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Abstract
The cell-free fetal DNA (cffDNA) analysis for screening fetal genetic anomalies has increased dramatically
since its commercialization in 2011 worldwide. In the early weeks of pregnancy, it offers a hassle-free, non-
invasive procedure of antenatal screening. It guides and protects mothers from undergoing unwanted risk-
laden invasive prenatal testing. cffDNA testing is accurate at detecting the abnormal fetus chromosome
among a large pool population. Patau syndrome, Edward syndrome, and Down syndrome are currently being
accurately screened by this method. Due to their sensitivity and specificity, they now have become the
screening method of choice, approaching almost 100% in various studies with a large sample pool. The
latest procedures to analyze cffDNA, like the new digital droplet polymerase chain reaction (ddPCR) and
sophisticated next-generation sequencing (NGS), have increased detection rates with decreased analyzing
time. The latest techniques make it possible to screen large numbers of the population with faster report
generation. Screening for Rh incompatibility and its timely prevention is now more accessible and more
accurate with the help of cffDNA analysis. The problem arises when we deviate from the primary disease and
start testing for anomalies not intended to be screened by cffDNA in the first place. Fetal sex chromosome
aneuploidy screening by cffDNA is one area where the test gives mixed results either due to differences in
machinery, laboratory parameters, or human error. Other rare occurrences like trisomes, such as trisomy 7,
trisomy 16, trisomy 22, and a few microdeletion syndromes are also being screened but with less accuracy.
Like every technology, cffDNA analysis is not entirely free of criticism. Its high testing cost, potential to
accurately prognosticate the gender of the developing fetus and absence of standard testing practices will
become an issue as the test becomes routine worldwide. 
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Introduction And Background
Out of 65,797 babies born in India every day, almost 81 babies are born with a common chromosomal defect
known as Down syndrome, with the prevalence being one out of every 803 live births [1,2]. This number
grows to 405, with prevalence being one out of 166 live births when all genetic abnormalities are considered.
Most of these chromosomal defects will cause mental retardation, sex anomalies or congenital anomalies in
live-born babies. Of all clinically recognized pregnancies, around 10% resulted in miscarriage, of which half
of early pregnancy losses are due to genetic abnormalities [3]. Hence most parents opt for antenatal
screening of the fetus, which has now become a routine investigation for all pregnant females in this modern
world. Antenatal screening is defined as procedures performed during different antenatal periods to detect
health problems of the fetus or diagnose conditions related to the mother which will affect the expected
growth of the fetus. We have multiple screening modalities to screen an antenatal mother efficiently and
precisely. Antenatal testing has been broadly divided into invasive tests and non-invasive testing, as
shown in Figure 1. 
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FIGURE 1: Classification of Antenatal tests.
MSAFP: Maternal serum alpha-fetoprotien, PAPP-A: Pregnancy associated plasma protien-A, DNA:
Deoxyribonucleic acid 

[4]

First performed in 1956 for the diagnosis of a common genetic disease, amniocentesis was the first invasive
test to be carried out to detect chromosomal abnormalities, especially Down syndrome (trisomy 21), through
karyotyping amniotic fluid cells [5]. With time, the tests became more refined such that most of the non-
invasive procedures are regarded as diagnostic due to their 100% sensitivity. Besides confirming a diagnosis
by performing several tests from the tissue sample obtained, most of these tests also carry a potentially
significant risk to maternal and fetal health by putting the pregnancy at risk. As mentioned in Table 1,
procedures like amniocentesis and chorionic villi sampling involve creating communication between the
fetus and the external environment. Invasive procedures predispose an otherwise normal pregnancy to
certain complications, which include chances of miscarriage, bleeding, infection, harm to the fetus from
needle penetration, and rhesus disease. 

Test Associated risk

Amniocentesis Chances of fetal loss: 0.13%, animatic fluid leakage: 1%-2%, 

Chorionic villus sampling Limb reduction defects, intrauterine infection, membrane rupture, fetal loss

Cordocentesis The highest chance of fetal loss: 1%-3% (attributable risk)

TABLE 1: Invasive prenatal testing procedures and their associated risks.
 [6,7]

NIPT is the method that detects the possibility of having genetic abnormalities or chromosomal disorders in
a fetus. Non-invasive prenatal testing can only see a genetic condition's high and low risk. NIPT has an
accuracy greater than 99 percent, but it is still a screening test, and it needs to be confirmed with the help of
other diagnostic tests mentioned before, namely chorionic villi sampling and amniotic fluid test or
amniocentesis. These are considered diagnostic because of the further tests like karyotyping or QF-
PCR performed on these tissues, which yield diagnosis with 100% accuracy. Hence, with new and better
non-invasive procedures, it is possible to screen the fetus accurately without putting the pregnancy at risk.
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Non-invasive procedures carry the least risk, which is associated with invasive testing. It also gives parents a
sense of reassurance as the method of collecting samples for the test is easy to perform and almost painless.
A summary of relevant prenatal screening tests is mentioned in Table 2. In all those methods, testing for cf-
DNA (cell-free DNA) has recently emerged as the most promising non-invasive prenatal testing modality. 

