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Featured Application: The identification of the oral mucosa findings and oral candidiasis in chil-
dren/young adults with Down Syndrome could help paediatricians, dentists, and parents/caregivers
to manage them in the more appropriate way.

Abstract: Down syndrome (DS) is an autosomal disorder associated with mental and physical
involvement. The typical craniofacial phenotype and the dental anomalies in DS subjects have
been widely described, but a systematic report on the manifestations affecting the oral mucosae in
children with DS is still lacking. This systematic review aimed to establish the prevalence of oral
mucosal manifestations in children/young adults with DS. Pubmed, Web of Science, and Scopus
were investigated in September 2020. Documents in English on DS children/young adults (up to
25 years) reporting oral mucosal findings were considered. Study quality was assessed with ROBIN-I.
Of the 150 references retrieved, 14 studies were considered eligible. The risk of bias ranged from low
to unclear. Fissured tongue appeared to increase with age and was more prevalent in DS children
than in the general population. Lip fissures and cheilitis were heterogeneously reported. Candida spp.
carriage with and without active candidiasis was more frequent in DS children/young adults than in
controls. C. albicans was the most prevalent species. Few other oral mucosal conditions have been
reported sporadically. The heterogeneity of the works revealed the need for more appropriate oral
examination to intercept the oral manifestations of oral mucosa and prevent recurrent candidiasis.

Keywords: down syndrome; children; oral mucosa; geographic tongue; glossitis; candidiasis; cheilitis

1. Introduction

Down syndrome (DS) is an autosomal congenital disorder caused by the presence
of all or part of an extra 21st chromosome. DS is also called Trisomy 21, 95% of cases
being caused by a numerical change of chromosome 21, with an extra copy that creates a
chromosome count of 47; less frequently, DS is a consequence of the translocation of part
of an extra chromosome 21 (3–4% of cases), or mosaicisms (1–2% of cases) [1]. DS is the
most common trisomy compatible with life; its incidence is influenced by maternal age and
ranges from 1 in 319 to 1000 live births worldwide [2].

Individuals with DS have mild to severe intellectual disability, growth retardation,
and heart defects, and are more prone to be affected by hypertension, leukaemia, gas-
trointestinal problems, and early onset of Alzheimer’s disease [2]. Among the typical
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and immediately recognizable oro-facial features, the most common are brachycephaly,
epicanthic fold, slanted eyes, narrowed eye slits, cataracts and strabismus, flat nasal bridge,
delayed dental eruption, dental agenesis, and small chin with microstomia and macroglos-
sia, giving the typical phenotype of protruding tongue and lip incompetence [2]. The most
common dermatological manifestations include alopecia areata, premature hair greying
and ageing, palmoplantar hyperkeratosis, and xerosis [3].

The most reported manifestations of the oral mucosa are cheilitis, geographic tongue,
and fissured tongue [4]; furthermore, people with DS are more prone to be affected by
periodontal diseases and orofacial candidiasis, due to immunological disturbances and
concomitant metabolic diseases such as diabetes [5].

Despite their common occurrence and various systematic reviews mainly focusing on
craniofacial and/or dental anomalies in DS in subjects of all ages [6], a detailed report on
the peculiarity of the manifestations involving the oral mucosa in DS children has not yet
been completed. Therefore, the present systematic review, performed by oral pathologists
and paediatric dentists who interface with this type of affection every day, aimed to identify
and synthesize the prevalence of oral manifestations of soft tissues in children and young
adults with DS, to define future directions to support the practitioners involved in the care
management of the DS children.

2. Materials and Methods

The present work was performed according to the Preferred Reporting Items for Sys-
tematic Reviews and Meta-Analysis (PRISMA) checklist [7]. The protocol was registered on
PROSPERO (reference CRD42021224207) and the research query was formulated according
to the PICOS method (Participants, Intervention, Comparison, Outcomes, and Study): the
participants were children and young adults (age range 0–25 years) affected by Down
syndrome (DS); the intervention was the examination of the oral mucosa; the comparison
was towards subjects not affected by DS; the outcomes included the incidence/prevalence
of oral mucosal manifestations; and the study design was a systematic review.

2.1. Research Protocol

The research was conducted on 17 September 2020, and the MesHs terms used and
combined by Boolean connectors are reported in Table 1.

Table 1. The MesHs terms used in the search and their combinations used Boolean connectors.

Search Topic Search Items
(September 2020)

“Down syndrome”
OR

“21 trisomy”
AND children AND

“oral diseases”
“candidiasis”

“trush”
“ulcerative lesions”

“erosive lesions”
vescicles

sores
aphtous

geographic tongue
glossitis

stomatitis
cheilitis

fissured tongue
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2.2. Eligibility Criteria

All original papers reported randomized controlled clinical trials and all observational
studies (cohort and case-control studies, cross-sectional investigations, case series, and
single case reports) describing oral mucosal manifestations in children with DS were
included. Reviews, proceedings, letters, editorials, theses, abstracts, and all studies written
in a language other than English were not taken into consideration.

