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1 	 | 	 INTRODUCTION

Down	syndrome	(DS,	OMIM	190685;	ORPHA870)	is	the	
most	 common	 aneuploidy	 associated	 with	 intellectual	
disability	caused	by	a	microscopically	demonstrable	chro-
mosomal	aberration.	It	involves	a	triplicate	state	(trisomy)	
of	all	or	a	critical	portion	of	chromosome	21,	occurring	at	
a	frequency	of	1/800	newborns	worldwide.1	The	majority	
of	 individuals	 (95%)	 with	 DS	 have	 complete	 trisomy	 for	
chromosome	 21.2	 Some	 individuals	 (4%)	 with	 DS	 have	
Robertsonian	 translocations	 that	 involve	 chromosome	
21.2	Less	than	one	percent	of	individuals	with	Down	syn-
drome	exhibit	mosaicism,2	which	can	be	categorized	into	

a	 branch	 of	 medicine	 dealing	 with	 diseases	 of	 very	 low	
prevalence,	usually	known	as	rare diseases	and	referred	to	
by	our	team	as	eidikology.3

Mosaicism	 is	 a	 biological	 phenomenon,	 which	 de-
scribes	 an	 individual	 who	 has	 developed	 from	 a	 single	
fertilized	 egg	 and	 has	 two	 or	 more	 genetically	 distinct	
cell	 lines.4	 The	 criterion	 of	 being	 formed	 from	 a	 single	
fertilized	 egg	 differentiates	 mosaicism	 from	 the	 related	
phenomenon	of	chimerism,	which	refers	to	an	individual	
comprised	of	multiple	cell	lineages	derived	from	distinct	
fertilized	 eggs.4	 The	 individuals	 with	 trisomy	 21	 mosa-
icism	have	two	genetically	distinct	cell	lines.5	In	contrast	
to	 most	 children	 with	 non-	mosaic	 DS,	 individuals	 with	
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Abstract
Less	than	one	percent	of	individuals	with	Down	syndrome	exhibit	mosaicism,	a	
biological	phenomenon	that	describes	an	individual	who	has	two	or	more	geneti-
cally	distinct	cell	lines.	The	percentage	of	mosaicism	in	different	tissues	can	im-
pact	the	presence	of	clinical	findings	and	hinder	cytogenetic	diagnosis.	We	report	
a	case	of	mosaicism	for	trisomy	21	diagnosed	after	multi-	tissue	cytogenetic	analy-
sis	of	peripheral	blood	and	buccal	mucosa,	associated	with	significant	intellectual	
disability,	dysmorphic	facial	features,	congenital	heart	defects,	macropenis,	and	
imperforate	anus.
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mosaic	DS	exhibit	considerable	tissue-	specific	differences	
in	 the	proportion	of	cells	with	 trisomy	21.	Furthermore,	
children	with	mosaic	DS	have	a	better	overall	1-	year	sur-
vival	 rate	 than	 those	 with	 non-	mosaic	 DS	 (97.5%	 com-
pared	to	93%).6,7

There	is	significant	variability	in	the	clinical	presenta-
tion	of	mosaic	DS.	It	can	range	from	showing	no	clinical	
features	 to	 having	 a	 phenotype	 with	 clinical	 manifesta-
tions	of	non-	mosaic	DS.	The	percentage	of	trisomic	cells	
from	different	tissues,	depending	on	their	corresponding	
embryological	layer	of	origin,	may	contribute	to	the	exist-
ing	variability	in	the	phenotype	of	this	syndrome.

