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Background: Cell-free NIPT and cell-based NIPT are risk-free testing options using
maternal blood samples to screen for fetal aneuploidies, but the methods differ. For
cell-free NIPT, the fetal fraction of cell-free DNA in plasma is analyzed with a high
background of maternal DNA. In contrast, for cell-based NIPT, a limited number of
the rare, intact fetal cells are isolated for the genetic analysis. This case demonstrates
the differences regarding testing for fetal sex-chromosomes anomalies (SCAs) between
these two tests.

Materials and Methods: A pregnant woman with mosaicism for Turner syndrome
opted for NIPT in first trimester. For the cell-free NIPT analysis, DNA extraction,
genome-wide massive parallel sequencing, and data analysis were carried out as
described by the kit manufacturer (lllumina®, San Diego, CA, USA). For cell-based NIPT,
the first sample gave no result, but the woman consented to repeat cell-based NIPT.
After whole genome amplification and STR analysis, fetal DNA from three individual fetal
cells was subjected to chromosomal microarray (@CGH, Agilent oligoarray, 180 kb).

Results: Fetal fraction was 7%, and cell-free NIPT showed 2 copies of chromosomes
13, 18, and 21 and a decreased proportion of chromosome X, suggestive of fetal
Turner syndrome. In contrast, the cell-based NIPT result showed no aneuploidy and two
X-chromosomes in the fetus.

Conclusion: cell-based NIPT may provide a non-invasive testing option to screen for
SCAs in women with mosaicism for monosomy-X in blood, where cell-free NIPT cannot
discriminate whether the X-loss is maternal or fetal.

Keywords: cell-based noninvasive prenatal testing, sex chromosomal aneuploidies, turner mosaic, non-invasive
prenatal testing, extravillous trophoblast
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INTRODUCTION

Cell-free non-invasive prenatal testing (cfNIPT) through analysis
of cell-free fetal DNA (cfflDNA) in maternal plasma is widely
implemented as a screening for fetal trisomy 13, 18, and 21, and
often also sex chromosomal aneuploidies (SCAs) (Gadsboll et al.,
2020). cfNIPT is highly sensitive and specific for trisomies 21
(sensitivity: >99%), 13 (sensitivity: >98%), and 18 (sensitivity:
>99%) (Rose et al., 2020), but the concordance for SCAs is lower
(from 90.5 to 100%) (Pertile et al., 2021). Maternal SCAs is a
known cause of false positive cfNIPT results, which may lead to
redundant referral for invasive testing (Wang et al., 2015; Zhang
et al., 2020).

SCAs is a group of genetic conditions characterized by
numeric abnormalities of sex chromosomes and includes 45,X
(Turner syndrome), 47,XXY (Klinefelter syndrome), 47, XXX and
47,XYY, that affects 1/400 newborns, collectively being more
common than Downs syndrome (Nielsen and Wohlert, 1991).
Monosomy X, clinically diagnosed as Turner syndrome, is the
most common SCA in female conceptions, and in adulthood the
condition may occur in three different groups of women. In the
non-mosaic state, the first group, Turner syndrome will develop.
These women have general health complications (Gravholt et al.,
2019) and are typically infertile. Women with mosaicism for
Turner syndrome, the second group, may present the full
phenotypic range—from manifestation of Turner syndrome to
being completely without phenotypic traits of Turner syndrome.
Some of these women are unaware of their condition, and others
are diagnosed with mosaic Turner syndrome in childhood or
when trying to conceive. This group of women may have fertility
problems, but some conceive. Their risk of fetal aneuploidy is
only documented in smaller case series but seems to be elevated
for trisomy 21 and sex chromosome aberrations (Birkebaek et al.,
2002; Sybert, 2002; Bernard et al., 2016). Therefore, in Denmark,
women with mosaicism for Turner syndrome are offered invasive
testing in pregnancy but may wish for risk-free non-invasive
testing opportunities as obtained pregnancies may be rare in
these women. The third, and most common group, consists of
women with an age-dependent loss of X chromosome in blood
(Guttenbach et al., 1995; Russell et al., 2007). Testing-wise these
women will be indistinguishable from women with mosaicism
for Turner syndrome, and likely their risk of aneuploidy in
pregnancy will also be higher due to advanced maternal age.
These women will also be represented among women opting
for NIPT.