References Name
Testing
sample

Timing of test
from

Abnormality screened/ diagnosed/ evaluated

Jindal, Sharma and
Chaudhary. [5]

Amniocentesis Amniotic fluid
15 weeks
gestation to
delivery

Sex-linked disorders, Rh isoimmunisation, inborn errors of
metabolism, L/S ratio, TORCH infections, neural tube
defects

Jindal et al. [5]
Chorion
biopsy

Tissue aspirate
of chorionic
villi 

10 to 14 weeks
of gestation

Genetic diseases like Down syndrome, cystic fibrosis, sickle
cell anaemia and sex-linked disorders

Deka et al. [8] Fetoscopy
Foetal blood or
tissue sample

17 to 20 weeks
of gestation

Sickle cell anaemia, haemophilia, Tay Sachs disease,
neural tube defects

Jindal et al. [5], Peddi
et al. [9]

Cordocentesis
Foetal blood
from umbilical
cord

20 to 28 weeks
of gestation

Haematological, inborn infectious disease, histopathologic
analysis, metabolic assay, intrauterine growth retardation

Antsaklis et al. [10] MSAFP Maternal blood
14 weeks to 32
weeks of
gestation

Neural tube defects, omphalocele, gastroschisis, down
syndrome

Shiefa et al. [11]
Chorionic
gonadotropin

Maternal urine
or blood
sample

8-10 weeks of
gestation to
delivery

Confirmation of pregnancy, ectopic pregnancy, trophoblastic
disease, placental site trophoblastic disease

Betz and Fane. [12]
Unconjugated
oestriol

Maternal blood
serum and
plasma

12 weeks of
gestation till
term

Trisomy 21, trisomy 18, foetal growth restriction, foetal
demise, pregnancy loss, predicting the onset of labour

Shiefa et al. [11], 
Fruscalzo et al. [13]

PAPP-A
Maternal blood
serum

10 to 14 weeks
of gestation

Down syndrome, stillbirth, IUGR, SGA, preeclampsia

Pös, Budiš and
Szemes. [14], Bedei
et al. [15]

cffDNA Maternal blood
Ten weeks of
gestation till
delivery

Down syndrome, Edward syndrome, Patau syndrome,
haemoglobinopathies, phenylketonuria, Rh status  

Ulrich and Dewald.
[16]

USG NIL
10-13 weeks of
gestation till
delivery

Foetal viability, CRL, MSD, gross foetal abnormality,
chromosomal abnormalities, Intertwin membrane, placental
abnormality

 Radiography NIL
14 weeks of
gestation till
delivery

Diagnosis of pregnancy, foetal maturity, pelvimetry,
congenital malformations

TABLE 2: Summary of invasive and non-invasive prenatal tests.
Rh: Rhesus factor, L/S ratio: Lecithin/ Sphingomyelin ratio, TORCH infections: Toxoplasmosis, Other (syphilis, varicella-zoster, parvovirus B19), Rubella,
Cytomegalovirus and Herpes infections, MSAFP: Maternal serum alpha-fetoprotein, PAPP-A: Pregnancy-associated plasma protein A, IUGR: Intrauterine
growth restriction, SGA: Small for gestational age, cffDNA: Cell-free foetal DNA, USG: Ultrasonography, CRL: Crown-rump length, MSD: Musculoskeletal
disorders.

Review
Cell-free fetal DNA 
Our blood contains fragments of our DNA, known as cell-free DNA or cfDNA. It refers to all non-
encapsulated DNA present in the blood, and a portion of that cell-free DNA can originate from a tumor
clone in the body [17]. It is called circulating tumor DNA or ctDNA. When the woman is pregnant, her blood
will also contain some fragments of placental DNA, which has a genetic makeup identical to that of the
fetus. By analyzing these parts of the DNA, we can determine if a person has an increased risk of having any
tumor or, in the case of a pregnant female, an increased or decreased risk of certain genetic abnormalities
that might affect the growing fetus. Non-invasive prenatal testing or screening: NIPT or NIPS, for short, was
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announced as a blessing to women when it was first inaugurated commercially in India in 2012. A test that
includes taking just one sample of a vial of blood, is able to advise expecting parents whether their unborn
child is suffering from any genetic anomaly that might render the child physically and mentally handicapped
upon birth or even risk their life with 99% accuracy.