The	association	between	the	percentage	of	mosaicism	
and	the	severity	of	the	phenotype	has	not	been	very	well	
elucidated.	Papavassiliou	et	al8.	reported	a	significant	in-
verse	correlation	between	the	percentage	of	trisomic	cells	
obtained	in	the	buccal	samples	and	the	IQ	scores	of	mosa-
icism	for	trisomy	21	individuals.	In	addition,	the	presence	
of	 congenital	 heart	 disease	 was	 significantly	 correlated	
with	the	proportion	of	trisomic	lymphocytes.8	We	report	a	
case	of	mosaicism	for	trisomy	21	that	deviates	from	these	
findings.	Peripheral	blood	cytogenetic	analysis	revealed	a	
single	cell	out	of	fifty	with	an	additional	copy	of	chromo-
some	21,	which	was	not	sufficient	for	diagnosis.	Further	
analysis	on	buccal	mucosa	cells	detected	low-	level	mosa-
icism	 by	 fluorescence	 in	 situ	 hybridization	 (FISH)	 asso-
ciated	with	significant	intellectual	disability,	dysmorphic	
facial	 features	of	Down	syndrome,	patent	foramen	ovale	
(PFO),	 mild	 systolic	 pulmonary	 artery	 hypertension,	 tri-
cuspid	 and	 pulmonary	 artery	 regurgitation,	 macropenis,	
and	imperforate	anus.

2 	 | 	 CASE PRESENTATION

We	 report	 the	 case	 of	 a	 Honduran	 12-	year-	old	 mestizo	
(combined	European	and	Amerindian	descent)	boy	born	
to	 non-	consanguineous	 parents.	 He	 is	 the	 second	 of	
three	 children	 conceived	 by	 a	 31-	year-	old	 mother	 and	 a	
31-	year-	old	 father.	 He	 has	 no	 relevant	 prenatal	 history,	
and	 his	 family	 history	 is	 unremarkable.	 There	 was	 no	
known	exposure	to	teratogenic	drugs,	infections,	or	radia-
tion.	Birth	was	via	cesarean	delivery	due	to	a	previous	ce-
sarean	section,	with	a	birth	weight	of	3.49 kg,	birth	length	
of	50 cm,	and	head	circumference	of	36 cm.	In	his	initial	
evaluation,	 the	patient	presented	 joint	 laxity,	upslanting	
palpebral	 fissures,	 bilateral	 epicanthal	 fold,	 protruding	
tongue,	 single	 transverse	 palmar	 crease,	 clinodactyly	 of	
the	 fifth	 finger,	 round	 face,	 wide	 and	 flat	 nasal	 bridge,	
prominent	 low-	set	 ears,	 macropenis,	 straight	 and	 fine	
hair,	 decreased	 gastrointestinal	 motility,	 and	 an	 imper-
forate	anus	that	was	surgically	corrected	within	the	first	
72 hours.

The	 patient	 started	 crawling	 at	 the	 age	 of	 7  months	
and	 walked	 when	 he	 was	 11  months.	 Regarding	 speech	
and	language	development,	word	usage	began	at	the	age	
of	8 months;	however,	he	gradually	lost	them.	At	the	age	
of	 5  years,	 a	 pediatric	 neurologist	 diagnosed	 an	 autism	
spectrum	 disorder	 after	 assessing	 the	 communication	
deficits.	 The	 patient's	 speech	 was	 delayed,	 and	 he	 only	
knew	about	10	words	and	1	or	2	 two-	word	phrases.	The	
Preschool	 Language	 Scale	 3,	 Spanish	 Edition,	 was	 at-
tempted.	However,	 the	patient	was	unable	 to	participate	
in	 the	 testing	 environment.	 Therefore,	 his	 communica-
tion	skills	were	assessed	using	the	Rossetti	Infant	Toddler	
Language	Scale	(RITLS),	revealing	profound	delays	in	ges-
ture,	play,	language	comprehension,	and	language	expres-
sion.	His	communication	skills	consisted	of	vocalizations,	
one-	word	utterances,	and	gestures,	which	were	equivalent	
to	 the	 language	 level	 of	 an	 18-	month-	old	 child.	 He	 did	
not	 communicate	 well	 for	 his	 age	 and	 was	 inconsistent	
in	 identifying	 numbers	 and	 letters.	 He	 started	 forming	
phrases	at	the	age	of	9 years.	He	exhibited	difficulty	stay-
ing	on	task	and	required	frequent	redirection	to	task.	He	
also	 exhibited	 limited	 eye	 contact	 when	 requesting.	The	
patient	has	received	speech	therapy	since	the	age	of	three.	
Nevertheless,	he	continued	with	difficulties	when	forming	
sentences,	 omitting	 articles,	 conjunctions,	 prepositions,	
and	showing	difficulty	in	the	pronunciation	of	phonemes.