In this report, we demonstrate how cell-based NIPT
(cbNIPT), a developing technology based on isolation of fetal
extravillous trophoblasts (fEVTs) from maternal blood, provides
a non-invasive screening option for both aneuploidies and sex
chromosome aberrations to a woman with Turner mosaicism.
cbNIPT has, in a research setting, been an option for all women
opting for cfNIPT in the Central Denmark region since 2018.

CASE PRESENTATION

A woman under the age of 30 was diagnosed with mosaicism
for Turner syndrome after 3 spontaneous miscarriages. She had

monosomy X in 27% of examined metaphases in peripheral
blood and her karyotype was mos 45,X[4]/46,XX[6].ish mos
X(DXZ1x1)[12]/X(DXZ1x2)[38]. The woman had no clinical
signs of Turner syndrome. Shortly after diagnosing her with
mosaicism for Turner syndrome, she became pregnant without
reproductive assistance. She was counseled on an option of either
invasive vs. non-invasive testing (cfNIPT) according to Danish
guidelines and at gestational age (GA) 10+4-3, she opted for NIPT
prior to her combined first trimester screening. In the Central
Denmark Region, women opting for c¢fNIPT are asked if they
additionally want the cbNIPT carried out in a research setting
and written informed consent for cbNIPT was obtained. From
the first cobNIPT sample, one fEVT contaminated with maternal
DNA was sampled, and thus, no further analysis was conducted.
The woman attended the first trimester screening at the
Department of Obstetrics and Gynecology at a Regional Hospital
in Denmark and received a normal risk estimate for Downs
syndrome and the nuchal translucency was normal (2.7 mm) and
normal biochemistry. The woman chose resampling of blood
for a second run of cbNIPT when a reanalysis was offered at
GA 13+1.

The woman did not opt for invasive prenatal diagnosis after
NIPT results.

METHODS

Cell-Free NIPT

Cell-free NIPT was performed at the Department of Clinical
Genetics, Aarhus University Hospital. For cfNIPT analysis,
20 mL blood was sampled in Cell-Free DNA BCT tubes (Streck
laboratories, USA) at GA 1043 and cell-free DNA extraction
from plasma, genome-wide massive parallel sequencing, and
data analysis were conducted following the kit manufacturer’s
instructions (Illumina©, San Diego, CA, USA) for TG TruSeq®
Nano DNA Sample Preparation kit v1.0 + TG NSQ 500/550 High
Output Kit v2. VeriSeq NIPT Analysis Software v1 was used for
analysis of the fetal fraction and aneuploidy status.

Cell-Based NIPT

For cbNIPT, 30mL of peripheral blood was first collected
at GA 1043, and at repeat analysis at GA 1341, 60mL
blood was sampled and split into 2 x 30mL samples
in accordance with the protocol. Blood was collected in
Cell-Free DNA BCT tubes (Streck laboratories, USA). Fetal
extravillous trophoblasts (fEVTs) were enriched as previously
described using Magnetic Activated Cell Sorting (Miltenyi
Biotech, Germany) (Kolvraa et al., 2016). fEVT candidates were
isolated using BD FACSMelody™ Cell Sorter (BD Biosciences,
US) for single-cell sorting. Whole genome amplification
(WGA) was performed using Smart Picoplex WGA (Takara,
Japan). fEVTs were validated to be of fetal origin and not
contaminated with maternal DNA by short tandem repeat (STR)
analysis using GlobalFiler™ PCR Amplification Kit (Thermo
Fisher Scientific, US) following manufacturer’s instructions.
Fragment size separation by capillary electrophoresis was run
on an Applied Biosystems 3500 Genetic Analyzer instrument
and data analysis was conducted using GeneMapper ID-X
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FIGURE 1 | Cell-free NIPT result for chromosome X. The 1st axis represents the normalized level of X-chromosomal material and the 2nd axis represents level of
Y-chromosomal material detected. The normal range for female euploid samples (Normal XX) and male euploid samples (Normal XY) are marked by the dotted lines.
The cfNIPT result for the reported case is marked with an enlarged X. NCV, Normalized Chromosome Value (for chromosome X and chromosome Y, respectively).

software (Thermo Fisher Scientific, US). Copy number variation
(CNV) by array Comparative Genomic Hybridization (aCGH)
analysis was performed on single-cell WGA from fEVTs using
SurePrintG3Human CGH 4 x 180K arrays from Agilent
Technologies. Reference DNA for the fEVT WGA product was
a pool of 10 WGA products from lymphoblastic genomic DNA
(Promega, USA). CNVs were detected using the adm-2 algorithm
with a 5 Mb threshold.

