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Introduction

Sex discordance between prenatal cytogenetic results and
ultrasound findings is not common, but gender discor-
dance is observed in approximately 1/2500 pregnancies
[1]. Now with the widespread uptake of noninvasive pre-
natal testing (NIPT), a larger cohort of women has access
to fetal DNA information. Previously this information
was typically only available to women undertaking an
invasive prenatal procedure [2], so the potential for iden-
tifying prenatal sex discordance is likely to increase.

Clinical Report

This case involves a 40-year-old Caucasian woman with
an appropriately developed 2-year-old son following an
uncomplicated first pregnancy, during which she under-
took combined first trimester screening but no invasive
testing. There was no family history of sex discordance.
In the index (second) pregnancy, she underwent NIPT
(Harmony™ Prenatal Test, Ariosa Diagnostics, San Jose,
CA, USA) at 10 weeks and 4 days’ gestation on the basis
of advanced maternal age. The Harmony test result indi-
cated a risk of <1 in 10,000 for the common trisomies
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Key Clinical message

Case report involving a normal female by NIPT with male external genitalia on
routine fetal morphology assessment. QF-PCR, CGH microarray, and FISH
revealed an unbalanced translocation, involving the short arms of the X and Y
chromosomes. This case demonstrates the possible limitations of correctly iden-
tifying sex chromosome abnormalities via NIPT.

CGH microarray, noninvasive prenatal testing (NIPT), sex discordance.

and the fetal sex was reported as female. Sex chromosome
analysis indicated a probability of XX above 99%. The
fetal fraction was reported at 17.7%.

Fetal anatomy and nuchal translucency assessment in
this case showed no abnormality at 12 weeks and 5 days’
gestation, but the protocol does not include imaging the
genitalia during this examination. The fetus again showed
no structural anomalies at the routine 19-week morphol-
ogy examination although, male external genitalia was
identified. Following a discussion with a maternal-fetal
medicine specialist, further investigations were instigated,
which included amniocentesis at 20 weeks and 4 days’
gestation, with 25 mL of clear amniotic fluid collected
following a single-needle insertion that did not traverse
the placenta, which was sent for Quantitative fluorescent
polymerase chain reaction (QF-PCR) analysis for chromo-
somes 13, 18, 21, X and Y and CGH microarray studies.

Materials and Methods

High-molecular weight DNA was extracted from 15 mL of
amniotic fluid, using the Promega Wizard Genomic DNA
Purification Kit (Madison, WI, USA). A reserve cell cul-
ture was established from the remaining sample following
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standard laboratory protocols. QF-PCR for rapid aneu-
ploidy detection was performed, using the Devyser Com-
pact v3 QF-PCR kit [3]. The sample was then processed
on a targeted version of the Agilent ISCA 8 x 60k design
(SUFWprenatalArray) against a normal male control and
slides were scanned using a DNA microarray scanner with
Surescan High Resolution Technology (Agilent, Santa
Clara, USA) as previously described [4]. Aberration detec-
tion was performed by Agilent CytoGenomics 2.0.6 soft-
ware. All results were reported according to GRCh37
(hg19) assembly. Metaphase fluorescence in situ hybridiza-
tion (FISH) testing was performed on the reserve cultured
amniocytes.

Results

QF-PCR showed a profile consistent with a fetus disomic
for 13, 18, 21, and X with a partial Y chromosome present.
The marker for SRY was present, and the DXY267 (pseu-
doautosomal marker, present on both X and Y chromo-
somes) showed a triallelic peak of which only one allele
was identified in the maternal profile, as depicted in Fig. 1.

The CGH microarray result showed a normal +1 log
ratio along the majority of the X chromosome, but a log
ratio of 0 from Xp22.33 to Xp22.32 indicated a copy num-
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ber loss of 2.2 Mb (from 2 copies to 1). The Y chromosome
showed a log ratio of —1 along the majority of the Y chro-
mosome, but a log ratio of 0 from Yp11.31 to Yp11.2, indi-
cated a copy number gain of 3.7 Mb (from 0 copies to 1).
The SRY region was included in this gain. Graphical repre-
sentation of these changes is depicted in Fig. 2.

An unbalanced translocation involving the short arms
of the X and Y chromosomes was suggested by the CGH
microarray and FISH testing confirmed translocation of
the additional Y material onto the Xp telomere, as
depicted in Fig. 3.

Paternal cytogenetic and FISH studies were recom-
mended, but declined, and the pregnancy was ongoing.

