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December 2020—Circulating cell-free DNA in the blood of pregnant women is derived from both maternal tissues

and the placenta.1  As  a result,  cfDNA isolated from maternal  plasma can be used for  noninvasive prenatal
screening  (NIPS)  to  identify  fetal  autosomal  aneuploidies  (trisomies  13,  18,  and  21)  and  sex  chromosome
aneuploidies (SCAs). For fetal autosomal aneuploidies, NIPS offers higher detection rates and lower false-positive

rates than traditional screening methods, such as maternal serum screening and nuchal translucency.2 NIPS is the
only screening option available for SCAs, such as Turner syndrome (45,X) and Klinefelter syndrome (47,XXY), which

do not present with ambiguous genitalia on fetal ultrasound.3

NIPS assays use multiple techniques, including single-nucleotide polymorphism, chromosome-specific, and whole-
genome-based analyses. Our laboratory performs NIPS via massively parallel shotgun sequencing (MPSS) of cfDNA
from maternal plasma. After cfDNA isolation, sequencing-ready libraries are prepared using the NEBNext Ultra DNA

Library Prep Kit for Illumina as described.4 Sequence reads are aligned to unique “bins” on autosomes and sex
chromosomes. The number of reads mapping to each bin is used to calculate a chromosome-specific Z-score using
a proprietary in-house–developed bioinformatics pipeline. The Z-score is thus a quantitative measure that can be
used to determine if the representation of chromosomal material is greater or less than expected for a diploid
fetus. Since a female fetus typically has two X chromosomes, and a male fetus only one, the X chromosome Z-
score for a female fetus is usually greater than that of a male fetus. Increased risk for fetal autosomal aneuploidy
or SCA is identified when a Z-score for an autosome or the X chromosome is outside of an empirically established,
validated range for a fetus with a normal chromosomal complement. Sex determination is performed by counting

the number of sequence reads that map to Y chromosome bins.4

However, since NIPS based on cfDNA from maternal plasma is a quantitative analysis of both maternal and

placental cfDNA, NIPS can be affected by a variety of maternal conditions.5 As illustrated by the case presented in
this report, another factor that can affect NIPS is a fetal demise in a multiple gestation pregnancy.

Patient case. A 36-year-old woman with a reportedly singleton pregnancy had a blood specimen drawn for NIPS
at 10 weeks, one day gestation. The results did not indicate an increased risk for autosomal aneuploidies (trisomies
13, 18, and 21), and the X and Y chromosome data were consistent with a male fetus (NIPS draw 1, Table 1).

A second-trimester ultrasound revealed no abnormalities, but the fetal sex was determined to be female. Because
of  the  discordant  fetal  sex  determinations  between  NIPS  and  ultrasound,  the  physician  obtained  a  second
specimen at 16 weeks, six days gestation for NIPS. The X and Y chromosome data for the second NIPS were again
consistent with a normal male fetus (NIPS draw 2, Table 1). Since the laboratory was unaware that the ultrasound
fetal sex determination was female, a report for a normal male fetus was issued. Consequently, the patient was
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offered diagnostic testing to assess the fetal karyotype; this testing was declined.

In a further attempt to resolve the discordant sex determinations, the physician drew a third specimen at 25
weeks, six days gestation for NIPS. Again, the results did not indicate an increased risk for an autosomal trisomy.
However,  the sex chromosome data were such that the fetal  sex could not be predicted. The number of  Y
chromosome reads this time was lower than expected for a male fetus and only slightly greater than the range
established as background for female fetuses. In addition, the X chromosome Z-score was in the range expected
for a female fetus (NIPS draw 3, Run No. 1, Table 1). Repeat testing performed on this specimen yielded similar
results (NIPS draw 3, Run No. 2, Table 1). These results were suggestive of either mosaicism for an SCA (e.g.
46XX/46XY mosaicism) or a vanishing twin (VT) pregnancy. A VT pregnancy is one in which a twin gestation is
reduced to a singleton gestation after the demise of one fetus. In this case, the sex of the demised fetus would be
predicted to be male.

A comparison of the sex chromosome data for all  three specimens (Table 1) revealed that the number of Y
chromosome sequence reads decreased significantly with advancing gestational  age.  They declined from a level
clearly indicative of a male fetus at 10 weeks, one day to a level not much greater than that expected for a female
fetus at 25 weeks, six days, with the number of reads at 16 weeks, six days less than that observed at 10 weeks,
one day but still clearly indicative of a male fetus. In addition, the representation of X chromosome material
increased over this time, from a level consistent with a male fetus to one consistent with a female fetus.