RESULTS

For cfNIPT analysis, the reported cell-free fetal DNA fraction was
7% and the results showed two copies of chromosome 13, 18,
and 21. The result was inconclusive for chromosome X, but the
decreased proportion of X-chromosomal material was strongly
suggestive of Turner syndrome (Figure 1). No Y chromosome
material was detected.

For the first cbNIPT analysis, only one fEVT was isolated,
and the STR analysis showed that the sample contained DNA
of both fetal and maternal origin, which may occur if both
a fetal and a maternal cell is sorted to the same tube by
FACS. Hence, no further analysis was conducted on this. In
the second cbNIPT, on a new blood sample, fetal origin was

validated in three candidate cells and these were analyzed
individually by chromosomal microarray. The aCGH results
of all three single cell analyses demonstrated no aneuploidy,
and two X chromosomes when analyzed against a female
control [arr[hgl19](1-22,X)x2, Figure 2]. Hence, cbNIPT result
was normal and female.

DISCUSSION

During the last decade, cfNIPT has been introduced worldwide
as an efficient screening tool for detection of trisomies 13, 18,
and 21 and potentially sex chromosomes, however, the positive
predictive value for the SCAs is lower (Gadsbell et al., 2020; Luo
et al,, 2021; Pertile et al., 2021). Prenatal diagnosis of SCAs in a
fetus is complicated by the absence of confirmatory ultrasound
findings beyond the increased nuchal translucency (Christiansen
et al., 2016). Further, maternal factors such as SCA mosaicism
or age-related loss of the X-chromosome may interfere with
data interpretation, hence causing false positive cfNIPT results.
Therefore, follow-up invasive prenatal diagnosis is necessary to
confirm a positive cfNIPT result, and false positive cfNIPT results
for SCA may lead to redundant invasive testing and increased
waiting time (Zhang et al., 2020).
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FIGURE 2 | Cell-based NIPT chromosomal microarray of single-cell whole genome amplified DNA from three fetal extravillous trophoblasts (A-C). The result is
consistent with a normal female karyotype, arr[GRCh37](1-22,X)x2.

In the present case with maternal mosaicism for Turner
syndrome, we report discordant results between cfNIPT and
cbNIPT. The cfNIPT result was inconclusive for chromosome X,
but strongly suggestive of monosomy X, and thus inconclusive. In
this case, the cfNIPT result may reflect the mosaic state of Turner
syndrome in the pregnant woman alone, or in combination
with mosaic or non-mosaic Turner syndrome in the fetus. The
cbNIPT was obtained by analysis of three individual fEVTs, and
none of the tests showed aneuploidy and all confirmed two X
chromosomes in the fetal cells (arr[GRCh37](1-22,X)x2). The
cbNIPT result showed normal with female karyotype, but fetal
mosaicism is possible and cannot be excluded based on analysis
of few fEVTs, however, the likelihood is greatly reduced, and the
normal nuchal translucency speaks against this. Unfortunately,
follow-up confirmation (chromosome analysis or molecular
karyotyping) after birth of the female child has not been obtained
for this study. The presented case is a part of a larger study
that has been running since 2018, where pregnant women in the
Central Denmark Region have been offered cbNIPT in addition
to cfNIPT albeit in a research setting (Vestergaard et al., 2017;
Hatt et al., 2020).

The cfNIPT analysis offered by the Danish national healthcare
system (Veriseq NIPT, Illumina) does not distinguish fetal and
maternal cfDNA. Therefore, cfNIPT results may be affected
by maternal obesity, maternal copy number variations or
mosaicism, abnormal maternal karyotype, as well as confined
placental mosaicism, a vanishing twin or malignant tumors (Hui
and Bianchi, 2020). In a recent retrospective study, Lund et al.
(2021) assessed the early clinical use and performance of cfNIPT
in Denmark by collecting c¢fNIPT data from national public