Studies involving subjects over 25 years of age or children with no DS or no mani-
festations at the oral mucosa were excluded, while those reporting stratified age groups
from which data related to paediatric/young adult population could be extracted were
considered just for the latter, as well studies that reported alterations of soft and hard
tissues, in which only the former were considered.

2.3. Literature Search, Selection of Studies and Data Extraction

Pubmed, Web of Science (WoS), and Scopus were investigated with no limits of year
of publishing, from the first available date until September 2020. The results of the three
searches were imported and combined with Mendeley-Reference Management Software
& Researcher Network (available at https://www.mendeley.com (access on 20 January
2021). After the duplicates were removed, two reviewers examined the titles and abstracts
from the documents and excluded any papers that did not meet the inclusion criteria. If
the abstract did not provide sufficient information to evaluate the eligibility of the paper,
its full text was considered. Then, two reviewers thoroughly read the full texts of the
remaining articles to assess the relevance of the content of each study and consider those
suitable for qualitative synthesis. In both steps, a third author was consulted in cases of
disagreement between the two reviewers.

Full texts of the studies deemed suitable for inclusion were obtained and the following
data extracted from each work: type of study, sample size, age range and sex of the subjects,
and oral mucosal manifestations reported in children with DS.

2.4. Risk of Bias (RoB) in Individual Studies

Every single study was independently evaluated by two authors (and by a third
in case of disagreement between them) to assess the risk of bias (RoB), following the
seven domains-based assessment described by Sterne et al. in the Risk of Bias in Non-
Randomised Studies of Interventions (ROBINS-I) [8]: bias due to confounding, selection
of participants, classification of interventions, deviations from intended interventions,
missing data, measurement of outcomes, and selection of the reported results.

Using the ROBIN-I tool, each study was overall classified as follows: “low risk of
bias”(LR) if all criteria were met and the study was comparable to a well-performed
randomized trial; “moderate risk of bias” (MR) when the study appeared to be non-
randomized study but could be considered comparable to a well-performed randomized
trial; “serious risk of bias” (SR) if one or more criteria have not been met and one or more
plausible bias have severely undermined confidence in the results; “critical risk of bias”
(CR) for studies too problematic and reporting critical bias; and “unclear risk of bias” (UR)
if one or more criteria were rated as unclear and/or a plausible bias raised some doubts
about the results.

3. Results

In total, 223 articles were identified (Figure 1). After 73 duplicates were removed,
the remaining 150 articles underwent the first selection based on inclusion/exclusion
criteria and title/abstract. After screening for relevance, 128 articles were excluded, and
the remaining 22 papers underwent full-text assessment for eligibility. At the end of
this selection, 14 original papers were included for fulfilling the requirements and were
analyzed for qualitative review (Table 2).

https://www.mendeley.com
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3.1. Characteristics of the Studies

An overview of the main characteristics retrieved from the 14 studies is shown in
Table 2. Among the 14 studies considered, published in English between 1996 and 2020, two
were performed in Turkey [9,10], one in Sweden [11], one in China [12], two in Spain [13,14]
(one of which took place partly also in UK [13]), two in Brazil [15,16], one in Iran [3], two
in India [17,18], one in Portugal [19], one in Yemen [20], and one in Poland [21]. In nine
studies [3,9–12,14,15,19,20] the age range of all participants fell within the range considered
(0–25 years) and in the remaining five studies [12,16–18,21] only data referring to subjects
under the age of 25 were considered. Aside from one case report by Chow et al. [12], the
remaining 13 studies were observational: six case-control studies on DS subjects and aged-
and sex-matched healthy subjects [9–11,15,16,19], and seven cohort studies on subjects
with DS [3,13,14,17,18,20,21].

Figure 1. Flowchart summarizing the selection process.
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Table 2. Main characteristics of the works included.

First
Author, Year,

Country

Type of
Study Outcome DS Diagnosis

N. of
Patients
Enrolled
with DS

Mean Age
(Range) Yr Sex F:M (%)

Experts
Performing

the Oral
Examinations

Fissured
Tongue

Geographic
Tongue

Other
Lingual/Oral

Affections

Lip
Fissures,
Cheilitiis

Oral
Candidiadis/
Candida spp.