Several	 psychometric	 tests	 were	 applied	 to	 assess	 his	
psychological	development	and	personality.	The	Scribble	
test	 showed	 a	 withdrawn	 and	 self-	absorbed	 nature,	 but	
as	 a	 temporary	 state	 influenced	 by	 the	 environment.	
According	to	the	Blob	Tree	test,	some	indicators	of	emo-
tional	immaturity	were	perceived	since	he	tends	to	have	a	
passive-	aggressive	behavior.	Family	drawing	test	revealed	
high	appreciation	for	the	mother	figure.	The	House–	Tree–	
Person	 test	 was	 performed.	 The	 patient	 showed	 stress,	
defensiveness,	 introversion,	 need	 for	 security,	 impulsiv-
ity,	 immaturity,	 and	 emotional	 dependence.	 Intellectual	
level	 was	 initially	 assessed	 at	 the	 age	 of	 7  years	 by	 the	
Wechsler	 Preschool	 and	 Primary	 Scale	 of	 Intelligence—	
III	 (WPPSI-	III)	 revealing	 an	 intellectual	 quotient	 of	 78,	
indicative	of	borderline	 intelligence.	The	verbal	 intellec-
tual	quotient	of	56	demonstrates	significant	difficulties	in	
his	verbal	abilities.	A	performance	intellectual	quotient	of	
85	was	reported.	Later	at	the	age	of	12 years,	a	Wechsler	
Intelligence	Scale	for	Children-	IV	(WISC-	IV)	test	reported	
an	intellectual	quotient	of	47,	indicative	of	extremely	low	
intelligence.	A	very	low	verbal	comprehension	index	of	55	
(0.1	percentile),	a	very	low	visual	spatial	index	of	59	(0.3	
percentile),	a	very	low	working	memory	index	of	59	(0.3	
percentile),	and	a	very	 low	processing	speed	 index	of	50	
(<0.1	percentile)	were	reported.

Transthoracic	 echocardiography	 revealed	 a	 PFO	 of	
3 mm,	mild	tricuspid,	and	pulmonary	valve	regurgitation,	
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with	 an	 increased	 pulmonary	 artery	 systolic	 pressure	 of	
35 mmHg.	The	left	ventricular	ejection	fraction	was	nor-
mal,	 with	 66%	 as	 measured	 using	 the	 Simpson	 method.	
The	 electroencephalographic	 study	 was	 within	 normal	
limits.	There	was	no	presence	of	focal	abnormalities,	 in-
terhemispheric	asymmetries,	or	epileptiform	activity.	An	
ophthalmological	evaluation	revealed	esotropia	and	nys-
tagmus	with	a	refractory	correction	in	the	right	eye	of	−1	
diopter	and	in	the	left	eye	of	−1.25	diopter.

Audiometry	reported	bilateral	hearing	within	normal	
limits.	A	lumbosacral	spine	X-	ray	showed	no	evidence	of	
spine	malformations.	Ultrasound	imaging	of	the	abdomen	
was	performed	demonstrating	a	normal	appearance	of	the	
liver,	spleen,	and	pancreas.	Gallbladder	walls	with	no	ev-
idence	 of	 thickening	 or	 gallstones	 were	 visualized.	 Both	
kidneys	were	normal	in	size	and	position,	and	the	urinary	
bladder	had	no	filling	defects.	Normal	aorta	and	retroper-
itoneum	 were	 observed.	 No	 cysts,	 masses,	 or	 free	 fluid	
were	 identified.	 Additional	 laboratory	 analyses	 showed	
glucose,	 creatinine,	 bilirubin,	 and	 transaminases	 within	
normal	ranges.

