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In the last 15 years, major advances have been made in prenatal screening. Cohort studies have led to an understanding 
of the causes of many common diseases that are determined by the combined effects of genetic and phenotypic 
factors. Non-invasive prenatal testing (NIPT) is a technology used to isolate deoxyribonucleic acid (DNA) placental 
fragments from the mother’s blood at as early as 10 weeks of gestation, using cell free fetal DNA technology. NIPT 
screens for trisomy 13,18 and 21 for sex chromosome abnormalities with a high detection rate. Cohort studies have 
shown a high detection rate and a low false positive rate for NIPT, but it is still considered a screening test and not 
diagnostic. It is recommended confirmation in case of a positive test, with a diagnostic procedure as chorionic villus 
sampling or amniocentesis. It is essential that NIPT be used ethically and effectively. Because of its high sensitivity (true 
positive rate) and its specificity (true negative rate) many recommend that NIPT should be used as a diagnostic method. 
However, today NIPT is used as a screening method, an attractive alternative to the serum screens and invasive test 
currently in use. There is a continuing decline in sequencing costs and hopefully, soon, the cost will be reduced.
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Introduction
In the last 15 years, major advances have been made 

in prenatal screening. Cohort studies have led to an 
understanding of the causes of many common diseases 
that are determined by the combined effects of genetic 
and phenotypic factors(1).

Prenatal screening for genetic conditions has become 
in nowadays an overwhelming process with many tests 
to choose from. Because of the advancing technology 
the process is complex, however both physician and 
the patient would opt for a low-cost test with increased 
effectiveness(2,3).

Prenatal screening for chromosome abnormalities 
should be available to all women during pregnancies(4,5). 
An accurate diagnosis aids women in taking one of 
the following decisions:  some may want to have this 
information to prepare for when the baby is born, 
other women may use it to guide decisions such as 
termination and adoption(6,7).

A trisomy can occur in any chromosome pair, but 
most of the fetuses are not compatible with life resul-
ting in a miscarriage. The ones compatible with life 
are trisomy 18 and 13. These two are more severe than 
Down syndrome and they will result in most cases with 
a miscarriage, but some may make it to term. These 
babies usually won’t live past 1 year of life(8,9).

As women get older, the chances for chromosome 
abnormalities increase(10).

An essential test in screening for chromosome-related 
abnormalities in the first trimester is the ultrasound 
examination between 11 weeks and 13 weeks and 6 
days and particularly analyzing nuchal translucency. 
This represents an accumulation of fluid at the base 
of the fetus’s neck. If a measurement above 3.5 mm 
is found, it is considered to be abnormal, and it is 
usually associated with a higher risk of chromosome 
abnormalities and structural defects. Detecting the 
serum levels of pregnancy-associated plasma protein 
A and beta-human chorionic gonadotrophin (B-HCG) 
is also important. With these information and other 
factors such as maternal age, diabetes and ethnicity, 
a risk assessment for the pregnancy will be calculated. 
The test is performed for Down syndrome and trisomy 
18. The detection rate for Down syndrome is 83% with 
a false positive of 5%, and for trisomy 18 is 80% with a 
false positivetly below 1%. The test will be marked as 
positive for Down syndrome if the risk is greater than 
1 in 270. A positive result does not mean the fetus has 
a chromosome abnormality, it means that the risk is 
increased(11,12).

In the second trimester besides trisomy 18 and 21 
screening for neural tube defects is also recommended. 
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During 14 and 22 weeks of gestations by determining 
the serum levels of 4 proteins (alfa-fetal protein (AFP), 
B-HCG, unconjugated estriol and dimeric inhibin A) a 
risk for chromosome related-abnormalities and neural 
tube defects can be established. The detection rates for 
trisomy 18 and 21 are the same as in the first trimes-
ter. The detection rate for open neural tube defects is 
calculated by measurement of the AFP, and consists 
in a rate of 80%(13).

