles by PCR has implications for the 
broader adoption of FMR1 analysis.Reference ranges: 
Normal alleles: 5-45 CGG repeats Alleles in the Gray Zone range: 46-54 CGG re-
peats Alleles in the premutation range: 55-200 CGG repeats: Alleles in the full 
mutation range: >200 CGG repeats





Screening carrier for AR and X linked mendelian variants (300 genes)
Medical Reproduction, Infertility. Screening for AR and X linked mendelian disorders in 
phisiological Reproduction, normal phenotype.























Conventional Karyotype,  and array-CGH 
Syndromic definition, genetic definition of unsolved diseases, one or more congenital 
anomalies

DUEinUNO is a magnifying glass on the karyotype: chromosomal analysis under the 
microscope and an oligo array together for new cytogenetics.

1) Easychip Agilent (Custom ChIP-on-chip/DNA Methylation, 8x15k)
Next generation genomic microarray for molecular karyotyping.

Increase the sensitivity of conventional karyotyping.
It analyzes the copy number imbalance of genomic sequences at a resolution much 
higher than that possible with traditional metaphase cytogenetic techniques.
The investigation therefore provides rapid and accurate information relating to a 
series of rearrangements not identifiable with traditional chromosomal investigations 
as syndromic regions associated with known microdeletion and microduplication 
pathologies including those involving the subtelomeric regions (i.e. the ends of 
chromosomes, often the site of anomalies related to mental retardation). 

PGT3™ is designed to minimize the occurrence of CNVs, especially small ones, which are 
present in the general population as benign variants, i.e. without clinical significance, 
or of unknown significance. In the absence of abnormal ultrasound signs or other 
conditions of increased genetic risk of the fetus, this fact may reduce the prognostic 
value of the test.

Easychip Agilent (Custom ChIP-on-chip/DNA Methylation, 8x15k) (15k) is a platform 
designed to integrate prenatal chromosomal analysis: 1) identifies CNVs along the 
genome with a resolution of 3-4 Mb (4-5 times greater than chromosomal analysis) 
reducing CNVs without clinical significance or of unknown significance from 26% to 
3%. 2) Analyze the subtelomeric regions at a higher resolution (300-500 kb) to search 
for any cryptic imbalances 3) Analyze at the maximum resolution of 200-250 kb the 
microduplications or deletions in the syndromic regions associated with 43 syndromes 
known from microdup/del .

2) Kit Genetisure Cyto 8x60 K Agilent
Whole genome, Mean Resolution 150 kb. Referring genome: Male DNA (Promega)
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Array-CGH 15k: arr[GRCh37] 8p23.2p23.1 (2433724_11860230)x3.
Platform: Agilent Custom HD-CGH. Microarray 8x15K.
Choromosomal regions: all genome.
Mean Resolution: 3 Mb nel Backbone; 300 kb in subtelomeric regions; 150 kb in 43 
genomic regions linked to 52  microdelezion/microduplication syndromes 
Referring DNA: male DNA (Promega).
Bioinformatic Software: Agilent Cytogenomics 4.0.3.12.
Referring Database: Genome build GRCh37(hg19).
The analysis highlighted a duplication of 9.426 Mb at the level of chromosome 8, between 
2.433 Mb (8p23.2) and 11.860 Mb (8p23.1), in a male genomic profile.
The duplication on chromosome 8 includes 163 genes including 38 OMIM genes, 8 OMIM 
genes Morbid ANGPT2 (*601922), BLK (*191305), CTSB (*116810), FDFT1 (*184420), 
GATA4 (*600576), MCPH1 ( *607117), MFHAS1 (*605352), RP1L1 (*608581), and 
117 RefSeq genes.
The chromosomal analysis conducted with a-CGH technique demonstrated a duplication 
of chromosome 8 in the 8p23.1 region of approximately 9MB (see report) with the 
consequence that the genes included in that stretch are present in three copies instead 
of two resulting in overexpression of the product or function of the genes. 
The “8p23.1 duplication syndrome” is configured which has variable clinical effects 
depending on the size of the duplication and which includes the cardiac and neurological 
symptoms of the patient, particularly attributable to overexpression of the GATA4 gene, 
regulator of cardiac morphogenesis, and CTSB described in neurocerebral association. 
This duplication is transmissible to offspring, the probability that the duplicated 
chromosome 8 is involved in fertilization is 50%. In the PMA process, we recommend 
carrying out the Pre-implantation Chromosomal Diagnosis (PGT-SR Preimplantation 
Genetic Testing for Structural chromosomal Rearrangement).
Polymorphic or frequently observed copy number variations (CNVs) were not considered 
in the interpretation of the results in the general population, although they do not reach 
the frequency of 1% (http://dgv.tcag.ca/dgv/app/home), the CNVs of the loci described 
as devoid of genes, CNVs of uncertain significance in the subtelomeric regions (<1Mb) 
not associated with syndromic conditions and CNVs within the syndromes that are not 
clearly causative of pathology. 
However, it is possible that some of these CNVs may subsequently be found to be 
pathogenic in the literature. In accordance with the indications of the Italian Society 
of Human Genetics, some recurrent CNVs for which the role pathogenetic is currently 
still controversial or with a penetrance of less than 15% (Rosenfeld et al., 2013; Coe et 
al., 2014; Maya et al., 2018). 
The following CNVs are part of this group: del/dup 15q11.2 (NIPA1); del/dup 16p13.11 
(MYH11); of the PAR1 region (not including the SHOX gene); dup PAR1 region (although 
including the SHOX gene); dup Xp22.31 (STS and adjacent region); del/dup region 
PAR2. 



Whole Exome Sequencing (WES) with Next Generation Sequencing Technique, if 
Karyotype and array-CGH negative
Syndromic definition, genetic definition of unsolved diseases, one or more congenital 
anomalies

With this approach, based on the enrichment of genomic fragments that refer to gene 
sequences coding for proteins and for selected subclasses of RNA that have a regulatory 
function (e.g. microRNA), it is possible to limit the analysis to 1-2% of the genome, thus 
excluding non-coding regions and, consequently, losing information that can impact 
gene expression. 
Current knowledge on the genetic causes of Mendelian diseases suggests that most of 
their mutations consist of changes in the coding sequence of a gene or an abnormality 
in transcript processing. Therefore, the exome is an enriched portion of the genome, in 
which it is useful to search for mutations with potential clinical impact. 
It follows that its sequencing is fundamental in the diagnosis of rare diseases and in 
understanding the molecular basis of many Mendelian pathologies, as documented by 
the diagnoses obtained in recent years on large cohorts of undiagnosed patients and 
the hundreds of disease genes identified with this technique. 