Diseases Screened by Cell-Free Fetal DNA

A cfDNA or cffDNA (cell-free fetal DNA) screening is used to screen whether the fetus is under an increased
likelihood of the disorders related to its chromosomes. Non-invasive prenatal tests essentially look for an
additional or misplaced copy of chromosome 23 (X) or chromosome Y known as gender-determining
chromosomes. Additionally, it is also used to screen for particular other genetic abnormalities such as
trisomy 18, which is caused by an extra chromosome 18, trisomy 13, caused due to an additional
chromosome 13, trisomy 21, caused by an extra chromosome 21, Cystic fibrosis, Thalassemia,
Phenylketonuria, Sickle Cell Anaemia or determine a baby's gender [18,19]. Determination of the gender
may be done if an ultrasound scan is unable to establish whether the growing fetus is a male or female. A
disorder of the sex chromosomes may cause this. cffDNA is also used to check Rhesus (Rh) blood type. If an
Rh-positive fetus is developing inside the womb of an Rh-negative mother, the mother's body's immune
system will attack the fetal blood cells. If the doctor finds out that the baby is Rh-positive ahead of time in
pregnancy, they can take the proper interventions necessary to protect the fetus from threatening
complexities.

The Procedure of cffDNA Analysis

NIPT involves analyzing the cell-free fetal DNA (cffDNA), as shown in Figure 2, present in a maternal blood
sample to determine the likelihood of fetal aneuploidy. Serum screening which also employees the maternal
blood serum, remains an essential part of screening for first and second trimesters of pregnancy. NIPT is
more accurate than serum screening and produces fewer false positives for many conditions The blood of the
pregnant lady is taken from the vein and is collected in the specially made cffDNA blood tube. The blood is
then fed in the NIPT assay, which carries out cffDNA isolation followed by its quantification. Examples of
isolating kits are MagNA Pure 24 (Roche®), IDEAL (IDSolution®), LABTurbo 24 (Taigen®) and Chemagic 360
(Perkin Elmer®), while quantification method examples include digital droplet PCR (ddPCR), BIABooster
system and QUBIT fluorometer. Conventionally, these two steps are performed in two different settings,
which consume much time. Newer methods can isolate and quantify the cffDNA altogether at once. The
analyzing machine selects a single cell of the fetus and amplifies its genomic content to form multiple
copies. Now the machine looks for any variation in the number or structure of chromosomes and gives a
report. 

FIGURE 2: Procedure of a conventional cffDNA analysis
cffDNA: Cell-free foetal DNA, PCR: Polymerase chain reaction, RQ-PCR: Real-time qualitative PCR, NSG: Next
generation sequencing, ddPCR: Digital droplet PCR

[20]
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Cell-Free Foetal DNA Analysis for Trisomies

In the last decade, numerous studies have focused on the clinical applicability of cffDNA in common
trisomies and sex aneuploidies. Based on many studies, as mentioned in Table 3, it is now established that
cffDNA is highly accurate for screening various trisomies, especially trisomy 21 or down syndrome, trisomy
18 or Edward syndrome, and Patau syndrome or trisomy 13. 

Article/ study Sample size Result

Bogaert et al.
[21] 

153,575 pregnant
females

Positive predictive value of   Down syndrome: 92.4%, Edward syndrome: 84.6%, Patau
syndrome: 43.9%

Kostenko et al.
[22]

101,899 pregnant
females

Detection rate being Patau syndrome: 94%, Down syndrome: 100%, Edward syndrome: 97%

Verde et al. [23]
36,456 pregnant
females

Sensitivity Down syndrome: 99.2%, Edward syndrome: 91.2%, Patau syndrome: 84.4%  

TABLE 3: Studies associated with cffDNA analysis for trisomies.

Cell-Free Fetal DNA Analysis for Aneuploidies of Sex Chromosomes

Any abnormal distribution of chromosomes sum total, which is not a multiple of its normal haploid number,
i.e., 23, due to addition or deletion of one or more chromosomes, leading to a skewed chromosome
complement, is known as aneuploidies. The well-known sex chromosome aneuploidies are Turner syndrome
(45, X), Klinefelter syndrome (47, XXY), 47, XXX and 47, XYY. These people suffer from various neurological
and endocrinological manifestations along with fertility issues. Cell-free fetal DNA analysis has become a
vital screening modality for "at risk" fetuses with reasonable accuracy, as shown in various studies
mentioned in Table 4. 