The trends in the sex chromosome data were consistent with a VT pregnancy with the demise of a male fetus and
provided an explanation for the discordance between the NIPS and ultrasound fetal sex determinations. At each
time point, the fetal cfDNA isolated from the maternal plasma included both cfDNA from a viable female fetus and
cfDNA from a likely male demised fetus, with the contribution from the demised male fetus decreasing over time.
The cfDNA from the demised male fetus was initially sufficient to cause the NIPS sex prediction to be unequivocally
male. However, as male cfDNA from the demised twin was cleared from the maternal circulation, the NIPS sex
prediction became equivocal and trended toward female.

To confirm a VT pregnancy, a laboratory genetic counselor contacted the physician for clinical information. At this
time, all of the clinical background for the pregnancy was provided, including the fact that the pregnancy was
originally a spontaneous twin gestation with the demise of one twin. The NIPS specimen drawn at 10 weeks, one
day  gestation  was  drawn  immediately  after  the  recognition  of  that  demise.  The  female  ultrasound  sex
determination was also provided. Postnatal follow-up confirmed delivery of a female baby.

Discussion. NIPS performed using cfDNA from maternal plasma is an effective screening tool for the detection of
fetal autosomal aneuploidies and SCAs and the determination of fetal sex. NIPS offers higher detection rates and
lower false-positive rates for autosomal aneuploidy screening than do traditional methods and is the only screening
option available for SCAs. However, as illustrated by the case described here, NIPS predictions of fetal sex can be
confounded in the setting of a VT pregnancy. In addition, VT pregnancies involving the demise of a twin with an

autosomal aneuploidy can lead to false-positive NIPS results.6,7



*The sex of the fetus is predicted to be male when the number of reads mapping to the Y chromosome is
greater than 30 and female when the number of reads mapping to the Y chromosome is less than 20.
**For a male fetus the X chromosome Z-score is <-3, and for a female fetus the X chromosome Z-score is >-5
and <+3.
***“Inconclusive” indicates the fetal sex could not be predicted from the NIPS data.

In a VT pregnancy, cfDNA from the demised twin can persist in the maternal circulation for a period of up to eight

to 15 weeks after the fetal demise.8,9 This can cause NIPS results for fetal sex or autosomal aneuploidies in a known
VT  pregnancy  to  be  discordant  with  ultrasound  findings  or  the  results  of  other  screening  or  diagnostic  testing.
Conversely, since VT pregnancies may not always present via ultrasound, a VT pregnancy should be considered
when NIPS results for an apparently singleton pregnancy are discordant with the results of other diagnostic testing.

Since VT pregnancies are at  higher risk for  adverse maternal  and neonatal  outcomes,10  such as gestational
diabetes, chronic hypertension, intrauterine growth restriction, and preterm labor, by alerting providers to the
possibility of a VT pregnancy, NIPS could contribute valuable information to providers and potentially allow fetal
and obstetric risks to be managed more successfully.

In addition, for appropriate interpretation of NIPS, it is essential that ordering physicians provide all relevant clinical
information, such as a pregnancy being a VT pregnancy, to the testing laboratory. For this case, the report of a VT
pregnancy would have provided an explanation for the discordance between the NIPS and ultrasound fetal sex
determinations and would have eliminated the need for multiple rounds of NIPS.
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Test yourself

 

Here are three questions taken from the case report.
Answers

1.  Noninvasive  prenatal  screening is  performed using  cell-free  DNA isolated from which  of  the
following sample types?
a. Amniotic fluid
b. Cultured chorionic villi
c. Maternal plasma
d. Maternal saliva

2. Which of the following statements about NIPS is true?
a. NIPS can be performed using Sanger sequencing.
b. NIPS and maternal serum screening have comparable sensitivity and specificity.
c. NIPS results can be affected by maternal conditions.
d. Sex chromosome aneuploidies cannot be identified.

3. Which of the following statements about vanishing twin pregnancies is true?
a. A VT pregnancy has no clinical significance.
b. NIPS results are never affected by a VT.
c. A fetal demise has occurred.
d. cfDNA from a demised twin is rapidly cleared from the maternal circulation.
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d. Maternal saliva
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