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Introduction 

Medical genetics has grown to be a crucial specialty with a big impact on a global scale, which is 

related to both individual health and public health systems. Some of the most important advantages 

include: early detection and intervention through genetic predisposition tests, accurate diagnosis, 

personalized medicine, meaning a tailored approach to each individual pacient, life management and 

care for patients with rare disorders, also can offer researchers the possibility to trace back ancient 

lineages and learn about the evolution of populations. On a broad scale, the impact on public health 

systems is beginning to show in developed countries that chose to implement genetic tests for 

screening and/or diagnostic. 

1. History 

Gregor Mendel was a monk, teacher and biologist, born in present day Czech Republic, at the time 

the Austrian Empire, who discovered the very basic principles of heredity. He lived between 1822 

and 1884 and is considered to be the “father” of modern, or Mendelian genetics. Through his well-

known experiments with peas, he postulated the basis of inheritance, and named “factors” what we 

call now “genes” to explain what drives the formation of the traits in an organism. The three laws of 

inheritance published in his paper “Experiments in plant hybridization” from 1856, the Law of 

Segregation, the Law of Independent Assortment and the Law of Dominance and Uniformity remain 

indisputable up to present day. Mendel’s work remained uncovered until 1900, when three European 

biologists discovered his work simultaneously, Hugo DeVries, Carl Correns and Erich von 

Tschermak. They raised awareness about his work, making it known to the scientists and to the public. 

 

2. Current picture 

In the 21st century we notice the rise of personalized and genomic medicine that led scientists to aim 

as high as producing gene therapies through gene editing, or CRISPR (clustered regularly interspaced 

short palindromic repeats) technique. 

In the field of gene therapy, there are two primary groups. Through the process of ex vivo gene 

therapy, cells are extracted from the patient, new genetic material is introduced, and the cells are then 

returned to the patient after being packaged in a delivery vehicle known as a vector. This approach is 

being utilized for the treatment of a variety of conditions, including sickle cell disease, 

adrenoleukodystrophy, chronic granulomatous disease, and others. During in vivo gene therapy, the 

vector is either injected into a target organ like the eye or infused directly into the circulation through 

intravenous (IV) administration. The in vivo gene therapy can treat a variety of conditions, including 

hemophilia and ornithine transcarbamylase deficiency, among others. 



The two pioneers who worked on CRISPR are Emmanuelle Charpentier and Jennifer Doudna, who 

were awarded the Nobel Prize in Chemistry in 2020, “for the development of a method for genome 

editing”. 

CRISPR is a method employed by researchers to selectively edit the DNA of organisms. CRISPR 

was repurposed for laboratory applications from naturally occurring genome editing mechanisms 

identified in bacteria. 

Gene therapy is a method that utilizes genes to treat, prevent, or cure diseases or medical disorders. 

Gene therapy often functions by introducing additional copies of a malfunctioning gene or by 

substituting a defective or absent gene in a patient's cells with a functional version. Gene therapy has 

been utilized to treat both inherited genetic illnesses (e.g., hemophilia and sickle cell disease) and 

acquired conditions (e.g., leukemia).  

 

 

3. General objectives and hypotheses 

The coding part of DNA is called the exome. A gene is made up of the letters A, T, C, G, or DNA, 

which is made up of introns and exons. All cellular processes that occur in the body are regulated by 

DNA. However, not all types of DNA do this. It is known that only 1-2% of all genes encode or 

contain instructions for proteins, which are the basic components of cells and underlie all processes 

in some organisms. Even if researchers thought they were going to discover many more genes in 

humans, approximately 20,000–25,000 genes are contained within the human genome. One of the 

most important aspects of human complexity is the manner in which these genes are controlled by 

the remaining 99% of our DNA, which is referred to as the “unknown” of the genome.  

Although sequencing the entire genome of a person is possible, this process is expensive and requires 

a significant amount of storage space for the bioinformatic data obtained. Whole-exome sequencing 

is more commonly used and more cost-effective, as it is estimated that 85% of all genetic variants 

that cause diseases can be found in the exome. 

