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DOUBLE AUTOSOMAL ANEUPLOIDY: A CASE OF TRISOMY 18 AND 21
MOSAICISM IN A NEONATE WITH CLINICAL DOWN SYNDROME
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Abstract

Background: Double aneuploidy is the phenomenon where two aneuploidies co-exist in the same
individual, usually involving one autosomal chromosome and one sex chromosome. Double autosomal
aneuploidy is rare and usually results in spontaneous abortions. There are only six published case reports
of liveborn with trisomy 18 and trisomy 21 and all of which involve mosaicism. Case Presentation: This
case report documents an infant born at 35 weeks with phenotypic features of Down Syndrome. However,
cytogenetic analysis showed a mosaic of both trisomy 18 and 21. The patient initially had patent ductus
arteriosus requiring operative closure and has congenital hypothyroidism. Conclusion: We describe five
possible pathways leading to this phenomenon, including error during meiosis, meiotic nondisjunction,
mitotic nondisjunction, sequential mitotic segregation and chimerism. This case report reiterates the
significance of traditional cytogenetic analysis in children with features of Down Syndrome to detect any
further abnormalities.
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Introduction

Aneuploidy is a common structural chromosomal
abnormality, where trisomy 21 is the most prevalent
aneuploidy with incidence of 1 in 800 live births [1].
In contrast, double aneuploidy is a rare phenomenon
where two aneuploidies co-exist in the same
individual [2]. Ford et. al. [3] reported the first double
aneuploidy case involving Trisomy 21 and Klinefelter
Syndrome (48,XXY,+21) in 1959, and ever since more
cases of double aneuploidies were reported amongst
children with Trisomy 21. Most of these double
aneuploidies involved sex chromosomes (i.e.,
XXY/XYY/XXX) with incidence of 1 in 626 of live born
infants with Trisomy 21 [4].

Double aneuploidies involving chromosome 21 with
other autosomal chromosomes are rarer and mostly
resulted in early miscarriages in comparison to single
trisomy cases [5, 6]. However, there are live cases of
double autosomal trisomies reported - involving
chromosome +8/+14 [7], +8/+21 [8, 9], +13/+18 [10]
and notably five cases of double trisomies +18/+21
[11, 12,13, 14, 15] We present the sixth reported live
case of +18/+21 trisomies.

Case Presentation

A baby girl was born at 35 weeks’ gestation with a
birth weight of 2.31kg. Her mother was a 32-year-old
primigravid who antenatally had well-controlled
gestational diabetes mellitus on oral medication. The
patient’s father was 33 years old and had no medical
illness. During antenatal checkup throughout the
pregnancy, no congenital abnormality was seen.
There was no family history of aneuploidy or
congenital anomalies.

On physical examination after birth, the patient had
generalized hypotonia, increased medial epicanthal
folds, hypertelorism, low set ears, flattened nasal
bridge, short digits, and widened sandal gap,
suggestive of Down Syndrome. Features of Edward
Syndrome such as clenched fists, overlapping fingers,
rocker-bottom feet and micrognathia were absent.
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Her height, weight and head circumference were on
the 50" centile of the growth chart.

She had a hemodynamically significant patent ductus
arteriosus which eventually required operative
closure at 4 weeks of age. Screening ultrasound
kidney showed mild hydronephrosis with no
horseshoe-shaped kidney seen whilst cranial
ultrasound showed ventriculomegaly which was
confirmed by magnetic resonance imaging (MRI)
brain. Chromosomal analysis from peripheral blood
was performed on G-banded metaphases at 400 and
550 band resolution and showed 47,XX,+21[19]/
47 XX,+18[4] karyotype (Fig. 1 and Fig. 2).
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Figure 1. Trisomy 18 karyotype, seen in 18% analyzed
metaphases.
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Figure 2. Trisomy 21 karyotype, seen in 82% analyzed
metaphases.

