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Abstract

Background: Aneuploidy is one of the most important chromosomal aberrations, which involves an abnormal
number of the chromosomes. Trisomy 21 (Down syndrome) and numerical aberrations of the sex chromosomes
have a relatively high prevalence in the general population. However, the patients usually have one of the above
genetic disorders and combined cases of two different trisomies are unusual.

Case presentation: We report a case of a patient with double aneuploidy—a combination of trisomy 21 and triple
X syndrome. The proband had typical features of Down syndrome and did not manifest any symptoms of
polysomy X. The patient had hypotonia, a cardiac defect, and an annular pancreas. A clinical diagnosis of Down
syndrome was established, but the cytogenetic analysis found two free full trisomies—trisomy 21 (Down syndrome)
and triple X.

Conclusion: Cases of double aneuploidy, combining trisomy 21 and trisomy of a sex chromosome, could be
challenging because the patients manifest only symptoms, typical for Down syndrome. The discovery of a second
complete free trisomy X in our case was an incidental finding. This illustrates the importance of the cytogenetic
analysis, despite the evident phenotype of trisomy 21.
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Background
Double aneuploidy (DA) is a rare genetic phenomenon
in humans, and the majority of cases are found in abort-
ive material [1]. It usually involves an autosomal trisomy
such as trisomy 21, 18, or 13 and aneuploidy of the sex
chromosomes. The last one could be Klinefelter, Turner
syndrome, polysomy X, or polysomy Y [2]. There are
also reported mosaic cases of DA, which may include
other autosomes such as chromosome 8 or 14 [3, 4].

The clinical presentation of every case would be differ-
ent, depending on the cytogenetic finding.
In this study, we present a case of a full free double

aneuploidy, combining both trisomy 21 and triple X
syndrome, described for the first time in Bulgaria.

Case presentation
The patient was a preterm girl, born in 37 gestational
weeks per vias naturales after a second uneventful
pregnancy. The mother’s age was 25 years old. The
pregnancy was not followed-up by an obstetrician.
The birth weight of the patient was 2470 g (17.3rd

percentile), birth length 46 cm (10.3rd percentile), head
circumference 30 cm (2.3rd percentile). Apgar score was
5 points in 1 min and 6 points in 5 min.
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The baby girl presented with upslanting palpebral fis-
sures, and the ears were low set and with abnormal
outer morphology (Fig. 1). She also showed a tendency
for tongue protrusion. The patient had hypotonia. The
above described dysmorphic features were suspicious for
the presence of Down syndrome.
А chest X-ray of the baby was done due to а systolic

murmur. The X-ray showed a normal-sized cardiac
silhouette and a dislocated to the right shadow of the
right ventricle. A ventricular and an atrial septal defect
were diagnosed after a transthoracic ultrasound of the
chest. The patient had tachypnea, two-sided vesicular
breathing with crepitations. The child needed a constant
supply of oxygen.
Every time after the baby was fed, it vomited stomach

content, and it could not gain weight. A barium X-ray
examination of the abdomen was done, and it was diag-
nosed with a possible stenosis of the pylorus or the duo-
denum. On the 7th day after birth, the girl underwent a
surgical correction for annular pancreas, which was con-
stricting the duodenum. The other internal organs, bone,
and soft tissues were normal.
A blood sample for cytogenetic analysis was collected

to prove the clinical diagnosis of trisomy 21. The patient
was discharged from the hospital and was clinically im-
proved. The family was referred to genetic counseling.
Cytogenetic analysis of peripheral lymphocytes was

performed using Giemsa staining in the Laboratory of
Medical Genetics, Varna. An informed consent was re-
ceived from the family. A pathological karyotype 48,
ХХХ,+21 was observed in all 100 analyzed metaphase
spreads. There were two additional copies of the Х
chromosome and chromosome 21 (Fig. 2). The proband
was diagnosed with double aneuploidy and two free full
trisomies—trisomy 21 (Down syndrome) and triple X

syndrome. Cytogenetic analysis of the parents was not
performed.

Discussion
The first published case of the same type of double an-
euploidy—trisomy 21 together with triple X syndrome
was in 1962 by Breg et al. [5]. We summarized 12 other
reported cases through the years (Table 1). Even though
the individual frequency of the described aneuploidy is
not clear, it is estimated that the frequency of DA in
general is around 0.05% in newborns [14]. Despite this,
the incidence of these cases could be higher than ex-
pected, if it is multiplied by the individual frequency of
each of these aneuploidies [12].
The clinical presentation of patients with DA could be

different, depending on the cell line, which prevails, the
degree of mosaicism, and the type of affected chromo-
somes. There could be a combination of symptoms, typ-
ical for both observed chromosomal aberrations [1, 16].
However, DA of trisomy 21 and a sex chromosome an-
euploidy is an exception since there are usually pheno-
typic traits only of Down syndrome. This is because
trisomies of the sex chromosomes generally do not
manifest with facial dysmorphism or congenital anomal-
ies [17].
This is also observed in our case due to the fact that

triple X syndrome is not associated with any clinical se-
vere features [18]. The main symptoms of our patient
are due to the additional copy of chromosome 21.
Nevertheless, in cases of triple X syndrome, there may
be a developmental delay, learning disabilities, speech
problems, behavioral, emotional disorders, and delayed
motor skills. Also, there could be menstrual disturbances
and early menopause [19]. This illustrates the import-
ance of regular follow-up of our patient with DA not