Article/
study

Sample size Result 

Lai et al.
[24]

86,193 pregnant females
with reportable results

SPR: 0.6%, PPV (SCA): 38%, i.e., n=505 Sensitivity:  45, X: 88.46%; 47, XXY: 100%; 47, XXX:
100%; 47, XYY: 100%

Lu et al.
[25]

222,107 pregnant
females with reportable
results

PPV: 45, X: 18.14%; 47, XXY: 80.29%; 47, XXX: 58.73%; 47, XYY: 71.19%

Margiotti
et al. [26]
 

9,985 pregnant females
with reportable results

SCA Incidence: 0.31%, i.e., 31 positive cases of which 77.3% were true positive, i.e., 17 true
positive cases out of which 45, X: 53%; 47, XXY: 23.5 %; 47, XXX: 17.6%; 47, XXY: 5.9%

TABLE 4: Studies associated with cffDNA analysis of aneuploidies
SPR: Slide positivity rate, PPV: Positive predictive value, SCA: Sex chromosomal abnormalities

Cell-Free Fetal DNA Analysis for Rare Trisomies

RAT or rare autosomal trisomies are chromosomal abnormalities that are infrequently seen at birth. Apart
from trisomy 21, 18, and 13, the most common rare aneuploidies detected by cffDNA are chromosomes 22,
16, 15, and 7. Studies mentioned in Table 5 show that the accuracy of screening is comparable to that of
CVS. Positive cffDNA tests often have been linked with an increased likelihood of pregnancy-related
complexities, including stillbirth, IUGR, and fetal mosaicism. 
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Article/
study

Sample size Result 

Scott et al.
[27]

23,338 pregnant females with reportable
results

Incidence: 1/835, i.e., n= 28; RAT was found in Trisomy 7:6; Trisomy 16: 4;
Trisomy 22: 3

Pertile et al.
[28]

89,817 pregnant females with reportable
results

Incidence: 0.34%,, i.e., n=306; Trisomy 7: 0.0746%; Data was comparable to
the CVS 

TABLE 5: Studies associated with cffDNA analysis for rare trisomies.
RAT: Rare autosomal trisomies, CVS: Chorionic villi sampling

Cell-Free Fetal DNA Analysis for Blood Grouping of a Fetus

Invasive prenatal procedures like cordocentesis, amniotic fluid test, and chorionic villi sampling have
become obsolete in determining the growing fetus's blood group along with the Rh status. Cell-free fetal
DNA analysis is a safer and more reliable method to know the blood group and Rh status of the fetus to give
Rh prophylaxis in the case of RhD-negative pregnant mother carrying an RhD-positive fetus [29,30]. It is also
valuable for prognosticating the fetal red cell antigen status [31].

Cell-Free DNA Analysis for Microdeletion Syndromes

A rare chromosomal disorder that results in the loss or deletion of various segments of chromosomes that
are not big enough to be visualized by conventional microscopy or karyotyping. Currently, cfDNA analysis is
being used to screen for the presence of a common microdeletion syndrome termed 22q11.2, which is known
by multiple names like DiGeorge syndrome and velo-cardio-facial syndrome [32]. It is a syndrome with a
variable presentation. In the studies by Duan et al. [33] and Kagan et al. [34], it is found that the tests exhibit
moderate detection rates and are less accurate. 

Role of Failure Rate and Fetal Fraction

The fetal fraction or FF is defined as the amount of cell-free fetal DNA present in total cell-free DNA. It is a
fraction between cffDNA and cfDNA. Higher the fraction, the easier it becomes to detect and distinguish
fetal DNA from maternal DNA, giving a better and more accurate result. Cell-free fetal DNA starts to rise

from the sixth week of pregnancy but reaches the cut-off value only by the 10th week of pregnancy. After
that, the cffDNA fraction goes on rising in the maternal plasma. For machines to analyze and give results, a
certain fraction of cffDNA is required, below which sensitivity and specificity for the test decrease rapidly.
For most companies involved in the analysis of cffDNA, 4% of total cell-free DNA is the cut-off below which
a test yields no result or a failed test [35]. The DR or detection rate with only 4% cffDNA or below is 62.1%,
while with ⪰9% cffDNA, DR approaches 100% [36]. Factors which can affect the cffDNA fraction in the
maternal plasma are the collection of the sample is wrong, unspecialized blood tubes, mishandling of the
sample while transportation and false results by the dedicated laboratories themselves. Also, the timing of
the test is crucial as samples taken before 10 weeks of pregnancy are likely to yield no report due to
insufficient fetal fraction. Notably, the cffDNA is on the lower side in twin pregnancies compared to
singleton pregnancies [37]. The various conditions related to the fetal fraction are summarized in Table 6. 

Foetal
fraction (FF)

Possible conditions

Decreased
Increasing maternal age and basal metabolic rate, twin pregnancies (especially with dichorionic twins), Trisomy-13,
Trisomy-18 and triploidy, assisted reproductive techniques.