Carriage

1 Ercis et al. (1996)
[9], Turkey cohort

mucocutaneous
findings in DS

children

partly clinical,
partly

chromosomal #
71 2.83 (0.17–25) 30:41

(42%:58%) dermatologists yes yes yes

2
Carlstedt et al.

(1996) [11],
Sweden

case-control

Oral carriage of
Candida species
in DS children

and adolescents

not specified 55 6.7 ± 5.3
(0.6–20.5)

21:34
(38%:62%) dentist yes

3 Chow et al. (1997)
[12], China

case
report

dental and oral
anomalies in one

DS girl
not specified 1 12.5 1:0 dentist yes

4 Scully et al. (2002)
[13], UK/Spain cohort

lip lesions
and C.albicans in
DS children and

adults

chromosomal
77

(39 under 30
yr)

(0–>60) 37:40 dentist yes yes

5 Ribeiro et al.
(2006) [15], Brazil case-control

C.albicans
phenotype in DS

children
chromosomal 25 (0–10) dentist yes yes

6
Daneshpazhooh
et al. (2007) [3],

Iran
cohort

mucocutaneous
findings in DS

children
not specified 100 11.2

(3–20) 53:47 dermatologist yes yes
hypertrophy

of tongue
papilla

yes

7 Bilgili et al. (2011)
[10], Turkey case-control

mucocutaneous
findings in DS
children and

healthy controls

partrly clinical,
partly

chromosomal
50 1.08

(0–11)
22:28

(44%:56%) dermatologists yes yes yes

8 Sureshbabu et al.
(2011) [17], India cohort

mucocutaneous
findings in DS

children
chromosomal

95 (67 up to
14 yr, 28 more

than 14 yr

11.97 ± 8.8
(0.5–40) 59:36

dermatologist
and

paediatrician
yes yes yes

9 Arejas et al. (2012)
[19], Portugal case/control

mutans
streptococci,

lactobacilli and
Candida
relative

frequencies in
saliva samples

from DS children
and controls

not specified 45 12.7 ± 4.0
(6–18)

23:22
(51%:49%) dentists Yes



Appl. Sci. 2021, 11, 5408 6 of 15

Table 2. Cont.

First
Author, Year,

Country

Type of
Study Outcome DS Diagnosis

N. of
Patients
Enrolled
with DS

Mean Age
(Range) Yr Sex F:M (%)

Experts
Performing

the Oral
Examinations

Fissured
Tongue

Geographic
Tongue

Other
Lingual/Oral

Affections

Lip
Fissures,
Cheilitiis

Oral
Candidiadis/
Candida spp.

Carriage

10
Camacho et al.

(2014) [14], Spain cohort

mucocutaneous
findings in DS
children and
young adults

not specified 57 16.7
(2–29)

23:34
(39%:61%)

dermatologists

yes yes

mucocutaneous
findings in

children with
alopecia aerata

and DS

not specified 15 11.2
(7–16) 7:8 (47%:53%) yes yes

11 Shukla et al.
(2014) [18], India cohort

dentofacial
abnormalities in
DS children and

young adults

not specified 77 (6–40) 7:70 (9%:91%) dentists yes macroglossia,
ankyloglossia yes

12 Al-Maweri et al.
(2015) [20], Yemen cohort

Lip and oral
lesions in DS

children
karyotyping 50 12.66

(6–18)
19:31

(38%:62%) dentists yes

herpes
labialis,
fibroma,

traumatic
ulcers

yes

13
Szaflarska-

Popławska et al.
(2016) [21], Poland

cohort

Aphthous
stomatitis and

enamel
hypoplasia in DS

children and
young adult with

and without
coeliac disease

Genetic * 301 (1–34) 137:164
(45.5%:54.5%) pediatricians aphthous

stomatitis

14 Maranhão et al.
(2020) [16], Brazil case-control

Molecular
Identification of
Candida Species

in the Oral
Microbiota of Ds

children and
young adults

not specified 80 12.8 (0.5–34) 31:49 geneticists yes

# 9/71 (13%), clinically; 62/71(87%) chromosomal analysis (92% with trisomy-21; 6.4% with translocation type and 1.6% mosaicism). * 242 had diagnosed regular trisomy, 9 patients had translocation trisomy, in
10 patients genetic test showed mosaicism, and in 40 cases the patient’s guardians did not remember the result of the genetic test.
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3.2. Risk of Bias (RoB) Assessment

When assessed with ROBINS-I, (Table 3), three studies were graded as SR [16,18,19]
and eleven as MR [3,9–15,17,20,21]. In details, being the DS phenotypically recognizable,
no blinding observation was possible, and therefore the biases due to departures from
intended interventions were all at moderate risk, while the biases due to confounding
were always uninterpretable (UR). Regarding selection bias, one study [12] was a case
report, and were therefore considered MR, three studies recruited only volunteers and
were therefore considered SR [16,18,19], five studies that enrolled consecutive/random
patients presented as LR [9,11,17,20,21], and in the remaining five studies [3,10,13–15]
the recruitment selection was not clearly reported. The biases due to the missing data
were related to the partial lack of stratification of the results according to the age groups
considered, thus not allowing only the age groups of the inclusion criteria for those studies
classified as MR to be considered. The biases in measurement outcomes were related to the
examination performed by the same examiners (LR) or more than one (MR).