Screening Methods
Multiple screening methods that combine the tests 

briefly described above have been proposed: 
n Full integrated screening: it combines both 1st and 

2nd trimester screening tests to increase the overall 
detection rate. The downside is that the diagnosis is 
established late in the second trimester.
n Serum integrated screening: it involves just the 

blood samples analysis from the 1st and 2nd trimester 
without the ultrasonography.
n Sequential screening: this is basically the same with 

the full integrated screening but the patient will receive 
preliminary results after the first trimester screening.
n Triple screening: analyzing only 3 instead of 4 

proteins from the 2nd trimester test. The detection rate 
is slightly decreased.
n AFP only: calculated in the 2nd trimester, it will 

screen only for neural tube defects.
n 2nd trimester targeted ultrasound: ultrasound 

performed between 18 and 29 weeks of gestation. 
Usualy a normal second trimester ultrasound certainly 
decreases the risk that the fetus has a chromosome 
abnormality(14,15).

Non-invasive prenatal testing (NIPT) is a technology 
used to isolate deoxyribonucleic acid (DNA) placental 
fragments from the mother’s blood at as early as 10 
weeks of gestation, using cell free fetal DNA technology. 
The first NIPT was introduced to clinical practice in 
Honk Kong in 2011. NIPT screens for trisomy 13,18 
and 21, for sex chromosome abnormalities with a high 
detection rate. 

Cohort studies have shown a high detection rate and a 
low false positive rate for NIPT, but it is still considered 
a screening test and not diagnostic. 

It is still recommended confirmation in case of a 
positive test, with a diagnostic procedure as chorionic 
villus sampling (CVS) or amniocentesis. Even a nega-
tive test cannot rule out chromosome abnormality. 
Placental mosaicism can explain a false positive test, 
because NIPT tests placental DNA and not fetal DNA. 
In a low percentage of cases, below 3%, the genetics 
of the placenta can be different from the ones of the 
fetus wich can lead to false positive or false negative 
results(16,17).

Non-invasive prenatal diagnosis of aneuploidy has 
been a challenging problem because fetal DNA consitu-
tes a small percatage of total DNA in maternal blood, 
and intact fetal cells are even rarer(18,19). Successful 
development of a truly universal, polymorhism-inde-

pendent noninvasive test for fetal aneuploidy is near. 
By direct sequency of maternal plasma DNA, as one 
study shows, fetal trisomy 21 as early as 14th weeksof 
gestation can be detected(20,21). The same study atests 
that fetal cell-free DNA clears from the blood to un-
detectable levels within a few hours after delivery and 
therefore is not carried forward from one pregnancy 
to the next(22,23,24).

Sex chromosomal aneuploidies (SCA) include full-
blown and mosaic numerical abnormalities leading to 
syndromes interfering with normal sexual development. 
These include Turner syndrome (45,X) and sex-chromo-
somal trisomies, such as Klinefelter (XXY) and triple 
X-syndrome (XXX)(25). There are many individuals with 
sex chromosomal aneuploidies that remain undiagno-
sed. There is a small amount of data regarding NIPT 
and SCA. However actual data indicates that NIPT has 
a lower accuracy in detecting SCA than for trisomies 
21 and 18(26,27,28).

The possible sources of error of NIPT test (Har-
monyTM, PanoramaTM) are represented by: early ges-
tational age, maternal obesity, multiple pregnancies, 
placental mosaicism and maternal conditions such 
as chromosomes abnormalities or malignant disease. 

The amount of cffDNA in maternal blood increases 
with gestational age and if samples are taken too early 
in pregnancy, false-negative results are likely. Maternal 
obesity is associated with lower fetal DNA percentage, 
the reason is unclear but it is believed that the high 
adipose turnover increasing maternal DNA to be res-
ponsible by a dilution effect(29). 

If a twin pregnancy is monochorionic both fetuses 
may have chromosomal abnormalities. The amount of 
cffDNA is almost double that of a singleton pregnancy, 
so the cffDNA aneuploidy testing will not only be pos-
sible but probably more effective than in singletons. 
If the twins are dichorionic the maternal plasma DNA 
testing would not be as straightforward(29,30).