registers and private providers (total n = 3,936 NIPT results)
from March 2013 to June 2017. SCAs (n = 14) constituted
18.4% of the positive cfNIPT results (n = 76) and for those
with genetic follow-up (n = 13), 46% were false positives (n =
6). A similar study was conducted by La Verde et al. (2021) on
a large cohort of 36,456 consecutive pregnancies in the Italian
population tested between April 2017 and September 2019. Of
501 screen-positive cfNIPT results, 28.9% (n = 145) were positive
for SCA, and of those with follow-up diagnostic testing (n =
135), 13.3% (n = 18) were false positives, corresponding to
a positive predictive value of 86.7% for SCAs. In 11 of the
18 false positive results for fetal SCA, maternal SCA (in a
mosaic form) were subsequently identified. Importantly, none
of these 11 women conceived without reproductive assistance,
which, retrospectively, may be a warning sign against using
cfNIPT with the aim of screening for SCA in the fetus. In
these cases, cbNIPT could potentially be offered instead of
cNIPT analysis.

Cell-based NIPT is based on analysis of circulating placental
cells and is therefore also affected by confined placental
mosaicism as are cfNIPT and CVS results. The obstacle
for detection of CNVs using cbNIPT is the DNA quality
after fixation and staining technique used for enrichment of
fEVTs. However, cbNIPT is unaffected by maternal obesity
(Kruckow et al, 2019) or maternal mosaicism, and the
analysis of a pure fetal genome enables testing for fetal
aneuploidies and larger CNVs independent of the maternal
chromosomal status. Therefore, coNIPT may provide a clinically
useful NIPT option in cases where maternal factors interfere
with the interpretation of cfNIPT results. cbNIPT and new
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approaches for SNP-based cfNIPT analysis to distinguish fetal-
and maternal chromosomal anomalies (Samango-Sprouse et al.,
2013) expand the opportunities for non-invasive prenatal
testing. Therefore, experiences and pitfalls of different NIPT
methodologies, as well as technical advances within the field,
must be considered in order to evaluate the effectiveness
of the different NIPT strategies and to avoid redundant
referral for invasive testing. In conclusion, more data is
needed to evaluate the performance of cbNIPT for SCAs in
general. However, ¢cbNIPT may potentially provide a non-
invasive testing option for aneuploidy screening compatible with
maternal SCA or mosaicism as well as age-related loss of the
chromosome X.

DATA AVAILABILITY STATEMENT

The original contributions presented in the study are included
in the article/supplementary material, further inquiries can be
directed to the corresponding author.

ETHICS STATEMENT

This project has been approved by the Local Danish
Scientific Ethical Committee (69335) and the Danish Data
Protection Agency (2012-58-006). The pregnant woman gave
written informed consent for her case to be published as a
case report.

REFERENCES

Bernard, V., Donadille, B., Zenaty, D., Courtillot, C., Salenave, S., Brac de la
Perriere, A., et al. (2016). Spontaneous fertility and pregnancy outcomes
amongst 480 women with Turner syndrome. Hum. Reprod. 31, 782-788.
doi: 10.1093/humrep/dew012

Birkebaek, N. H., Criiger, D., Hansen, J., Nielsen, J., and Bruun-Petersen, G. (2002).
Fertility and pregnancy outcome in Danish women with Turner syndrome.
Clin. Genet. 61, 35-39. doi: 10.1034/j.1399-0004.2002.610107.x

Christiansen, M., Ekelund, C. K., Petersen, O. B., Hyett, J., Eastwood, N., Ball,
S., et al. (2016). Nuchal translucency distributions for different chromosomal
anomalies in a large unselected population cohort. Prenat. Diagn. 36, 49-55.
doi: 10.1002/pd.4711

Gadsbell, K., Petersen, O. B., Gatinois, V., Strange, H., Jacobsson, B., Wapner,
R., et al. (2020). Current use of noninvasive prenatal testing in Europe,
Australia and the USA: a graphical presentation. Acta Obstet. Gynecol. Scand.
99, 722-730. doi: 10.1111/a0gs.13841

Gravholt, C. H., Viuff, M. H., Brun, S., Stochholm, K., and Andersen, N. H. (2019).
Turner syndrome: mechanisms and management. Nat. Rev. Endocrinol. 15,
601-614. doi: 10.1038/s41574-019-0224-4

Guttenbach, M., Koschorz, B., Bernthaler, U., Grimm, T., and Schmid, M. (1995).
Sex chromosome loss and aging: in situ hybridization studies on human
interphase nuclei. Am. J. Hum. Genet. 57, 1143-1150.