Increased  Gestational age, Trisomy-21

TABLE 6: Foetal fraction and its inference.
[37,38]

Limitations of Cell-Free Fetal DNA Analysis
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The foremost characteristic of a good screening test is its affordability. This factor alone can decide whether
a given population will receive or undergo a particular test. In the field of prenatal testing, the emergence of
more sophisticated non-invasive prenatal tests has seen a rise in the demand and price of these tests. For
example, in the USA, the average price of cffDNA analysis can vary from $700-$2200 [39], which is about
₹56,000-₹176,000 in Indian Rupees. Meanwhile, Indian laboratories, which are limited in number, charge
anything ranging from 10,000-25,000. So, for the lower-class population, the test seems to be out of reach in
terms of affordability and availability. The occurrence of low FF or foetal fraction often leads to failed
reporting of the test even though the FF was present in adequate amounts. The test is limited by its own
wrong sampling and transportation methods, uncertain and outdated laboratory practices and parameters,
and errors made by the technicians. 

With the ease of getting tested with the cffDNA analysis, people are often tempted to know the gender of the
foetus beforehand, especially in India, where preference for male children is seen. Once the gender is
accurately established, it will only facilitate discriminatory sex-selective abortion [40]. The advantage of
screening a foetus as early as 10 weeks has proved critical to the parents, both positively and negatively. The
results of cffDNA analysis are not always accurate as they can be false-positive or false-negative, giving
parents a false sense of concern and relief, respectively. Parents should undergo pre-test and post-test
genetic counselling to understand these new approaches and their results and not be burdened to act so
early in the course of pregnancy upon the result of a DNA screening test that is yet to be confirmed by
diagnostic means.

Conclusions
A prenatal test that poses almost no risk to the fetus and mother, cell-free fetal DNA testing has emerged as
a very promising screening test. With exceptional accuracy, its capability of screening for chromosomal
abnormalities, especially Down syndrome, Patau syndrome, and Edward syndrome, has made it a screening
modality of choice for the general population. With newer technologies and accurate methods, it is now
possible to screen beyond the specified use of cffDNA analysis to test for rarer trisomies and sex
chromosomal aneuploidies with increased sensitivity and specificity. Although each laboratory has its
method of analyzing abnormal fetal DNA, which has given rise to questionable authenticity of their accuracy
claims, most of the positive cffDNA test has been confirmed positive with the help of diagnostic modalities.
Countries like Belgium and Netherland have adopted NIPT as a primary-tier government-funded evaluation
test for their population. At the same time, many other developed nations use them as second-tier publicly
funded screening tests. In India, people are reluctant to pay a hefty sum just for screening purposes. The
government needs to emphasize opening standard laboratories across the country to bring down the cost
and regulate the test and stop its misuse by people who get themselves tested for the primary objective of
determining the gender of the fetus and opting for termination of pregnancy.

Additional Information
Disclosures
Conflicts of interest: In compliance with the ICMJE uniform disclosure form, all authors declare the
following: Payment/services info: All authors have declared that no financial support was received from
any organization for the submitted work. Financial relationships: All authors have declared that they have
no financial relationships at present or within the previous three years with any organizations that might
have an interest in the submitted work. Other relationships: All authors have declared that there are no
other relationships or activities that could appear to have influenced the submitted work.

References
1. United Nations: World population prospects 2019 data booklet . (2019). Accessed: August 11, 2022:

https://population.un.org/wpp/Publications/Files/WPP2019_DataBooklet.pdf.
2. Medscape: Practice essentials, background, pathophysiology. (2020). Accessed: August 11, 2022:

https://emedicine.medscape.com/article/943216-overview.
3. Dugas C, Slane VH: Miscarriage. StatPearls , Treasure Island (FL): StatPearls Publishing; 2022.
4. Carlson LM, Vora NL: Prenatal diagnosis: Screening and diagnostic tools . Obstet Gynecol Clin North Am.

2017, 44:245-56. 10.1016/j.ogc.2017.02.004
5. Jindal A, Chaudhary C: Amniocentesis. StatPearls Publishing, Treasure Island, Florida, United states; 2020.
6. Alfirevic Z, Navaratnam K, Mujezinovic F: Amniocentesis and chorionic villus sampling for prenatal

diagnosis. Cochrane Database Syst Rev. 2017, 9:CD003252. 10.1002/14651858.CD003252.pub2
7. Hsu WW, Hsieh CJ, Lee CN, et al.: Complication rates after chorionic villus sampling and midtrimester

amniocentesis: A 7-year national registry study. J Formos Med Assoc. 2019, 118:1107-13.
10.1016/j.jfma.2019.03.006

8. Deka D, Dadhwal V, Gajatheepan SB, Singh A, Sharma KA, Malhotra N: The art of fetoscopy: a step toward
minimally invasive fetal therapy. J Obstet Gynaecol India. 2012, 62:655-9. 10.1007/s13224-012-0232-y

