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Abstract The purpose of this review is to demonstrate the

unique properties of a single nucleotide polymorphism

(SNP)-based approach in non-invasive prenatal testing

(NIPT). The identification of cell free fetal DNA in the

plasma of pregnant women led to the development of

NIPT. This can be performed with either a quantitative

approach (massively parallel shotgun sequencing, chro-

mosome selective sequencing) or a qualitative approach

(SNP-based). NIPT tests have been shown to have superior

performance as a screen for common fetal chromosome

abnormalities compared with maternal serum screening. At

low fetal fractions, NIPT sensitivity falls, particularly when

quantitative methods are used. A SNP-based approach

allows both accurate assessment of fetal fraction, and a

robust test performance at lower fetal fractions. The ability

of the SNP-based approach to screen for vanishing twins

and maternal copy number variants reduces false positives;

and the ability to make high confidence calls at lower fetal

fraction, minimizes discordance between the NIPT result

and the true fetal status.
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Introduction

Historically, maternal serum screening and ultrasound

imaging are two of the most common approaches used to

screen for chromosome aneuploidy and possible fetal

anomalies [1]. While both are a part of routine prenatal

care, their biggest limitation is a high false positive rate

approaching 5% [2]. To offset the false positive results,

patients are offered invasive diagnostic procedures such as

chorionic villus sampling (CVS) or amniocentesis. How-

ever, these invasive tests carry a 0.13–0.27% procedure

risk of miscarriage [3] and therefore, are not very popular

first tier tests among most patients. Recently, cell-free fetal

DNA in maternal plasma has been the choice for non-

invasive prenatal testing over the historical approaches

with false positive rates below 1% [2].

The presence of cell free fetal DNA (cffDNA) in the

plasma of pregnant mothers was first reported by Lo et al.

[4] and led to the development of non-invasive prenatal

testing (NIPT). NIPT involves an analytical quantification

of cffDNA from maternal plasma to evaluate for common

fetal aneuploidies, particularly trisomy 21, which became

commercially available in 2011. Overtime, NIPT became

an intermediate step between serum screening and invasive

testing (CVS and amniocentesis) given its improved sen-

sitivity and specificity of fetal aneuploidy screening, very

low false positive rate and without the pregnancy risks of

invasive testing [5].

Approximately 10% of fragmented cffDNA found in the

plasma of a pregnant woman is placental (fetal) in origin

[6], thus making it a suitable surrogate for pregnancy

testing targeting the fetus. Commercially, the two common

NIPT approaches to analyze cffDNA to detect the presence

of aneuploidy are the quantitative comparison of the rela-

tive number of sequence reads from a chromosome of

& Herman L. Hedriana

hlhedriana@ucdavis.edu

1 Natera, Inc, San Carlos, CA, USA

2 Division of Maternal-Fetal Medicine, Department of

Obstetrics and Gynocology, University of California Davis

Health System, Sacramento, CA, USA

123

J. Fetal Med. (June 2018) 5:113–119

https://doi.org/10.1007/s40556-018-0167-1

Article published online: 2023-05-08

http://crossmark.crossref.org/dialog/?doi=10.1007/s40556-018-0167-1&amp;domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/s40556-018-0167-1&amp;domain=pdf
https://doi.org/10.1007/s40556-018-0167-1


interest to a reference chromosome, and the qualitative use

of single nucleotide polymorphisms (SNPs) to determine

copy number. A SNP is a variation in the DNA sequence

that occurs when a single nucleotide in the DNA sequence

is altered.

Quantitative methods of assessing aneuploidy using

NIPT include massively parallel shotgun sequencing

(MPSS) or chromosome selective sequencing (CSS) [7, 8].

MPSS involves sequencing all 23 pairs of chromosomes

while CSS involves sequencing loci only from chromo-

somes of interest. Both approaches have shown sensitivi-

ties and specificities of over 99% for detection of trisomies

21 and 18 while the sensitivities for trisomy 13 and sex

chromosome aneuploidies have been lower. This lowered

sensitivity could be attributed to the variability on the

quality of sequencing data due to high content of guanine

and cytosine on these chromosomes [9]. An inability to

differentiate between maternal and fetal genotypes is a

limitation of the quantitative approach, which can lead to

both false positive and false negative results in cases where

mosaicism is present in either the mother or the fetus [10].