CASE REPORT
Male boy, age 8, with Spastic Paraparesis/Paraplegia. Negative for array-CGH and 
selected gene panels.

The analysis of the exome (WES) highlighted the presence of some variants in genes 
sensitive to the anamnestic characteristics of the proband; the report contains a 
detailed description of the variants. 
The variants are defined in different ways: in heterozygosity (present in only 
one chromosome of the two, healthy carrier if recessive, affected if dominant), in 
homozygosity or compound heterozygosity (present in both chromosomes, affected), 
pathogenic (predispose to the disease) , of doubtful significance or potentially benign 
(if at the moment there are no data to define them as pathogenic). 
It should be noted that the definition “of doubtful significance” or “probably benign” 
derives from in silico evaluations and/or sporadic data open to updates. It is also 
highlighted that the indications “dominant AD” or “recessive RA” in heterozygous cases 
derive from described family cases, are not necessarily the rule, as is the heterogeneity 
or variability of the expression. 

The TMEM107 gene presents two variants in the proband (pathogenic paternal/
maternal of doubtful significance) in compound heterozygosity. 
The report illustrates a complex series of pathologies linked (in homozygosity or 
compound heterozygosity) to gene variants and overlapping sequences: OMIM 
(MECKEL SYNDROME 13; MKS13; OROFACIODIGITAL SYNDROME XVI; OFD16; OMIM: 
#617562; #617563). OMIM (LEUKOENCEPHALOPATHY , BRAIN CALCIFICATIONS, 



AND CYSTS; LCC; OMIM: #614561). 
The K1F1A gene (previously described as maternally inherited) presents two variants 
in the proband (paternal of doubtful significance/maternal of doubtful significance) in 
compound heterozygosity. 
The report illustrates a complex series of pathologies linked (in homozygosity or 
compound heterozygosity) to variants of the gene: OMIM (NESCAV SYNDROME; 
NESCAVS; NEUROPATHY, HEREDITARY SENSORY, TYPE IIC; HSN2C; SPASTIC 
PARAPLEGIA 30, AUTOSOMAL DOMINANT, SPG30 and SPASTIC PARAPLEGIA 30 , 
AUTOSOMAL RECESSIVE, INCLUDED; OMIM: #614255; #614213; #610357). 
The FBXO38 gene presents a heterozygous variant (maternal of doubtful significance) 
in the proband. 
The report illustrates a complex series of pathologies linked (heterozygous, AD) 
to variants of the gene: OMIM (NEURONOPATHY, DISTAL HEREDITARY MOTOR, 
AUTOSOMAL DOMINANT 6; HMND6; OMIM: #615575). 

The CPT2 gene presents a heterozygous (maternal pathogenetic) variant in the proband. 
The gene variants are described AD/AR also heterosymptomatic. 
The report illustrates a complex series of pathologies linked to gene variants (see report). 
It is advisable to submit the genetic report to a neurologist specialist for appropriate 
checks with respect to the proband’s medical history. 
From the hereditary point of view relating to the parents, in the case of pregnancy the 
risk of fetal recurrence of the variants in compound heterozygosity (TMEM107 and 
K1F1A) is 25%, while the risk of recurrence of the variants in heterozygosity (FBXO38 
and CPT2) is 50 %. 



PRENATAL DIAGNOSIS TECHNIQUES

Prenatal diagnosis techniques include instrumental and laboratory investigations, 
developed over the last 50 years, with the aim of monitoring the concept starting 
from the early stages of embryonic development up to the moments preceding birth. 
Prenatal ultrasound, i.e. pregnancy monitoring using ultrasound, is the non-technique 
most important and widespread invasive prenatal diagnosis. It is used to monitor the 
development of the embryo and fetus, check their well-being, follow the evolution of 
the pregnancy and as a support for invasive investigations involving the acquisition of 
fetal tissues. The not invasiveness and harmlessness of the technique, which allows it 
to be repeated during pregnancy, together with the high degree of resolution obtained 
with the latest generation equipment, justify the extraordinary diffusion of prenatal 
ultrasound which occurs in industrialized countries used in almost all pregnancies, 
offering itself as a real tool prenatal screening. The potential of the technique correlates 
directly with the gestational age in which it is used, the resolution of the equipment and 
the experience of the operator. 

Amniocentesis is the most widely used invasive prenatal diagnosis technique aimed at 
acquisition, via transabdominal puncture, below ultrasound check of the amniotic fluid, 
ideally around the 15th-16th week amenorrhea. The risk of miscarriage, linked to the 
invasiveness of the technique, is calculated at approximately 1:200, but varies widely 
depending on the experience of the operator. 
Amniotic fluid contains a non-corpuscular part, i.e. cell-free, which is isolated by 
centrifugation of the sample, and a corpuscular part, formed by amniocytes, i.e. the 
cells that derive from the skin, from mucous membranes, the genitourinary tract, the 
gastrointestinal tract of the fetus and the membranes amniotic. 
On the non-corpuscular portion it is possible to measure alphafetoprotein (AFP) 
and, possibly, other biochemical markers, while amniocytes are used, primarily, for 
cytogenetic investigations, and possibly for molecular and biochemical analyses, both 
directly than on cultured cells. 

Chorionic villus sampling is an invasive technique used for trophoblast sampling by 
transabdominal puncture, ideally under ultrasound control around the X-XII week 
of amenorrhea. The risk of abortion, linked to the invasiveness of the technique, it 
is approximately 2-3%, but varies significantly depending on the experience of the 
operator. The sample acquired can be used for cytogenetic analysis, directly on the cells 
of the cytotrophoblast or on cultures (villus mesenchymal cells). 
The combined use of the two techniques provides information on cell populations that 
have a different embryonic origin, allowing, in most cases, to resolve the potential 
problem of discrepancies between the placental karyotype and the fetal karyotype 
(found in approximately 2% of samples), which is attributable to a condition of 
postzygotic mosaicism. 



Chorionic villus sampling allows to acquire biological material in relatively abundant 
quantities and is therefore the technique of choice for molecular diagnosis of disease 
genes and for biochemical analyses. The advantage of the earliness of technique, 
compared to amniocentesis, is counterbalanced by its greater invasiveness and by 
acquisition of placental and non-fetal tissue. 