More than about 6% of all problematic pregnancies are diagnosed by the use of molecular 

karyotyping, whereas the gold standard testing, which is classical karyotyping from amniotic fluid, 

detects between 8 and 10 percent of all abnormal pregnancies. On the other hand, a significant number 

of pregnancies remain undiagnosed. According to research conducted on a global scale, prenatal WES 

is responsible for bringing a diagnosis to light in twenty to eighty percent of cases, and in other 

instances, even more than ninety percent of cases.  

The purpose of this study is to demonstrate the significance of prenatal genetic testing through WES 

in the Romanian population, specifically in pregnant women who have malformed fetuses or IUGR 



on ultrasound. The study aims to determine the diagnosis with absolute certainty and the precise 

percentage of the population for which the testing makes the diagnosis. This will allow for a more 

informed decision regarding the pregnancy as well as a significantly improved management of the 

case, including the possibility of treatment being administered in utero or immediately after delivery 

in certain circumstances. 

The study thus aims to develop a guide for doctors in Romania and beyond, based on evidence, 

depending on the variants discovered in our population regarding prenatal diagnosis and the stages 

of its performance, when it is required, in selected patients. 

WES is a next-generation DNA sequencing technique that can obtain all the coding regions of the 

human genome (exons) – over 22,000 genes. This modern and cost-effective technology allows for 

the rapid and cost-effective identification of single nucleotide polymorphisms/variants (SNP/SNV), 

copy number variations (CNV) and small insertions or deletions (indels), as well as rare de novo 

mutations. This library of raw data thus obtained can be reinterpreted and reclassified over time, 

depending on the development of databases and knowledge in the field, without the need for a new 

blood or other biological material collection from the patient. 

At the international level, there is no strict regulation regarding the recommendation of this 

personalized testing, as it has only recently been done for diagnosis and not for research. 

Various European countries are already using this technology, with a great deal of uncertainty 

surrounding Solo or Trio testing - that is, testing only the fetus through amniotic fluid analysis, or 

testing the parents from the first stage, which is called WES Trio. Another question that arises is 

whether specific panels such as cardio or neurogenetics are more cost-effective than the clinical 

exome panel. 

 

Motivation of the chosen topic 

The existence of an increasing number of pregnancies with malformations or fetal growth restriction 

not diagnosed by existing methods. 

The need to know whether the malformation detected by ultrasound of the fetus is unique, or part of 

a complex genetic syndrome. 

The prevalence of congenital anomalies in the general population is approximately 3%-5%. Since the 

first report of the use of ultrasound in obstetrics, it has become an important tool for detecting fetal 

structural defects, detecting their presence in 2-3% of cases. The assessment of nuchal translucency 

in the first trimester also represents a screening tool for fetal structural anomalies. There is an 



association between increased nuchal translucency and chromosomal anomalies, especially trisomy 

21 or monosomy X, as well as with the presence of various structural fetal cardiac, gastrointestinal 

or lymphatic system anomalies. Over 75-80% of fetal anomalies occur in the first 3 months of 

gestation. Therefore, good visualization of the fetus at this stage allows early detection of structural 

anomalies. Detection rates by ultrasound examination of major structural anomalies in the first and 

second trimesters range from 12.0% -44% and from 20% to 87%, respectively. 

 

Research question 

How many cases of malformed fetuses with negative molecular karyotype testing have positive 

results in WES testing in the Romanian population? 

Finding out the percentage of cases for which WES makes the diagnosis, compared to molecular 

karyotype (current prenatal diagnosis) in the population of our country. 

 

Objectives and hypotheses 

Prenatal WES testing makes the diagnosis in up to 80% of cases selected internationally 

(malformations or IUGR), helping the clinician and the family to make an informed decision and 

have an overall vision of the pregnancy. 

