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Featured Application: A deeper insight into oral lesions potentially detectable in pediatric SARS-
CoV-2 positive subjects and following COVID-19 vaccination may enhance clinicians’ prepared-
ness to improve inter-disciplinary pediatric oral and general healthcare.

Abstract: A plethora of systemic manifestations of COVID-19 and adverse reactions to COVID-19
vaccines have been described in pediatric subjects. Therefore, the present systematic review primarily
aimed to assess the prevalence and macro-microscopic features of oral lesions following SARS-CoV-2
infection, grading primary oral lesions based on COVID-19 forms, in pediatric subjects. The secondary
aim was to evaluate the epidemiology, clinical appearance, and histopathology of oral lesions
following the WHO Emergency Use Listing approved and EMA authorized vaccines, in relation to
cases and vaccine characteristics. The study protocol was compliant with the PRISMA statement and
registered on PROSPERO (CRD42022351821). Case reports, case series, and observational studies
were electronically searched till 27 July 2022, on MEDLINE/PubMed, Scopus, and Cochrane library
databases, and the PROSPERO register. Data from nine studies describing oral lesions following
viral infection and two records reporting oral lesions following vaccine administration, evaluated
through the ROBINS-I tool for quality, were independently extracted and qualitatively synthesized,
resulting in scarce, jeopardized, and incomplete findings. Since most of the rare lesions recorded were
a part of broad-spectrum systemic disorders and syndromes and, thus. undetailed or nonspecific,
further studies should assess oral lesions following SARS-CoV-2 infection and vaccination in pediatric
subjects, considering novel viral variants and newly developing vaccines.

Keywords: COVID-19; SARS-CoV-2; Coronavirus disease 2019; novel coronavirus; oral lesions; oral
manifestations; oral signs; anti-SARS-CoV-2 vaccination; anti-SARS-CoV-2 vaccine

1. Introduction

The first information regarding COVID-19 dates back to the first cases of SARS-CoV-2
infection, reported in December 2019, in Wuhan, Hubei Province in China. Three months
later, on 11 March 2020, the World Health Organization (WHO) proclaimed the status
of a global pandemic [1]. Various non-drug preventive measures, such as facial masks
and social distancing, were adopted to control the spread of infection, later combined
with vaccination. COVID-19 vaccines, although associated with Adverse Drug Reactions
(ADRs) [2], similar to all medicinal products, have been effective in reducing the risk of
viral transmission and infection, preventing severe forms of COVID-19, and decreasing the
rate of hospitalization and death [3].

In the early stages of the COVID-19 pandemic, the number of pediatric SARS-CoV-2
positive subjects appeared to be very small [4]. The evidence suggested, at the time, that

Appl. Sci. 2022, 12, 8995. https:/ /doi.org/10.3390/app12188995

https://www.mdpi.com/journal/applsci


https://doi.org/10.3390/app12188995
https://doi.org/10.3390/app12188995
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/applsci
https://www.mdpi.com
https://orcid.org/0000-0002-5458-6559
https://orcid.org/0000-0003-3163-7170
https://orcid.org/0000-0002-4773-6694
https://orcid.org/0000-0001-6161-9067
https://orcid.org/0000-0003-3877-1671
https://orcid.org/0000-0002-8159-9785
https://doi.org/10.3390/app12188995
https://www.mdpi.com/journal/applsci
https://www.mdpi.com/article/10.3390/app12188995?type=check_update&version=2

Appl. Sci. 2022,12, 8995

2 of 28

pediatric subjects frequently developed an asymptomatic or oligosymptomatic form of
SARS-CoV-2 infection [4]. However, subsequent findings revealed that COVID-19 could
evolve, in some pediatric cases, into the severe form of the disease. Indeed, cases diag-
nosed worldwide with a newly characterized syndrome, potentially linked to SARS-CoV-2
infection in children, identified as “Multisystem Inflammatory Syndrome in Children”
(MIS-C), or “Paediatric Inflammatory Multisystem Syndrome Temporally Associated with
COVID-19” (PIMS-TS), have been described [5,6]. This syndrome shares similar features
with other entities already known, also potentially involving the oral cavity, such as
Kawasaki Disease (KD), Toxic Shock Syndrome (TSS), Macrophage Activation Syndrome
(MAS), and Secondary Hemophagocytic Lymphohistiocytosis (SHLH) [5,6]. However, the
lower prevalence of severe COVID-19 observed in pediatric subjects compared to adult
ones, and the contrasts with infections caused by other respiratory pathogens, has been
partially explained by the age-related differences in viral receptor expression, immune
function, and comorbidities rate [6]. Indeed, comorbidities are associated with an increased
risk of severe disease, hospitalization, and death, even in pediatric subjects, although
most of those hospitalized due to COVID-19 did not have comorbidities [6]. Neverthe-
less, 14,448,622 pediatric SARS-CoV-2 subjects were recorded in the United States until
24 August 2022 [7], representing 18.4% of all cases.

Consequently, COVID-19 vaccination may be especially beneficial for pediatric sub-
jects at higher risk of severe disease and is thought to be effective in protecting against
post-COVID-19 conditions and MIS-C/PIMS-TS [6]. Accordingly, to date, the European
Centre for Disease Prevention and Control recommended the COVID-19 vaccination in
12-17 year-olds in all European countries, registering 26.2% of the pediatric population
(<18 years of age) as having received at least one dose (on 25 August 2022) [6], with
some countries also recommending booster doses for the same age group [6]. The Eu-
ropean Medicines Agency (EMA) approved the mRNA BNT162b2 Comirnaty (Pfizer-
BioNTech) and the mRNA-1273 Spikevax (Moderna) vaccines for 6-11 year-olds. Similarly,
the Centers for Disease Control and Prevention reported that 38% of the pediatric popu-
lation (<18 years of age) received at least one dose (on 24 August 2022) [7] and approved
the mRNA BNT162b2 Comirnaty (Pfizer-BioNTech) vaccine administration in subjects
>5 years old. The FDA also authorized the use of the mRNA-1273 Spikevax (Moderna) for
children <5 years of age.

Therefore, the present systematic review primarily aimed to assess the prevalence and
macro-microscopic features of oral lesions following SARS-CoV-2 infection, estimating the
degree of association and grading primary oral lesions based on COVID-19 forms in pedi-
atric (<18 years old) subjects. The secondary aim was to evaluate the epidemiology, clinical
appearance, and histopathology of oral lesions diagnosed among pediatric subjects who
had received at least one dose of the WHO Emergency Use Listing approved [7] and EMA
authorized COVID-19 vaccines [8], in relation to the cases’ ages, genders, comorbidities
and histories of COVID-19, and vaccine types, and the number of doses administered.

2. Materials and Methods
2.1. Protocol

The study protocol was developed before starting the literature search and analysis
and registered with the PROSPERO systematic review registry under CRD42022351821.

The study was performed in accordance with the Preferred Reporting Items for Sys-
tematic Reviews and Meta-analyses (PRISMA) statement [9,10], freely available online.

Question formulation, search strategies definition, and study selection criteria were
developed according to the PICO model [11].

The study question was “Did SARS-CoV-2 infection and related vaccines cause oral
lesions in pediatric patients?”, focusing on:

e P—Population: young subjects (<18 years old) who have tested positive for SARS-CoV-2
or have received at least one dose of the COVID-19 vaccine;
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e [—Intervention: SARS-CoV-2 infection and WHO Emergency Use Listing approved [7]
and EMA authorized [8] COVID-19 vaccines.

o C—Comparison: adult subjects (>18 years) who tested positive for SARS-CoV-2 or
received at least one dose of COVID-19 vaccine;

e  O—Outcome(s): oral mucosal lesions associated with SARS-CoV-2 infection or COVID-
19 vaccines.

2.2. Search Strategy

An electronic search was independently conducted by two reviewers (FDS, MPDP),
on the MEDLINE/PubMed, Scopus, and Cochrane library databases, until 27 July 2022, to
retrieve records written in English, without publication date or status restrictions, on oral
lesions resulting from SARS-CoV-2 infection, applying the following keywords combined
using Boolean operators:

1. Oral lesion OR oral manifestation OR oral signs

AND
2. COVID-19 OR SARS-CoV-2 OR Coronavirus disease 2019 OR novel coronavirus

AND
3. Pediatric OR child OR children.

A further electronic search was conducted with the same methods to obtain records on
oral lesions following COVID-19 infection, adding to the previous keywords the following
ones preceded by the Boolean operator AND: Vaccine OR vaccination OR anti-SARS-CoV-2.

The reference list of included articles were subsequently screened for potentially
relevant articles, as previously described.

2.3. Study Selection Process

Study selection was independently conducted by two reviewers (FDS, MPDP) in
compliance with the eligibility criteria applied to the studies on oral lesions in pediatric
SARS-CoV-2 positive subjects, described in Table 1, and reported following COVID-19
vaccines, detailed in Table 2, respectively. Any discrepancies were resolved by discussion
and consensus with a third reviewer (SM).