Porreco et al. published a prospective study that 
demonstrates that noninvasive prenatal analysis of 
cell-free deoxyribonucleic acid from maternal plasma 
is an accurate advanced screening test with extremely 
high sensitivity and specificity for trisomy 21 (>99%) 
but with less sensitivity for trisomies 18 and 13. Des-
pite high sensitivity, they observed that the test has 
modest positive predictive values for the small number 
of common sex chromosome aneuploidies because of 
their very low prevalence rate. 

This study provides the largest prospectively num-
ber of collected samples concurrently processed and 
analyzed by this sequencing technology to date (Table 
1). It demonstrates that noninvasive prenatal analysis 
of cfDNA from maternal plasma is an accurate advan-
ced screening test with extremely high sensitivity and 
specificity for trisomy 21 (>99%) but with somewhat 
less sensitivity (although high specificity) for trisomies 
18 and 13(31).

Other authors describes an ethical issue related with 
NIPT regarding sex selection for non-medical reasons. 
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Harmony™ and Panorama™ - NIPT comparison(33)Table 1

Harmony and Panorama 
test comparison Harmony test Panorama test

Down Syndrome 
(trisomy 21)

Sensitivity >99% >99%

False positive rate 0.1% 0%

Edward syndrome 
(trisomy 18)

Sensitivity 98% >99%

False positive rate 0.1% <0.1%

Patau’s syndrome 
(trisomy 13)

Sensitivity 80% >99%

False positive rate 0.05% 0%

Turner’s syndrome 
(monosomy X)

(optional)

Sensitivity 96.7% 91.7%

False positive rate Unreported <0.1%

Triploidy 
(optional) Sensitivity Uneable to detect >99%

Gender
(optional)

Sensitivity >99% >99%

False positive rate Unreported 0%

Redraw Rate Sensitivity 3-5% 6%

Results available 10-14 working days 10-14 working days

Fetal fraction reported Yes Yes

Available for twins Yes No

Available for donor eggs Yes No

Available from 10 weeks gestation 9 weekds gestation
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NIPT lead to information about fetal sex and there is a 
concern that some pregnant women and their partners 
may use this to have an abortion if the sex of the fetus 
does not match their preference. 

That is also a cultural and social factor involved; 
in some Asian countries selection for males has led 
to marked disturbance of the sex ration with serious 
social effects(31,32,33).

At 12 weeks of pregnancy ultrasound, of a 38 years 
old primigravida, we detected a nuchal translucence of 
2.99 mm and bilateral renal agenesis (Figures 1 and 2). 
A NIPT was performed (HARMONY™) in order to detect 
chromosomal abnormalities. NIPT showed a female 
fetus with low risk for chromosomal abnormalities. We 
decided to terminate the pregnancy because of renal 
agenesis (Figure 3).

Conclusions
It is essential that NIPT is used ethically and effecti-

vely. Because of its high sensitivity (true positive rate) 
and its specificity (true negative rate) many recommend 
that NIPT should be used as a diagnostic method. 

However, today NIPT is used as a screening method, 
an attractive alternative to the serum screens and 
invasive test currently in use. 

Because of areas where sex-based abortions are pre-
valent, particular attention to returning fetal sex in-
formation should be given. 

Currently, NIPT is too expensive for the majority 
of people, and health care systems are not offering 
NIPT as free screening. There is a continuing decline 
in sequencing costs and hopefully, soon, the cost will 
be reduced.   n

Figure 1. Ultrasound 12W- Nuchal translucence 2.99mm

Figure 2. Ultrasound-Bilateral renal agenesis

Figure 3. NIPT - Harmony™ test result of 
the patient diagnosed with bilateral renal 
agenesis

Vasilescu et al. Non-invasive prenatal testing...



Vol. 12 • No. 45 (3/2016)
150

1.Savva  GM, Walker  K, Morris JK. The maternal age-specific live birth 
prevalence of trisomies 13 and 18 compared to trisomy 21 (Down syndrome). 
Prenatal Diagnosis 2010, 30(1), 57.

2. Lou S, Mikkelsen L, Hvidman L, Petersen oB, Nielsen CP. Does screening for 
Down’s syndrome cause anxiety in pregnant women? A systematic review. 
Acta obstetricia et Gynecologica Scandinavica 2015, 94(1), 15-27.