First objective is to know the percentage for which in Romania the certain diagnosis is found. Other 

objective is to follow – up the decisions of the informed family and how they choose to continue the 

pregnancy or not depending on the finding of the definite diagnosis of genetic syndrome. 

Pre and post-testing genetic consultation is recommended. The pre-test consultation aims to choose 

targeted and personalized testing for each individual case and to analyze the utility and possible 

benefit of specific genetic testing. The post-test consultation is carried out with the aim of interpreting 

the results and advising the family on the mode of transmission, recurrence and possible 

complications of the discovered genetic pathology. 

Completing the existing gold standard testing algorithm with this new generation testing method 

should become the new gold standard in selected patients, making the diagnosis certain in up to 80-

92% of cases. 

The algorithm for testing the fetuses with unspecific malformations is also presented in Figure 7. The 

steps are: 



1.pre-testing genetic counseling 

2. molecular karyotype –if normal result 

3. WES is performed 

4. post-testing genetic counseling and targeted management 

 

Figure 7: Testing algorithm for unspecific malformed fetuses 

 

 

 

 



 

 

 

4. The Evolution of Prenatal Whole Exome Sequencing: From Cytogenetics to Precision 

Medicine 

Historically, prenatal genetic testing was limited to identifying chromosomal abnormalities. While 

groundbreaking, these early methods could not detect more subtle genetic alterations that could 

profoundly affect fetal development. 

In the 1960s, the introduction of karyotyping marked a pivotal advancement in prenatal genetic 

diagnostics. This technique enabled the visualization of fetal chromosomes, obtained through 

amniocentesis or chorionic villus sampling (CVS), allowing clinicians to detect major chromosomal 

abnormalities such as Down syndrome (trisomy 21), trisomy 18, trisomy 13 and sex chromosome 

aneuploidies. Until the 1960s, the sole method to prevent a genetic sickness was to abstain from 

marrying an individual from a 'tainted' lineage, and for individuals from such lineages refrain from 

procreation, a strategy that culminated in eugenics during the twentieth century [12-17]. 

John William Ballantyne, a Scottish obstetrician, was the first to advocate in the early twentieth 

century for the treatment of pregnant women to enhance the future health of their children. Ballantyne 

developed an interest in newborn and fetal deformities, referred to as 'monstrous births.' He concluded 

that adequate medical care for expecting mothers diminishes the incidence of abnormalities in babies 

[5,6,7]. 

By the 1990s, FISH emerged as a powerful advancement in prenatal genetic diagnostics. This 

technique utilized fluorescently labeled probes that bound to specific DNA sequences on 

chromosomes, enabling the detection of targeted chromosomal abnormalities with greater precision 

than traditional karyotyping. However, while FISH improved the diagnosis of specific chromosomal 

anomalies, it lacked the comprehensive genomic coverage necessary for detecting point mutations or 

complex structural rearrangements. 

Whole exome sequencing (WES) emerged in the early 2010s as a groundbreaking advancement in 

prenatal genetic diagnostics. Unlike chromosomal microarray analysis (CMA), which primarily 

detects copy number variations (CNVs), WES sequences the entire protein-coding region of the 

genome — the exome — where the majority of pathogenic variants associated with genetic diseases 

are found. Although the exome represents only 1–2% of the genome, it harbors most disease-causing 

variants, making WES a highly effective tool for detecting point mutations, small insertions and 

deletions (indels), and certain structural variants linked to monogenic and syndromic conditions. By 



offering greater resolution and diagnostic yield compared to previous techniques, WES has 

significantly expanded the capabilities of prenatal genetic testing, enabling early identification of 

previously undetectable conditions [19-28]. 