Table 1. Study eligibility criteria for records reporting oral lesions in pediatric SARS-CoV-2
positive subjects.

Study Eligibility Inlcusion Criteria Non-Inclusion Criteria
Sources
Databases Electronic No restrictions
Publication language English language Non English language
Publication date No restrictions No restrictions
Publication status Published/In press/Ahead of print Submitted
Study characteristics
Type Clinical In vitro/Pre-clinical in vivo
Design Prospective Systematic review
Retrospective Narrative review
Case-control Conference paper
Case-series and report Oral communication
Letter to the Editors Books and chapter
Study sample size No restrictions No restrictions
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Table 1. Cont.

Study Eligibility Inlcusion Criteria Non-Inclusion Criteria
Population
Age <18 years old >18 years old
Gender No restrictions No restrictions
Characteristics and conditions ~ No restrictions Pregnancy; lactation
Comorbidities No restrictions No restrictions

Ongoing treatment
History of COVID-19

No restrictions
No restrictions

No restrictions
No restrictions

Intervention
Type SARS-CoV-2 infection (confirmed) None
. Oral lesions following SARS-CoV-2 infection in
Comparison - None
adult subjects
Outcomes Oral lesions (Likely) Pre-existing oral lesions

Macroscopic features

Microscopic features

Erosions and Ulcers (Aphthous-like, Erythema
Multiforme-like, Herpetiform-like)

Plaques (white and red)

Vesicles and Bullae

Maculae and Petechiae

Others

Cyto/Histopathology

Other oro-facial manifestations
No restrictions

None

Table 2. Study eligibility criteria for records reporting oral lesions in pediatric subjects receiving at
least one dose of the COVID-19 vaccine.

Study Eligibility Inlcusion Criteria Non-Inclusion Criteria
Sources
Databases Electronic No restrictions
Publication language English language Non English language
Publication date No restrictions No restrictions
Publication status Published /In press/Ahead of print Submitted

Study characteristics

Type
Design

Study sample size

Clinical

Prospective
Retrospective
Case-control
Case-series and report
Letter to the Editors
No restrictions

In vitro/Pre-clinical in vivo
Systematic review
Narrative review
Conference paper

Oral communication

Books and chapter

No restrictions

Population
Age
Gender
Characteristics and conditions
Comorbidities
Ongoing treatment
History of COVID-19

<18 years old

No restrictions
No restrictions
No restrictions
No restrictions
No restrictions

>18 years old

No restrictions
Pregnancy; lactation
No restrictions

No restrictions

No restrictions

Intervention

Type
Dosing

WHO Emergency Use Listing approved and EMA
authorized COVID-19 vaccine
At least one dose

Other COVID-19 vaccines

None
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Table 2. Cont.

Study Eligibility Inlcusion Criteria Non-Inclusion Criteria
. Oral le510'ns following SARS-CoV-2 vaccine in Oral lesions following other
Comparison adult subjects COVID-19 vaccines
No COVID-19 vaccine
Outcomes Oral lesions (Likely) Pre-existing oral lesions

Macroscopic features

Microscopic features

Oral lesions in SARS-CoV-2
positive subjects
Other oro-facial manifestations
Erosions and Ulcers (Aphthous-like, Erythema
Multiforme-like, Herpetiform-like)
Plaques (white and red) None
Vesicles and Bullae
Maculae and Petechiae
Others
Cyto/Histopathology None

All titles and abstracts of articles found through the electronic search were screened.
For records considered eligible for this systematic review, and for articles potentially
relevant full-texts were obtained and screened.

2.4. Data Extraction and Collection

Data extraction and collection were independently conducted by three reviewers
(FDS, MPDP, FDA) on a dedicated form developed considering the proposed models for
intervention reviews on RCTs and non-RCTs [12,13]. No attempt to contact authors was
performed to obtain or confirm data.

For each record included, concerning oral lesions in pediatric SARS-CoV-2-positive
subjects, the following information was extracted and collected:

- author, year and journal of publication, full citation of the article, study design,
and funding;

- population sample size, gender, mean age, comorbidities, current therapies for comor-
bidities, COVID-19 severity and treatment, and the time between disease onset and
oral lesion occurrence;

- oral lesion macroscopic and microscopic features, diagnostic procedures and treatment.

For each record included, concerning oral lesions in pediatric subjects receiving at least
one dose of the COVID-19 vaccine, the following information was extracted and collected:

- author, year and journal of publication, full citation of the article, study design
and funding;

- population sample size, gender, mean age, comorbidities, current therapies for comor-
bidities, COVID-19, COVID-19 vaccine type and the number of doses administered,
and the time between vaccine administration and oral lesion occurrence;

- oral lesion macroscopic and microscopic features, diagnostic procedures and treatment.

2.5. Data Synthesis

Data on primary and other oral lesions reported in pediatric SARS-CoV-2 positive
subjects. and following COVID-19 vaccinations, diagnosed through a clinical exam, were
exclusively considered for the current analysis. Conversely, data concerning oral lesions
self-diagnosed through questionnaires, normal variations, such as fissured and geographic
tongue, and likely pre-existing conditions and diseases were not considered. Reported
primary oral lesions were classified as previously described [13].

A narrative synthesis focused on the described population, intervention, comparison,
and outcome. A descriptive statistical analysis was conducted to qualitatively synthesize
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extracted data using the Microsoft Excel software 2019, Microsoft Corporation, Redmond,
WA, USA):

- toassess the overall prevalence of oral lesions following SARS-CoV-2 infection and
COVID-19 vaccination in pediatric subjects;

- torank primary oral lesions following SARS-CoV-2 infection and COVID-19 vaccina-
tion in descending order of occurrence;

- to estimate the frequency and type of primary oral lesions described following SARS-
CoV-2 infection in pediatric subjects in relation to age, gender, comorbidities, ongoing
treatments, and COVID-19 severity and therapies of the cases;

- to estimate the frequency and type of the primary oral lesions described following
COVID-19 vaccination in pediatric subjects in relation to age, gender, comorbidities,
ongoing treatments, and history of COVID-19, and to vaccine type and administered
dose of the cases.

2.6. Quality Assessment

The risk of bias of the non-randomized studies included in the present systematic
review was assessed by three independent reviewers (FDS, MPDP, FDA) through the Risk
of Bias in Non-randomized Studies of Interventions (ROBINS-I) [14] tool, considering biases
due to confounding, selection of participants, classification of interventions, deviations
from intended interventions, missing data, selection of the reported results and biases in
the measurement of outcomes.

Accordingly, the risk of bias was judged as:

- Low = low risk of bias for all domains;

- Moderate = low or moderate risk of bias for all domains;

- Serious = serious risk of bias in at least one domain, but not at critical risk of bias in
any domain;

- Critical = critical risk of bias in at least one domain.

3. Results
3.1. Study Selection
3.1.1. Oral Lesions in Pediatric SARS-CoV-2 Positive Subjects

A total of 57 potential titles/abstracts concerning oral lesions in pediatric SARS-CoV-2
positive subjects were obtained from the electronic search, 53 from MEDLINE /PubMed,
4 from Scopus, 33 from Cochrane databases, and 0 from the PROSPERO register. After
removing 1 duplicate, the 56 potentially relevant title/abstracts were screened, and 60 were
excluded. Of the remaining 29 title/abstracts that were relevant and met the eligibility
criteria, the full texts were screened, and an additional 24 records were excluded, specifically
because of the following: 3 studies were on patients >18 years of age; 7 studies did not report
oral mucosal lesions; 3 studies described oral manifestations not resulting from SARS-CoV-2
infection; 9 studies were narrative and systematic reviews; 1 full-text was not available in
English (Chinese); 1 study data on pediatric subjects could not be differentiated from those
on adult subjects. In total, 5 studies obtained from the electronic search concerning oral
lesions in pediatric SARS-CoV-2-positive subjects were included in this systematic review.
The study selection flowchart for electronically retrieved records is shown in Figure 1.