Hatt, L., Singh, R, Christensen, R., Ravn, K, Christensen, I. B., Jeppesen,
L. D, et al. (2020). Cell-based noninvasive prenatal testing (cbNIPT)
detects pathogenic copy number variations. Clin. Case Rep. 8, 2561-2567.
doi: 10.1002/ccr3.3211

Hui, L., and Bianchi, D. W. (2020). Fetal fraction and noninvasive prenatal testing:
what clinicians need to know. Prenat. Diagn. 40, 155-163. doi: 10.1002/pd.5620

Kolvraa, S., Singh, R, Normand, E. A., Qdaisat, S., van den Veyver, I. B., Jackson,
L., et al. (2016). Genome-wide copy number analysis on DNA from fetal cells

AUTHOR CONTRIBUTIONS

L], LH, RS, and PS developed the technology for isolation of
fetal extravillous trophoblasts. IV managed the project clinically
and was responsible for patient’s approval, collection of clinical
material, and interpretation of clinical results including aCGH
and cell-free NIPT along with SM and LA. L] wrote the
first version of the manuscript. All other authors contributed
to revisions.

FUNDING

Isolation and analysis of fetal extravillous trophoblasts was
funded by ARCEDI Biotech. IV’s research was funded by a grant
from the Novo Nordisk Foundation (NNF160C0018772) and
she receives no funding from ARCEDI Biotech. L] was doing an
Industrial Ph.D funded by ARCEDI Biotech, Aarhus University
and an Innovation Fund Denmark grant 0153-00004B.

ACKNOWLEDGMENTS

We would like to acknowledge Anne Marie Bruun, Mette
Overgaard, Anne Schelde Hoy, Filiz Kesgin, Simon Tabi Arrey,
Lotte Munkholm, and Anne Katrine Rasmussen for their
excellent technical assistance in fetal cell isolation. We also thank
the technicians at the Department of Clinical Genetics, Aarhus
University Hospital, for their effort in conductance of aCGH
analysis, in particular Gitte Romer Hjelm.

isolated from the blood of pregnant women. Prenat. Diagn. 36, 1127-1134.
doi: 10.1002/pd.4948

Kruckow, S., Schelde, P., Hatt, L., Ravn, K., Petersen, O. B., Uldbjerg, N., et al.
(2019). Does maternal body mass index affect the quantity of circulating
fetal cells available to use for cell-based noninvasive prenatal test in high-risk
pregnancies? Fetal Diagn. Ther. 45, 353-356. doi: 10.1159/000492028

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

Lund, I. C. B, Petersen, O. B., Becher, N. H,, Lildballe, D. L., Jorgensen, F. S.,
Ambye, L., et al. (2021). National data on the early clinical use of non-invasive
prenatal testing in public and private healthcare in Denmark 2013-2017. Acta
Obstet. Gynecol. Scand. 100, 884-892. doi: 10.1111/a0gs.14052

Luo, Y., Hu, H,, Zhang, R.,, Ma, Y., Pan, Y., Long, Y., et al. (2021). An assessment of
the analytical performance of non-invasive prenatal testing (NIPT) in detecting
sex chromosome aneuploidies: 34,717-patient sample in a single prenatal
diagnosis centre in China. J. Gene Med. 78:1. doi: 10.1002/jgm.3362

Nielsen, J., and Wohlert, M. (1991). Chromosome abnormalities found among
34910 newborn children: results from a 13-year incidence study in Arhus,
Denmark. Hum. Genet. 87, 81-83. doi: 10.1007/BF01213097

Pertile, M. D., Flowers, N., Vavrek, D., Andrews, D., Kalista, T., Craig, A., et al.
(2021). Performance of a paired-end sequencing-based noninvasive prenatal
screening test in the detection of genome-wide fetal chromosomal anomalies.
Clin. Chem. hvab067 doi: 10.1093/clinchem/hvab067

Rose, N. C., Kaimal, A. J., Dugoff, L., Norton, M. E., and Medicin AC of O
and GC on PB on G for M-F. (2020). Screening for fetal chromosomal
abnormalities: ACOG practice bulletin, number 226. Obstet. Gynecol. 136,
e48-¢69. doi: 10.1097/A0G.0000000000004107

Russell, L. M., Strike, P., Browne, C. E., and Jacobs, P. A. (2007). X chromosome
loss and ageing. Cytogenet. Genome Res. 116, 181-185. doi: 10.1159/000098184