Cordocentesis is the technique of acquiring fetal blood, by transabdominal puncture, 
around the 18th week of amenorrhea. The risk of abortion, linked to the invasiveness of 
the technique, it is approximately 2%, but varies significantly based on the experience 
of the operator. The technique is heavily out of use, being used mainly for monitor some 
infectious pathologies and possibly to resolve non-cytogenetic results informative with 
the analysis of amniocytes. 

Non-invasive prenatal screening, developed over the last 30 years, is essentially based 
on the analysis of biochemical markers on maternal blood, combined with ultrasound 
investigations. The prototype of these analyzes was the alpha fetoprotein (AFP) assay, 
initially used as a marker of neural tube defects (increased value) and, subsequently, 
of Down syndrome (SD; reduced value). Over time these screenings, based on the 
association of different markers, have achieved increasing development in the 
calculation of the probability of fetal aneuploidies, especially in mothers who fell into 
the low probability age group chromosomal pathologies in the fetus, and therefore not 
candidates for invasive monitoring of pregnancy. 
The triple-test (or tri-test) based on the dosage, in the second trimester, of AFP, of 
chorionic gonadotropin and unconjugated estriol, combined with maternal age and 
gestational rate measured ultrasoundwise, allowed to predict approximately 65% of 
SDs, with one false positive rate between 5 and 10%. 
This protocol has been accompanied by others over time numerous others, based on 
various markers, in different combinations, and on anticipation of screening from 
the second to the first trimester. In parallel, biochemical markers were integrated 
with ultrasound tests, in particular the analysis of the thickness of the nuchal skin 
(translucency nuchal - TN), which, although not pathognomonic of SD, between the 
11th and 14th week of amenorrhea, diagnoses approximately 75% of cases, with a false 
positive rate of 5%.
In recent years it has affirmed the bi-test, which uses maternal blood acquired around 
the 11th week, on which the free fraction of beta chorionic gonadotropin and an elevated 
glycoprotein are measured molecular weight, Pregnancy Associated Plasma Protein A 
(PAPP-A). 
This analysis, integrated with the measurement of TN and maternal age predicts 
approximately 80% of SDs, with a false percentage positive equal to approximately 6% 
(see also Annex 1).
 The test must also be considered in this context contingent (TN + biochemical markers 
at 11-13 weeks; ultrasound markers at 12-13 weeks or biochemical tests at 14-16 weeks 
in the intermediate probability groups) to increase the specificity.



PRIVATE ACCESS TO PRENATAL DIAGNOSIS 
 
7694 CHORIONIC VILLI SAMPLES (first trimester CVS) for 
chromosome analysis. 
 
The accuracy of prenatal Combined Test for trisomy detection in a private medical care 
experience. 
 
Sir, 
the combined test for the prenatal evaluation of trisomy risk is an indirect and statistic item based on 
maternal age, nuchal translucency and some biochemical placental values. The method is validated and 
used in wide population studies with the aim to obtain a more predictable instrument vs. maternal age only. 
The individual use of the combined test to predict the trisomy risk in a single pregnancy does not have the 
same accuracy. The present  report shows 7694 diagnostic CVS cases, consecutive and from single medical 
center. The population asking for CVS procedure is divided in two groups: 
1. Personal choice without increased risk from combined test (NT value where detected during CVS 
procedure) 
2. Increased trisomy risk from combined test. 
In each group the cases are grouped for NT value, age. 
Tables 1 and 2 present the cases of the two groups for NT values, all trisomies, trisomies for age over 35, 
trisomy 21 and related frequencies. 
The conclusion is that both groups overlap  for all the comparison parameters. The maternal age and NT 
value play a rule in trisomy detection, while the biochemical (bitest) data do not influence the real capture 
of trisomies. 

 
 
Table1. NO COMBINED SCREENING TEST. 
CASES SELECTED BY NT MEASUREMENTS BEFORE CVS PROCEDURE 
NESSUN TEST. DATI SEPARATI PER MISURE NT ESEGUITE PRIMA DEL CVS 
 

NT mm CASES ALL TRISOMIES ALL TRIS > AGE 35 TRIS 21 TRIS/CASES TRIS>35/ALL TRIS 
       
0-1,9 3749 9 7 5 0,002 0,8 
2-3,9 992 29 25 21 0,03 0,9 
4-5,9 53 15 11 11 0,28 0,7 
6-9,9 16 8 6 4 0,5 0,7 
       
 
Table2. NT, free  β-hCG, PAPP-A, 10-12 weeks gestation. COMBINED TEST. 
CASES RESULTED AT RISK FOR TRISOMY. CASES SELECTED BY NT MEASUREMENTS 
CASI RISULTATI A RISCHIO PER TRISOMIE. DATI SEPARATI PER MISURE NT 
 

NT mm CASES ALL TRISOMIES ALL TRIS > AGE 35 TRIS 21 TRIS/CASES TRIS>35/ALL TRIS 
       
0-1,9 2248 6 5 3 0,002 0,8 
2-3,9 595 17 14 9 0,03 0,8 
4-5,9 31 10 7 5 0,32 0,7 
6-9,9 10 6 4 2 0,6 0,7 
 
 
Personal communication, all right reserved, do not reproduce without reference. L. Camurri Ph D. 
www.camurrilamberto.it 
 
 



Free DNA in maternal blood was first described by Lo (1997) shawing the presence of 
the Y chromosome in the plasma of some women with fetuses male, using the analysis 
of free DNA present in the maternal circulation (cfDNA). 
It has been shown that, starting from the first trimester of pregnancy, it is present in 
the blood circulation maternal free DNA of fetal origin (cell free fetal DNA, cffDNA), 
which can be recovered in non-invasive manner and used for the study of some fetal 
pathologies. cfDNA originates from the lysis of maternal and placental cells. 
Starting from the fifth week of amenorrhea, the placental cytotrophoblast anchors itself 
to the uterine parietal decidua, the spiral arteries deciduals supply the gaps between 
the decidua and the placenta, the cytotrophoblast invades and it covers the walls of the 
spiral uterine arteries and reshapes them. 
Cell turnover trophoblast, which covers the walls of the spiral arteries, mediated by 
cytokines, releases the DNA. The fragments of degraded fetal DNA contain approximately 
180 base pairs (bp) and are suspended in the arterial plasma. The cffDNA can be isolated 
early starting from the 10th week, when it reaches quantities su
fficient for potential clinical use. Its percentage can vary between <4%, a quantity not 
useful for diagnosis, and around 40%, with an average of 10%, at the 12th week, when 
90% approximately fragments of free DNA circulating in the plasma originate from 
apoptosis of the epithelia maternal, creating a mix of maternal cfDNA and cffDNA. 
The percentage of cffDNA comes defined as “fetal fraction” (FF). The cffDNA is no longer 
found in the maternal circulation a few hours after childbirth and is probably eliminated 
through renal excretion. 