In the cohort study by Wang et al. from 2024, a total of 60 pregnancies with ultrasound anomalies 

were included for extended investigation, including karyotype analysis, CMA and WES. The results 

showed that twelve (20%, 12/60) fetuses were identified with chromosomal abnormalities through 

karyotyping or CMA. Out of the remaining 48 cases that had undergone WES, P/LP variants were 

found in 14 cases (29.2%), resulting in an increased diagnostic yield of 23.3% (14/60) of the tested 

fetuses with congenital anomalies, including a range of fetal conditions such as skeletal abnormalities, 

heart defects, and other congenital anomalies were found to have genetic causes. The study 

demonstrated that WES could diagnose a range of congenital anomalies, such as heart defects and 

skeletal abnormalities, which had been elusive to traditional prenatal diagnostic techniques like 

karyotyping and chromosomal microarray analysis (CMA). The study also highlighted how WES 

could identify genetic causes for these conditions, thereby enhancing prenatal diagnostics and 

influencing clinical decision-making [26]. 

 

5. Comprehensive Prenatal Genetic Analysis: From Non-Invasive Prenatal Testing to Whole-

Exome Sequencing in a High-Risk Pregnancy with Gaucher Disease—A Case Report and 

Literature Review 

 

In this study, we present the case of a 35-year-old Romanian Caucasian patient who underwent non-

invasive prenatal testing (NIPT) using the Veragene platform. 

NIPT represents a groundbreaking advancement in prenatal screening, leveraging next-generation 

sequencing (NGS) or other high-throughput technologies to analyze cell-free placental DNA 

circulating in maternal blood. This approach offers a safer alternative to traditional invasive 

procedures, such as chorionic villus sampling (CVS) or amniocentesis, as it poses no direct risk to 

the fetus. 

Despite its widespread promotion and commercialization, it is crucial to critically evaluate the 

benefits, limitations, and risks of NIPT compared to both invasive and other non-invasive testing 

methods. While NIPT is highly effective for screening common aneuploidies, such as trisomy 21 

(Down syndrome), trisomy 18 (Edwards syndrome), and trisomy 13 (Patau syndrome), its clinical 

utility is limited by its inability to provide a definitive diagnosis. Additionally, false-positive and 



false-negative results may occur due to factors such as placental mosaicism, maternal health 

conditions, or fetal-specific variables. 

The NIPT used was Veragene testing, a validated Laboratory-Developed Test (LDT) from Medicover 

Genetics Ltd. for prenatal screening. It can test for common chromosomal aneuploidies such as 

trisomies 13, 21, 18, X, and selected microdeletions through the multiplexed parallel analysis of 

specific regions of interest. It can also detect 100 monogenic disorders, such as GD. 

 Veragene is created based on the Target Capture Sequences (TACSs) approach, which consists of 

long synthetic DNA probes that bind to specific DNA regions of the genome and then utilize NGS 

technology. This particular methodology is designed to reduce the current described limitations of 

whole-genome-based NIPT [51-59]. TACS enrichment has been successfully used to screen for fetal 

risk for monogenic disorders based on parental carrier screening results. 

Prenatal WES was performed through NGS technology on Illumina’s NovaSeq platform. The 

bioinformatic pipeline used was Illumina Dragen Bio-IT, and an interpretation of the result was made 

with the help of VarSeq software version 2.3.0 from GoldenHelix. The data were aligned to Human 

Reference Genome hg38 (NCBI GRCh38).  

The classification and interpretation of variants were performed following the ACMG (American 

College of Medical Genetics) and Association for Clinical Genomic Science (ACGS) standards 

[60,61]. 

This case underscores the necessity of understanding both the advantages and limitations of non-

invasive prenatal testing (NIPT) in prenatal care, particularly the importance of confirmatory 

diagnostic testing when abnormalities are identified. Given these constraints, the medical indications 

for NIPT remain surprisingly narrow, raising critical questions about what individual pregnant 

women can genuinely learn from the test and how the results should be interpreted in clinical practice. 

 

6. The importance of Prenatal Whole-Exome Sequencing Testing in the Romanian Population 

 

We hereby describe 10 cases of prenatal WES testing for pregnant mothers from the Romanian 

population between 2022 and 2023 from a private laboratory in Bucharest, Romania. 