Frontiers in Genetics | www.frontiersin.org

September 2021 | Volume 12 | Article 741752


https://doi.org/10.1093/humrep/dew012
https://doi.org/10.1034/j.1399-0004.2002.610107.x
https://doi.org/10.1002/pd.4711
https://doi.org/10.1111/aogs.13841
https://doi.org/10.1038/s41574-019-0224-4
https://doi.org/10.1002/ccr3.3211
https://doi.org/10.1002/pd.5620
https://doi.org/10.1002/pd.4948
https://doi.org/10.1159/000492028
https://doi.org/10.1186/s12920-021-00941-y
https://doi.org/10.1111/aogs.14052
https://doi.org/10.1002/jgm.3362
https://doi.org/10.1007/BF01213097
https://doi.org/10.1093/clinchem/hvab067
https://doi.org/10.1097/AOG.0000000000004107
https://doi.org/10.1159/000098184
https://www.frontiersin.org/journals/genetics
https://www.frontiersin.org
https://www.frontiersin.org/journals/genetics#articles

Jeppesen et al.

Cell-Based NIPT for Sex Chromosomal Anomalies

Samango-Sprouse, C., Banjevic, M., Ryan, A., Sigurjonsson, S., Zimmermann, B.,
Hill, M., et al. (2013). SNP-based non-invasive prenatal testing detects sex
chromosome aneuploidies with high accuracy. Prenat. Diagn. 33, 643-649.
doi: 10.1002/pd.4159

Sybert, V. P. (2002). Phenotypic effects of mosaicism for a 47,XXX cell line
in Turner syndrome. Vol. 39, Journal of medical genetics. p. 217-20.
doi: 10.1136/jmg.39.3.217

Vestergaard, E. M., Singh, R., Schelde, P., Hatt, L., Ravn, K., Christensen, R.,
et al. (2017). On the road to replacing invasive testing with cell-based NIPT:
five clinical cases with aneuploidies, microduplication, unbalanced structural
rearrangement, or mosaicism. Prenat. Diagn. 37, 1120-1124. doi: 10.1002/pd.
5150

Wang, S., Huang, S., Ma, L., Liang, L., Zhang, J., Zhang, J., et al. (2015).
Maternal X chromosome copy number variations are associated with
discordant fetal sex chromosome aneuploidies detected by noninvasive
prenatal testing. Clin. Chim. Acta 444, 113-116. doi: 10.1016/j.cca.2015.
02.014

Zhang, B., Zhou, Q., Chen, Y., Shi, Y., Zheng, F., Liu, J, et al

(2020).  High  false-positive =~ non-invasive  prenatal  screening
results for sex chromosome abnormalities: are maternal factors
the  culprit?  Prenat.  Diagn. 40, 463-469. doi:  10.1002/pd.

5529

Conflict of Interest: L], LH, RS, and PS are all employed by the Danish biotech
company ARCEDI Biotech that has launched a commercial cell-based non-
invasive prenatal test (www.evitatest.com).

The remaining authors declare that the research was conducted in the absence of
any commercial or financial relationships that could be construed as a potential
conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2021 Jeppesen, Hatt, Singh, Schelde, Andreasen, Markholt, Lildballe
and Vogel. This is an open-access article distributed under the terms of the Creative
Commons Attribution License (CC BY). The use, distribution or reproduction in
other forums is permitted, provided the original author(s) and the copyright owner(s)
are credited and that the original publication in this journal is cited, in accordance
with accepted academic practice. No use, distribution or reproduction is permitted
which does not comply with these terms.

Frontiers in Genetics | www.frontiersin.org

September 2021 | Volume 12 | Article 741752


https://doi.org/10.1002/pd.4159
https://doi.org/10.1136/jmg.39.3.217
https://doi.org/10.1002/pd.5150
https://doi.org/10.1016/j.cca.2015.02.014
https://doi.org/10.1002/pd.5529
https://www.evitatest.com
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/genetics
https://www.frontiersin.org
https://www.frontiersin.org/journals/genetics#articles

	Screening for Fetal Aneuploidy and Sex Chromosomal Anomalies in a Pregnant Woman With Mosaicism for Turner Syndrome—Applications and Advantages of Cell-Based NIPT
	Introduction
	Case Presentation
	Methods
	Cell-Free NIPT
	Cell-Based NIPT

	Results
	Discussion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	Acknowledgments
	References