General information on NIPT and fetal fraction.
The principle of “cff DNA Non Invasive Prenatal Test (NIPT)” protocols, regardless 
of the technique used, is based on comparisons. Taking chromosome 21 (CR21) as an 
example, the technique compares the number of fragments belonging to CR21 in the 
pregnancy under examination, with the number of fragments of another chromosome 
of the same sample (internal comparison), expected in a disomy condition (two copies 
of a certain chromosome, for example chromosome 1 or 10 or a combination thereof), 
or with those from a pool of disomic pregnancies (two CR21) of reference. 
If the sample obtained from the pregnancy under examination contains two pairs of 
CR21 (two of the mother and two of the fetus), the ratio between the counts (number 
of CR21 fragments in the test/number of fragments in disomic reference samples) is 
approximately equal to 1. 
If a fetus with trisomy 21 (T21) is present in the pregnancy under consideration, the 
FF increases for presence of additional circulating fragments released by the fetus’s 
supernumerary CR21. 
The entity of the increase depends on the percentage of total FF and the number of bp of 
CR21, in relation to the bp of the overall genome of the fetus. Maternal plasma contains 
variable percentages of FF, which differ in different samples. 
Around the 12th week, on average, the FF corresponds to approximately 10% of the 
cfDNA, with a range between <4% and 40%. Depending on the percentage of total FF 



present in the sample, the accuracy of the chromosome analysis may vary, similarly to 
the increase in percentage of the total FF, in the presence of a trisomy.
Taking as a reference a percentage of 10% of the circulating FF, the increase in the FF 
in presence of a T21 is equal to approximately 5% of the total and the ratio (R) between 
the number of fragments of the CR21 in the sample under examination and the number 
of disomic reference fragments increases from 1 to approximately 1.05. 
For a percentage of the FF equal to 20%, the increase in the total FF correlated to the 
presence of a T21 in the fetus is approximately 10%, with the consequent increase in 
the R value from 1 to approximately 1.10. In the presence of a FF of 4%, the increase 
in FF related to a fetal T21 is approximately 2% and the R value increases from 1 to 
approximately 1.02. 
Finally, if the FF is less than the threshold value of 4%, R is <1.02, a value that cannot be 
statistically differentiated from 1, which predicts the disomy of CR21, i.e. the normality 
of the fetus. 
This explains why the threshold ≥4% is critical to avoid having false results negative 
(FNR), based on the absence/insufficient quantity of FF. 
It is therefore appropriate to verify the percentage of FF in the sample under examination, 
using protocols which involve, before or during the NIPT, another test which is usually 
based on the analysis of sites single nucleotide polymorphisms (so-called SNPs – Single 
Nucleotide Polymorphisms). 
Some tests NIPT insert the percentage of FF into the algorithm for formulating the 
probability of presence of the trisomy investigated, while others use predetermined 
normalization factors, which can still achieve high levels of reliability (Dan et al, 2012; 
Zhang et al, 2015).

CffDNA Analysis Techniques.
The techniques in use analyze total cfDNA, without differentiating fetal from maternal. 
Since these are, in fact, investigations based on a mixture of maternal and placental 
DNA, the NIPT it is not a diagnostic test, but a screening one. 
In fact, as in traditional tests, the use of dedicated algorithms allow to define the post-
test probability that the fetus is affected by one of the major autosomal trisomies 
(trisomy 21 [T21], trisomy 18 [T18], trisomy 13 [T13]) or by an aneuploidy of the sex 
chromosomes (X, XXX, XXY, XYY), or structural chromosome anomalies (deletions 
– duplications) >7-10 Mb, selectively analyzing the number of the cffDNA fragments 
contributed by each of the chromosomes being tested. 
Three main techniques based on NIPT are used for the analysis of aneuploidies second 
generation sequencing techniques (Next Generation Sequencing - NGS): NGS of the 
entire genome; NGS of specific regions; SNPs, i.e. polymorphisms of single nucleotides.
The whole genome NGS technique is based on the sequencing of the cffDNA present 
in the maternal plasma, to generate millions of short sequences of the entire genome, 
which are then mapped to a reference sequence of the human genome, to establish their 



origin and count the number of fragments originating from the chromosome of interest, 
compared with the number of fragments obtained from other chromosomes (Fan et al, 
2008). So for example, if a fetus has T21, they will be in the maternal plasma present 
more CR21 fragments than expected in controls without T21. 
An alternative NGS technique selectively amplifies specific genomic loci on the 
chromosome of interest, which are subsequently sequenced. This technique is less 
expensive, as it reduces the regions to be sequenced, but has the limitation of studying 
only some regions of interest preselected.
PRENATAL DIAGNOSIS

Invasive sampling techniques, chorionic villi sampling, amniocenthesis

Chromosomal aberrations, aneuplody, deletions and duplications.

DUEinUNO is a magnifying glass on the karyotype: chromosomal analysis (10 Mb 
resolution) under the microscope and an oligo array (0.5 - 3 Mb resolution, together for 
new cytogenetics.

PGT3. Easychip Agilent (Custom ChIP-on-chip/DNA Methylation, 8x15k)
Next generation genomic microarray for molecular karyotyping.

Increase the sensitivity of conventional karyotyping.
It analyzes the copy number imbalance of genomic sequences at a resolution much 
higher than that possible with traditional metaphase cytogenetic techniques.
The investigation therefore provides rapid and accurate information relating to a 
series of rearrangements not identifiable with traditional chromosomal investigations 
as syndromic regions associated with known microdeletion and microduplication 
pathologies including those involving the subtelomeric regions (i.e. the ends of 
chromosomes, often the site of anomalies related to mental retardation). 

PGT3™ is designed to minimize the occurrence of CNVs, especially small ones, which are 
present in the general population as benign variants, i.e. without clinical significance, or 
of unknown significance. In the absence of abnormal ultrasound signs or other conditions 
of increased genetic risk of the fetus, this fact may reduce the prognostic value of the 
test.