Four additional titles [15-18], retrieved from the manual search of 5 articles included in
this systematic review [19-23] and compliant with the eligibility criteria, were also included.
Finally, 9 records concerning oral lesions in pediatric SARS-CoV-2 positive patients were
included in the present systematic review. All full-texts were freely available, so no contact
with the authors had to be arranged.
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[ Identification of studies via databases and registers ]
Records identified from: B
Records removed before
< PubMedMEDLINE screening.
§ Database: (n=53) Duplicate records removed
(n=1)
] Scopus Records marked as ineligible
H Database: (n = 4) by automationtools (n = 0)
= Records removed for ather
Cochrane Library reasons (n = 0)
Database: (n = 33)
PROSPERO Register
= 0)
(n Recordsexcluded
Reason: not
v pertinent;
Records screened #| lesions not involving
(n =89) oral cavity (n = 60)
v Reports not retrieved
0 Reports sought for retrieval L (n=0)
= (n=29)
e Reports excluded:
g Y Reason 1: patient > 18 y.o.
@a )| (n=3)
Reports asses_sedfor eligibility Reason 2- no oral lesion (n
(n=29) -7
Reason 3: oral lesions not
occurring after SARS-
CoV-2 infection (n =3)
Reason 4: narrative review
— v or systematic review (n
" . = g)
'g Studies mduijeﬁd Inreview Reason 5: not available in
- (n=3) English (n = 1)
E Reason 6 data on pediatric
subjects were not
h— distinguishable (n=1)

Figure 1. PRISMA 2020 flow diagram for new systematic reviews which included searches of
databases and registers only on oral lesions in pediatric SARS-CoV-2 positive subjects.

3.1.2. Oral Lesions in Pediatric Subjects Following COVID-19 Vaccination

In addition, the study selection flowchart for electronically retrieved records concerning
oral lesions diagnosed in pediatric subjects following at least one dose of WHO Emergency Use
Listing approved [7] and EMA authorized [8] COVID-19 vaccines (Figure 2) shows that a total
of 7 potential title/abstracts were obtained: 7 from the MEDLINE/PubMed, 0 from Scopus,
0 from Cochrane databases, and 0 from the PROSPERO register. The 7 potentially relevant
title/abstracts were screened, and 3 records were excluded. Of the remaining 4 relevant
abstracts that met the eligibility criteria full-texts were screened, and 2 additional articles
were excluded, specifically because of the following: 1 study involved patients >18 years
of age; 1study did not report oral mucosal lesions. A total of 2 studies were obtained
from the electronic search concerning oral lesions diagnosed in pediatric subjects following
at least one dose of WHO Emergency Use Listing approved [7] and EMA authorized [8]
COVID-19 vaccines.
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|. Identification of studies via databases and registers

Records identified from:
= Records removed before
PubMed/MEDLINE screening:
Database: (n=7) Duplicate records removed
(n=0)
- Scopus Records marked as ineligible
ﬁ Database: (n =0) by automation tools (n=0)
Records removed for other
Cochrane Library reasons (n =0)
Database: (n =0)
R PROSPERO Register
(n=0) Records excluded
Reason: lesions not
involving oral cavity
v =3
Records screened o (0=
n=7)
Y Reports not refrieved
2 Reports sought for retrieval eports not retrieve
= (n=4) (n=0)
¢
@ A
»| Reports excluded:
Reports assess_ed for eligibility Reason 1 subjects
(n=4) > 18 years old
(n=1)
Reason 2: no oral
lesion (n = 1)
A
; Studies included in review
3 (n=2)

Figure 2. PRISMA 2020 flow diagram for new systematic reviews which included searches of
databases and registers only on oral lesions diagnosed in pediatric subjects following at least one
dose of WHO Emergency Use Listing approved [7] and EMA authorized [8] COVID-19 vaccines.

The manual search of the 2 electronically retrieved articles included in the present
systematic review resulted in no additional relevant records.
All full-texts were freely available, so no contact with the authors had to be arranged.

3.2. Study Characteristics and Qualitative Synthesis
3.2.1. Oral Lesions in Pediatric SARS-CoV-2 Positive Subjects

Of the 9 studies included on oral lesions in pediatric SARS-CoV-2 positive subjects,
3 were case series [15,18,21], 4 were case reports [16,17,19,23], and 2 were retrospective
studies [20,22]. The overall population comprised 50 subjects, but since data concern-
ing pediatric (<18 years) SARS-CoV-2 positive subjects diagnosed with oral lesions were
exclusively extracted and analyzed, a total number of 35 cases, constituting 70% of the
investigated population, was currently considered.

Table 3 synthesizes the study’s source, characteristics, methods, and oral outcomes,
classified based on primary oral lesions [13], with reported diagnosis, therapy, and pro-
gression of the oral lesions. Only data compliant with inclusion/exclusion criteria were
extracted and synthesized in Table 3; therefore, those concerning subjects >18 years old
were not detailed.
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Table 3. Data extracted and collected from the studies included in the present systematic review. General information: First Author, year and journal of publication,
reference, study design, funding. Population: sample size, mean age, gender ratio, comorbidities, and related ongoing treatments. COVID-19: severity, treatment,
and time to oral lesions onset). Features of the reported primary oral lesions, classified as Erosions and Ulcers (Aphthous-like “Apht.”, Erythema Multiforme-like
“EM”, Herpetiform “Herp.”, Plaques (white, red), Vesicles and Bullae, Maculae and Petechiae, others [13]: number (single /multiple); distribution (unilateral/bilateral
asymmetrical or symmetrical); location; cyto/histopathology. Reported diagnosis, categorized as Oral Lichen Planus “OLP”, Stevens-Johnson Syndrome “SJS”,

Ulcers, others, diagnostic procedure(s) performed, lesions therapy, and progression.

Studies Population COVID-19 Reported Primary Oral Lesions Oral Lesions Diagnosis, Therapy and Progression
Akca, 2020 Sample size: n = 4 (n = 2 with oral Severity Erosion and Ulcersn =1 Diagnosis

lesions) 2 hospitalizations, 1 death Number: N/D Others:
Rheumatology International Mean age: 8.5 y.o (7-10 y.0.) Distribution: N/D incomplete KDn =1

Gender ratio: 1IM/1F Treatment Location: N/D oral mucosa KDn=1

[15]
Case series

No funding

Comorbidities: MD

Ongoing treatments: MD

Intubation, 2 IVIG, azithromycin,
hydroxychloroquine, ritonavir, lopinavir,
favipiravir, tocilizumab, anakinra,
corticosteroid (20 mg/d), mesenchymal stem
cell treatments, VV-ECMO, inotropic therapy

Time to oral lesions onset: MD

Cyto/Histopathology: MD

Maculae and Petechiaen =1
Erytheman=1

Number: N/D

Distribution: N/D

Location: N/D oral mucosa
Cyto/Histopathology: MD

Othersn=1

N/D changesn =1

Number: N/D

Distribution: N/D

Location: N/D oral cavity, lips
Cyto/Histopathology: MD

Diagnostic procedure(s)

(+) 2RT-PCR

Serological exam:

Mild elevation of liver transaminases
Lymphopenia

Thrombocytopenia2 1 D-dimer

1 Lactate dehydrogenase

1 CRP (26.4 mg/dL)

1 ESR (96 mm/h)

1 Brain-natruretric peptide

71 Ferritin (1019.6 pug/L)

T Triglyceride

Chest CT: 2 bilateral diffuse ground-glass density
areas

ECHO: pulmonary hypertension

Therapy: MD

Progression: MD
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Table 3. Cont.

Studies Population COVID-19 Reported Primary Oral Lesions Oral Lesions Diagnosis, Therapy and Progression
Al Ameer, 2020 Sample size: n =1 Severity Maculae and Petechiaen =1 Diagnosis

Mean age: 13 y.o hospitalization and death Erytheman=1 Others: Erythematous cracked lipsn =1
Cureus Gender ratio: 1F Number: N/D

Treatment Distribution: N/D Diagnostic procedure(s)

[19] Comorbidities: G6PD deficiency, Respiratory support with a high-flow nasal Location: lips (+) RT-PCRBT

MIS-C mimicking Kawasaki disease  cannula with 2 L/min flow, mechanically Cyto/Histopathology: MD measurement: 39.6 °C for five days
Case report ventilation, normal saline bolus 60 mL/kg/h, HR: 130 bpm

No funding

Ongoing treatments: MD

IV immunoglobulins 2 g/kg single dose,
methylprednisolone 2 mg/kg/dose twice d,
antibiotic, antiemetic, antiviral favipiravir,
tocilizumab IL-6 inhibitor, low molecular
weight heparin, milrinone, epinephrine,
norepinephrine

Time to oral lesions onset: MD

Othersn=1

Fissuresn =1

Number: Multiple
Distribution: N/D
Location: lips
Cyto/Histopathology: MD

BP: 66/32 mmHg

Abdominal ultrasound: mesenteric lymphadenitis
Chest X-ray: cardiomegaly, acute respiratory
distress syndrome

Echocardiogram: mild mitral regurgitation, mild
pericardial effusion, moderate depression in left
ventricle function

Serological exam:

(1) high-sensitivity troponin (0.454 ng/mL); LDH
(258 units/L); Direct bilirubin (0,26 mg/dL);

AST (44 units/L); PT (22 s); INR (1.40); ESR

(101 mm/h); Ferritin (800 ng/mL)

() Ca* 1.71 mmol/L; Na* 125 mmol/L;

K* 3.0 mmol/L; SO4* 0.63 mmol/L, Albumin
28.7 g/L; PCO, 34(-)

CMYV, EBV, HSV, blood and urine colture

Therapy: MD

Progression: MD
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Table 3. Cont.