Ca

se 

No. 

Phenotyp

e 

Gest

atio

nal 

Age 

Reason for 

WES Testing 

Referral 

Fetal WES 
Pregnancy 

Outcome 

Incidental/Second

ary Findings 

1 

Fetal sinus 

bradycardia, 

supraventric

ular 

extrasystoles 

22 

wee

ks 

Negative SNP 

array 

Known genes 

linked to fetal 

phenotype 

Negative Stillbirth 

PALB2:c.93dup

A(p.Leu32thrfsT

er11)—inherited 

from the mother 

2 

Aberrant 

right 

subclavicula

r artery, 

rocker 

bottom feet, 

fetal 

hydrops, 

fetal ascites 

20 

wee

ks 

Negative SNP 

array 

LMX1B:c.718G 

> A 

(p.Val240Ile) 

Focal segmental 

glomerulosclerosi

s 10 

Nail–patella 

syndrome 

Born, 

affirmatively 

without 

symptoms at 

the age of 1 

y.o. 

- 

3 

Right aortic 

arch, 

severe 

hydronephro

sis, 

caudal 

regression 

syndrome, 

mesoaxial 

hand 

polydactyly 

18 

wee

ks 

Negative SNP 

array 

Clinical 

suspicion of 

VACTERL 

syndrome 

HOXD13:c.820C 

> T 

(p.Arg274Ter) 

Brachydactyly-

syndactyly 

syndrome 

Brachydactyly, 

type D 

 

Brachydactyly, 

type E 

 

Syndactyly,  

type V 

Couple 

decided on 

termination 

of pregnancy 

- 
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se 
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Phenotyp

e 

Gest

atio

nal 
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Reason for 

WES Testing 

Referral 

Fetal WES 
Pregnancy 

Outcome 

Incidental/Second

ary Findings 

 

Synpolydactyly 1 

4 

Mega 

Cisterna 

Magna, 

ventriculom

egaly 

22 

wee

ks 

Negative SNP 

array 

ADNP:c.1612G > 

A  

(p.Glu538Lys) 

Helsmoortel–Van 

der Aa  

syndrome 

De novo 

Ongoing 

pregnancy 
- 

5 

Clubfeet, 

microretrogn

athia, 

arachnodact

yly, 

agenesis of 

the corpus 

callosum, 

intrauterine 

growth 

restriction 

24 

wee

ks 

Negative SNP 

array 

TGFBR1:c.734A 

> C  

(p.Glu245Ala) 

Loeys Dietz 

syndrome 

Born, 

affirmatively 

without 

symptoms at 

the age of 1 

y.o. 

HBB: c.-151C > 

T 

Beta-

thalassemia— 

inherited from the 

mother 

6 

Corpus 

callosum 

agenesis 

Oligohydra

mnios 

23 

wee

ks 

Consanguinity 

Negative SNP 

array 

Negative 

Born, 

affirmatively 

without 

symptoms at 

the age of 2 

y.o. 

BRCA2: c.793 + 

1G > A 

Susceptibility to 

breast–ovarian 

cancer, pancreatic 

cancer, prostate 

cancer—inherited 

from mother 
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se 

No. 

Phenotyp

e 

Gest

atio

nal 

Age 

Reason for 

WES Testing 

Referral 

Fetal WES 
Pregnancy 

Outcome 

Incidental/Second

ary Findings 

7 

Intracardiac 

echogenic 

focus, 

pyelectasis. 

Long QT 

syndrome of 

the father, 

family 

history of 

sudden 

cardiac 

death, 

arrhythmias 

due to 

affected 

father 

(without 

genetic 

diagnosis) 

19 

wee

ks 

Negative SNP 

array 

KCNQ1:c.605-

28A > G 

Long QT 

syndrome 1 

Susceptibility to 

Short QT 

syndrome 2 

Atrial fibrillation, 

familial, 3 

Inherited from the 

father 

Born, 

affirmatively 

without 

symptoms at 

the age of 1 

y.o. 