9. Peddi NC, Avanthika C, Vuppalapati S, Balasubramanian R, Kaur J, N CD: A review of cordocentesis:
Percutaneous umbilical cord blood sampling. Cureus. 2021, 13:e16423. 10.7759/cureus.16423

10. Antsaklis P, Fasoulakis Z, Theodora M, Diakosavvas M, Kontomanolis EN: Association of low maternal
pregnancy-associated plasma protein a with adverse perinatal outcome. Cureus. 2019, 11:e4912.
10.7759/cureus.4912

2022 Raj et al. Cureus 14(10): e29965. DOI 10.7759/cureus.29965 7 of 9

https://population.un.org/wpp/Publications/Files/WPP2019_DataBooklet.pdf
https://population.un.org/wpp/Publications/Files/WPP2019_DataBooklet.pdf
https://emedicine.medscape.com/article/943216-overview
https://emedicine.medscape.com/article/943216-overview
https://www.ncbi.nlm.nih.gov/books/NBK532992/
https://dx.doi.org/10.1016/j.ogc.2017.02.004
https://dx.doi.org/10.1016/j.ogc.2017.02.004
https://www.ncbi.nlm.nih.gov/books/NBK559247/
https://dx.doi.org/10.1002/14651858.CD003252.pub2
https://dx.doi.org/10.1002/14651858.CD003252.pub2
https://dx.doi.org/10.1016/j.jfma.2019.03.006
https://dx.doi.org/10.1016/j.jfma.2019.03.006
https://dx.doi.org/10.1007/s13224-012-0232-y
https://dx.doi.org/10.1007/s13224-012-0232-y
https://dx.doi.org/10.7759/cureus.16423
https://dx.doi.org/10.7759/cureus.16423
https://dx.doi.org/10.7759/cureus.4912
https://dx.doi.org/10.7759/cureus.4912


11. Shiefa S, Amargandhi M, Bhupendra J, Moulali S, Kristine T: First trimester maternal serum screening using
biochemical markers PAPP-A and free β-hCG for Down syndrome, Patau Syndrome and Edward Syndrome.
Indian J Clin Biochem. 2013, 28:3-12. 10.1007/s12291-012-0269-9

12. Betz D, Fane K: Human Chorionic Gonadotropin (HCG). StatPearls Publishing, Treasure Island, Florida,
United states; 2019.

13. Fruscalzo A, Cividino A, Rossetti E, Maurigh A, Londero AP, Driul L: First trimester PAPP-A serum levels
and long-term metabolic outcome of mothers and their offspring. Sci Rep. 2020, 10:5131. 10.1038/s41598-
020-61830-5

14. Pös O, Budiš J, Szemes T: Recent trends in prenatal genetic screening and testing . F1000Res. 2019,
8:10.12688/f1000research.16837.1

15. Bedei I, Wolter A, Weber A, Signore F, Axt-Fliedner R: Chances and challenges of new genetic screening
technologies (NIPT) in prenatal medicine from a clinical perspective: A narrative review. Genes (Basel).
2021, 12:10.3390/genes12040501

16. Ulrich CC, Dewald O: Pregnancy Ultrasound Evaluation. StatPearls Publishing, Treasure Island (FL); 2020.
17. Han DS, Ni M, Chan RW, Chan VW, Lui KO, Chiu RW, Lo YM: The biology of cell-free DNA fragmentation

and the roles of DNASE1, DNASE1L3, and DFFB. Am J Hum Genet. 2020, 106:202-14.
10.1016/j.ajhg.2020.01.008

18. Rafi I, Hill M, Hayward J, Chitty LS: Non-invasive prenatal testing: use of cell-free fetal DNA in Down
syndrome screening. Br J Gen Pract. 2017, 67:298-9. 10.3399/bjgp17X691625

19. Vora NL, O'Brien BM: Prenatal Diagnosis. Fetal and Neonatal Physiology (Fifth Edition). Polin RA, Rowitch
DH, Abman SH, Benitz WE, Fox WW (ed): Elsevier, Philadelphia, Pa; 2017. 1:14-23. 10.1016/B978-0-323-
35214-7.00002-0

20. Pedini P, Graiet H, Laget L, et al.: Qualitative and quantitative comparison of cell-free DNA and cell-free
fetal DNA isolation by four (semi-)automated extraction methods: impact in two clinical applications:
chimerism quantification and noninvasive prenatal diagnosis. J Transl Med. 2021, 19:15. 10.1186/s12967-
020-02671-8

21. Van Den Bogaert K, Lannoo L, Brison N, et al.: Outcome of publicly funded nationwide first-tier noninvasive
prenatal screening. Genet Med. 2021, 23:1137-42. 10.1038/s41436-021-01101-4