The qualitative approach uses over 13,000 highly

polymorphic SNPS, in addition to cross over frequency

during meiosis, to evaluate the likelihood of a fetal aneu-

ploidy. Accurate evaluation of fetal fraction allows allele

ratios to be determined across all chromosomes of inter-

est and, allow the fetal ploidy status to be evaluated

without the need for a reference chromosome, eliminating

a source of error recognized with the quantitative approach.

The differentiation is highlighted in Fig. 1.

Clinical Performance

At its inception, NIPT offered aneuploidy risk assessment

for trisomies 21, 18 and 13. Over time, the number of

aneuploidies (abnormal number of chromosomes) screened

for has increased to include monosomy X, sex chromosome

trisomies, and aneuploidies for chromosomes 16 and 22

[11]. In addition to screening for fetal aneuploidies, NIPT

also includes analysis of sub-chromosomal abnormalities

typically referred to as microdeletions on chromosomes 1p,

4p, 5p, 8q, 11q, 15q and 22q.

Two recent meta-analyses reviewed the performance of

NIPT for the detection of common chromosome aneu-

ploidies [12, 13]. Gil et al. [13] reported their findings

based on analysis of data from 37 studies. The weighted

detection rates (DR) and false positive rates (FPR) they

reported in singleton pregnancies were 99.2% (95% CI

98.5–99.6%) and 0.09% (95% CI 0.05–0.14%) for trisomy

21, 96.3% (95% CI 94.3–97.9%) and 0.13% (95% CI

0.07–0.20%) for trisomy 18, 91% (95% CI 85–95.6%) and

0.13% (95% CI 0.05–0.26%) for trisomy 13, 90.3% (95%

CI 85.7–94.2%) and 0.23% (95% CI 0.14–0.34%) for

monosomy X and 93% (95% CI 85.8–97.8%) and 0.14%

(95% CI 0.06–0.24%) for sex chromosome aneuploidies

other than monosomy X, respectively. The second meta-

analysis by Iwarsson et al. [12] reported a data analysis

from 32 studies. This meta-analysis was specifically aimed

to review the performance of NIPT for detection of tri-

somies 21, 18 and 13 in the general pregnant population

and to update the data on high-risk pregnancies. Iwarsson

and colleagues reported that in the general population there

Fig. 1 Illustration of the

differences in the SNP-based

NIPT approach (top) compared

to the quantitative NIPT

approach (bottom)
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is moderate evidence that the pooled sensitivity is 99.3%

(95% CI 95.5–99.9%) and specificity is 99.9% (95% CI

99.8–99.9%) for the analysis of trisomy 21. They were

unable to calculate pooled sensitivities and specificities for

trisomies 18 and 13 in the general population citing low

number of studies. While analyzing the high-risk pregnant

population, they reported that there is moderate evidence

that the pooled sensitivities for trisomies 21 and 18 are

99.8% (95% CI 98.1–99.9%) and 97.7% (95% CI

95.8–98.7%) respectively. For trisomy 13, they reported

low evidence that the pooled sensitivity is 97.5% (95% CI

81.9–99.7%). In the high-risk population, they reported

pooled specificity for all three trisomies to be 99.9% (95%

CI 99.8–99.9%).

These meta-analyses conclude that NIPT is a superior

screen for trisomy 21 in both low-risk and high-risk pop-

ulations. At least one of these suggests that the perfor-

mance of NIPT screening for trisomies 18, 13 and sex

chromosome aneuploidies does not seem to match the

performance of NIPT screening for trisomy 21 [12]. Other

retrospective studies have reported clinical experiences

from different commercial laboratories offering NIPT

[2, 14]. In general, these studies have reported positive

predictive values (PPV) for trisomies 21, 18, 13 to be much

higher, as compared to serum screening (PPVs ranging

from 38 to 100% for NIPT compared to 3.4% for serum

screening) [2, 14, 15]. While the cohorts in some of these

studies did have a higher percentage of high-risk women

thereby creating a bias, two of these studies did have a

significant percentage of low risk women as well

[2, 14, 15]. Both studies that had a large percentage of low

risk women also displayed that test performance in the low

risk group was significantly improved compared to serum

screening (combined PPV of 87.2% and 76% for NIPT

compared to 3.4% for serum screening) [2, 14].