- 

8 
Right aortic 

arch 

17 

wee

ks 

Negative SNP 

array 
Negative 

Born, 

affirmatively 

without 

symptoms at 

the age of 1 

y.o. 

- 

9 

Sexual 

ambiguity on 

ultrasound 

morphology. 

20 

wee

ks 

SNP array: arr 

[GRCh38]12p13

.33p11.22(1487

69_30138756)x

Negative 

Couple 

decided on 

termination 

of pregnancy 

- 
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se 

No. 
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e 
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WES Testing 
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Fetal WES 
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ary Findings 

Intrauterine 

growth 

restriction, 

hypospadias, 

polyhydram

nios. 

2 hmz, 

12q21.31q24.22

(84757938_117

685540)x2 hmz 

1

0 

Borderline 

bilateral 

ventriculom

egaly, 

suspicion of 

hydrocephal

y with 

Sylvian 

stenosis 

19 

wee

ks 

Negative SNP 

array 

Negative 

LAMB1:c.3499C 

> T 

(p.Arg1167Ter) 

Lissencephaly 5 

(AR) 

PTPN23:c.2248C 

> A 

(p.Pro750Thr) 

Neurodevelopme

ntal 

disorder and 

structural brain 

anomalies with or 

without seizures 

and spasticity 

(AR) 

Ongoing 

pregnancy 
 

 

The diagnostic yield of WES testing among our patients was 50%, similar to other studies recently 

published in the literature. 

In this article, we present 10 cases that were tested through prenatal WES, showing the great 

diagnostic yield in comparison to the SNP array in our selected cases. As a closing remark, we wish 

to highlight the benefits of WES testing in prenatal cases. Not only have we discovered the etiology 



of the fetal structural abnormalities in US, but also we discovered some incidental and secondary 

findings that diagnosed the parents or made the medical multidisciplinary team aware of some high 

risks for the parents and their families. 

The statement by de Jong and de Wert [104] starts a debate about how prenatal testing should be 

state-insured so that couples have the option to terminate a particular pregnancy where the future 

child will be born with severe disorders that might lead to the child’s death or have the child disabled 

for life. State health services should remain impartial concerning couples’ pre- and post-test choices 

regarding whether the couple would like to keep or terminate the pregnancy, whilst offering the best 

support to uphold their wish. For example, if the couple would like to keep a pregnancy where the 

newborn would have either congenital affections or various other pathologies, the state services could 

book a consultation prenatally for a particular type of surgeon or organize a multidisciplinary team 

to better treat and tend to the needs of the patient. On the other side, should the couple choose to 

terminate the pregnancy, the state services could offer a variety of ob-gyn specialists who could 

provide them with the best care before and after terminating the pregnancy [91,92]. 

A crucial step in genetic testing is the requirement of informed consent from the tested patients or the 

prenatally screened couple’s pregnancy. The informed consent form should comprise pre- and post-

test options, the lack of legal constraint, a specialized pathology management plan, assuring optimal 

perinatal care, or, in other cases, as far as palliative care, the limitations of the genetic testing, and the 

limitations of the current worldwide knowledge. 

Diagnostic yields for this technique vary from 8 to 80%, depending on cohort characteristics such as 

size, family history, ethnicity, and patient selection. 

7. Conclusions and personal contributions  

 

Medical genetics is now recognized as a fundamental component modern medicine, facilitating 

substantial advancements in the diagnosis, treatment, and prevention of diseases by uncovering the 

genetic determinants of health disorders. Recent breakthroughs in genome sequencing technologies, 

molecular biology, and analytics enable healthcare practitioners to detect genetic variants and 

biomarkers linked to many hereditary and acquired illnesses. These breakthroughs have facilitated 

early identification and enhanced accuracy in the diagnosis of diseases like as cancer, cardiovascular 

disorders, and uncommon genetic syndromes, hence enhancing patient outcomes and quality of life.  