Table 3. Risk of bias assessment for individual studies.

Observational Studies Bias Due to
Confounding

Bias in
Participant
Selection

Bias in
Classification of

Interventions

Bias Due to
Departures

from
Intended

Interventions

Bias Due to
Missing

Data

Bias in
Measurement
of Outcomes

Bias in
Selection of

the Reported
Result

Overall
Bias

Ercis et al. [9] UR LR MR MR MR LR LR MR
Carlstedt et al. [11] UR LR LR MR LR LR LR MR

Chow et al. [12] UR MR MR MR LR LR SR MR
Scully et al. [13] UR UR LR MR MR LR LR MR

Ribeiro et al. [15] UR UR LR MR LR LR LR MR
Daneshpazhooh et al. [3] UR UR MR MR LR LR LR MR

Bilgili et al. [10] UR UR MR MR LR LR LR MR
Sureshbabu et al. [17] UR LR MR MR LR LR LR MR

Arejas et al. [19] UR SR LR MR LR LR LR SR
Camacho et al. [14] UR UR MR MR MR LR LR MR
Shukla et al. [18] UR SR LR MR MR LR LR SR

Al-Maweri et al. [20] UR LR LR MR MR LR LR MR
Szaflarska-Popławska

et al. [21] UR LR MR MR LR LR LR MR

Maranhão et al. [16] UR SR SR MR MR MR LR SR

The Risk of Bias in non-randomized studies—of interventions (ROBINS-I) tool was used for observational studies. Each domain was
classified as low risk (LR), moderate risk (MR), serious risk (SR), and critical risk (CR), or not interpretable (UR). An overall bias assessment
was then made using the same scale.

3.3. Outcome

Oral examination was performed by oral pathologists and/or dental practitioners in
seven works, while in the remaining works it was performed by dermatologists, geneticists,
and/or paediatricians. Fissured tongue and lip lesions/cheilitis were the most frequently
reported and investigated oral mucosal findings, described in eight [3,9,10,12,14,17,18,20]
and nine [3,9,10,13–15,17,18,20] studies, respectively; the geographic tongue was reported
in three studies [3,9,10] and other lingual and/oral affections were variously reported
in four studies [3,18,20,21]; five studies focused on oral candidiasis and/or Candida spp.
carriage in children with DS [11,13,15,17,19].

3.3.1. Fissured Tongue

Fissured tongue (FT) is a benign, usually asymptomatic condition characterized by
deep grooves on the dorsal surface and margins of the tongue [22]. Eight works investigated
the prevalence of FT in groups of children with DS (Table 4): one case report [12], six
cohort studies [3,9,14,17,18,20], and one age- and sex-matched case/control study [10]. The
grouping by age of the subjects was heterogeneous among studies and details for each
work have been summarized in Table 4, in the legend.
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Table 4. Fissured tongue: characteristics of the eight works investigating the prevalence of FT in children with DS, by age groups.

Mean Age
(Range) Yr

Fissured Tongue

0–1 Years 1–2 Years 2–5 Years 5–10 Years 10–15 Years >15 Years Total
Ercis et al. [9] 2.83 (0.17–25) 1/28 (6%) 0/16 (0%) 5/15 (33%) 9/12 (75%) 15/71 (21%)

Chow et al. [12] 12.5 n.c. 1/1 (100%) n.c. 1/1 (100%)
Daneshpazhooh et al. [3] 11.2 (3–20) 0/8 (0%) 7/33 (21%) 17/50 (34%) 4/9 (44%) 28/100 (28%)

Bilgili et al. [10] 1.08 (0–11) 5/50 (10%) n.c. 5/50 (10%)

Sureshbabu et al. [17] 11.97 ± 8.8
(0.5–40) 35/67 (52%) 15/28 (60%) 50/95 (53%)

Comacho et al. [14] $ 16.7 (2–29) n.c. 40/57 (70%)
44/72 (61%)

11.2 (7–16) n.c. 4/15 (27%) n.c.
Shukla et al. [18] # (6–40) 39/50 (78%) 52/77 (68%)