Studies Population COVID-19 Reported Primary Oral Lesions Oral Lesions Diagnosis, Therapy and Progression
Bardellini, 2021 Sample size: n = 27 (n = 15 with Severity: MD Others n =15 Diagnosis
oral lesion) Pseudomembranous candidiasisn =2  Others n =15

Med Oral Patol Oral CirBucal
[20]
Retrospective study

No funding

Mean age: 4.2 y.0

(3 months-14 y.o.) Gender ratio:
19M/8F

Comorbidities: MD

Ongoing treatments: MD

Treatment: MD

Time to oral lesions onset: MD

(7.4%)

Number: N/D
Distribution: N/D
Location: N/D
Cyto/Histopathology: MD

Geographic tongue n =1 (3.7%)
Number: N/D

Distribution: N/D

Location: tongue
Cyto/Histopathology: MD

Coated tongue n =2

(7.4%)

Number: N/D
Distribution: N/D
Location: tongue
Cyto/Histopathology: MD

Hyperaemic pharynx n = 10
(37%)Number: N/D
Distribution: N/D
Location: pharynx
Cyto/Histopathology: MD

Oral candidiasis n = 2
Geographic tonguen =1
Coated tongue n =2
Hyperaemic pharynx n = 10

Diagnostic procedure(s)
15 BT: > 38 °C

10 BT: 37.5°-38 °C

27 PCOy: > 92%
Therapy: MD

Progression: MD
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Table 3. Cont.

Studies Population

COVID-19

Reported Primary Oral Lesions

Oral Lesions Diagnosis, Therapy and Progression

Cant, 2020 Sample size: n =1
Mean age: 9 y.o

British Journal of Oral and Gender ratio: 1M

Severity hospitalization

Treatment

Erosion and Ulcers n =1
Ulcersn=1
Number: N/D

Diagnosis
Ulcersn=1
Others: swollenn =1

Maxillofacial Surgery Topical hydrocortisone 2.5 mg tablets Distribution: N/D
Comorbidities: dystonia, epilepsy Location: N/D Diagnostic procedure(s): MD
[16] Time to oral lesions onset: MD Cyto/Histopathology: MD
Ongoing treatments: MD Therapy: MD
Case Report Othersn=1
Swollenn =1 Progression: MD
No funding Number: N/D
Distribution: N/D
Location: lips
Cyto/Histopathology: MD
Dima, 2020 Sample size:n =3 Severity Othersn=3 Diagnosis
Mean age: 13.3 d (10-15 d) 3 hospitalizations Oral candidiasis n = 3 Others: oral candidiasisn =3
Medicine Gender ratio: 2M/1F Number: N/D
Treatment Distribution: N/D Diagnostic procedure(s)
[21] Comorbidities: 1 left 2 vitamin D, 3 topical cream for erythema, 1 ~ Location: N/D (+) RT-PCR (n = 3)

cryptorchidism
Case series

Ongoing treatments: MD
No funding

eye drops, 1 Ampicillin (100 mg/kgc/d), 1
Gentamicin

(4 mg/kgc/d), 1 human immunoglobulins, 1
aminophylline

(8 x 0.3 mL/d); 1 parental nutrition

Time to oral lesions onset: MD

Cyto/Histopathology: MD

Serological exam (n = 3): any relevant modification
Chest X-ray (n = 3): no pathologic findings

(n = 2); medium degree of hilar parenchymal
infiltration and a slight infiltration of the visceral
pleura (n=1)

Lung auscultation (n = 1): bilateral decreased air
entry

Mean (n = 3) HR (130 bmp); SaO, (95.3%); MAP
(62.6); RR (53.6); BT (37.7 °C)

Therapy
Nystatin (n = 3)
Fluconazole iv (6 mg/kgc) (n=1)

Progression: MD
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Table 3. Cont.

Studies Population COVID-19 Reported Primary Oral Lesions Oral Lesions Diagnosis, Therapy and Progression
Falah, 2020 Sample size: n = 10 (n =9 with oral ~ Severity Othersn =9 Diagnosis
lesions) 6 hospitalizations N/D changesn =9 Others: KDn =9
Cureus Mean age: 6.1 y.o (from 4 month to Number: N/D
11 y.0) Treatment Distribution: N/D Diagnostic procedure(s)
[22] Gender ratio: 7M/2F 8 IVIG, 6 acetylsalicylic acid, 3 oxygen, 2 Location: N/D oral cavity, lips (+) 7 RT-PCR

Retrospective study

Comorbidities: None

steroids, 5 antibiotics, 1 tocilizumab, 1
anticoagulant, 1 antiviral therapy, 1 plasma
therapy, 3 inotropic support

Cyto/Histopathology: MD

(+) 1 SARS-CoV-2 serology
Chest CT: pulmonary opacity n = 3; cardiomegaly n
=2

No funding Ongoing treatments: MD Serological exam:
Time to oral lesions onset: MD (1) IL-6 (n = 1); LDH (n = 2); D-dimer (n = 3);
Troponin (n = 1); ESR (n = 4); Fibrinogen
(n = 1); Ferritin (n = 5); Procalcitonin (n = 1); CRP (n
=9); White cell
({) Platelets (n = 3); Hemoglobin (n = 5); Albumin (n
= 6); Lymphopenia (n = 2)
Therapy: MD
Progression: MD
Jones, 2020 Sample size: n =1 Severity Othersn=2 Diagnosis
Mean age: 6 month-old hospitalization Fissuresn =1 Others: KDn=1
Hospital Pediatrics Gender ratio: 1F Number: N/D
Treatment Distribution: N/D Diagnostic procedure(s)
[17] Comorbidities: MD single dose of 2 g/kg IVIG, acetylsalicylic Location: lips (+) RT-PCR
acid Cyto/Histopathology: MD BT:38.8 °C
Case Report Ongoing treatments: MD Urine culture: negative
Time to oral lesions onset: MD Hypertrophic papillan=1 HR: 200 bpm
No fundings Number: N/D Sa0,: 100%

Distribution: N/D
Location: tongue
Cyto/Histopathology: MD

Serological exam: normocytic anemia

1 CRP (13.3 mg/dL); ESR (118)

1 Na* (133 mmol/L); Albumin (2.8 g/dL)
Echocardiographic: normal

Chest X-ray: opacity in the left midlung zone

Therapy: MD

Progression: MD
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Table 3. Cont.

Studies Population COVID-19 Reported Primary Oral Lesions Oral Lesions Diagnosis, Therapy and Progression
Labé, 2020 Sample size: n =2 Severity Erosion and Ulcersn =1 Diagnosis
Mean age: 4.5 y.o (3 to 6 y.0.) 2 hospitalizations Erosionn =1 EMn=1
JEADV Gender ratio: 2M Number: N/D Others: KDn=1
Treatment Distribution: Multiple
[18] Comorbidities: MD 11IVIG (2 g/kg) Location: lips, gingiva Diagnostic procedure(s)

Case series

No funding

Ongoing treatments:1 None,
1MD

Time to oral lesions onset: MD

Cyto/Histopathology: MD

Othersn =3
Haemorrhagic crusts n = 1
Number: Multiple
Distribution: N/D
Location: lips
Cyto/Histopathology: MD

N/D changesn =2

Number: N/D

Distribution: N/D

Location: N/D oral cavity, lips,
tongue

Cyto/Histopathology: MD

(+) 1 RT-PCR

1 CT: ground-glass opacities and consolidation in
the right posterobasal area

Serological exam:

(-) 1 Mycoplasma pneumoniae; HSV

(1) CRP (195 mg/L); Leucocytes (17.400/ mm?)

Therapy: MD

Progression: MD
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Table 3. Cont.

