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Whole-Genome Sequencing Provides the Most
Informative Noninvasive Prenatal Testing Results
A comparative analysis of commercially available methods for noninvasive prenatal tests.
Introduction
Noninvasive prenatal testing (NIPT) represents a major advance in
prenatal screening, providing accurate information about fetal status as
early as 10 weeks gestation using a single maternal blood draw. With
NIPT, pregnant women can now screen for particular fetal chromosomal
abnormalities, such as Down syndrome (trisomy 21), Edwards syndrome
(trisomy 18), Patau syndrome (trisomy 13), and sex chromosome–related
syndromes such as Klinefelter and Turner syndromes.
Currently, next-generation sequencing (NGS) is the only proven
method for performing NIPT. In fact, 99.8% of NIPT samples in
published studies are run on Illumina systems with Illumina NGS
technology (Table 1). In addition, the Illumina method for NIPT
yields results faster than other tests. This white paper provides a
comparison of the test failure rates and sample-to-answer times
among NIPT methods currently available.

Background
Cell-Free Fetal DNA
Circulating cell-free DNA (cfDNA), from both the fetus and the mother,
is found in maternal blood. On average, ~11% of the cfDNA circulating
in maternal blood is from the fetus. Highly sensitive NGS, which uses
millions of sequence reads per sample, can detect and measure
aneuploidy within this mixed sample. Quantitative differences in cfDNA
in maternal blood can be used to distinguish fetuses affected with
trisomy 21 (and other fetal aneuploidies) from those that are unaffected.
In clinical trials in the general obstetrical population, prenatal screening
by cfDNA has been demonstrated to have significantly lower false
positive rates and higher positive predictive values for trisomies 21 and
18 than standard screening.1

NIPT Methods
Several options for NIPT are currently available (Table 2). Although all
these tests enable screening for chromosomal abnormalities, not all
provide the same level of accuracy (Figure 1). Studies have shown
that NIPT performed using whole-genome sequencing (WGS) with
next-generation sequencing (NGS), like the verifi® Prenatal Test from
Illumina, offers an accurate, reliable, quick screen for chromosomal
abnormalities.2,3 High-sensitivity, high-specificity WGS-based NIPT
results in low false-positive and false-negative rates and maintains
a low test failure rate, minimizing the need for invasive testing
procedures, such as amniocentesis and chorionic villus sampling
(CVS).1 Like WGS-based tests, NIPT using targeted sequencing, such
as the Panorama Prenatal Screen from Natera, offers high sensitivity
and specificity. However, these targeted sequencing tests have a
higher failure rate than WGS tests. Sequenom, a provider of NIPT



Table 1: 99.8% of NIPT Samples Run on Illumina NGS Systems

Test (Company)
Bambni Assay (Berry Genomics)

Current
Clinical NIPT
Method

No. Published
NIPT Samples

Illumina NGS

2351

MaterniT21 PLUS Test (Sequenom)

Illumina NGS

108,665

NIFTY Test (BGI)

Illumina NGS

160,667

Panorama Prenatal Screen (Natera)

Illumina NGS

32,916

PrenaTest (LifeCodexx AG/GATC
Biotech AG)

Illumina NGS

504

verifi Prenatal Test (Illumina)

Illumina NGS

113,367

Harmony Prenatal Test (Ariosa)a

Illumina NGS

37,206

Harmony Prenatal Test (Ariosa)a

Affymetrix Array

878

A PubMed search for “cell-free, DNA, prenatal”, “noninvasive prenatal testing”, and
“noninvasive prenatal screening” was performed on April 30, 2015. All validation and
clinical studies using unique samples were included, where a current clinical NIPT provider
performed sample analysis. Case studies and studies published in a language other than
English were excluded. Data from a 2015 ESHG conference abstract was also included. A
total of 45 published studies were surveyed. Data calculations on file. Illumina, Inc. 2015.
NGS = next-generation sequencing; either whole-genome or targeted.
a. In 2014, Ariosa switched from sequencing to arrays for clinical samples despite limited
published data on this platform.

assays, recently evaluated the use of a targeted sequencing approach,
only to find that acceptable performance comes at the price of a
high “no call” rate.4 Array-based NIPT, such as the Harmony Prenatal
Test from Ariosa, is predicted to have reduced overall performance
and higher failure rates than other methods. Both Natera and Ariosa
have changed their workflows recently, with Ariosa switching from
sequencing to arrays, resulting in a decline in test sensitivity and
reduced performance for certain conditions.5,6
Table 2: NIPT Methods
Method

Description

Tests

Whole-Genome
Sequencing (WGS)

Sequencing of the full
fetal genome; provides
comprehensive view of
the chromosomes

•
•
•
•

Targeted
Sequencing

Sequencing of
chromosome regions

• Harmony Prenatal Test
(Ariosa, former version)

Targeted SNP
Sequencing

Sequencing of a
subset of SNPs

• Panorama Prenatal Screen
(Natera)