There is less data available regarding use of NIPT to

screen for microdeletions, when compared to common

chromosome aneuploidies. Zhao et al. [16] used whole-

genome sequencing data to detect genome-wide fetal

microdeletions/microduplications (MDs). While this study

showed that the sensitivity in determining genome-wide

MDs was 94.4%, it was also observed that the sensitivity

was greatly affected by fetal fraction, with sensitivity for

the 22q11.2 deletion syndrome dropping to under 20%

when the fetal fraction was below 12%. In a different

study, Wapner et al. [17] investigated the performance of a

SNP-based NIPT for detection of 5 microdeletion syn-

dromes. This study reported a combined sensitivity of

97.8% that was unchanged with varying fetal fractions at or

over 3.8%. Since the general prevalence of MDs is lower

compared to that of fetal aneuploidy, one limitation of both

studies was the use of artificially generated mixture sam-

ples rather than pregnancy plasmas. Keeping this limitation

in mind, Martin et al. [18] reported the screening perfor-

mance of a SNP-based NIPT for the same 5 MDs on

[ 80,000 true pregnancy plasmas. They modified the

Wapner protocol [17] by reflexively sequencing all MD

high risk results to a higher depth of read. Using this new

protocol for SNP-based MD screening, Martin et al. [18]

report PPVs of 44.2% for the 22q11.2 deletion syndrome

and a combined PPV of 31.7% for MDs on chromosomes

1p, 5p, and 15q; without compromising the false positive

rates which were lower than the Wapner cohort.

Fetal Fraction

Fetal fraction is the amount of DNA circulating in a

pregnant woman’s plasma that is fetal (placental) in origin.

While the median fetal fraction in maternal plasma

between 11 and 13 weeks’ gestation is 10% [6], there is

considerable variation observed. Certain laboratories that

offer NIPT have established a threshold for fetal fraction

below which assessment for fetal aneuploidy is not pro-

vided, while other laboratories do not have such a threshold

[6, 19, 20]. For NIPTs that use a quantitative approach for

analysis of cffDNA, test performance is dependent on the

fetal fraction as well as depth of sequencing or the total

number of unique DNA fragments that are counted. A

study published by Canick et al. [21] demonstrated this

relationship by showing that pregnancies affected by tri-

somy 21 had z score values that were overlapping with z

score values for euploid pregnancies when fetal fractions

were below 8%. Another case report by Allen et al. [22],

highlighted a trisomy 21 false negative result on NIPT, that

on further investigation with the performing laboratory

could be attributed to low fetal fraction.

Some factors that are associated with a lower fetal

fraction include: gestational age under 10 weeks, high

maternal body mass index, fetal aneuploidy and placental

health [23]. A few anecdotal case reports have indicated

that patients on anticoagulation may have lower fetal

fractions as well [24]. Laboratories that analyze and report

fetal fraction have proven an association of aneuploidy

among the low fetal fraction cases [2, 25]. If a confident

high or low risk call cannot be made, a ‘‘no call’’ is issued,

low fetal fraction cited and association between low fetal

fraction and aneuploidy included in the report. Laboratories

that do not consider fetal fraction as a quality metric, and

do not report this metric; may be at higher chance of

issuing a low risk result, or merely indicating ‘‘no call’’ due

to a ‘technical failure’ rather than alerting the provider to

an increased risk for fetal aneuploidy [26].

Pregnancies that receive a ‘no call’ due to low fetal

fraction have the option of repeating the test or proceeding

with diagnostic testing. Professional societies including the
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American College of Obstetricians and Gynecologists

(ACOG) as well as the American College of Medical

Genetics and Genomics (ACMG) have both issued state-

ments acknowledging the association of aneuploidy with

‘no call’ results. Both societies have made recommenda-

tions stating that pregnancies receiving a ‘no call’ due to

low fetal fraction on NIPT should be offered the option of

genetic counseling, a detailed ultrasound evaluation and

prenatal diagnosis [20, 23].