22. Kostenko E, Chantraine F, Vandeweyer K, et al.: Clinical and economic impact of adopting noninvasive
prenatal testing as a primary screening method for fetal aneuploidies in the general pregnancy population.
Fetal Diagn Ther. 2019, 45:413-23. 10.1159/000491750

23. La Verde M, De Falco L, Torella A, et al.: Performance of cell-free DNA sequencing-based non-invasive
prenatal testing: experience on 36,456 singleton and multiple pregnancies. BMC Med Genomics. 2021,
14:93. 10.1186/s12920-021-00941-y

24. Lai Y, Zhu X, He S, et al.: Performance of cell-free DNA screening for fetal common aneuploidies and sex
chromosomal abnormalities: A prospective study from a less developed autonomous region in Mainland
China. Genes (Basel). 2021, 12:10.3390/genes12040478

25. Lu Y, Zhou S, Linpeng S, et al.: Cell-free DNA screening for sex chromosome abnormalities and pregnancy
outcomes, 2018-2020: A retrospective analysis. J Pers Med. 2022, 12: 10.3390/jpm12010048

26. Margiotti K, Cesta A, Dello Russo C, et al.: Cell-free DNA screening for sex chromosomal aneuploidies in
9985 pregnancies: Italian single experience. BMC Res Notes. 2020, 13:167. 10.1186/s13104-020-05009-1

27. Scott F, Bonifacio M, Sandow R, Ellis K, Smet ME, McLennan A: Rare autosomal trisomies: Important and
not so rare. Prenat Diagn. 2018, 38:765-71. 10.1002/pd.5325

28. Pertile MD, Halks-Miller M, Flowers N, et al.: Rare autosomal trisomies, revealed by maternal plasma DNA
sequencing, suggest increased risk of feto-placental disease. Sci Transl Med. 2017,
9:10.1126/scitranslmed.aan1240

29. Clausen FB: Cell‐free fetal DNA and fetal blood group genotyping: non‐invasive prenatal testing . ISBT Sci
Ser. 2019, 15:46-51. 10.1111/voxs.12521

30. Rieneck K, Egeberg Hother C, Clausen FB, et al.: Next generation sequencing-based fetal ABO blood group
prediction by analysis of cell-free DNA from maternal plasma. Transfus Med Hemother. 2020, 47:45-53.
10.1159/000505464

31. Eryilmaz M, Müller D, Rink G, Klüter H, Bugert P: Introduction of noninvasive prenatal testing for blood
group and platelet antigens from cell-free plasma DNA using digital PCR. Transfus Med Hemother. 2020,
47:292-301. 10.1159/000504348

32. Molesky MG: Chromosome 22q11.2 microdeletion syndrome. Neonatal Netw. 2011, 30:304-11.
10.1891/0730-0832.30.5.304

33. Duan HL, Li J, Wang WJ, et al.: Cell-free DNA test for pathogenic copy number variations: A retrospective
study. Taiwan J Obstet Gynecol. 2021, 60:1066-71. 10.1016/j.tjog.2021.09.018

34. Kagan KO, Hoopmann M, Pfaff T, et al.: First trimester screening for common trisomies and microdeletion
22q11.2 syndrome using cell-free DNA: A prospective clinical study. Fetal Diagn Ther. 2020, 47:841-52.
10.1159/000510069

35. Canick JA, Palomaki GE, Kloza EM, Lambert-Messerlian GM, Haddow JE: The impact of maternal plasma
DNA fetal fraction on next generation sequencing tests for common fetal aneuploidies. Prenat Diagn. 2013,
33:667-74. 10.1002/pd.4126

36. Grati FR, Kagan KO: Rate of no result in cell-free DNA testing and its influence on test performance metrics .
Ultrasound Obstet Gynecol. 2017, 50:134-7. 10.1002/uog.17330

37. Cuckle H, Benn P, Pergament E: Cell-free DNA screening for fetal aneuploidy as a clinical service . Clin
Biochem. 2015, 48:932-41. 10.1016/j.clinbiochem.2015.02.011

38. Hou Y, Yang J, Qi Y, et al.: Factors affecting cell-free DNA fetal fraction: statistical analysis of 13,661
maternal plasmas for non-invasive prenatal screening. Hum Genomics. 2019, 13:62. 10.1186/s40246-019-
0244-0

39. Grace MR, Hardisty E, Dotters-Katz SK, Vora NL, Kuller JA: Cell-free DNA screening: Complexities and
challenges of clinical implementation. Obstet Gynecol Surv. 2016, 71:477-87.
10.1097/OGX.0000000000000342