Al-Maweri et al. [20] 12.66 (6–18) n.c. 7/9 (78%) 14/21 (67%) 18/20 (90%) 39/50 (78%)
$—Comatcho et al. considered two groups: 57 DS subjects from 2 to 29 years, and 15 subjects with alopecia areata also affected by DS (age range 7–16). #—Shukla et al. considered 77 DS: 7 in the 1–10 years
age range; 55 in the 11–20 years age range; and 15 aged between 21 and 40 years of age, but their results were not stratified by age groups. The prevalence of FT in children with DS, is reported according to
the age groups considered in each study. In detail, Ercis et al. [9] considered the following age groups in years: 0–1, 1–2, 2–5, and 5–25; hence the last group of 12 subjects was aged between 5 and 25 years.
Daneshpazhooh et al. [3] grouped the subjects by age as follows: 0–5, 5–10, 10–15, and 15–20 years; hence the first group of 8 subjects was aged between 0–5 years. Similarly, Bilgili et al. [10] considered a group of
50 subjects between 0–11 years; Sureshbabu et al. [17] grouped the 0–15 subjects and those >15 years; as well as Comacho et al. [14] which considered two groups of subjects between 2–29 and 7–16 years;
Shukla et al. [18] did not consider results by age groups and Al-Maweri et al. [20] considered the following age groups: 5–10, 10–15, and 15–18 years. n.c.—“age groups not considered in the study”
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The prevalence of FT increased with age. In DS children aged 0–5 years, Ercis et al. [9]
reported 10% in a total of 59 subjects, while Daneshpazhooh et al. [3] found no FT
in the 8 DS children considered in their study. In children with DS aged 5–10 years,
Daneshpazhooh et al. [3] found FT in 21% of 33 subjects and Al-Maweri et al. [20] reported
a prevalence of 78% of 9 subjects. In DS subjects between 10 and 15 years of age, FT varied
from 34% of 50 subjects analyzed by Daneshpazhooh et al. [3] to 67% in 21 children by
Al-Maweri et al. [20], up to 75% on 12 children reported by Ercis et al. [9]. Chow et al. [12]
reported a case of a 12-old girl with FT.

Regarding DS subjects over the age of 15, only the data from Daneshpazhooh et al. [3]
and Al-Maweri et al. [20] could be considered, the maximum age of the subjects enrolled
being within 20 [3] and 18 years [20], with the prevalence of FT of 44% and 90%, respectively.
Bilgili et al. [10] reported a higher statistical prevalence of FT in 50 children of the DS group
compared to 50 healthy controls (10% versus 0%, p-value = 0.018, age range 0–11 years).

3.3.2. Geographic Tongue

Geographic tongue (GT) was reported in two cohort studies [3,9] and one case-control
study [10]. GT is a benign condition of uncertain aetiology affecting the dorsal tongue, its
margins and, rarely, other oral sites [22]. The percentages of GT reported were: 11% of 71
DS subjects (age range 0.17–25 years) by Ercis et al. [9]; 4% out of 100 DS subjects (age range
3–20 years) by Daneshpazhooh et al. [3]; and 2% out of 50 DS subjects by Bilgili et al. [10]
(age range 0–11 years). When data were stratified by age groups, Ercis et al. found GT
in 8 out of 59 subjects (14%) in the 0–5 years age group and no cases were reported in
the 12 remaining subjects 6–25 years of age. In contrast, Daneshpazhooh et al. found no
cases of GT in the eight children 0–5 years and 4 cases out of 92 in the subjects 6–25 years
(4%). Bilgili et al. [10] reported no statistically significant differences in the GT prevalence
between the DS group and the healthy controls.

3.3.3. Lip Lesions (Lip Fissures and Cheilitis)

Eight papers reported various types of lip affections [3,9,10,13,14,17,18,20], mainly
cheilitis and lip fissures (Table 5). The origin of cheilitis has not always been reported
or associated with fungal/bacterial infections. The nonspecific definition of “cheilitis”
was reported in five studies, and the one by Sureshbabu et al. [17] distinguished between
“cheilitis” and “angular cheilitis”. As for FT, also in this case the studies have considered
different age grouping and the details for each work have been summarized in Table 5, in
legend. In the studies reporting lip lesions both in children than in adults over 25 years old,
only the first ones have been considered.

Angular cheilitis was reported in 7% of 67 subjects by Sureshbabu et al. [17] and
73% of 15 subjects by Camacho et al. [14]: both works reported these rates in children
aged 0–15 years. Shukla et al. [18] and Scully et al. [13] considered age groups between
0–40 and 0–>60, respectively, and it was not possible to extrapolate age-stratified data:
the overall prevalence in these two studies was 22% out of 77 subjects and 25% of
24 subjects, respectively.

In the studies investigating “cheilitis”, it was lacking [3,17] or very low [9] in children
with DS under the age of 5, while it increased in those aged 6 to 15 years. Scully et al. [13]
considered an age range between 0–10 years and the prevalence of cheilitis was 27% out
of 11 subjects. In DS subjects older than 5 years, Ercis et al. [9] reported a prevalence
of 25% of 12 subjects between 6–25 years, Daneshpazhooh et al. [3] 14% of 92 subjects
between 6–20 years, Sureshbabu et al. [17] reported 24% of 46 subjects aged 6–15, and
Al-Maweri et al. [20] reported it in 14% of 50 subjects aged 6–18 years. Bilgili et al. [10]
reported a higher statistical prevalence of cheilitis in the DS groups aged 0 to 11 years
compared to heathy controls (6% versus 0%, p value = 0.009).
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Table 5. Lip lesions: characteristics of the eight works investigating the prevalence of lip lesions in children with DS, by age groups.