Vanishing Twin and Fetal Triploidy

As described earlier, a SNP-based NIPT works by deter-

mining copy number at 13,392 SNPs [27]. Since the

quantitative approach compares the relative number of

sequence reads from a chromosome of interest to a refer-

ence chromosome, it is unable to determine the source of

the DNA (fetal or maternal) [10]. Further, the cffDNA

fragments may have similar sizes as the maternal cell-free

DNA confounding the differentiation of cffDNA from the

latter by the quantification method (Fig. 1). If fetal tri-

ploidy is present, the ratio between the chromosome of

interest and reference chromosome is preserved, leading to

a false negative result. In comparison, due to extensive

probability of allele distribution, the SNP-based approach

relies on analytical bioinformatics to differentiate

two distinct haplotypes (mother and fetus) and is also able

to differentiate an additional haplotype when fetal triploidy

is present. These extra haplotypes are also observed when

there is a vanishing or ongoing twin pregnancy.

A study by Curnow et al. [10] and a case report by Niles

et al. [28] demonstrate the persistence of cffDNA from the

demised twin in maternal circulation for as long as

8–15 weeks post demise. While the incidence of identify-

ing a vanishing twin case on NIPT is 0.42–0.6% [10],

vanishing twins are responsible for up to 42.1% of con-

firmed false positive NIPT results [28]. Hence, practition-

ers need to be aware of the potential for a false positive

NIPT result that can arise due to the demise of a co-twin.

The SNP-based NIPT is unique in its ability to identify the

presence of additional haplotypes, minimizing the likeli-

hood of a false positive and negative results.

Maternal Copy Number Variant (CNV)

Wang et al. [29] reported maternal findings in 187 NIPT

tests with discordant results for sex chromosome abnor-

malities. Maternal chromosome analysis revealed that in

approximately 8.56%, the pregnant women themselves

were mosaic for an X chromosome aneuploidy [29]. Rus-

sell et al. [30] in a previous study showed that there is an

increase in the rate of somatic mosaicism for X chromo-

some abnormalities as women increase in age. As the

quantitative approach is unable to determine the source of

cell-free DNA (maternal or fetal), there is a high possibility

of a false positive result if the pregnant mother herself has a

CNV. The strength of the SNP-based approach is its’

ability to determine the source of cell-free DNA and thus

minimizes the risk for a false positive result that could arise

secondary to a maternal CNV.

Implications of Low Fetal Fraction

Two large prospective studies [2, 25] that analyzed over

16,000 pregnancies reported an association between a low

fetal fractions noted in maternal circulation with maternal

aneuploidy. Pergament et al. [25] indicated that samples in

the low fetal fraction range, as low as the 1.5th percentile,

were six times more likely to be aneuploid compared to

samples that had higher fetal fractions. In another study,

Rava et al. [31] showed that nearly 5% of euploid cases

with fetal fractions under 4%, are seen in pregnancies with

trisomy 18 and 13 as well as 45, X and digynic triploidy.

Thus, in recognizing the importance of this association,

ACMG suggested that in case of a ‘no call’, laboratories

performing NIPT should report the reason for the no call

and report if a low fetal fraction was identified [20].

There are two approaches that laboratories could take to

overcome this challenge posed by low fetal fraction. A

laboratory can increase the number of sequence reads so

that there are more reads per chromosome analyzed. The

disadvantage of this approach is that there are only a lim-

ited number reads that can be added to the testing platform

beyond which the test is economically unsustainable.