The emergence of pharmacogenomics facilitates personalized medication therapy customized to an 

individual's genetic profile, improving treatment efficacy and reducing unwanted effects. 



Reproductive and prenatal genetic technology facilitate informed family planning and diminish the 

prevalence of hereditary disorders.  

The incorporation of medical genetics into healthcare presents ethical, legal, and societal obstacles 

that require meticulous consideration, including concerns over privacy, permission, and equitable 

access to genetic treatments. Consequently, sustained investment in research, education, and 

healthcare infrastructure is needed to fully actualize the advantages of medical genetics.  

Governments, organizations, and healthcare systems are encouraged worldwide to implement rules 

that advocate for the ethical and appropriate utilization of genetic information, while facilitating 

collaboration among scientists, clinicians, and public health professionals to guarantee that these 

advancements benefit different communities worldwide. 

Prenatal genetics has transformed reproductive healthcare by offering essential insights into fetal 

genetic health before to delivery, facilitating informed decision-making and early intervention 

options. Advancements in genetic screening and diagnostic technologies, including non-invasive 

prenatal testing (NIPT), chorionic villus sampling (CVS) and amniocentesis, enable healthcare 

providers to identify chromosomal abnormalities, single-gene disorders, and other hereditary 

conditions with enhanced precision and safety. These advancements facilitate the early detection of 

disorders such as Down syndrome, cystic fibrosis, thalassemia, and neural tube abnormalities, 

frequently prior to the manifestation of clinical symptoms.  

The incorporation of genetic counseling into prenatal care guarantees that prospective parents obtain 

thorough information and assistance to make informed decisions on pregnancy management, 

reproductive alternatives, and possible therapies.  

Furthermore, prenatal genetic medicine facilitates the development of novel therapeutic approaches, 

such as in utero medicines and gene editing methods that could rectify or alleviate genetic 

abnormalities before to birth. As these technologies become increasingly available and advanced, 

they present significant ethical and societal issues, including informed consent, potential 

discrimination, and the psychological ramifications of genetic discoveries. Consequently, it is 

imperative that prenatal genetic services are provided with sensitivity, equity, and compliance with 

ethical norms to guarantee that all persons and families can responsibly and supportively use these 

medical developments. 

To conclude, prenatal WES is the preferred method for an accurate and comprehensive genetic 

diagnosis, identifying genetic causes of structural anomalies that are not explained by the actual gold 

standard like karyotyping or microarray. It is particularly helpful in diagnosing rare genetic disorders, 

and also assessing whether the disease occurred de novo or if it was inherited from a parent. It is 



undoubtedly the most efficient and eloquent for families who have history of undiagnosed recurrent 

pregnancy loss or anomalies in the fetuses. It can help the family and attending physicians about 

recurrence risk of rare syndromes and help build a personal management plan for the family. 

Prenatal WES is the elective diagnostic test when NIPT fails to provide an answer, being uncertain, 

without result or negative and when karyotype and/or microarray do not explain the ultrasound 

findings. 

Informed decision-making is a crucial element when contemplating prenatal whole exome 

sequencing. The insights derived from prenatal WES equip parents with essential knowledge to make 

informed decisions concerning pregnancy care. In places with legal gestational restrictions for 

termination, prompt results from prenatal WES can be crucial. Furthermore, negative results can offer 

reassurance and impact decisions on the continuation of the pregnancy. 

In addition to facilitating prompt decision-making, prenatal WES outcomes can guide perinatal 

management methods. Identifying certain genetic abnormalities prenatally enables healthcare 

personnel to foresee future issues, prepare for requisite interventions at delivery, and organize 

specialized care teams. This proactive strategy can markedly enhance neonatal outcomes. 