During her stay in the neonatal care intensive unit
(NICU), she had multiple episodes of infection
requiring respiratory support and multiple courses of
antibiotics. She also has congenital hypothyroidism
and was treated with levothyroxine. The patient was
discharged at 3 months of age with nasogastric tube
feeding and no respiratory support. At the point of
discharge, she was growing at the 50th centile but
development was only up to 6 weeks of age. She is
currently under a multidisciplinary team follow-up
with regular Down Syndrome surveillance. The
clinical genetic team has offered genetic testing for
both parents; however, they refused further
investigations with no further plan to conceive.

Discussion

To our current knowledge, only five cases of double
trisomy 18 and 21 have been reported [11, 12, 13, 14,
15].Yu-Feng Hsu et. al. [15] reported a case of mosaic
trisomy 18, trisomy 21 and a normal cell line. It has
been postulated that in double aneuploidy of 18 and
21, there may be variable expression of the
chromosomes in the tissues, resulting in a
predominantly Down’s Syndrome phenotype with a
better survival rate [13]. This is supported by a recent
case report by Mendiola et. al. [14] in which the
proband exhibited phenotypic features of both
Trisomy 18 and 21 with predominant Trisomy 18 cell
lines on cytogenetic testing.

Table 1 demonstrates a comparison of the five cases
of double aneuploidy 18 and 21. Although patients
showed variable clinical manifestations, it appears
that classical features of Down Syndrome were more
prominent in these cases. Long term prognosis of
these patients is unknown, and it remains elusive
whether their clinical manifestations correlate
proportionately to their genetic makeup. From these
case reports, it may be inferred that double
autosomal aneuploidy is only compatible with life
when there is mosaicism, consistent with findings
from Reddy [5] and Micale et. al. [6] who postulated
that most double aneuploidies result in spontaneous
abortions.
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Table 1. Comparison of Reported Cases of Double Aneuploidy Trisomy 18 and Trisomy 21