3. Rausch DN, Lambert-Messerlian GM, Canick JA. Participation in maternal 
serum screening following screen positive results in a previous pregnancy. 
Journal of Medical Screening 2000, 7(1), 4-6.

4. Lui yy, Chik KW, Chiu RW, Ho Cy, Lam CW, Lo yD. Predominant 
hematopoietic origin of cell-free DNA in plasma and serum after sex-
mismatched bone marrow transplantation. Clinical Chemistry 2002, 48(3), 
421-7.

5. Chan KA, Zhang, J, Hui AB, Wong N, Lau TK, Leung TN, Lo yD. Size 
distributions of maternal and fetal DNA in maternal plasma. Clinical 
Chemistry 2004, 50(1), 88-92.

6. Mutton D, Alberman E, Hook EB. Cytogenetic and epidemiological 
findings in Down syndrome, England and Wales 1989 to 1993. National 
Down Syndrome Cytogenetic Register and the Association of Clinical 
Cytogeneticists. Journal of Medical Genetics 1996, 33(5), 387-94.

7. de Ravel T, Aerssens P, Vermeesch JR., Fryns JP. Trisomy of chromosome 
16p13. 3 due to an unbalanced insertional translocation into chromosome 
22p13. European Journal of Medical Genetics 2005, 48(3), 355-9.

8. Chen KS, Manian P, Koeuth T, Potocki L, Zhao Q, Chinault AC., Lupski 
JR. Homologous recombination of a flanking repeat gene cluster is a 
mechanism for a common contiguous gene deletion syndrome. Nature 
Genetics 1997, 17(2), 154-163.

9. Palomaki GE, Kloza EM, Lambert-Messerlian GM, Haddow JE, Neveux LM, 
Ehrich M, Nelson SF. DNA sequencing of maternal plasma to detect Down 
syndrome: an international clinical validation study. Genetics in Medicine 
2011, 13(11), 913-920.

10. Nygren Ao, Dean J, Jensen TJ, Kruse S, Kwong W, van den Boom D, 
Ehrich M. Quantification of fetal DNA by use of methylation-based DNA 
discrimination. Clinical Chemistry 1010, 56(10), 1627-35.

11. Hunter AGW, Cappelli M, Humphreys L, Allanson JE, Chiu TT, Peeters C, 
Zimak A. A randomized trial comparing alternative approaches to prenatal 
diagnosis counseling in advanced maternal age patients. Clinical Genetics 
2005, 67(4), 303-313.

12. American College of obstetricians and Gynecologists. ACoG Practice 
Bulletin No. 88, December 2007. Invasive prenatal testing for aneuploidy. 
obstetrics and Gynecology 2007, 110(6), 1459.

13. Cartier L, Murphy-Kaulbeck L, Wilson RD., Audibert F, Brock JA, Carroll 
J,  Pastuck M. Counselling considerations for prenatal genetic screening. 
Journal of obstetrics and gynaecology Canada: JoGC, Journal D’obstétrique 
et Gynécologie du Canada: JoGC 2012, 34(5), 489.

14. ACoG Committee on Practice Bulletins. ACoG Practice Bulletin No. 77: 
screening for fetal chromosomal abnormalities. obstet Gynecol 2007, 109, 
217-27.

15. Merkatz IR, Nitowsky HM, Macri JN, Johnson WE. An association between 
low maternal serum α-fetoprotein and fetal chromosomal abnormalities. 
American Journal of obstetrics and Gynecology 1984, 148(7), 886-94.

16. 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. Prenatal Diagnosis 2013, 
33(7), 667-74.

17. Palomaki GE, Kloza EM, Lambert-Messerlian GM, Boom D, Ehrich M, Deciu 

C,   Haddow JE. Circulating cell free DNA testing: are some test failures 
informative?. Prenatal Diagnosis 2015, 35(3), 289-93.