Cytogenetic	 analyses	 performed	 on	 the	 patient	 are	
listed	in	Table 1.	An	initial	G-	band	chromosome	analysis	
at	the	age	of	1	revealed	a	normal	46,	XY	karyotype.	At	the	
age	of	5,	a	normal	whole	genome	chromosome	SNP	mi-
croarray	analysis	was	reported.	No	significant	DNA	copy	
number	changes	or	copy	neutral	regions	within	the	2.695	
million	 region-	specific	 SNP	 and	 structural	 targets	 were	
detected.

When	 the	 patient	 was	 first	 assessed	 by	 our	 team	 at	
the	 age	 of	 10,	 clinical	 evaluation	 was	 suggestive	 of	 DS.	
Therefore,	 we	 decided	 to	 perform	 another	 peripheral	
blood	karyotype	using	high-	resolution	G-	banding	analysis	
to	test	for	chromosomal	numerical	alterations	in	a	higher	
number	of	metaphase	cells.	In	this	analysis,	one	cell	out	
of	 50	 was	 found	 to	 have	 an	 additional	 copy	 of	 chromo-
some	21.	This	was	not	sufficient	to	constitute	an	abnormal	
result,	but	clinical	suspicion	of	low-	level	mosaicism	sug-
gested	the	need	for	additional	fluorescence	in	situ	hybrid-
ization	studies.	FISH	analysis	revealed	an	abnormal	result	
from	interphase	nuclei	on	buccal	swab	slides	(Figure 1).	
Three	 red	 signals	 were	 observed	 on	 78	 of	 501(15.57%)	

interphase	nuclei.	This	was	consistent	with	low-	level	mo-
saicism	for	trisomy	21.

3 	 | 	 METHODS

3.1	 |	 Cytogenetic analysis

A	total	of	20	cells	in	metaphase	were	analyzed	through	con-
ventional	G-	band	chromosomal	analysis.	High-	resolution	
G-	banding	 chromosome	 analysis	 was	 performed	 on	 50	
cells	from	a	peripheral	blood	specimen.

3.2	 |	 Chromosome microarray

SNP	 microarray	 analysis	 was	 performed	 using	 the	
Affymetrix	 Cytoscan	 HD	 platform,	 which	 uses	 over	
743,000	 SNP	 probes	 and	 1,953,000	 NPCN	 probes	 with	 a	
median	spacing	of	0.66 kb.	250 ng	of	total	genomic	DNA	
extracted	 from	 lymphocytes	was	digested	with	Nspl	and	
then	 ligated	 to	 Nspl	 adaptors,	 respectively,	 and	 ampli-
fied	 using	 Titanium	 Taq	 with	 a	 GeneAmp	 PCR	 System	
9700.	 PCR	 products	 were	 purified	 using	 AMPure	 beads	
and	quantified	using	NanoDrop	8000.	Purified	DNA	was	
fragmented,	 labeled,	 and	 hybridized	 to	 the	 Affymetrix	
Cytoscan	 HD	 Genechip.	 Data	 were	 analyzed	 using	
Chromosome	 Analysis	 Suite.	 The	 analysis	 is	 based	 on	
human	genome	version	37.2HG19.

3.3	 |	 Fluorescence in situ hybridization

Fluorescence	 in	 situ	 hybridization	 with	 a	 panel	 of	
probes	 (Abbott/Vysis)	 specific	 for	 detection	 of	 chromo-
some	 trisomies	 for	 13	 and	 21	 was	 performed	 on	 buccal	
swab	 slides.	 The	 individual	 probe	 set	 was	 validated	 by	
Greenwood	 Genetic	 Center	 Cytogenetics	 Laboratory	 by	
determining	 specificity,	 sensitivity,	 accuracy,	 and	 preci-
sion.	 FISH	 was	 performed	 using	 the	 AneuVysion	 (LSI	
13	 and	 21)	 Multicolor	 Probe	 Panel	 (Vysis	 #33-	161075).	
The	AneuVysion	kit	is	 intended	for	use	as	an	adjunct	to	