Fig. 1 Phenotype of the proband, presenting with hypotonia
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only for complications due to trisomy 21, but also be-
cause of the additional copy of the X chromosome.
In contrast to polysomy X, dysmorphic features of

monosomy X could be present right after the birth of
the baby—for example, lymphedema of hands and feet
[20]. However, in cases of mosaicism for the Turner

syndrome, the dysmorphic features of Down syndrome
would be the main reason for genetic testing [21]. That
is why cytogenetic analysis is always required to check
for other chromosomal aberrations.
Double aneuploidies are the result of nondisjunction

of the chromosomes during the meiotic or mitotic

Table 1 Review of cases, combining trisomy 21 and polysomy X

Author Year Description Reference

Breg et al. 1962 First case described [5]

Day et al. 1963 Double aneuploidy in combination with retinoblastoma [6]

Chen et al. 1970 Double aneuploidy supposedly associated with low birth weight [7]

Papp et al. 1977 Three cases with 48, XXX,+21 of 362 cases in total [8]

Park et al. 1995 Prenatal detection, pregnancy was terminated [9]

Kovaleva et al. 2005 14 cases of 48,XXX,+21 [10]

Balwan et al. 2008 Typical Down’s syndrome phenotype, no features of polysomy X [1]

Guzel et al. 2009 Prenatal detection, pregnancy was terminated, both extra chromosomes were maternal [11]

Sheth et al. 2011 Typical Down’s syndrome phenotype, no features of polysomy X [12]

Uwineza et al. 2012 Typical features of Down’s syndrome, minor features of triple X syndrome—hypotonia and seizures [13]

Vergara-Mendez et al. 2018 Typical features of Down’s syndrome [14]

Tair and Gizi 2019 Typical features of Down’s syndrome, multiple congenital malformations [15]

Fig. 2 Gimsa-banded metaphase chromosomes of the patient: 48, XXX, +21. Circles indicate the additional copies of chromosome 21 and
X chromosome
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division, but the last one would lead to somatic mosai-
cism. In cases of meiotic nonreduction, the parental ori-
gin of the additional genetic material depends on the
time of the nondisjunction [13, 14]. If it occurs during
meiosis I, the newly formed gamete will have 24 chro-
mosomes in total and there will be both a maternal and
a paternal copy of the additional chromosome. If the
homologous chromosomes do not separate during mei-
osis II, the gamete will have again 24 chromosomes, but
the extra one will have the same parental origin—either
maternal or paternal. Both of the described aneuploidies
in cases of double aneuploidy could have the same or
different parental background [13]. However, in around
85.00% of the cases the additional chromosome 21 is
maternal. The parental contribution for the additional X
chromosome is equal [22].
In most of the cases described in the literature, it was

concluded that the DA, no matter if it is trisomy and/or
monosomy of two different chromosomes, resulted from
the nondisjunction of the chromosomes during the sec-
ond mitotic division [13, 23, 24]. The failure of the sister
chromatids to separate during the cell division (mitosis
or meiosis) is relatively common, especially during ovo-
genesis, and it is not so typical for spermatogenesis.
There are no certain risk factors or specific mutations,
which are associated with a greater chance of nondis-
junction. The most important risk factor is advanced
maternal age over 35 years old [18]. However, in our
case, the maternal age is not increased—it is 25 years.
Also, monosomies of the autosomes are not compat-

ible with life. Only X monosomies could result in a live
birth [1, 14]. Having an additional genetic material is
better tolerated possibly due to dosage compensation
mechanisms [25]. That is why most of the published
cases of DAs, which did not end with the death of the
embryo, had for example trisomies. The most common
DAs involve chromosome 21, followed by chromosome
16, X, 22, 18, 13, and 15 in a descending order. The
combination of Down and Klinefelter syndromes occurs
with the highest prevalence in live births [26]. However,
the main etiological factors, responsible for double aneu-
ploidies, are unknown [12]. In order to examine the pos-
sible mechanism of nondisjunction, it is recommended
to check the parental origin of each of the additional
chromosomes [24]. This was not done in the case de-
scribed because of the parents’ refusal, and we were un-
able to identify the mechanism of the DA. The mother
of our patient denied any exposure to teratogenic agents
during pregnancy, and there was no history of other
cases of chromosomal aberrations in the family (for ex-
ample, other children with Down syndrome) and the
maternal age was not advanced. That is why it is difficult
to presume what were the etiological factors for double
aneuploidy in the case described.

No matter the etiology of the DA, the change in the
number of the chromosomes could be detected by using
non-invasive prenatal testing [27]. However, the finding
must be confirmed by chorionic villus sampling or am-
niocentesis because there might be another cause for the
DA, for example, placental mosaicism or an underlying
maternal disease [28]. The genetic counseling in these
cases could be very challenging because of the possible
discordance of the result and the actual karyotype of the
patient.

Conclusions
The presented case of double aneuploidy could be a
challenging diagnosis because the patient manifested
only symptoms, typical for Down syndrome. The discov-
ery of a second complete free trisomy X was an inciden-
tal finding. That is why it is recommended to order a
cytogenetic analysis in every case of Down syndrome,
despite the evident phenotype of trisomy 21. This type
of genetic testing would not only confirm the diagnosis,
but it would also exclude additional chromosomal aber-
ration, like double aneuploidies.
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