Authors Antenatal and Birth and Neonatal Clinical Features Cytogenetic Results
Family History History
Mendiol  Mother was 41 Born at 36 weeks 4 Examination at 8 months: Quad screening and non-
a et. al. vyears old, para 3 days. e AVSD invasive prenatal test:
(2022) at time of birth. Good APGAR score. e Hypotonia Trisomy 21
No significant  No dysmorphic e Low set posteriorly rotated
family history. features. ears RCA at birth:
Fetal ultrasound Physical examination e High arched palate 47 XX, +18[15]1/47 XX,+21[
at 29 weeks: normal. e Micrognathia 81/48 XX,+21,+marl7]
e  Atrial Systemic issues:
septal e Jejunal RCA at 1 year of age
defect atresia (peripheral blood
e Pericardi e Inguinal lymphocytes):
al hernia 47 XX, +18[761/47 XX, +21[
effusion e Peter’s 4]
e Small anomaly
bowel with left
dilatatio cataract.
n e Complete
e Double common
bubble AVSD,
sign biventricular
hypertrophy
, mild AVVR.
Thomas  Mother was 35 Presentedat2.5years Examination at 2.5 years old: Performed at 2.5 years old.
et. al. years old, old. e Muscular hypotonia. A total of 100 metaphase
(1994) primiparous at No  birth history e Joint laxity. spreads
time of birth. available. e Flat occiput. was analyzed:
Father was 38 e Upward slanting palpebral e 384 cells showed
years old at the fissures. 47 XY+18.
time of birth. e Hypertelorism. e 16 cells showed
No significant e High arched palate. 47,XY4+21.
family history. e Bilateral 5th finger
clinodactyly
e Wide sandal gap.
e Flatfeet.
e Prominent heel, but no
rocker bottom feet.
e Poor sucking reflex.
e Bilateral simian crease.
Marks et. Mother was 23 Bornatterm. Presented at 17 months old with Performed at 5 years old.
al.(1967) vyears old at the No neonatalissues. global developmental delay. e Total of 40 cells
time of birth. Examination at point e Mongoloid facies and fingers were karyotyped
No other history of discharge revealed e Simian crease in right palm e 33 cells with
available. a cardiac murmur. e Grade 2 blowing systolic trisomy 21.
murmur at the LLSE. e 7 cells with
e Umbilical hernia. trisomy 18.
Both parents’ karyotype
were normal.
Jenkins Mother was 45 Notavailable. Examination at 20 years old: Performed at 20 years old.
et. al. years old, para 3 Patient was referred e Flat nasal bridge e 100 cultured
(1978) at time of birth. for assessment at 20 e Oblique palpebral fissures lymphocytes.
Father was 52 yearsold. e Epicanthal folds e 82 cells showed
years old at the e High arch palate 47, XX+21
time of birth. e Furrowed tongue e 18 cells showed
e Broad and short hands 47 XX+18
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No significant e Bilateral simian lines. e Examination of
family history. e Laterally displaced axial 100 cultured skin
triradii. fibroblasts
e Generalized hypotonia. showed trisomy
21.
Yu-Feng  Mother was 44 Born with difficulty Readmitted at 5 weeks of age due to Performed at 8 weeks of
Hsuet.al. years old, para 5 initiating respiration, progressive symptoms (difficulty age.
(1965) at time of child's requiring feeding, apnoea and cyanosis) and e 51 peripheral
birth. resuscitation. treated for congestive cardiac failure. blood leukocytes
Father was 48 Subsequently, Examination at 5 weeks old. were analyzed.
years old at the appeared weak with e Failure to thrive. e 19 cells had 48
time of the child's poor sucking and e Feeble cry, poor sucking. chromosomes XX
birth. frequent episodes of e Infrequent movement. - Karyotypes on 5
No significant apnoea and cyanosis. e Prominent occiput, narrow metaphase cells
family history. Diagnosed with and small cranium. showed trisomy
Antenatally unilateral  choanal e Low set ears with peculiarly 18 and trisomy 21
uneventful. atresia at two days of formed auricles. e 24 cells had 46
age and dilatation e Receded chin, small mouth chromosomes XX.
was performed. and high arch palate. e 6 cells had 47
Discharged at two e Bilateral ptosis and poor chromosomes XX.
weeks of age. ocular motility. e 2 cells had 45
e Widened nasal bridge and chromosomes
inner epicanthal folds.
e Hypoplastic nails. Both parents' karyotypes
e Bilateral simian crease with were normal.
distal axial triradii.
e Relatively long fingers.
e Equinovarus and rocker-

bottom feet.

Small umbilical hernia.
Hepatomegaly.

Harsh grade 3/6 systolic
murmur at the LLSE

Abbreviations. AVSD: atrioventricular septal defect; AVVR: atrioventricular valve regurgitation; RCA: Routine

chromosome analysis; LLSE: lower left sternal edge.

It is suggested that several mechanisms may trigger
double trisomy mosaicism, including non-disjunction
of both chromosomes 18 and 21, anaphase lag of
both chromosomes, and a combination of these
mechanisms [13]. Based on the available

investigations, there are five possible pathways that
could have led to the double mosaic aneuploidy in
the present case. These pathways are summarized in
Figure 3.
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Figure 3. Possible mechanisms of double aneuploidy trisomy 18 and trisomy 21.

The first possible pathway is error during meiosis, in which nondisjunction involving two chromosome pairs

happen during gametogenesis in one or both
parents. This subsequently produces gametes
carrying an extra chromosome 18 or 21 or both
chromosomes 18 and 21. Fertilization between these
abnormal maternally or paternally derived gametes
results in production of a zygote with 48, XX,+18,+21.
During the first postzygotic mitotic cell division,
trisomy rescue takes place leading to the loss of
chromosome 18 or 21 in either of the two cells,
respectively, resulting in 47,XX,+18 and 47,XX,+21
cells.