Easychip Agilent (Custom ChIP-on-chip/DNA Methylation, 8x15k) (15k) is a platform 
designed to integrate prenatal chromosomal analysis: 1) identifies CNVs along the 
genome with a resolution of 3-4 Mb (4-5 times greater than chromosomal analysis) 
reducing CNVs without clinical significance or of unknown significance from 26% to 
3%. 2) Analyze the subtelomeric regions at a higher resolution (300-500 kb) to search 
for any cryptic imbalances 3) Analyze at the maximum resolution of 200-250 kb the 
microduplications or deletions in the syndromic regions associated with 43 syndromes 



known from microdup/del.

INFORMED CONSENT
CYTOGENETIC ANALYSIS OF CHORIONIC VILLI (VILLOCENTHESIS)
CYTOGENETIC ANALYSIS OF AMNIOTIC FLUID (AMNIOCENTHESIS)
PLURIGENTEST3 (CONVENTIONAL KARYOTYPE + aCGH-EASYCHIP™)

1) The cytogenetic analysis of the chorionic villi of the placenta or the amniotic fluid 
cells have the aim of ascertaining the presence of anomalies in the number and shape of 
the chromosomes in the fetal chromosome set (or karyotype).
2) There are congenital defects which, not being associated with chromosomal anomalies, 
cannot be diagnosed with prenatal cytogenetic analysis. Chorionic villi can also be used 
to study genetic diseases with molecular analyzes of DNA,
3) In rare cases, especially due to the inadequacy of the material taken, it may be 
necessary to repeat the sampling.
4) Conventional cytogenetic diagnosis (optical analysis under the microscope) is based 
on cultured amniotic fluid cells or on direct examination (result 7 days) and on culture 
examination of the villi (result approximately 21 days). The two data must be integrated. 
It is able to identify chromosomal anomalies larger than 10-15 Megabases of DNA.
5) The molecular cytogenetic diagnosis (with CGH oligo15 Easychip™ array) is based 
on the molecular analysis of the preparation and is able to identify chromosomal 
anomalies up to 3 Megabases of DNA in size and 45 microdeletion or microduplication 
syndromes (result in 10 days). It combines with conventional cytogenetic diagnosis. This 
technique is associated with the rapid molecular investigation of the five most common 
chromosomal anomalies (trisomies 21, 18, 13, X/Y) with the QFPCR technique.
6) The prenatal cytogenetic diagnosis may not correspond to the real fetal condition 
in rare cases of: feto-placental discordance, presence of a second reabsorbed fetus, low 
percentage mosaicisms, massive maternal contamination.
7) To carry out the test it is necessary to take a blood sample from the patient and her 
partner in EDTA (complete blood count tube).

INFORMED CONSENT TO PERFORM GENETIC TESTS
 
I declare that I have been informed:
1)  the purpose of the sampling/consultancy; 2) the limits of the methods used; 3) the 
characteristics of the possible results: (a) real possibility of identifying the alteration; 
(b) false positives/false negatives; (c) need for interpretation of any alterations 
identified during genetic counseling; 4) that the aCGH-EASYCHIP™ tests are performed 
by the MEDICAL GENETICS LABORATORY, 5) that I have read the specific information 
relating to the test(s) performed which are attached to this consent . 6) the methods of 
application of the privacy law for the confidentiality of the data collected; 6) the right to 
interrupt investigation procedures at any time; 8) that, as a consequence of the results 
obtained and for completion of the analysis, further tests may be necessary on other 



family members; 9) that if the results obtained produce data relevant to the health of 
the user or family members, the user can choose whether or not to know the results 
of the research; 10) that, unless otherwise specified, it is not possible to provide an 
absolute guarantee on the times and certainty of reaching results that allow a definitive 
diagnosis to be obtained.

Agreement Based on the information obtained for the analysis
�  PLURIGENTEST3 ( CONVENTIONAL KARYOTYPE+aCGH-EASYCHIP™)
� CONVENTIONAL KARYOTYPE 

INFORMATION FOR PRENATAL CYTOGENETIC DIAGNOSIS

Conventional Karyotype Analysis on Amniotic Fluid, Chorionic Villus.
The prenatal cytogenetic investigation aims to ascertain the presence of numerical and/
or structural chromosomal anomalies. The quality of the chromosomal preparations 
obtained does not allow the identification of loss or acquisition of genetic material (due to 
deletions, duplications, insertions, translocations, etc.) smaller than 10-15 Megabases
The diagnosis of duplications and/or deletions of small dimensions (submicroscopic) 
is obtained with the Array-CGH technique, especially useful in high-risk pregnancies 
(ultrasound indications, chromosomopathies, maternal age, etc.).
There are congenital defects which, not being associated with chromosomal anomalies, 
cannot be diagnosed by prenatal cytogenetic analysis. In rare cases, the clinical 
consequences associated with a chromosomal anomaly cannot be established with 
certainty ; the relevant clarifications will be provided during the consultation.
Sample treatment:
Chorionic villi: 
after evaluation of the sample taken, it is divided into two aliquots in order to obtain a 
direct preparation and a culture preparation. There is a minimum quantity of chorionic 
villi necessary for the preparation of the two preparations.
Amniotic fluid: The cellular component of amniotic fluid is collected and divided into 
multiple independent cultures. The minimum quantity of sample for preparing cultures 
is 10 ml, the optimal one is 16/18 ml. The success of cell cultures is related to the number 
of viable cells present in the sample.
Diagnosis:
1-The criteria used for the cytogenetic investigation are those recommended by the 
Guidelines of the Italian Society of Human Genetics and the European Study Group on 
Prenatal Diagnosis.
Chorionic Villi
The analysis of both the direct preparation and culture optimizes the reliability of the 
diagnosis. The use of only one of the two analyzes leads to a reliability of 99%, a figure 
obtained from published international experience. Cases of difference in results between 
the two preparations cannot be excluded. In this circumstance it may be necessary 
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to proceed with further investigations, of which the patient will be informed during 
genetic counseling. The inability to reach a diagnosis can occur in very rare cases, for 
reasons generally related to reduced growth of the villi in culture and an absence of 
dividing cells in the direct preparation.
Amniotic fluid
In the case of two or more cell lines with different karyotypes (mosaic), a further 
cytogenetic investigation on another sample may be necessary. In this circumstance 
the patient is informed, during genetic counseling, about the possibility of further 
diagnostics. The impossibility of reaching a diagnosis can occur in very rare cases, for 
reasons related to the growth of cells in culture or the massive presence of blood or 
meconium.
2-It is possible that the result requires, for a more correct interpretation, the extension 
of the cytogenetic examination to the parents or the application of additional molecular 
investigations
3-The analysis does not highlight very small structural anomalies (mutations, 
microdeletions) or low percentage mosaics.
4-There is the possibility, limited to very rare cases, of discordance between the outcome 
of the prenatal cytogenetic diagnosis and the karyotype found at birth. This discordance 
can be attributed to different causes: contamination of the sample with cells of maternal 
origin, low percentage mosaics or presence of chromosomal structural anomalies not 
detectable with the applied investigation techniques.
QF PCR (fluorescent quantitative PCR)
The analysis reveals numerical anomalies of chromosomes 13, 18, 21, X and Y with 
standardized molecular biology methods. The analysis can also be extended to other 
chromosomes. (fluorescence quantification of DNA-STR segments)
QF-PCR does not detect structural or sequence alterations other than those used, 
therefore other chromosomal anomalies are not highlighted. QF-PCR reveals but does 
not distinguish free and translocation trisomies and is not suitable for highlighting 
mosaic aneuploidies. QF-PCR has a false negative risk of 1%.
The presence of cells of maternal origin may result in non-informative analyzes or may 
not allow the analysis to be performed.