Discussion

46,XX males are rare, with a reported incidence of
1:20,000 newborn males. In the majority of cases, the Y
chromosome (including the SRY region in 90% of cases)
is translocated onto the X chromosome as a result of
recombination during paternal meiosis [5]. The pheno-
type of 46,XX males can vary from normal to ambiguous
genitalia and is now referred to as testicular disorders of
sex development (DSD) [6] The phenotypic variation is
thought to be related to the amount of Y chromosome
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Figure 1. Graphical representation of the Y chromosome using QF-PCR. SRY was present and DXY267 (pseudoautosomal marker XY2) showed
three alleles present. DXY218 (pseudoautosomal marker XY3) showed two alleles while amelogenin showed only a single allele and the ZFY allele

was not present (not pictured).
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Figure 2. CGH microarray images of X and Y chromosomes. Log ratio of O from Xp22.33 to Xp22.32 indicate a copy number loss of 2.2 Mb.
Log ratio of 0 from Yp11.31 to Yp11.2, indicate a copy number gain of 3.7 Mb.

translocated and also to the skewed inactivation of the
derivative (X:Y) chromosome [7]. A larger fragment of Y
translocated material could potentially protect the deriva-
tive X from inactivation, allowing a normal male pheno-
type, whilst those with a smaller fragment of Y material
are more likely to exhibit genital ambiguity [8]. Most
cases of 46,XX SRY positive males are diagnosed in late
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adolescence or adulthood through cytogenetic studies
investigating infertility and/or small testes [5].

Recently, there has been a case reported with a similar
unbalanced translocation involving the short arms of the
X and Y chromosomes, detected prenatally in a patient
who underwent invasive testing for advanced maternal
age. Although the cytogenetic result was reported as a
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Figure 3. A representative metaphase showing FISH with LSI SRY
Spectrum Orange (SO) CEP X Spectrum Green (SG) probes [Vysis,
Abbott Molecular, Abbott Park IL, USA]. Positive SRY signal indicated
by the red arrow is found at the terminal p arm of the derivative X.
The centromeres of both X chromosomes are shown by the green
arrows (image courtesy of South Eastern Area Laboratory Services).

normal 46,XX karyotype, the QF-PCR and FISH profiles
were concordant with our case [6]. Without fortuitous
definitive prenatal testing, the sex discordance would have
gone unidentified until puberty or later in this instance. In
the current case, discordance between the female NIPT
gender result and the phenotypically male features on
ultrasound prompted invasive testing for clarification. As
the uptake of NIPT increases across the obstetric popula-
tion, more gender discordance will be identified prenatally.

When the SRY gene is present, normal external geni-
talia and masculinization is usually observed as the SRY is
considered to play a crucial role in the differentiation of
testes in early embryonic life [9]. However, with the
absence of the spermatogenic genes on Yq (AZFa, AZFb,
and AZFc) azoospermia is possible [8].

Ariosa Diagnostics uses a novel assay (digital analysis
of selected chromosome regions: DANSR) to determine
trisomy 21, 18 [10], 13 [11], and sex chromosome aneu-
ploidy [12] risk for each patient. This assay is designed to
evaluate specific genomic fragments best able to discrimi-
nate aneuploid from euploid samples but only sequences
selected loci on the chromosomes of interest, rather than
whole-genome sequencing utilized during the massively
parallel sequencing (MPS) method [13]. The DANSR
method decreases the amount of raw sequencing reads
per sample by tenfold compared to MPS, which leads to
a decrease in cost and improved efficiency [10].

Due to the low guanosine-cytosine (CG) content of the
X chromosome, MPS is subject to highly variable amplifi-
cation. A study of sex chromosome aneuploidy detection
by DANSR assay compared to MPS [12] has attributed its
higher detection rate to the selective avoidance of these
regions. The resulting data are analysed using the fetal-
fraction optimised risk of trisomy evaluation (FORTE)
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algorithm. This model considers the age-related risks and
the percentage of fetal cfDNA in the sample to provide
an individualized risk score for trisomy. The higher the
fetal DNA fraction, the greater the difference in the num-
ber of ¢fDNA fragments originating from trisomic com-
pared with disomic chromosomes [10]. A sample with a
calculated z-score over 3.6 is considered indicative of an
aneuploidy result [14].

The DANSR assay includes 32 selected chromosome
regions on the Y chromosome, and although the test does
not claim to be able to detect small copy number varia-
tions, a recent study correctly identified six out of six
cases XXY males [15]. With almost two full X chromo-
somes and 3.7 Mb of additional Y chromosome (includ-
ing SRY) present in this case, it is interesting that this
was not reported as a 47,XXY Klinefelter syndrome result.
The SRY gene is considered responsible for the determi-
nation of normal male external genitalia and masculiniza-
tion but its presence alone does not seem to be sufficient
for the FORTE algorithm to determine there is at least a
partial Y chromosome present.

Two important points are raised by this case. Firstly,
the chromosome regions selected as important when
reporting on gender may need to be reviewed to reduce
the potential for erroneous gender results, which may also
positively impact on the rate of false-positive diagnoses of
a range of sex chromosome abnormalities. Secondly, this
case demonstrates the possible limitations of correctly
identifying sex chromosome abnormalities other than the
classical syndromes and highlights the necessity of good
quality ultrasound, counseling and molecular and cytoge-
netic techniques, as definitive diagnostic testing is recom-
mended for any abnormal NIPT result [16].
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