The second possibility is meiotic nondisjunction
resulting in 47,XX,+21 zygote, which is then corrected
by subsequent mitotic events (such as
nondisjunction or anaphase lag). The mitotic loss of
one copy of chromosome 21 in the first post-zygotic
cell division produces 47,XX,+21 and 46,XX cells,
respectively. In the subsequent second cell division,
the corrected (rescued) 46,XX cell undergoes mitotic
nondisjunction involving chromosome 18, followed
by negative selection of the monosomy 18 cell
resulting in 47,XX,+18 cell.

The third possible pathway is when the original
zygote with 47,XX,+21 undergoes mitotic non-

disjunction of chromosome 18 at the first cell division
instead of undergoing trisomy rescue subsequently
producing both 48XX,+18,+21 and 46,XX,-18,+21
cells. Cells with monosomy 18 will undergo negative
selection. In the subsequent mitotic cell division, the
48,XX,+18,+21 cell will have lost chromosome 18 or
21 in either of the two cells, resulting in 47, XX,+18 and
47 XX,+21 cells.

The fourth possible pathway is by sequential mitotic
segregation error occurring in a normal zygote
(46,XX).  The possible mechanisms for mitotic
segregation errors have been well explained above.
These mitotic segregation errors likely occur in the
early postzygotic stage as there is absence of normal
cell lines in the present case. However, there is a
possibility that a normal cell line might be present at
a much lower level as compared to 47,XX,+18 and
47 XX,+21 cells. In this case, only 23 metaphases were
analyzed, thus the lowest percentage of mosaicism
excluded with 95% confidence is 13% [16]. Therefore,
there is a possibility of uncaptured normal cell lines in
the present case. The presence of a normal cell line is
an important indicator to gauge the timing of mitotic
segregation error and helps in predicting the possible
pathways leading to double mosaic aneuploidy.
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The last possible pathway is chimerism, in which the
different cell lines observed originated from two
different zygotes that fuse into one during the early
embryonic stage producing a mixture of completely
unrelated two cell lineages. In the present case, the
mother is unsure regarding the date of her last
menstrual cycle, and a revised estimated date of
delivery (REDD) was given after the first ultrasound
scan at week 7. Subsequently, the baby was born
prematurely at 35 weeks of gestation. The possibility
of vanishing twin syndrome could not be totally
excluded. Assuming that this mother was pregnant
with fraternal twins, one of the embryos with trisomy
18 died in utero very early on, the other surviving
embryo with trisomy 21 who had “absorbed” its
twin's cells would end up with two sets of
deoxyribonucleic acid (DNA) i.e, 47,XX,+21 (own
DNA) and 47,XX,+18 (DNA from the other twin).

Chimerism resulting from post-zygotic fusion of the
two different embryos is known as tetragametic or
dispermic chimerism [17], a condition that arises from
four gametes: two eggs fertilized by two sperms,
resulting in dizygotic twins who fuse into one
individual. Most chimeras remain undetected
especially if both zygotes in a chimera are of the same
sex and have a normal phenotype [18].

Chimerism and double mosaic aneuploidy can
produce two different sets of karyotypes in an
individual. Molecular analysis such as single
nucleotide  polymorphism  (SNP)  microarray,
chromosome polymorphic markers, DNA
microsatellite and short tandem repeats (STR)
markers on different body tissues are essential to
delineate the actual mechanism of double mosaic
aneuploidy as well as to differentiate it from
chimerism.

Limitations in this case include the inability to
perform Fluorescence in situ hybridization (FISH) or
high-resolution chromosome microarray studies for
the proband and the absence of parental cytogenetic
results. Cytogenetic analysis of other tissue types or at
a different age are not routinely available in Malaysia.
These investigations, if performed, may shed light as
to the mechanism and expression of the aneuploidy,
aiding the understanding of the phenomenon of
double aneuploidy in liveborns.

Conclusion

This report reiterates the importance of conventional
cytogenetic analysis in children with Down Syndrome
even if the phenotype is typical, so that any
associated abnormality may be detected.
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