2022 Raj et al. Cureus 14(10): e29965. DOI 10.7759/cureus.29965 8 of 9

https://dx.doi.org/10.1007/s12291-012-0269-9
https://dx.doi.org/10.1007/s12291-012-0269-9
https://www.ncbi.nlm.nih.gov/books/NBK532950/
https://dx.doi.org/10.1038/s41598-020-61830-5
https://dx.doi.org/10.1038/s41598-020-61830-5
https://dx.doi.org/10.12688/f1000research.16837.1
https://dx.doi.org/10.12688/f1000research.16837.1
https://dx.doi.org/10.3390/genes12040501
https://dx.doi.org/10.3390/genes12040501
https://www.ncbi.nlm.nih.gov/books/NBK557572/
https://dx.doi.org/10.1016/j.ajhg.2020.01.008
https://dx.doi.org/10.1016/j.ajhg.2020.01.008
https://dx.doi.org/10.3399/bjgp17X691625
https://dx.doi.org/10.3399/bjgp17X691625
https://dx.doi.org/10.1016/B978-0-323-35214-7.00002-0
https://dx.doi.org/10.1016/B978-0-323-35214-7.00002-0
https://dx.doi.org/10.1186/s12967-020-02671-8
https://dx.doi.org/10.1186/s12967-020-02671-8
https://dx.doi.org/10.1038/s41436-021-01101-4
https://dx.doi.org/10.1038/s41436-021-01101-4
https://dx.doi.org/10.1159/000491750
https://dx.doi.org/10.1159/000491750
https://dx.doi.org/10.1186/s12920-021-00941-y
https://dx.doi.org/10.1186/s12920-021-00941-y
https://dx.doi.org/10.3390/genes12040478
https://dx.doi.org/10.3390/genes12040478
https://dx.doi.org/10.3390/jpm12010048
https://dx.doi.org/10.3390/jpm12010048
https://dx.doi.org/10.1186/s13104-020-05009-1
https://dx.doi.org/10.1186/s13104-020-05009-1
https://dx.doi.org/10.1002/pd.5325
https://dx.doi.org/10.1002/pd.5325
https://dx.doi.org/10.1126/scitranslmed.aan1240
https://dx.doi.org/10.1126/scitranslmed.aan1240
https://dx.doi.org/10.1111/voxs.12521
https://dx.doi.org/10.1111/voxs.12521
https://dx.doi.org/10.1159/000505464
https://dx.doi.org/10.1159/000505464
https://dx.doi.org/10.1159/000504348
https://dx.doi.org/10.1159/000504348
https://dx.doi.org/10.1891/0730-0832.30.5.304
https://dx.doi.org/10.1891/0730-0832.30.5.304
https://dx.doi.org/10.1016/j.tjog.2021.09.018
https://dx.doi.org/10.1016/j.tjog.2021.09.018
https://dx.doi.org/10.1159/000510069
https://dx.doi.org/10.1159/000510069
https://dx.doi.org/10.1002/pd.4126
https://dx.doi.org/10.1002/pd.4126
https://dx.doi.org/10.1002/uog.17330
https://dx.doi.org/10.1002/uog.17330
https://dx.doi.org/10.1016/j.clinbiochem.2015.02.011
https://dx.doi.org/10.1016/j.clinbiochem.2015.02.011
https://dx.doi.org/10.1186/s40246-019-0244-0
https://dx.doi.org/10.1186/s40246-019-0244-0
https://dx.doi.org/10.1097/OGX.0000000000000342
https://dx.doi.org/10.1097/OGX.0000000000000342


40. Bowman-Smart H, Savulescu J, Gyngell C, Mand C, Delatycki MB: Sex selection and non-invasive prenatal
testing: A review of current practices, evidence, and ethical issues. Prenat Diagn. 2020, 40:398-407.
10.1002/pd.5555

2022 Raj et al. Cureus 14(10): e29965. DOI 10.7759/cureus.29965 9 of 9

https://dx.doi.org/10.1002/pd.5555
https://dx.doi.org/10.1002/pd.5555

	Cell-Free Fetal Deoxyribonucleic Acid (cffDNA) Analysis as a Remarkable Method of Non-Invasive Prenatal Screening
	Abstract
	Introduction And Background
	FIGURE 1: Classification of Antenatal tests.
	TABLE 1: Invasive prenatal testing procedures and their associated risks.
	TABLE 2: Summary of invasive and non-invasive prenatal tests.

	Review
	Cell-free fetal DNA
	FIGURE 2: Procedure of a conventional cffDNA analysis
	TABLE 3: Studies associated with cffDNA analysis for trisomies.
	TABLE 4: Studies associated with cffDNA analysis of aneuploidies
	TABLE 5: Studies associated with cffDNA analysis for rare trisomies.
	TABLE 6: Foetal fraction and its inference.


	Conclusions
	Additional Information
	Disclosures

	References