Genetic test Patient age (years) Result

Conventional	G-	banding	
karyotype

1 Normal	46,	XY

Chromosome	microarray	
SNP

5 arr	(1-	22)	x2,	(XY)	x1

High-	resolution	G-	
banding	karyotype

10 Normal	46,	XY

FISH 10 nuc	ish	21q22.13q22.2(D21S259,	
D21S341,	D21S342)x3[78/500]

T A B L E  1 	 Proband	cytogenetic	
analyses
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standard	 cytogenetic	 metaphase	 analysis	 for	 enumerat-
ing	chromosomes	13	and	21.	The	LSI	13/21	probe	hybrid-
izes	to	the	D21S259,	D21S34,	and	D21S342	regions	within	
21q22.13-	q22.2	and	to	the	RB-	1	region	at	13q14.	The	RB-	1	
probe	covers	440 kb,	and	the	chromosome	21	probes	cover	
200 kb.

4 	 | 	 DISCUSSION

We	described	a	patient	with	mosaic	DS	diagnosed	through	
FISH	analysis	of	buccal	mucosa	cells,	following	a	normal	
karyotype	 and	 normal	 whole	 genome	 microarray	 of	 pe-
ripheral	 blood	 cells.	 This	 case	 exhibited	 intellectual	 dis-
ability,	asymptomatic	cardiovascular	abnormalities	(PFO,	
mild	systolic	pulmonary	artery	hypertension,	and	tricus-
pid	and	pulmonary	artery	insufficiencies),	dysmorphic	fa-
cial	features,	macropenis,	and	imperforate	anus.

There	are	 two	additional	 reports	of	mosaic	DS	diag-
nosis,	which	describe	a	multi-	tissue	approach	including	
both	 peripheral	 blood	 lymphocytes	 and	 buccal	 smear	
cells.	 The	 phenotypic	 characteristics	 of	 these	 cases,	

including	 this	 report,	 are	 presented	 in	 Table  2.	 Leon	
et	 al9.	 described	 the	 case	 of	 a	 1-	day-	old	 baby	 girl	 with	
subtle	features	of	DS	and	low-	level	mosaicism	(8%–	13%	
in	blood	and	31%	in	buccal	mucosa).	Unlike	our	patient,	
this	 case	 did	 not	 show	 signs	 of	 urogenital	 abnormali-
ties.	 Unfortunately,	 a	 comparison	 on	 intellectual	 and	
language	 development	 cannot	 be	 made	 due	 to	 the	 age	
at	 the	moment	of	 the	report.	Paoloni-	Giacobino	et	al10.	
reported	the	case	of	a	14-	year-	old	girl	with	low-	level	mo-
saicism	 (2%	 in	 blood	 and	 11%	 in	 buccal	 mucosa).	 The	
main	finding	in	this	case,	besides	a	flat	occipital	bridge	
and	minor	microcephaly,	was	language	impairment	with	
an	 IQ	 within	 the	 normal	 range	 (IQ  =  95).	 No	 urogeni-
tal	abnormalities	were	described.	It	is	worth	noting	that	
another	report	by	Papavassiliou	et	al.	 included	49	cases	
that	provided	both	blood	and	buccal	mucosa	specimens	
within	the	analysis	of	107	individuals	with	mosaicism	for	
trisomy	21.	However,	the	specific	phenotypes	for	these	49	
patients	were	not	detailed.