TEST SCREENING INFORMATION ARRAY-CGH 15k EASYCHIP™ IN PRENATAL 
DIAGNOSIS
Molecular analysis of the karyotype on  Amniotic Fluid, Chorionic Villi.
In the European population, approximately 2.4% of newborns are affected by a congenital 
birth defect (so-called species risk), which depends on genetic (chromosomal, genetic, 
etc.) or non-genetic causes (drugs, infections, etc.) .
Among genetic diseases, the so-called “microdeletion/microduplication syndromes” are 
made up of a group of pathologies caused by imbalances in the DNA structure called “copy 
number variations” (CNV: Copy Number Variations), which are associated with clinical 
pictures distinct. These imbalances are not detectable with conventional microscopic 
karyotype analysis, but are detectable with high-resolution genomic analysis with a 



resolving power of up to one hundred times higher than that possible with conventional 
karyotyping . The test complements but does not replace conventional karyotyping 
on amniocytes or chorionic villi. The test is carried out with aCGH (array-based 
Comparative Genomic Hybridization) technique.
The aCGH EASYCHIP™ platform can identify DNA “copy number variation” (CNV) up 
to a minimum size of approximately 3Mb across the entire genome, avoiding identifying 
CNVs that are too small, often present in the general population as benign variants, 
i.e. without clinical significance, or of unknown significance. EASYCHIP™ (15k) is a 
platform designed to integrate prenatal chromosome analysis. In particular:
1)	 it identifies CNVs along the genome with a resolution of 3-4 Mb (4-5 times 
greater than chromosomal analysis), reducing CNVs without clinical significance or of 
unknown significance from 26% to 3%.
2)	 it analyzes subtelomeric regions at higher resolution (300-500 kb) to search for 
cryptic imbalances
3)	 it analyzes at a maximum resolution of 200-250 kb the syndromic regions 
associated with 45 known microduplication or deletion syndromes. List (in brackets 
the gene involved, when known )

1p36 deletion syndrome	 15q24 deletion/duplication syndrome
1q41q42 microdeletion syndrome (DISP1)	 16p deletion syndrome (ATR-16) 
(HBA1, HBA2)
2p15-16.1 microdeletion syndrome  (BCL11A)	 16q24.1 microdeletion syndrome 
(FOXF1, FOXC2)
2q33.1 deletion (Glass syndrome) (STAB2)	 17p13.3 deletion syndrome (Miller 
Dieker) (PAFAH1B1, YWHAE)
2q37 deletion syndrome  (HDAC4)17p11.2 deletion syndrome (Smith-Magenis) 
(RAI1)
3pter-p25 deletion syndrome (CNTN4, ITPR1, SRGAP3, VHL)	17p11.2 duplication 
syndrome (Potocki Lupski) (RAI1)
3q29 deletion/duplication syndrome (FBXO45, PAK2, DLG1)	17q11.2deletion/
duplication syndrome  (NF1, SUZ12)
4p16.3 deletion syndrome (Wolf-Hirschhorn) (LETM1, WHSC1)	 17q21.31 
deletion syndrome (Koolen-De Vries) (KANSL1)
4q21 deletion syndrome (PRKG2, RASGEF1B)	 17q23.1-q23.2 deletion syndrome 
(TBX2, TBX4)
5p deletion syndrome (Cri du chat) (CTNND2, TERT)	 19q13.11 deletion syndrome  
(LSM14A, UBA2)
5q14.3 deletion syndrome (MEF2C)   Down Syndrome critical region ( 21q22.12q22.2 
)
6q13-q14 deletion syndrome (COL12A1)	22 partial tetrasomy (Cat Eye)
7q11.23 deletion syndrome (Williams-Beuren) (ELN)	 22q11.2 deletion syndrome 
(DiGeorge) (HIRA, TBX1)
8p23.1 deletion syndrome  (GATA4)	 22q11.2 distal deletion syndrome (MAPK1)
8q21.11 Microdeletion Syndrome  (ZFHX4, PEX2)	 Xp11.3 deletion syndrome  
(RP2)
8q24.1 deletion syndrome (Langer-Giedion)  (TRPS1, EXT1)	 Xp11.22 



microduplication syndrome (HUWE1)
9q34.3 deletion syndrome (Kleefstra) (EHMT1)	 Xq12deletion/duplication  
(OPHN1
10p14p13 deletion syndrome (DiGeorge type 2) (GATA3)	 Xq22.3 deletion 
syndrome (AMME COMPLEX)  (COL4A5, ACS4)
11p13 deletion syndrome (WAGR) (PAX6, WT1)    Xq28 duplication syndrome  
(MECP2)
11p11.2 deletion syndrome (Potocki-Shaffer) (ALX4)	
11q deletion syndrome (Jacobsen)	
14q12 microdeletion syndrome (FOXG1)	
15q11q13 deletion syndrome (Prader-Willi) (SNRPN)	
15q11q13 deletion syndrome (Angelman) (UBE3A)	
A negative result does not exclude the onset of some diseases represented on the array, 
in cases where these are caused by point mutations in the disease gene, rather than by 
deletions/duplications.