SNP Arrays

Microarray analysis of
preselected SNPs

• Harmony Prenatal Test
(Ariosa, current version)

verifi Prenatal Test (Illumina)
PrenaTest (LifeCodexx)
NIFTY Test (BGI)
MaterniT21 PLUS Test
(Sequenom)
• Bambni Assay (Berry
Genomics)
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Figure 1: Lowest Test Failure Rates Observed Using WGS-Based
NIPT—Data compiled from published clinical studies. WGS3,10–15, targeted
sequencing16-22, targeted SNP sequencing9,20.
* Published clinical studies for the Harmony test are based on targeted
sequencing; however, this test is now run using SNP arrays. There are no
publications of studies assessing failure rate for NIPT assays performed using
SNP arrays

Test Failure Rates
Test failures, wherein no call for euploidy or aneuploidy can be made,
are an important factor in the reliability and clinical utility of NIPT. NIPT
test failure rates vary significantly based on the test used. Tests that
use a targeted approach have demonstrated higher rates of test failure
than WGS-based tests, in both validation and clinical experience
studies (Figure 2). These “no call” results likely lead to invasive
procedures that may have been avoided with a more reliable test.
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Higher Aneuploidy Rates in Failed Tests
An additional concern related to test failure rate is the high failure rate
of aneuploid samples with non-WGS methods (Figure 3). According to
the Society for Maternal-Fetal Medicine (SMFM), “women with failed
cfDNA tests are at an increased risk for aneuploidy, and therefore
need careful counseling about further testing, including the offer of
diagnostic testing.”8 With a higher level of sensitivity, WGS-based
assays are more likely to detect these aneuploidies in the first test.
In addition to providing answers earlier in the pregnancy, this avoids
unnecessary invasive procedures.
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Figure 3: Percent of T21/T18/T13 (Combined) Aneuploidy Cases Missed
Due to Technical Failure—Data compiled from published validation and clinical
studies. References: Illumina2, Sequenom23,24, Ariosa21,25,28, Natera26,27.
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Figure 2: Technical Failure Rates in NIPT Clinical Experience Studies—Data
compiled from published clinical studies. WGS - Illumina3,13,14, WGS - other14,15,
targeted SNP sequencing9,20.
* There are no publications of studies assessing failure rate for NIPT assays
performed using SNP arrays.

This difference in test failure rates may be due to inherent biases in
test design. Targeted sequencing and array-based methods tend
to have longer laboratory protocols and employ more rounds of
PCR than WGS methods, introducing potential sources of error and
increasing bias. In addition, these targeted approaches focus on
specific regions of the genome, but the design itself may not provide
sufficient coverage to capture all variations. This lack of coverage may
be further exacerbated when working with more challenging samples,



WGS assays provide a comprehensive view of genomic material. This
provides ample data across the entire genome, effectively removing
any biases introduced by common molecular techniques, such as
PCR. Having coverage data available across the entire diploid genome
produces an analytical reference that current analytical techniques can
use to reduce assay- and sample-specific biases. These normalization
steps lead to high sensitivity when working with low fetal fraction
samples, which means correct aneuploidy calls can be made in the
range of fetal fractions that typically requires QC rejection when using
targeted approaches.7
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such as those with a low percent of fetal fraction. In these cases, the
information is not distinct enough for the test to provide a reliable result
one way or the other, aneuploidy or euploidy. Results are deemed
uninterpretable and the test is noted as failing.

Patient Impact of Test Failure
Test failure leads to increased anxiety on the part of the patient and the
physician, and can potentially lead to increased unnecessary invasive
procedures. As test failure is really an inconclusive result, the ordering
physician has no information to share with the patient. “A failed test
result causes a ripple effect, not only for the patient but also to the
entire team helping take care of her and her pregnancy. It brings up
anxiety and doubt for the patient and creates confusion as to what is
the next step. More clinical evidence is building that a failed test should
be considered a red flag and careful consideration given as to what
is the best next option. We owe it to our patients and profession to
consider how we can minimize these test failures and safely maximize
the information we provide to our patients,” states Dr. Martin Chavez,
Chief of Maternal-Fetal Medicine at Winthrop-University Hospital.
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Although ordering a second blood draw to repeat NIPT is an option,
there are no guarantees that repeated NIPT will provide a definitive
answer. In fact, 65%* of patients with a first draw failure do not achieve
resolution.9 Another option is to perform a risky invasive procedure to
obtain a definitive answer regarding chromosome number. In addition
to the mental toll on patients and unnecessary inconvenience of
additional testing, the patient is now further along in the pregnancy,
reducing clinical management options.
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Figure 4: Sample-to-Answer Time for NIPT Assays—The verifi Prenatal Test,
a WGS test from Illumina, yields results in as little as 3 days while NIPT assays
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This 65% includes test failures from redraws and patients that either choose not to
submit a second sample or are ineligible for a redraw due to specific features that prevent
resolution with SNP-based NIPT (ie, large regions exhibiting loss of heterozygosity (LOH)).
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