Studies Population COVID-19 Reported Primary Oral Lesions Oral Lesions Diagnosis, Therapy and Progression
Marinescu, 2022 Sample size: n =1 Severity Maculae and Petechiae n = 3 Diagnosis
Mean age: 8 y.o Hospitalization Petechiaen =1 ITPn=1
Infection and Drug Resistance Gender ratio: 1F Number: Multiple
Treatment Distribution: Bilateral asymmetrical Diagnostic procedure(s)

[23]

Case Report

No funding

Comorbidities: ITP

Ongoing treatments: None

IVIG 1 g/kg/d for 2 d, intravenous
methylprednisolone 1 mg/kg/d

Time to oral lesions onset: MD

Location: N/D oral mucosa, lips
Cyto/Histopathology: MD

Purpuran=1

Number: Multiple

Distribution: Bilateral asymmetrical
Location: N/D oral mucosa, lips
Cyto/Histopathology: MD

Ecchymosesn =1

Number: Multiple

Distribution: Bilateral asymmetrical
Location: N/D oral mucosa, lips
Cyto/Histopathology: MD

(+) RT-PCR

BT:36.4 °C

HR: 90 bpm

BP: 115/70 mmHg

RR: 19

Sa0,: 100%

Serological exam:

Severe thrombocytopenia (0 x 103 /L)

({) Leukopenia (2500 /L)

(1) ALT (233.3 U/L); AST (108.7 U/L); Creatinine;
CRP; Ferritin; D-dimer

(-) EBV; HAV; HBV; HCV; VZV; CMV; HIV; HSV;
parvovirus B19; seasonal influenza; adenovirus;
Escherichia coli; Bordetella pertussis; Chlamyda
pneumoniae; Mycoplasma pneumoniae;
Staphylococcus; Streptococcus

Chest X-ray, Abdominal Ultrasound, Doppler
sonography, echocardiography: normal

Therapy: MD

Progression: MD

Abbreviations: years old, “y.0.”; day, “d”; Real-time Reverse Transcription-Polymerase Chain Reaction, “RT-PCR”; not defined, “N/A”; missing data, “MD”; Aphthous-like, “Apht.”;
Erythema Multiforme-like, “EM”; Herpetiform, “Herp.”; Oral Lichen Planus, “OLP”; Stevens-Johnson Syndrome, “SJS”; Kawasaki Disease, “KD”; Immune Thrombocytopenic Purpura,
“ITP”; Heart rate, “HR”; Beats per minute, “bmp”; Oxygen Saturation, “SaO2 “; Partial Pressure of Carbon Dioxide, “PCO2 “; Mean arterial pressure, “"MAP”; Respiratory Rate, “RR”;
Blood Pressure, “BP”; Body Temperature, “BT”; Glucose -6-Phosphate Dehydrogenase, “G6PD”; Multisystem Inflammatory Syndrome in Children, “MIS-C”; Lactate dehydrogenase,
“LDH”; Aspartate aminotransferase, “ALT”; Prothrombin Time, “PT”; C-Reactive Protein, “CRP”; International Normalized Ratio, “INR”; Erythrocyte Sedimentation Rate, “ESR”;
Intravenous Immunoglobulin, “IVIG”; Venovenous Extracorporeal Membrane Oxygenation, “VV-ECMO”.
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Pedjiatric SARS-CoV-2 positive subjects diagnosed with oral lesions comprised 20 males
and 15 females, aged between 10 days and 14 years, with a mean age of 5.98. Comorbidities,
reported in 4 studies [16,19,21,23], were the following: glucose-6-phosphate deficiency and
MIS-C mimicking Kawasaki disease in a 13-year-old female [19]; dystonia and epilepsy in
a 9-year-old male [16]; cryptorchidism in 15-day-old male [21]; immune thrombocytopenic
purpura in 8-year-old female without ongoing treatment [23]. In 4 studies, the data were
missing [15,17,18,20], and in 1 study, the patient had no comorbidities [22].

Of the 35 study participants, 17 were hospitalized [15,16,18,19,21-23] due to COVID-19, and 2
subsequently died [15,19]. In 1 study [20] reporting 15 cases, data on COVID-19 severity were miss-
ing. COVID-19 treatment, not specified in 1 record [20], was reported in 8 studies [15-19,21-23].
Specifically, patients had undergone the following: IVIG in 7 studies [15,17-19,21-23]; plasma
therapy in 1 study [22]; artificial ventilation in 3 studies [15,19,22]; vitamin D supplementation in
1 study [21]; antibiotics in 4 studies [15,19,21,22]; antivirals in 3 studies [15,19,22]; antiprotozoals
in 1 study [1]; antiemetics in 1 study [19]; monoclonal antibodies in 3 studies [15,19,22]; FAS in
5 studies [15,16,19,22,23]; inotropic therapy in 2 studies [15,22]; anticoagulants in 3 studies [17,19,22];
antiaggregants in 1 study [22]; phosphodiesterase-III inhibitors in 1 study [19]; sympathomimetics
in 1 study [19]; stem cell treatment in 1 study [15]; normal saline bolus in 1 study [19]; par-
enteral nutrition in 1 study [21]; VV-ECMO in 1 study [15]; unspecified creams for topical use in
1 study [21]; eye drops in 1 study [21]. In all 9 studies included in this systematic review, data on
time to oral lesion onset were missing.

The primary oral lesions, categorized as per a previously proposed classification [13],
and accounting for 18.61% of all oral lesions described (Figure 3), were as follows: nonspe-
cific erosions and ulcers in 6.98% (n = 3) [15,16,18]; maculae and petechiae in 11.63% (n = 5),
particularly in the form of erythema in 4.65% (n = 2) [15,19], purpura in 2.33% (n = 1) [23],
ecchymosis in 2.33% (n = 1) [23] and petechiae in 2.33% (n = 1) [23]. Other oral lesions,
detailed in Figure 4, were reported in 81.4% (n = 35) of cases (Figure 3), particularly in the
form of: fissures in 4.65% (n = 2) [17,19]; hypertrophic papillae in 2.33% (n = 1) [17]; oral
candidiasis in 11.63% (n = 5) [20,21]; geographic tongue in 2.33% (n = 1) [20]; coated tongue
in 4.65% (n = 2) [20]; hyperemic pharynx in 23.26% (n = 10) [20]; crusts in 2.33% (n = 1) [18];
swollen in 2.33% (n = 1) [16]; nonspecific oral mucosal changes were reported in 27.91%
(n = 12) of cases [15,18,22]. Oral lesions affected in descending order of occurrence the
lips [19,22,23], pharynx [20], tongue [17,18,20], and the gingiva [18]; affected site was not
better defined for 17 [15,18,22,23] and missing for 6 oral lesions reported [16,20,21]. No
cytological nor histological investigations were recorded in any of the 9 studies included in
this systematic review.

Oral lesions in pediatric
SARS-CoV-2 positive subjects

1 L
r 81

7

M Erosions and Ulcers m Maculae and Petechiae ~ m Others

Figure 3. Frequency of reported oral lesions in pediatric SARS-CoV-2 positive subjects: primary oral
lesions and other lesions [13].

The following were reported definitive diagnoses: Kawasaki disease in 12 cases [15,17,18,22],
incomplete Kawasaki disease in 1 case [15], oral candidiasis in 5 cases [20,21], ulcer in 1 case [16],
erythema multiforme in 1 case [18], immune thrombocytopenic purpura in 1 case [23]. In
15 cases, the final diagnosis was not specified and the reported lesions were: coated tongue
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(2 cases) [20], swollen tongue (1 case) [16], geographic tongue (1 case) [20], hyperemia of the
pharynx (10 cases) [20], erythematous cracked lips (1 case) [19]. Diagnostic procedures, not
reported in 1 study [16], were described in 8 studies: RT-PCR for SARS-CoV-2 detection in
7 studies [15,17-19,21-23]; serological tests in 7 studies [15,17-19,21-23]; Computed Tomography;
in 4 studies [15,18,19,22]; ultrasound investigations in 4 studies [15,17,19,23]; measurements of
vital parameters in 5 studies [17,19-21,23]; in X-rays in 4 studies [17,19,21,23]; microbiological
examinations in 4 studies [17-19,23]. The treatment performed for oral lesions was specified in
1 study [21] involving three patients under nystatin, combined in one case with fluconazole iv;
in all the remaining studies, the data were missing [15-20,22,23]. The data on lesion progression
were missing in all 9 studies included in this systematic review.

Other oral lesions in pediatric SARS-CoV-2
positive subjects

40
10% -+ 4% 599,

30%
20%
10%

0%

60/0 30/0 30/0 30/0 00/0

Figure 4. Other lesions of the oral mucosa in pediatric SARS-CoV-2 positive subjects [13].

3.2.2. Oral Lesions Diagnosed in Pediatric Subjects following COVID-19 Vaccination

Of the 2 studies included on diagnosed pediatric subjects receiving at least one dose
of WHO Emergency Use Listing approved [7] and EMA authorized [8] COVID-19 vaccines,
1 was a case report [24] and 1 a case series [25], from which only data concerning the
pediatric patient were extracted. The number of cases diagnosed with oral lesions following
COVID-19 vaccines was 2.

Table 4 synthesizes the study’s source, characteristics, methods, and oral outcomes,
classified based on primary oral lesions [13], with reported diagnosis, therapy, and pro-
gression of the oral lesions. Only data compliant with inclusion/exclusion criteria were
extracted and synthesized in Table 3; therefore, those concerning subjects > 18 years old
were not detailed.

The pediatric study population with oral lesions following COVID-19 vaccines con-
sisted of 2 males, both 15 years old. The reported comorbidities and treatments were
aseptic meningitis [24] and West syndrome treated with valproate [25]. In the first case, the
patient had a negative history of COVID-19 [24], while in the second case, the data was
missing [25].