TECHNICAL INDICATIONS FOR CONSTITUTIONAL PRENATAL CYTOGENETIC 
ANALYSIS

Karyotype on chorionic villi (trophoblast).
The chorionic villus biopsy should be analyzed to determine its suitability for testing. 
The lab must have a written protocol for verifying suitability. 2.2.1 “Direct” and “culture” 
methods Cytogenetic analysis of chorionic villi can be performed both with the “direct” 
and “direct” methods after “culture”. In the “direct” method the cytotrophoblast cells, 
which divide spontaneously, can be analyzed after a short incubation period.
In the analysis after “culture”, the villus is disintegrated with mechanical techniques 
and enzymes that allow the cells present in the mesenchyme to be released and made 
proliferate in culture. 
To define the karyotype of the chorionic villi it is necessary to use both methods. 
Discrepancies between the karyotype obtained with the direct and culture methods are 
possible. If the trophoblast sample is not sufficient to perform both methods, it is the use 
of the “direct” method is preferable. If the laboratory replaces the method “direct” with 
the QF-PCR technique, it is necessary to perform the karyotyping on “culture”. 
Combination of “direct” and “culture” methods Karyotype: it is recommended to analyze 
at least 6 metaphases obtained by direct method and 10 from culture (Hook, 1977) 
and perform the reconstruction of the karyotype on at least 3 metaphase (1 by direct 
method) to a resolution indicated (320-400). 
In the presence of a mosaic it is necessary to perform at least one karyotype per line 
cell phone and compare the results obtained with the two methods. Every mosaicism 
foresees the possibility of further investigation. It is recommended not to process 
all crops prepared and to retain, if possible, a portion of the sample (culture cells or 
frustule) of native villus for any further investigations until the analysis is concluded. 
Single method. When only one of the two methods can be used: a) the chromosomal 
investigation is performed by analyzing at least 16 metaphases (Hook, 1977), of which 



3 with reconstruction of the karyotype. 
In the presence of a mosaic it is recommended to reconstruct at least one karyotype 
by cell line; b) chromosomal analysis with a single technique increases the probability 
of a discrepant result from the fetal karyotype, this possibility must be reported in 
the report (indication of interview with the doctor/geneticist); c) with the application 
of the post-culture method only, it is recommended to analyze the metaphases from 
multiple growth areas obtained from two cultures independent; d) with the application 
of the post-culture method only, in the presence of XX gonosomes, it is recommended 
to exclude possible maternal contamination with the analysis of DNA polymorphisms.
Karyotype on amniocytes (amniotic fluid).
For each sample of amniotic fluid it is recommended to prepare no less than 3 cultures 
primaries, using two different incubators. It is good practice to use two types of soil or 
two plots several of the same land. 
Karyotype analysis must be performed on at least 2 primary cultures. “Flask” method: 
at least 16 metaphases must be analyzed (Hook, 1977) of 2 independent cultures, 
in which no fewer than 10 colonies have grown in total. “In situ” method: at least 10 
metaphases from 10 colonies obtained must be analyzed from at least 2 independent 
cultures (Claussen 1984). 
Regardless of the culture method used, it is recommended to reconstruct the karyotype 
in at least 3 metaphases, at the resolution indicated in 1.2. In case of mosaicism it 
is necessary to analyze a greater number of metaphases/colonies, examining other 
cultures and reconstructing at least one karyotype of each identified cell line. 
If the quality of the preparation is poor and the cell growth is not suitable to perform 
the analysis according to the recommended protocol, the report must include this 
eventuality. 
It is recommended not to process all the cultures established and to retain a portion of 
cells in culture for any further investigations until the analysis is concluded.

PRENATAL DIAGNOSIS
Non invasive sampling techniques, cell free fetal DNA in maternal blood

CffDNA Analysis Techniques.
The techniques in use analyze total cfDNA, without differentiating fetal from maternal. 
Since these are, in fact, investigations based on a mixture of maternal and placental 
DNA, the NIPT it is not a diagnostic test, but a screening one.
 In fact, as in traditional tests, the use of dedicated algorithms allow to define the 
post-test probability that the fetus is affected by one of the major autosomal trisomies 
(trisomy 21 [T21], trisomy 18 [T18], trisomy 13 [T13]) or by an aneuploidy of the sex 
chromosomes (X, XXX, XXY, XYY), or structural chromosome anomalies (deletions 
– duplications) >7-10 Mb, selectively analyzing the number of the cffDNA fragments 
contributed by each of the chromosomes being tested. 
Three main techniques based on NIPT are used for the analysis of aneuploidies second 
generation sequencing techniques (Next Generation Sequencing - NGS): NGS of the 



entire genome; NGS of specific regions; SNPs, i.e. polymorphisms of single nucleotides.
The whole genome NGS technique is based on the sequencing of the cffDNA present 
in the maternal plasma, to generate millions of short sequences of the entire genome, 
which are then mapped to a reference sequence of the human genome, to establish their 
origin and count the number of fragments originating from the chromosome of interest, 
compared with the number of fragments obtained from other chromosomes (Fan et al, 
2008). So for example, if a fetus has T21, they will be in the maternal plasma present 
more CR21 fragments than expected in controls without T21. 
An alternative NGS technique selectively amplifies specific genomic loci on the 
chromosome of interest, which are subsequently sequenced. This technique is less 
expensive, as it reduces the regions to be sequenced, but has the limitation of studying 
only some regions of interest preselected.

CFF DNA INSIDE
CffDNA INSIDE shows the story of the non invasive approach to prenatal genetic 
diagnosis. The experience of Geneadvise team shows the growth of NIPT methodology 
from the first attempt to the contemporary excellence. Years from 2012 to 2020.
(Geneadvise team: L.Camurri PhD, F.Camurri BS, G.Camurri BS, A.Godi Palmi EA)



























































































NIPT FOR DUMMIES

The cffDNA NIPT is presented in a synthetic view spanning from the embryology, the 
various NGS methods who obtained the first validations, the guidelines 2015. It follows 
the refinement of the methods and accuracy and the entry into the field of whole genome 
analysis, 2020

NIPT FOR DUMMIES. Geneadvise concept. 2017 - 2023
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CFF DNA BASIC GUIDELINES