18.Herzenberg LA, Bianchi DW, Schröder J, Cann HM, Iverson GM. Fetal cells in 
the blood of pregnant women: detection and enrichment by fluorescence-
activated cell sorting. Proceedings of the National Academy of Sciences 
1979, 76(3), 1453-1455.

19. Bianchi DW, Flint AF, Pizzimenti MF, Knoll JH, Latt SA. Isolation of fetal 
DNA from nucleated erythrocytes in maternal blood. Proceedings of the 
National Academy of Sciences 1990, 87(9), 3279-83.

20. Lo yD, Tsui NB, Chiu RW, Lau TK, Leung, TN, Heung, MM, Ding C. Plasma 
placental RNA allelic ratio permits noninvasive prenatal chromosomal 
aneuploidy detection. Nature Medicine 2007, 13(2), 218-223.

21. Fan, H. C., Blumenfeld, y. J., Chitkara, U., Hudgins, L., & Quake, S. R. 
Noninvasive diagnosis of fetal aneuploidy by shotgun sequencing DNA from 
maternal blood. Proceedings of the National Academy of Sciences 2008, 
105(42), 16266-71.

22. Lo yD, Zhang J, Leung TN, Lau TK, Chang AM, Hjelm NM. Rapid clearance 
of fetal DNA from maternal plasma. The American Journal of Human 
Genetics 1999, 64(1), 218-24.

23. Smid M, Galbiati S, Vassallo A, Gambini D, Ferrari A, Viora E, Cremonesi L. 
No evidence of fetal DNA persistence in maternal plasma after pregnancy. 
Human Genetics 2003, 112(5-6), 617-8.

24. Rijnders RJ, Christiaens GC, Soussan AA, van der Schoot CE. Cell-free fetal 
DNA is not present in plasma of nonpregnant mothers. Clinical Chemistry 
2004, 50(3), 679-81.

25. Bojesen A, Juul S, Gravholt CH. Prenatal and postnatal prevalence of 
Klinefelter syndrome: a national registry study. The Journal of Clinical 
Endocrinology & Metabolism 2003, 88(2), 622-6.

26. Bianchi DW, Platt LD, Goldberg JD, Abuhamad AZ, Sehnert AJ, Rava 
RP. Genome-wide fetal aneuploidy detection by maternal plasma DNA 
sequencing. obstetrics & Gynecology 2012, 119(5), 890-901.

27. Mazloom AR., Džakula Ž, oeth P, Wang H, Jensen T, Tynan J,  Bombard 
AT. Noninvasive prenatal detection of sex chromosomal aneuploidies 
by sequencing circulating cell-free DNA from maternal plasma. Prenatal 
Diagnosis 2013, 33(6), 591-597.

28. Samango-Sprouse C, Banjevic M, Ryan A, Sigurjonsson S, Zimmermann 
B, Hill M, Rabinowitz M. SNP-based non-invasive prenatal testing detects 
sex chromosome aneuploidies with high accuracy. Prenatal Diagnosis 2013, 
33(7), 643-9.

29. https://www.rcog.org.uk/globalassets/documents/guidelines/
sip_15_04032014.pdf

30. yao H, Jiang F, Hu H, Gao y, Zhu Z, Zhang H, Zhou L. Detection of fetal 
sex chromosome aneuploidy by massively parallel sequencing of maternal 
plasma DNA: initial experience in a Chinese hospital. Ultrasound in 
obstetrics & Gynecology 2014, 44(1), 17-24.

31. Porreco RP, Garite TJ, Maurel K, Marusiak B, Network oCR, Ehrich M, 
Bombard A. Noninvasive prenatal screening for fetal trisomies 21, 18, 13 
and the common sex chromosome aneuploidies from maternal blood 
using massively parallel genomic sequencing of DNA. American Journal of 
obstetrics and Gynecology 2014, 211(4), 365-e1.

32. Madan K, Breuning MH. Impact of prenatal technologies on the sex ratio in 
India: an overview. Genetics in Medicine 2013, 16(6), 425-32. 

33. http://www.theportlandhospital.com/uploads/maternity/harmony_test.pdf

Re
fe

re
nc

es

Vasilescu et al. Non-invasive prenatal testing...