The vaccine administered in both cases was the COVID-19 mRNA BNT162b2 Comir-
naty (Pfizer-BioNTech) [24,25]. Oral lesions occurred 13 days after the second vaccine
dose [24] and 7 days after the first vaccine dose administration [25], respectively, with a
mean onset time of 10 days.

Primary oral lesions reported in pediatric subjects following COVID-19 vaccination,
categorized as per a previously proposed classification [13] for 60% of all lesions of the oral
mucosa detected (Figure 5) and accounted for were: erosions and ulcers (40%, n = 2) with
a herpetiform (50%, n = 1) and unspecified (50%, n = 1) patterns, maculae and petechiae
(20%, n = 1). Other lesions were (40%, n = 2), crusts (50%, n = 1) and pseudomembranes
(50%, n = 1), as shown in Figure 6. Oral lesions distribution was bilateral and asym-
metrical [24] in one case and unspecified in the other case [25], affecting the lips [24,25],
cheeks [24], and vermilions [25], along with additional other unspecified intra-oral sites.
No cytology /histopathology was recorded.
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Table 4. Data extracted and collected from the studies included in the present systematic review. General information: First Author, year and journal of publication,
study design, reference; funding. Population: sample size, mean age, gender ratio, comorbidities, and related ongoing treatments. Intervention: COVID-19
vaccine type, dose, time to oral lesions onset. Features of the reported primary oral lesions, classified as Erosions and Ulcers (Aphthous-like “Apht.”, Erythema
Multiforme-like “EM”, Herpetiform “Herp.”, Plaques (white, red), Vesicles and Bullae, Maculae and Petechiae, others [13]: number (single/multiple); distribution
(unilateral /bilateral asymmetrical or symmetrical); location; cyto/histopathology. Reported diagnosis, categorized as Oral Lichen Planus “OLP”, Stevens-Johnson
Syndrome “SJS”, Ulcers, others, diagnostic procedure(s) performed, lesions therapy, and progression.

Studies Population COVID-19 Vaccine Reported Primary Oral Lesions Oral Lesions Diagnosis, Therapy and Progression
Bogs, 2022 Sample size: n =1 Vaccine type Erosion and Ulcersn =1 Diagnosis
Mean age: 15 y.o COVID-19 mRNA BNT162b2 Herp.n=1 Others:Behget’s disease n = 1
Vaccines Gender ratio: 1M Comirnaty (Pfizer-BioNTech) Number: Multiple
Distribution: Bilateral asymmetrical Diagnostic procedure(s)
[24] Comorbidities: aseptic meningitis Vaccine dose Location: lips; cheeks Serological exam:
n=2nd Cyto/Histopathology: MD (1) Mild leukocytosis (10,920/uL) with predominant neutrophils
Case report Ongoing treatments: MD (8980/uL); C-reactive protein (5.34 mg/dL); IgA and IgM
Time to oral lesions onset: 13d CSF/serum
No funding History of COVID-19: No (-) rheumatoid factor; ANA; pANCA; cANCA; anti-dsDNA;
HLA-B51
CSF analysis:

Pleocytosis of 242 /L. white blood cells consisting of both
granulocytes (109/uL) and lymphomononuclear cells (133/uL)
Liquor: lactate (2.92 mmol/L); glucose (65 mg/dL); proteins

(69.4 mg/dL)

(-) Bacterial cultures: 16S ribosomal DNA-PCR

Virological PCR analyses for: HSV-1/2; HHV-6/7; parvovirus B19;
EBV; VZV; CMYV, entero-; parecho-; adeno-; noro-; measles; mump;
FSME-; B. burgdorferi.

(-) PCR and serological test for SARS-CoV-2

(-) DISQVER®

Ultrasound: echo-free joint effusion

OCT: inhomogeneities in the posterior vitreous

Cranial MRI: slight pachy and leptomeningeal enhancement

Therapy
Ibuprofen
Cefotaxime for 8 d
Aciclovir for 2 d

Progression: MD
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Table 4. Cont.

Studies Population COVID-19 Vaccine Reported Primary Oral Lesions Oral Lesions Diagnosis, Therapy and Progression
Petruzzi, 2022 Sample size: n = 4 (pediatric subjects Vaccine type Erosion and Ulcersn =1 Diagnosis
n=1) COVID-19 mRNA BNT162b2 Maculae and Petechiaen =1 EMn=1
BMC Oral Health Mean age: 15 y.0 Comirnaty (Pfizer-BioNTech) Erytheman=1
Gender ratio: 1M Number: Multiple Diagnostic procedure(s): MD
[25] Vaccine dose Distribution: N/D

Case series

No funding

Comorbidities: West Syndrome
Ongoing treatments: Valproate

History of COVID-19: MD

n=1st

Time to oral lesions onset: 7 d

Location: N/D oral mucosa;
lips; vermilion
Cyto/Histopathology: MD

Others n=2

Squamous crusted n =1
Number: Multiple
Distribution: N/D
Location: lips; vermilion
Cyto/Histopathology: MD

Pseudo-membranes n = 1
Number: Multiple
Distribution: N/D
Location: N/D oral mucosa
Cyto/Histopathology: MD

Therapy

4 mg of betamethasone and antihistamine medication

Prednisone 25 mg/die tapering the dosage, in association to topical
0.05% clobetasol propionate ointment

Progression
After 7d of treatment regression of mucosal lesions

Abbreviations: years old, “y.0.”; day, “d”; Polymerase Chain Reaction, “PCR”; not defined, “N/D”; missing data, “MD”; Aphthous-like, “Apht.”; Erythema Multiforme-like, “EM”;
Herpetiform, “Herp.”; Oral Lichen Planus, “OLP”; Stevens-Johnson Syndrome, “SJS”; Cerebrospinal fluid, “CSF”; Optic Coherence Tomography, “OCT”; Magnetic Resonance

Imaging, “MRI”.
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Oral lesions in pediatric subjects
following COVID-19 vaccination

M Erosions and Ulcers ~ m Maculae and Petechiae ~ m Others

Figure 5. Frequency of reported oral lesions in pediatric subjects following COVID-19 vaccination:
primary oral lesions and other lesions [13].

Other oral lesions in pediatric subjects
following COVID-19 vaccines
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40% -
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20% -
10%
0%
Crusts Pseudomembranes

Figure 6. Other lesions of the oral mucosa in pediatric subjects following COVID-19 vaccination [13].

Reported definitive diagnoses were Behget’s disease [24] in one case treated for oral
lesions with NSAIDs, antivirals, and antibiotics [24], and Erythema Multiforme, in the case
treated for oral lesions with FAS [25] showing clinical improvement in 7 days.

The overall impact of COVID-19 on primary oral lesions, jointly considering those
resulting from SARS-CoV-2 infection (Figure 7) and COVID-19 vaccines (Figure 8), in
pediatric subjects, was as follows: erosions and ulcers (10%, n = 5); maculae and petechiae
(13%, n = 6); other types of oral manifestations (77%, n = 37), specifically: undefined oral
mucosal changes (32%, n = 12), hyperemia of pharynx (27%, n = 10), oral candidiasis (14%,
n = 5), coated and geographic tongue (8%, n = 3), crusts (5%, n = 2), fissures (5%, n = 2),
hypertrophic papilla (3%, n = 1), swollen (3%, n = 1), pseudomembranes (3%, n = 1).

Oral lesions in pediatric subjects: SARS-
CoV-2 infection and COVID-19 vaccination

M Erosions and Ulcers  ®m Maculae and Petechiae ~ m Others

Figure 7. Frequency of reported oral lesions in pediatric subjects: SARS-CoV-2 infection and
COVID-19 vaccination [13].
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Other oral lesions in pediatric subjects: SARS-
CoV-2 infection and COVID-19 vaccination

40% 320/0
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Figure 8. Other lesions of the oral mucosa in pediatric subjects: SARS-CoV-2 infection and
COVID-19 vaccination.
3.3. Quality Assessment

The risk of bias of the non-randomized studies included in the present systematic
review is reported in Table 5.