In the prenatal period, various screening tests and diagnostic tests are available which 
differ from each other in terms of type of information offered and performance, as 
well as benefits and limitations. When considering a screening test, it should not be 
forgotten that there are no tests that are superior to others absolute terms and in all 
circumstances; therefore the choice of test is the result of an interaction between the 
operator which develops a consultation aimed at the characteristics of the patient and 
the patient with her process articulated decision-making. 
Each patient should receive an informational interview focused on all available tests, 
both for the screening and for the diagnosis of fetal aneuploidies. It is essential that 
the doctor who manages the pregnancy be prepared to discuss not only the risk of 
chromosomal abnormalities, but also the benefits and limitations relating to the 
different tests available, whether diagnostic or screening. 
Otherwise it is necessary to consult a specialist in fetal medicine. 
The test that should be performed is ideally the result of a conscious choice by the 
patient based on the information received and the clinical context of the pregnancy, 
on the healthcare resources available, but also on the values, interests and specific 
objectives of the patient. Furthermore, each patient should be given the opportunity 
to choose between tests screening and diagnostic ones, and, similarly, every patient 
should be put in a position to freely accept or decline, after consultation, the proposed 
tests. 
The same articulation is valid for both public structures as well as private ones. As 
regards the international literature on the subject, the path of information on the 
tests of screening has been outlined since 2007 by specific guidelines drawn up by the 
scientific societies of American (ACOG), Canadian (SCOG) and English (NICE, RCOG) 
obstetricians and gynecologists and, since 2009, by the lines- “Physiological Pregnancy” 
guide of the Istituto Superiore di Sanità (SNLG-ISS), in which it is clearly indicated that 
“the path for prenatal diagnosis of Down syndrome must be offered to all women”. 
It is also reported that information about screening tests should be offered to the 
woman at the first contact with the professional who assists you, in a context capable of 
offering the possibility of starting a discussion. Information on tests, whether screening 
or diagnostic, must include the characteristics of the test (reliability), the methods of 
execution and a comprehensive description of the condition being investigated and, 
finally, the need to clarify “the woman’s right to accept or refuse the test”. 
The cfDNA/NIPT pre-test interview is critical to providing up-to-date and clear benefit 
information and about the limitations of this screening test and the implications of the 
results, both high- and low-risk, even in relation to the type of anomaly identified. Since 
it is a screening test and consider the different biological causes underlying the possible 
discordance between the NIPT result and the real genomic structure of the fetus (e.g. 
feto-placental mosaicisms, reabsorbed twin and maternal chromosome arrangement), 
high-risk results must be confirmed through an appropriate diagnostic test, in the 
prenatal or postnatal period. 
In the case of a low-risk result, the woman must be informed that the test does not 



provide certainty that the fetus is healthy, given the risk of a false negative due to 
the conditions investigated and the impossibility of analysis conditions that are not 
investigated by the test. 
In cases where NIPT provides a non-informative result, even after the analysis of a 
second sample, yes also recommends offering genetic counseling to the pregnant woman 
to evaluate the most appropriate path based on the results of ultrasound investigations 
and any screening tests performed previously, the gestational age, the clinical history, 
the a priori risk and the pregnant woman’s willingness to undergo to an invasive 
sampling 
It is possible that in rare cases cfDNA/NIPT will provide a fetal sex result discordant 
with that determined by ultrasound. In these cases it is appropriate for the laboratory 
to verify the raw data and the process analysis and, if the discordance is not resolved, 
proceed with a further ultrasound investigation to confirm the phenotypic sex, review 
the patient’s medical history and exclude the presence of any reabsorbed twins, a 
maternal transplant/transfusion, or a known disease-related genetic condition of sexual 
development. 
If the problem is not resolved it is necessary to evaluate during the consultancy 
genetic, the opportunity to perform an amniocentesis to investigate the cause of the 
discrepancy.

CffDNA UPDATED PERFORMANCE FOR PRE TEST COUNSEL

At the beginning of 2022 Eurofins Genome Rome Italy completed the retrospective 
analysis of the data collected since 2019 on over 70,000 pregnancies, applying 
Illuminain’s CE-IVD VeriSeq protocol association with a proprietary analysis algorithm 
developed internally. The results were compared with those obtained by the invasive 
or birth follow up, obtaining the data of 85% of the total cases. The results demonstrate 
that the already excellent performances validated by Illumina are further improved if 
associated with the private analysis algorithm allowing to achieve an overall very high 
sensitivity (99.49%) and specificity (99.88%)..
In particular, with regard to common aneuploidies such as trisomy 21, 18 and 13, 
the study showed an overall sensitivity and specificity of 99.65% and 99.98%. Sex 
chromosome aneuploidies showed a high reliability for the anomalies XXY (Klinefelter 
syndrome), XYY (Jacobs syndrome) and XXX (trisomy X) and slightly lower for 
monosomy X (Turner syndrome), confirming overall excellent sensitivity (99.36%) 
and specificity (99.96%) 
The data obtained for rare trisomies reveal high sensitivity and specificity (99.99%, 
99.95%), although with a limited positive predictive value due to a rate of relevant feto-
placental mosaicism and the risk of spontaneous interruption of the first quarter found 
in these cases.
The clinical utility of researching rare trisomies is confirmed in relation to the possible 
effects of feto-placental mosaicism on growth fetal especially in the 3rd trimester of 
gestation, but it is also particularly useful for the identification of uniparental disomy 
of chromosomes subject to imprinting, as in case of trisomy 15 whose rescue led to the 
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identification of two cases of syndrome Prader-Willi. 
This cffDNA NIPT analysis has excellent performance also for segmentals anomalies 
with dimensions greater than 7 Mb (sensitivity 99.99%; specificity 99.98%) where the 
presence of false positives is attributable to fetoplacental mosaicisms, as well as the 
presence of maternal benign tumors such as uterine fibroids. 
Regarding the finding of false negative results, the data are in line with the data of the 
international scientific literature on the limits of NIPT. 
TOOLS FOR PRE TEST GENETIC COUNSELLING

Each patient should receive an informational interview focused on all available tests, 
both for the screening and for the diagnosis of fetal aneuploidies. 

It is essential that the doctor who manages the pregnancy be prepared to discuss 
not only the risk of chromosomal abnormalities, but also the benefits and limitations 
relating to the different tests available, whether diagnostic or screening. 

1) Tutorial



































TOOLS FOR PRE TEST GENETIC COUNSELLING

Each patient should receive an informational interview focused on all available tests, 
both for the screening and for the diagnosis of fetal aneuploidies. 

It is essential that the doctor who manages the pregnancy be prepared to discuss 
not only the risk of chromosomal abnormalities, but also the benefits and limitations 
relating to the different tests available, whether diagnostic or screening. 

1) cffDNA at a Glance