Cheilitis Angular Cheilitis Lip
Fissures

Mean Age
(Range) Yr 0–1 Years 1–2 Years 2–5 Years 5–10

Years
10–15
Years >15 Years Total 0–15

Years >15 Years Total

Ercis et al. [9] 2.83
(0.17–25) 0/28 (0%) 1/16

(6.2%) 0/15 (0%) 3/12 (25%) 4/71
(5.6%) n.c. n.c.

Daneshpazhooh et al. [3] 11.2
(3–20) 0/8 (0%) 6/33

(18%)
6/50
(12%) 1/9 (11%) 13/100

(13%) n.c. n.c.

Bilgili et al. [10] 1.08
(0–11) 6/50 (12%) n.c. 6/50

(12%) n.c. n.c.

Sureshbabu et al. [17] 11.97 ± 8.8
(0.5–40) 0/21 (0%) 11/46 (24%) 2/28 (7%) 13/95

(14%) 5/67 (7%) 1/28 (3.6%) 6/95 (6.3%) n.c.

Camacho et al. [14]

16.7
(2–29) n.c. 16/57 (28%)

27/72 (38%)
0/57 (0%)

11.2
(7–16) n.c. 11/15

(73%) n.c. 3/15
(20%)

Shukla et al. [18] (6–40) n.c. 17/77
(22%)

17/77
(22%) n.c.

Al-Maweri et al. [20] 12.66
(6–18) n.c. 7/50 (14%) 7/50

(14%) n.c. 32/50
(64%)

Scully et al. [13] (0->60) 3/11 (27%) 18/66 (27%) 21/77(27%) 17/77
(22%) 6/24 (25%) 4/24

(17%)
The prevalence of lip lesions in children with DS, is reported according to the age groups and type considered in each study. In detail, Ercis et al. [9] considered, under the term “cheilitis”, the following age
groups in years: 0–1, 1–2, 2–5 and 5–25. Daneshpazhooh et al. [3] grouped the subjects with cheilitis in the following age groups: 0–5, 5–10, 10–15, and 15–20 years. Bilgili et al. [10] considered cheilitis in a group
of 50 subjects between 0–11 years; Sureshbabu et al. [17] distinguished the findings of cheilitis and angular cheilitis in two groups of subjects aged 0–15 and >15 years; as well as Comacho et al. [14], that
investigated angular cheilitis and lip fissures in two groups of subjects between 2–29 and 7–16 years; Shukla et al. [18] described angular cheilitis irrespective of age. Al-Maweri et al. [20] considered cheilitis in
the following age groups: 5–10, 10–15, and 15–18 years. Data about angular cheilitis and lip fissures reported from Scully et al. [13] are related to 24 subjects aged between 0–20 years, grouped in 0–10 and
11–20 years, while, with regard to cheilitis, they considered 11 subjects 0–10 years and 66 between 10 and >60 years, without any further age classification. n.c.—“not considered in the study”.
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Lip fissures, also called cracked or fissured lips [13], have been reported in three
papers [13,14,20]. Camacho et al. [14] found them in 20% of 15 DS subjects under the age
of 16 and none in 57 other DS subjects aged between 2 and 29 years. Al-Maweri et al. [20]
reported a rate of 64% in 50 subjects aged 6–18 years, while Scully et al. [13] reported a rate
of 17% in 24 DS subjects aged 0–20 years.

3.3.4. Other Lingual/Oral Affections

A few other findings of the oral mucosa have been sporadically reported: one case
of herpes labialis, one of cheek biting and two traumatic ulcerations in 50 DS children
considered by Al-Maweri et al. [20] and recurrent aphthous stomatitis not significantly dif-
ferent between DS children with and without the coeliac disease (15 vs. 11%, respectively),
reported by Szaflarska-Popławska et al. [21].

3.3.5. Oral Candidiasis and Candida spp. Carriage

Reports on Candida spp. carriage, species typing and associations with oral can-
didiasis in children with DS were extremely heterogeneous and, therefore, must be
considered individually.

In 1996, Carlstedt et al. [11] reported oral carriage of Candida species in a case-control
study enrolling 50 DS subjects aged 0.6–20.5 years and 50 age- and sex-matched healthy
controls: in DS subjects, C. albicans colonization was significantly higher (69% vs. 35%
of controls, p value < 0.001) and significantly higher at tongue and palate as well as
oral signs of erythematous candidiasis (40% vs. 1.8% in healthy controls), while white
pseudomembranous lesions did not statistically differ between groups. As for other
Candida species, C. parapsilosis, C. guillermondii, and C. tropicalis were rarely found in both
groups (0–1.8%) and did not differ significantly.