Table 5. Risk of bias of all the studies included in the systematic review and listed in alphabetical
order. For each of the seven domains assessed, Y = low risk of bias (green), PY = a moderate risk of

bias (blue); = serious risk (orange), N = critical risk of bias (red), and NI = no information (black).
Selection of Measurement Deviations from M rement of Selection of the
Studies Confounding Pe ection o Classification of Intended Missing Data €asurement 0 Reported
articipants I . . Outcomes
nterventions Intervention Results
Y/PY/ Y/PY/ Y/PY/ Y/PY/ Y/ Y/
Ak‘[ﬁozo PN/ PN/ / PN/ Y/ II\?%\H / PY/PN/ PY/PN/
> N/NI N/NI N/NI N/NI N/NI N/NI
Al Ameer, 2020 YI{IE\/{/ Ylﬁlr\?;/ Ylﬁl?/{/ Ylﬁf\?;/ Y/PY/PN/ YIfIE\;/ Y/PY/PN/
(1] N/NT N/NI N/NT N/NI N/NI N/NT N/NI
Bartetini 221V Yy Yy Y/PY/ Y/PY/PN/ W 4
201 N/NI N/NI N/NI N/NI N/NI N/NI N/NI
Bogs, 2020 Yy y/ry Yy VA
24] N/NI N/NI N/NI N/NI N/NI N/NI N/NI
Y/PY/ Y/PY/ Y/PY/ Y/PY/ Y/PY/ Y/PY/
CaIH,62]O2O PN/ PN/ PN/ PN/ Y/ II\?;/NI / PN/ PN/
N/NI N/NI N/NI N/NI N/NI N/NI
Dima, 2020 ey e A ey Y/PY/PN/ ey Y/PY/PN/
(21] N/NI N/NI N/NI N/NI N/NI N/NI N/NI
Y/PY/ Y/PY/ Y/PY/ Y/PY/ ) Y/PY/ Y/PY/
Fa1a[121,2]2020 PN/ PN/ PN/ PN/ Y/ II\I\;/NPIN/ PN/ PN/
N/NI N/NI N/NI N/NI N/NI N/NI
Jones, 2020 A A A A Y/PY/PN/ et Y/PY/PN/
(171 N/NI N/NI N/NI N/NI N/NI N/NI N/NI
. Y/PY/ Y/PY/ Y/PY/ Y/PY/ Y/PY/ Y/PY/
Lab[el,8§020 PN/ PN/ PN/ PN/ Y/II\’I%I . / PN/ PN/
N/NI N/NI N/NI N/NI N/NI N/NI
Marinescu, 2022 Ylﬁl?/{/ Ylélr\?j/ Yléll\?f/ YIQI\)I\;/ Y/PY/PN/ YI{]EE/ YéIE\;/
23] N/NT N/NI N/NT N/NI N/NI N/NT N/NT
Petruzzi, 2022 YIfIE\/{/ Ylf;‘;/ YI{;\/{/ YI{;‘/{/ Y/PY/PN/ Y/ P’/{/ Y/PY/PN/
[25] N/NI N/NI
N/NI N/NI N/NI N/NI N/NI
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4. Discussion

The primary aim of the present systematic review was to assess the prevalence and
macro-microscopic features of oral lesions following SARS-CoV-2 infection, estimating
the degree of association and grading primary oral lesions based on COVID-19 forms in
pediatric subjects. The secondary aim was to evaluate the epidemiology, clinical appearance,
and histopathology of oral lesions diagnosed among pediatric subjects (<18 years old) who
had received at least one dose of the WHO Emergency Use Listing approved [7] and EMA
authorized COVID-19 vaccines [8], in relation to cases” ages, genders, comorbidities and
histories of COVID-19, and vaccine types and number of doses administered.

Eleven studies were included in the present systematic review, 9 describing 35 cases di-
agnosed with oral lesions following SARS-CoV-2 infection and 2 reporting 2 cases following
vaccination, respectively, thus, involving a total of 37 pediatric subjects.

4.1. Oral Lesions in Pediatric SARS-CoV-2 Positive Subjects

The overall prevalence of cases diagnosed with oral lesions following SARS-CoV-2
infection among pediatric subjects accounted for 35 patients. Although this might seem low,
it should actually be considered in line with the low number of infected pediatric subjects,
especially in the early stages of the COVID-19 pandemic [1]. Subsequently, the number of
reported cases among pediatric SARS-CoV-2 positive subjects spiked, especially during the
spread of the Omicron viral variant and the concomitant generalized reduction in public
health and social preventive measures. By 24 July 2022, pediatric SARS-CoV-2 positive
subjects constituted 26.82% of all cases and 1.38% of deaths worldwide [7]. However, such
epidemiologic data may be biased by the frequent asymptomatic presentations and milder
symptoms characterizing SARS-CoV-2 infection in pediatric subjects [4], potentially causing
underreporting. For the same reason, it may be hypothesized that the presently computed
prevalence of oral lesions in SARS-CoV-2 positive pediatric subjects might have been mainly
affected by the fact that most of them were a-/oligo-symptomatic [4,5] under domiciliary
or self-care, so oral lesions may have been under-acknowledged. As a counterpart, oral
lesions in pediatric subjects with severe forms of COVID-19, potentially showing oral
and multi-systemic involvement, may have been underdiagnosed, given patients” life-
threatening conditions. Indeed, the attention to the impact of the SARS-CoV-2 infection
on children has dramatically increased upon the observation of a hyperinflammatory
syndrome, albeit rare, complicating recovery from COVID-19, and known as “Multisystem
Inflammatory Syndrome in Children” (MIS-C) or “Paediatric Inflammatory Multisystem
Syndrome Temporally Associated with COVID-19” (PIMS-TM) [6]. Furthermore, such
a low prevalence of oral lesions in pediatric SARS-CoV-2 positive subjects may also be
due to the exclusion of normal variation of the oral mucosa, such as geographic tongue,
which is considered the most frequent oral mucosal condition in children [26,27], from
the present analysis. Similarly, also self-diagnosed mucosal alterations and pre-existing
conditions were not currently considered, in the attempt to point out those lesions likely
attributable to either viral direct cytotoxic effect or COVID-19 pathogenesis, complications,
and therapies [28].

The higher incidence of oral lesions following viral infection in young males (M:F = 20:15),
also observed in adult subjects (M:F = 3156:1769) [13], may be due to the higher prevalence of
the severe forms of COVID-19 requiring hospitalization registered in pediatric males. Indeed,
according to the study by Peckham et al. [29], involving 3.111.714 cases worldwide, although
male and female pediatric subjects have an equivalent risk of becoming infected, males develop
severe forms of the disease, requiring hospitalization or, unfortunately, leading to death, more
frequently compared to females. Thus, it may be assumed that oral lesions have been diagnosed
most in male pediatric subjects compared to female ones due to hospitalization; in fact, oral
cavity inspection is hardly conducted in domiciliary and self-care settings. Alternatively, it may
be proposed that such oral lesions may occur in the severe forms of the disease, most frequently
developing in males. However, given the low number of pediatric cases diagnosed with oral
lesions following SARS-CoV-2 infection, their overall prevalence remains under study.
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Similarly, since data concerning COVID-19 severity were missing in 15 out of 35 cases,
albeit 17 males were hospitalized and 2 of them subsequently died, so the degree of
association of oral lesions with SARS-CoV-2 infection, as previously performed for HIV
infection [30], could not be computed.

The time between SARS-CoV-2 positivity and the appearance of oral lesions, previ-
ously described by Oirilisi et al. in an adult population [31], has not been reported in any
study concerning pediatric subjects. Nonetheless, it may be proposed that understanding
whether the oral lesions may be considered a potential predictor of a-/pre-symptomatic in-
fection, similar to smell and taste alterations [32,33], or an indicator of illness worsening, as
suggested for adult subjects [32,33], developing consequent to systemic involvement, could
be a crucial wake-up call and aid clinicians in timely therapeutic management, improving
patients” outcomes.

Very heterogeneous denominations on primary oral lesions emerged from the data
extracted; this may be partially explained by the fact that oral lesions were reported, in
many of the studies included in this systematic review, as an additional sign of systemic
syndromes, and were, therefore, detected and described by healthcare workers not spe-
cialized in oral medicine [32]. Such a practice may have also led to misdiagnoses with
an under-estimation of primary oral lesions, which are characterized by specific macro-
microscopic features, and a contextual over-estimate of other oral lesions [13]. Primary oral
lesions, specifically erosions and ulcers (6.98%) and maculae and petechiae (11.63%), were
diagnosed in only 19% of pediatric cases, while no vesicles and bullae nor plaques were
identified. Conversely, data from adult subjects showed a higher prevalence of erosive-
ulcerative lesions, 48.96%, and maculae and petechiae (16.44%), along with vesicles and
bullae (4.97%), and plaques (0.25%) [14]. In addition, other lesions were the most prevalent
ones, reported in 77% of pediatric compared to 20.64% of adult cases [14]. These other
lesions most frequently included those not having defined alterations of the oral mucosa
(27.91%), nonspecific hyperemic pharynx (23.26%), and oral candidiasis (11.63%). The latter
is considered extremely frequent in pediatric subjects and as a co-infection, secondary to
immune impairment and general detrimental conditions, and is the most frequent oral
manifestation in HIV-positive subjects [34]. However, given the paucity of data concern-
ing primary oral lesions, their final grading based on COVID-19 forms [35] could not
be conducted.