Additionally, the lower the fetal fraction, the less diverse

the library of cfDNA fragments and the lower the quality of

data after sequencing [32]. Fan et al. [32] report that the

sensitivity of detecting an aneuploidy depends on the fetal

fraction as well as the number of molecules counted and is

higher at higher fetal fractions. On the other hand, labo-

ratories can establish a lower bound threshold for fetal

fraction beyond which the performance of the test (sensi-

tivity and specificity) becomes unreliable. While the latter

approach is easier to implement, it will potentially increase

the number of samples that receive a ‘no call’. Therefore,

no matter how many times you read the DNA sequence, the

laboratory will need to decide between accepting a higher

false negative rate or a threshold and accept a higher no

call rate.
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NIPT in Twins

There are limited data regarding the performance of NIPT

in twins and higher order multiples compared to singleton

pregnancies. A recent meta-analysis by Liao et al. [33]

evaluated the performance for trisomies 21, 18, and 13 in

ten studies of NIPT in twin pregnancies. NIPT was found

to have high sensitivity and specificity for trisomy 21

screening in twin pregnancies. In comparison, the trisomy

18 screening performance was less satisfactory because of

lower pooled sensitivity. The numbers were insufficient to

draw any conclusions for trisomy 13. Overall, the conclu-

sion also states that NIPT has a much superior performance

than serum screening. One of the distinctive features of a

SNP-based approach in twin gestations is the ability to

identify the zygosity of the pregnancy with[ 99% accu-

racy (publication in process). This in turn can allow prac-

titioners to ensure that the chorionicity is reliably assigned

as early as possible in pregnancy so that monochorionic

pregnancies can receive increased surveillance. Another

potential benefit of a SNP-based approach is the ability to

modify the analytical bioinformatics to distinguish and

report two fetal fractions for dizygotic twins, as opposed to

a single or lowest fetal fraction. This allows additional

confidence that two fetuses have received evaluation.

Limitations and Conclusions

NIPT offers a much more efficient way of screening for

common chromosome aneuploidy with higher sensitivities

and specificities, and lower false positive rates than serum

screening. Additionally, NIPT does not have the risk

associated with invasive diagnostic procedures [11]. NIPT

has made significant, typically positive impact on the way

prenatal testing has been received by the patient population

[5]. Patients appear to prefer NIPT as a first line for ane-

uploidy screening as shown in one prospective population

study showing a 35% increase in utilization over no

screening [32]. Since its advent, there has been a significant

decline in the uptake of invasive prenatal diagnosis and

combined first trimester screening despite the birth rate

remaining steady [5].

Although methodologies used for NIPT incorporate

sophisticated bioinformatics, one study has shown that pre-

test counseling can be accomplished by the general

obstetrical provider [34]. However, additional studies and

more data are required to reaffirm this. In the interim,

genetic counselors are uniquely trained in medical genetics

as well as psychological counseling and are well equipped

to discuss NIPT with patients. However, there are not

nearly enough trained genetic counselors to meet the needs

of the patients and most patients do not receive the services

of a genetic counselor [35]. It is important that the health

care professionals and the professional societies recognize

the need for increased genetic education at all levels of the

health care system, and support the development of tools

that can assist practitioners in counseling patients about

NIPT.

Another limitation of these tests is that in their current

form they do not replace diagnostic tests, because of the

potential for confined placental mosaicism, in addition to

the smaller scope of testing compared to what is available

using chorionic villi or amniotic fluid. A low risk result

does not eliminate the possibility of a chromosome

abnormality. Hence, when a structural fetal malformation

is suspected, invasive prenatal diagnosis provides the most

information about the presence or absence of an associated

genetic abnormality. There may also be false positive or

negative results due to maternal CNVs, vanishing twins,

and rarely even maternal cancers. In a small percentage of

pregnancies, NIPT is unable to yield a result due to low

fetal fraction. Many of these can be affected by the choice

of a SNP-based NIPT.

In conclusion, NIPT is a test that satisfies two important

metrics of a good screening test, high sensitivity/specificity

and low false positive and negative rates. A SNP-based

approach has additional benefits: an ability to screen for

vanishing twins and fetal triploidy; is less compromised by

maternal CNVs; and can make high confidence calls at

lower fetal fractions. All these factors contribute immen-

sely in minimizing false positive and false negative rates

compared to the quantitative approach [10, 21, 29]. Pro-

viders can develop the necessary skills, supplemented by

ancillary materials and genetic counselors, to obtain

informed consent or refusal for NIPT, which has the

potential to provide families with valuable information as

they plan for their family and aid the practitioner in

pregnancy management.
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