Gastrointestinal	 and	 urogenital	 malformations	 are	
common	 in	 DS.	 Bermudez	 et	 al11.	 found	 a	 5%	 preva-
lence	 of	 congenital	 malformations	 in	 DS	 patients,	 25%	
of	which	correspond	to	imperforate	anus.	In	mosaic	pro-
bands,	 Papavassiliou	 et	 al8.	 found	 1%	 having	 this	 trait.	
An	 unexpected	 finding	 in	 the	 clinical	 presentation	 of	
our	patient	is	macropenis.	It	is	well	known	that	patients	
with	DS	have	a	high	 incidence	of	abnormalities	 in	sex-
ual	 development.	 In	 boys,	 described	 defects	 vary	 from	
ambiguous	genitalia,	cryptorchidism,	micropenis,	small	
testes,	and	low	sperm	count	to	scant	development	of	axil-
lary	hair	and	beard.12	To	our	knowledge,	macropenis	has	
never	been	reported	as	part	of	 the	clinical	presentation	
in	mosaic	DS.

The	 proportion	 of	 germline/gonadal	 cells	 having	 a	
trisomic	 imbalance	 in	 cases	 of	 mosaicism	 might	 be	 vari-
able,	which	would	explain	a	spectrum	of	urogenital	phe-
notypes.5	This	is	supported	by	a	higher	rate	of	fertile	male	
patients	with	mosaicism	for	trisomy	21	when	compared	to	
complete	trisomy	21.	Zhu	et	al.	reported	that	7%	of	adults	
with	 mosaic	 Down	 syndrome	 had	 a	 child,	 compared	 to	
1%	 of	 non-	mosaic	 trisomic	 probands	 in	 a	 register-	based	
cohort	 in	Denmark.5,13	For	this	reason,	 the	proportion	of	
trisomic	 imbalance	opens	 the	possibility	 for	 the	develop-
ment	 of	 morphological	 abnormalities	 related	 to	 penile	
overgrowth	 that	 would	 otherwise	 be	 unexpected.	We	 be-
lieve	that	further	research	will	be	needed	to	elucidate	the	
link	between	mosaicism	for	trisomy	21	and	the	occurrence	
of	macropenis.

Intellectual	disability	has	been	significantly	associated	
with	the	proportion	of	trisomic	cells	identified	in	buccal	
mucosa	tissue.8	Even	though	mosaic	individuals	show	bet-
ter	 intellectual	 development	 compared	 with	 non-	mosaic	
trisomy	 21,	 lower	 IQ	 scores	 are	 correlated	 with	 higher	

F I G U R E  1  Fluorescence	in	situ	hybridization	with	a	panel	
of	probes	specific	for	the	detection	of	chromosome	trisomies	for	
13	and	21	performed	on	buccal	swab	slides.	The	LSI	13/21	probe	
hybridizes	to	the	D21S259,	D21S34,	and	D21S342	regions	within	
21q22.13-	q22.2	and	to	the	RB-	1	region	at	13q14.	Three	red	signals	
were	observed	on	78	of	501	interphase	nuclei,	consistent	with	
mosaicism	for	trisomy	21.	These	are	interphase	nuclei	signals	
where	the	DNA	is	extended.	The	RB-	1	probe	covers	440 kb,	and	the	
chromosome	21	probes	cover	200 kb.	Additional	signals	correspond	
to	the	spreading	of	the	probes	signal	across	a	larger	nuclear	region

= 21q22.13q22.2 (D21S259, D21S34 D21S342) 

= 13q14 (RB-1)  
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percentages	of	mosaicism	in	patients	with	this	form	of	di-
agnostic	presentation.8	However,	Giacobino	et	al.	describe	
a	patient	with	13%	of	mosaicism	 in	buccal	mucosa	cells	
exhibiting	 a	 normal	 intellectual	 development	 and	 spe-
cific	 language	 impairment	 as	 an	 isolated	 feature	 of	 mo-
saic	 DS.10	 By	 contrast,	 our	 patient	 showed	 a	 15.57%	 (78	
of	 501)	 of	 trisomic	 cells	 in	 the	 buccal	 swab	 sample	 and	
had	an	extremely	low	IQ	score	of	47	by	the	age	of	12.	This	
shows	a	discrepancy	between	the	possible	ectodermal	or-
igin	 of	 the	 disease	 and	 the	 associated	 intellectual	 devel-
opment.	This	phenomenon	of	clinical	and	embryological	
inconsistency	 also	 occurs	 more	 evidently	 in	 some	 forms	
of	epilepsy,	where	mosaicism	can	affect	specific	areas	of	
the	brain	rather	than	the	entire	central	nervous	system.14	

A	proposed	hypothesis	in	the	context	of	mosaic	DS	might	
be	that	trisomic	cells	are	distributed	unevenly	in	tissues	of	
the	same	embryonic	origin.