4.2. Oral Lesions Pediatric Subjects Following COVID-19 Vaccination

Adverse drug reactions are dangerous sequelae potentially following the adminis-
tration of medicinal products [1,2] and vaccines [3,36]. The latter, including vaccines
against Influenza, Hepatitis-B, Mumps, Measles, Rubella viruses, Clostridium tetani, and
others [3-5], can be responsible for mucocutaneous reactions that also involve the orofacial
district and oral mucous membranes. In particular, orofacial ADRs, with swelling of the
face, throat, and tongue, Bell’s facial paralysis, and mucocutaneous lesions of different
phenotypes, also comprising lesions of the oral mucosa in the adult population, have been
reported following COVID-19 vaccines [37].

Only 2 pediatric subjects were reported in the literature as diagnosed with oral lesions
following COVID-19 vaccines. Such a low prevalence may be attributable to the fact
that vaccines generally appear to be rarely associated with oral ADRs [38], and these are
routinely described together with any skin lesions and, thus, identified as mucocutaneous
ADRs. In addition, the detection of oral lesions generally requires appropriate clinical
examination. Moreover, epidemiologic data about the overall prevalence of ADRs in
the pediatric population, especially outpatients, are highly lacking and often lacunose
concerning incidence, clinical manifestations, and the triggering or causative drugs [38].
Therefore, it may be proposed that oral lesions in pediatric subjects who received at
least one dose of COVID-19 vaccine may have been misdiagnosed and confused with
other clinical pictures frequently found in pediatric patients, such as Candida Albicans
or Herpes Simplex virus type-1 oral infections, usually not requiring further diagnostic
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investigation in routine clinical practice. It is also possible that the involvement of the
oral cavity alone and the tendency for resolution, with or without therapy, precluded in
some cases the reporting of mild adverse oral reactions, which were, therefore, under-
reported. As a counterpart, great attention was given to severe systemic ADRs in the
pediatric subjects who have undergone COVID-19 vaccination. Indeed, although rarely
described, myocarditis/ pericarditis, typically occurring in young males within a few days
after administration and responding to treatment, has been recorded [7]. However, a
lower risk of occurrence and severity of myocarditis/pericarditis was estimated following
COVID-19 vaccination than SARS-CoV-2 infection [7].

Noteworthy, despite the young age of the investigated subjects, reported ADRs were
found to be scarce, contrary to what was expected. In fact, due to immunosenescence, the
immunogenicity of vaccines is known to be reduced in elderly subjects. On the contrary,
young subjects should have higher immune capacity and responsiveness; this finding is also
corroborated by the higher sera levels of interferon-gamma detected in youths compared
to the elderly following COVID-19 vaccination [39,40].

Unfortunately, no data were retrieved on patients’ comorbidities, related treatments,
and history of COVID-19, so it was impossible to understand further the potential interrela-
tionships between general health status, vaccination, and oral lesions occurrence, to point
out those factors predisposing or determining such adverse reactions.

Given that only two COVID-19 vaccines have been EMA authorized [8] and one WHO
Emergency Use Listing approved [7] for use in all pediatric age groups, both mRNA-
based and delivered through lipid nanoparticles, a higher prevalence of oral lesions was
anticipated, since oral ADRs in the adult population were more frequently observed
following mRNA-based vaccines [2,25,41-45], compared to those with a non-replicating
viral vector [46—48]. In one case, the oral lesions occurred after the first dose, while in the
other, they occurred after administration of the second dose, both at least seven days later
and were, therefore, classified as late (<24 h) lesions, as per Hatami et al. [49].

The primary oral lesions described were erosive-ulcerative type (40%), with herpeti-
form (50%) and unspecified (50%) patterns, followed by macule and petechiae (20%). The
failure to detect red and white plaques, as well as vesicles and bullae, may be related to
the fact that these lesions are asymptomatic and, thus, could be underacknowledged by
the family members of pediatric subjects. Moreover, it may be supposed that erosions and
ulcers may be the most prevalent. Along with the primary oral lesions, pseudomembranes
and crusts, consistent with the evolution of the above erosive-ulcerative lesions, were also
described in the remaining 40% of cases.

The definitive diagnoses in the two cases reported were Behget’s disease [24] and Ery-
thema Multiforme [25]. Therefore, it may be speculated that clinicians’ attention may have
been primarily focused on systemic involvement rather than oral phenomenology, which
was not characterized adequately in similar cases described in the literature. However, this
finding differs from the adult population with oral ADRs, primarily belonging to lichenoid
reactions and Oral Lichen Planus [2,48,50,51], followed by Stevens-Johnson syndrome and
Erythema Multiforme [25,42,46]. It may be speculated that lichenoid reactions and Oral
Lichen Planus show a predilection for older subjects, and, thus, have not been found, to
date, among oral ADRs to COVID-19 vaccines in the study population. Erythema Multi-
forme, instead, was also commonly diagnosed in pediatric SARS-CoV-2 positive subjects,
and is known to be diagnosed with previous Herpes Simplex virus type-1 and Mycoplasma
Pneumoniae infections, occurring, in turn, with a higher frequency in adolescents and
young adults [52].

Considering oral mucosal lesions potentially related to viral infection and vaccine
administration together, erosive-ulcerative lesions (10%) and maculae and petechiae (13%)
were the most frequent oral primary lesions, and no case was diagnosed with white or
red plaques, nor with vesicles and bullae. Other lesions, accounting for the majority of
the total diagnosis (77%), were very heterogeneous and also included normal variations,
such as the geographic tongue [31]. In any case, no increase in the detection of oral lesions
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has been highlighted, to date, as concomitant to the SARS-CoV-2 pandemic, in pediatric
subjects. Conversely, a higher identification rate of skin lesions, mainly comprising pseudo-
chilblains at the acral regions, which are thought to be among the most peculiar cutaneous
manifestations in pediatric SARS-CoV-2 infection, Erythema multiforme, and various types
of rashes and urticaria, have been registered [53].

No cyto/histological investigations were performed in any of the studies included in
the present systematic review. However, insights into the microscopic characteristics of
oral lesions in pediatric subjects may help to identify the pathogenic mechanisms involved
in the onset and progression of such lesions. In addition, considering that histopathological
findings have been described for adult subjects [54], a comparison between them may
indirectly highlight any prevalent pathogenic mechanisms [55], potentially resulting from
the different ages and related immune capacity [55].

The study’s main limitations may rely on the fact that besides the very inclusive
eligibility criteria and the timeliness of the topic, very few studies were retrieved from the
literature. In addition, reported findings were very heterogeneous and incomplete, likely
because oral outcomes were often not the focus of the studies included in this systematic
review; therefore, a meta-analysis could not be conducted. However, to the best of our
knowledge, the present systematic review may be considered the first that qualitatively
analyzed data from pediatric subjects on primary oral lesions potentially associated with
SARS-CoV-2 infection, estimated the degree of association and grading of primary oral
lesions based on COVID-19 forms, and followed COVID-19 vaccines in relation to cases
and vaccine type and administered doses. Thus, the presented results, although considered
preliminary data for future research, may deepen clinicians’ overall knowledge of oral
lesions associated with COVID-19 in pediatric subjects, improving appropriate oral and
dental care provision and enhancing multidisciplinary collaboration [13,32,36,51,56].

5. Conclusions

Recently characterized COVID-19-associated syndromes in pediatric subjects, charac-
terized by a plethora of signs and symptoms, have raised the need to examine the impact
and, prospectively, the potential causal role of SARS-CoV-2 infection and related vaccines
on oral lesions in the pediatric population.

Data from nine studies describing oral lesions following viral infection and two records
reporting oral lesions following vaccine administration were extracted and qualitatively
synthesized, resulting in scarce, jeopardized, and incomplete findings.

Since most of the rare lesions recorded were a part of broad-spectrum systemic dis-
orders and syndromes, and were, thus, undetailed or nonspecific, further studies should
assess the prevalence and macro-microscopic features of oral lesions following SARS-CoV-2
infection, estimating the degree of association and grading primary oral lesions based on
COVID-19 forms in pediatric subjects, also considering novel viral variants.

Future investigations should also evaluate the epidemiology, clinical appearance, and
histopathology of oral lesions diagnosed among pediatric subjects who received at least
one dose of the WHO Emergency Use Listing approved and EMA authorized COVID-19
vaccines in relation to cases’ ages, genders, comorbidities, related treatments, and histories
of COVID-19, and vaccine types and the number of doses administered, to point out those
factors predisposing, or determining, such adverse reactions, especially considering newly
introduced vaccines.

A deeper insight into oral lesions potentially detectable in pediatric SARS-CoV-2 posi-
tive subjects and following COVID-19 vaccination may enhance clinicians’ preparedness
to improve inter-disciplinary pediatric oral and general healthcare, also introducing oral
screening for early diagnosis and appropriate management.
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