In 2002, Scully et al. [13] evaluated the relationships between angular cheilitis, lip
fissures, and C. albicans in a series of 50 DS subjects aged between 0–60 years and stratified
by age. C. albicans was isolated in 11 of 13 subjects (84.6%) aged 0–10 years and in 7 of 12
(58%) aged 11–20 years. The presence of C. albicans was very frequently associated with lip
lesions (in 80% of DS subjects aged 0–10 years and in 100% of those aged 11–20 years).

Four years later, Ribeiro et al. [15] conducted a case-control study on morphotyping
and enzymotyping of C. albicans in 35 children aged 0–10 years (25 with DS and 10 controls);
results showed significantly higher levels of two fungal enzymes in DS compared to the
control group, proteinase (96% in DS children vs. 40%) and phospholipase (88% vs. 80%).

In 2012, Areias et al. [19] published a case-control study to correlate relative frequencies
of Streptococcus mutans, Lactobacilli, and Candida spp. in salivary samples from DS children
and their healthy siblings closest in age. Although the work has focused on the synergistic
effect of Candida spp. with Streptococci on the onset of caries, the work reported that the
frequency of the Candida spp. carriage was higher in the control group than in the DS group,
without reaching statistical significance, but according to the low caries rates reported in
the DS subjects.

Camacho et al. [14] reported that C. albicans had been cultured twice frequently in
those DS patients with lip lesions compared to those without lip lesions.

Recently, Maranhão et al. [16] identified Candida spp. in a case-control study on 80 DS
(7.7 mean age) and 80 non-syndromic volunteers (12.8 mean age), finding a statistically
significant higher percentage of Candida carriers among the case group than in the control
group (57.5 vs. 12%). Of these, C. albicans was the most prevalent species in both groups
(93% of the DS subjects and 60% of the controls); C. glabrata was found alone in 7% of
DS children and associated with C. albicans in 35% of them, while it was reported as the
first and only species in 20% of controls. C. tropicalis and C. krusei were both found in 1%
of controls as the only isolated species, while in DS subjects they were found as second
species in association with C. albicans in 15% (C. albicans + C. tropicalis) and 4% (C. albicans
+ C. krusei), respectively, but never alone. In the DS group, 49% referred to previous oral
candidiasis on questionnaires and 21% of them presented active candidiasis at the oral
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examination; the relative percentages in the control groups were 63% (history of oral
candidiasis) and 0% (active oral candidiasis at examination), respectively.

4. Discussion

Various syndromic genetic disorders can be associated with oral manifestations, and,
while some of them are extremely rare [23–27], many others are commonly seen: this is
the case with Down syndrome (DS). DS is well known and its phenotypic aspect has been
extensively described, but there is no systematic report on the particular prevalence of oral
mucosal manifestation in children with DS.

Therefore, the present work systematically investigated the scientific literature to
establish the conditions of the oral mucosa reported in children and young adults (from 0
to 25 years of age) with DS. Among the 150 papers found, only 14 fulfilled the inclusion
criteria for the qualitative review.

The most reported findings were fissured tongue and lip lesions/cheilitis. Fissured
tongue is a relatively common condition, more frequent in adulthood than in childhood,
with a prevalence of approximately 2–5% of the general population, and ranging between
10–95% in DS, regardless of age [28].

In the studies considered here, although a precise stratification of prevalence per-
centages by years of age was not always reported, due to the different grouping systems
adopted by the various authors, it was observed that the average prevalence of fissured
tongue increases with age, being on average reported in 35% of children between 0–15 years
(very rare before 2 years of age) and 65% of subjects over 15 years of age. The highest
prevalence of FT was found by Sureshbabu et al. [17] in 52% of 67 children younger than
15 years.

Geographic tongue (GT) is reported in 1–3% of the healthy population, with no differ-
ence between females and males and ages [22]. Our results reported higher percentages of
GT in DS children, being, in all studies considered, higher than the average prevalence in
the population without Down syndrome. However, discordant trends were observed by
age groups, as GT was reported higher (14%) in 0–5 years of age compared to 6–25 years in
one study [9] and the opposite by Daneshapazhooh et al. [3] (4% of DS subjects between
6–20 years).

Cheilitis was reported in eight studies, but the definitions of sites and origins were
homogeneous and not always considered. In particular, in the works in which the examina-
tion was performed by dentists and/or oral pathologists; these data were generally more
defined than those reported by dermatologists or other medical specialists.