A	 correlation	 between	 the	 percentage	 of	 trisomic	
cells	 in	 peripheral	 blood	 and	 congenital	 heart	 defects	
has	been	previously	described.8	Leon	et	al9.	 reported	a	
case	with	8–	13%	mosaicism	in	peripheral	blood	associ-
ated	with	patent	ductus	arteriosus	and	PFO.	Yokoyama	
et	al15.	described	a	patient	with	90.5%	of	trisomic	cells	in	
myocardium	 with	 multiple	 heart	 defects	 and	 low-	level	
mosaicism	 in	 peripheral	 blood.	 However,	 our	 patient	
did	 not	 exhibit	 mosaicism	 in	 peripheral	 blood,	 even	
though	 multiple	 cardiovascular	 findings	 were	 present.	
Although	these	abnormalities	could	be	correlated	with	

Authors and Reference Number
This case 
report

Leon et 
al.9

Paoloni- Giacobino 
et al.10

Percentage	trisomy	blood 2 8–	13 2

Percentage	trisomy	buccal	mucosa 15.57 31 11–	13

Hypotonia − + −

Clinodactyly + + −

Epicanthal	fold + + −

Upslanting	palpebral	fissures + + −

Protruding	tongue + − −

Single	transverse	palmar	crease + − −

Adducted	thumbs − + −

Round	face + − −

Wide	and	flat	nasal	bridge + + −

Anteverted	nares − + −

Long	philtrum − + −

Low-	set	ears + + −

Small	ears − + −

Prominent	ears + − −

Micrognathia − + −

Flat	occipital	bridge − − +

Small	forehead − + −

Microcephaly − − +

Straight	and	fine	hair + − −

Excess	nuchal	fold − + −

Decreased	gastrointestinal	motility + − −

Imperforate	anus + − −

Joint	laxity + − −

Phalangeal	hypoplasia − + −

Congenital	heart	abnormalities + + −

Cutis	marmorata − + −

Intellectual	disability + ? −

Language	impairment + ? +

Macropenis + − −

Note: +,	present;	−,	absent;	?,	not	tested.

T A B L E  2 	 Phenotypic	characteristics	
of	three	mosaic	DS	cases	diagnosed	
through	analysis	of	both	peripheral	
lymphocytes	and	buccal	smear	cells
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the	clinical	presentation,	it	is	also	relevant	to	note	that	a	
PFO	is	present	in	approximately	25%	of	the	adult	popu-
lation	worldwide.16

In	 conclusion,	 we	 suggest	 a	 multi-	tissue	 approach	 in	
patients	 with	 high	 suspicion	 of	 mosaic	 DS.	 Cytogenetic	
analysis	 of	 skin,	 peripheral	 blood,	 and	 buccal	 mucosa	
cells	 should	be	considered.	FISH	analysis	 in	buccal	mu-
cosa	cells	aids	in	the	detection	of	low-	level	mosaicism,	es-
pecially	in	patients	following	a	normal	G-	band	karyotype	
and	 peripheral	 blood	 microarray.	 Although	 there	 have	
been	previous	reports	of	a	direct	correlation	between	the	
proportion	of	trisomic	cells	and	clinical	manifestations	of	
mosaic	DS,	our	case	showed	that	low-	level	mosaicism	can	
also	result	 in	evident	clinical	 findings	 that	can	 lead	 to	a	
high	 suspicion	 of	 mosaicism	 for	 trisomy	 21,	 even	 when	
faced	with	a	negative	karyotype.
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