Families usually require an exact diagnosis when it comes to malformed fetuses and also the 

multidisciplinary team attending them have to know if a genetic disorder is the cause of the fetal 

anomalies. Only by knowing the cause can we provide the correct approach and also counsel the 

patients to undergo specific in utero procedures or treatment, in utero surgery, or to choose the type 

of hospital and also the type of delivery methods recommended. In utero gene therapies also can be 

an option and it will also develop more and more in the coming years. Other possible in utero therapies 

are stem cell transplantation and enzyme replacement therapy. 

It is possible for expecting parents to experience less psychological strain if they are provided with a 

conclusive diagnosis, which eliminates the uncertainty that is associated with prenatal abnormalities. 

Because of this clarity, families are able to seek the proper support, connect with networks that are 

relevant to their situation, and prepare themselves emotionally and practically for years to come.  

Knowing the genetic foundations of fetal abnormalities by prenatal WES also enables precise 

counseling of recurrence risks in subsequent pregnancies. Identifying autosomal recessive disorders 

informs parents of a 25% recurrence probability, guiding decisions on preimplantation genetic 

diagnosis (PGD) or early prenatal testing in future pregnancies. De novo arising disorders on the other 

hand usually don’t have a recurrence rate. 



My personal conclusion is the just like similar European countries, Romanian state should also 

reimburse the testing, since it is more cost-efficient to early diagnose the genetic conditions so that 

couples might have the opportunity to terminate or keep the pregnancies based on an accurate 

diagnosis. 

 In Romania, just like in other European countries we face lack of infrastructure, trained personnel to 

perform and interpret the results, as well as provide the pre and post-test genetic consultation. In our 

country, the current situation is that we train a good number of medical geneticists which don’t usually 

find jobs in state hospitals, since the offer is very scarce. They then are offered jobs in the private 

sector, a place where all technologies and machines are available. 

The need for a better public infrastructure that can create the whole work-flow, both with current 

gold-standard and also more complex tests such as prenatal WES is one statement that I want to 

underline. 

The test, like every other genetic test has its own limitations, that a medical specialist in medical 

genetics has to know and to also inform the family and the other doctors that are in the 

multidisciplinary team. Hence, it should only be recommended by a medical geneticist, only after a 

thorough pre-test genetic counseling. Keeping in mind the limitations and benefits, the attending 

genetician also has o keep in mind the cost-efficiency, being cheaper and faster than a more 

comprehensive test like whole genome sequencing. 

In conclusion this testing should also be part of a new gold standard panel, alongside with the previous 

existing tests and to be used only in specific situations, selected cases with malformed fetuses with 

no genetic diagnosis. 

Medical genetics in Romania has experienced significant progress in recent years, driven by increased 

awareness of genetic disorders, improvements in healthcare infrastructure, and the growing 

integration of genetic services into clinical practice. Romanian medical institutions, particularly in 

major cities like Bucharest, Craiova, Iași, Cluj-Napoca, and Timișoara, have developed specialized 

centers for genetic diagnostics, counseling, and research, offering services such as carrier screening, 

prenatal diagnostics, and molecular testing for inherited conditions. However, despite these 

advancements, the field still faces notable challenges, including regional disparities in access to care, 

limited funding, and a shortage of trained geneticists and genetic counselors, particularly in rural 

areas.  

Efforts to expand education and training programs in genetics are underway, aiming to build a more 

robust workforce capable of supporting the growing demand for genetic services. Public and 

professional awareness campaigns have also played a role in reducing the stigma surrounding genetic 



diseases and promoting earlier diagnosis and intervention. Furthermore, Romania’s participation in 

international collaborations and research projects, particularly within the European Union, has helped 

accelerate the adoption of modern genomic technologies and standards.  

Nevertheless, ethical concerns, such as patient privacy, informed consent, and equitable access to 

genetic testing, remain critical areas that require continuous oversight and development. As the 

country continues to integrate medical genetics into its national healthcare system, sustained 

investment in infrastructure, education, policy development, and interdisciplinary collaboration will 

be essential to ensure that the benefits of genetic medicine are accessible to all Romanian citizens. 
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