Oral candidiasis, Candida spp. typing and carriages have been the subject of various
studies considered. Active oral candidiasis at clinical examination was more common in
children/young adults with DS than in controls, as was the carrier status with no clinical
signs of infection. Only the work by Areias et al. [19] has countered this finding, as they
reported the frequency of the Candida spp. carriage was higher in the control group than
in the DS, without reaching statistical significance. This could explain the lower caries
rates in children with DS compared to healthy controls, but it does not endorse their
greater susceptibility to oral candidiasis, thus imputing greater responsibility towards
immunological disorders and/or oral lesions co-occurring in DS than the simple load of
Candida spp. [29–31]. This hypothesis is reinforced by the evidence that C. albicans was the
most prevalent species in both healthy subjects and DS ones, as well as it was found twice as
frequently in those DS patients with lip lesions compared to those without lip lesions [13,20];
thus supporting the role of immunity, hyposalivation, and oral lesions in the onset of
frequent oral infections in children with DS. Lastly, the work by Maranhão et al. [16]
highlighted the coexistence of other Candida species (non-albicans Candida, NAC) besides
C. albicans in DS compared with controls.

Only sporadic reports have been found regarding other oral mucosal conditions, such
as herpes labialis, ulcerative/traumatic lesions, and check biting.



Appl. Sci. 2021, 11, 5408 13 of 15

Based on the reported results, it is possible to orient the practitioners dealing with DS
children to the correct management of the manifestations affecting the oral mucosa of these
subjects with special needs.

FT, being generally asymptomatic, usually does not require treatment. However, the
furrows that characterize the fissured tongue can be a receptacle for food debris, bacterial
plaque and fungi and, consequently, bad oral hygiene and infectious diseases may occur.
To prevent the accumulation of dental plaque and/or the onset of fungal infections, it is
recommended to educate parents and caregivers to perform the hygiene of the tongue
of their DS child in addition to routine dental hygiene. For this purpose, the use of
tongue scrapers and/or brush tongue cleaners can help to maintain acceptable levels of
tongue hygiene.

When inflammation or mycosis have occurred, the treatment may consist of the
removal of triggering factors and the use of topical and/or systemic antimycotic drugs.

While the usage of antifungal agents has been revised for the general pediatric pop-
ulation [32], literature about the antimycotic protocols specific for DS children is not yet
reported. Pediatric subjects differ from adults in host biology, predisposing conditions and
oral microbiome composition and the DS children are further different from the healthy
ones, so that specific antifungal therapies are required. Hence, choosing the most appro-
priate antimycotic therapy in DS children is a serious challenge. The clinicians dealing
with oral candidiasis in these subjects must consider the general health conditions of each
subject, the presence of immunological defects that can reduce the responsiveness to drug
therapy, and the possible side effects related to nephrotoxicity when a renal involvement is
already present. Furthermore, the Candida typing in DS children have been revealed to
differ from healthy non-syndromic children, and the risk of drug resistance and/or the lack
of responsiveness of oral candidiasis sustained by NAC species is another factor to consider.
For the elderly and denture wearers, some authors have recently reported the efficacy
and safety of the use of probiotics on prophylaxis and treatment of oral candidiasis [33];
further studies in this direction on children with DS or other diseases associated with the
onset of oral candidiasis could represent a potentially valid alternative to conventional
drug therapies.

Last, it was reported that the onset of oral candidiasis in DS children was more fre-
quently associated with lip lesions; another key strategy to prevent this further occurrence,
is to re-establish the integrity of the lips, via the use of hydrating and healing topical
products, based on the content of vitamin E, hyaluronic acids and similar occurrences is to
re-establish the integrity of the lips, via the use of hydrating and healing topical products,
based on the content of vitamin E, hyaluronic acids, and similar.

5. Conclusions

The scarcity and heterogeneity of works reporting manifestations that affect the oral
mucosa of children with DS reveals a gap in our knowledge that should be filled with
larger and more detailed studies accompanied by changes in the clinical practice. Greater
attention to inspection of the oral mucosae of children with DS and, in general, of all those
with special needs, is necessary.

Several benefits would be derived, as follows:

1. Reduction of the risk of underestimating the presence of oral mucosal pseudo-lesions;
2. Enhancement of the clinician’s ability to intercept early signs of fungal infections; and
3. Prevention of these infections and/or interruption of the vicious circle of recurrence

in subjects in which systemic and local conditions can favor them.

The support of non-invasive adjunctive tools [34–36] and the involvement of paediatric
dentists and oral pathologists in these processes is desirable, as these professionals are
inclined to work on children and trained to identify in detail any anomaly of the oral
mucosa, rather than the dental ones [37–39].

In conclusion, scientific investigation and a personalized approach could offer more
appropriate information to parents/caregivers and specialists dealing with DS children, to
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intercept and define benignant conditions and to prevent recurrent candidiasis, the related
repeated use of pharmacological therapies and the effects resulting from lip fissures.
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