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Background: About 20% of patients with coronavirus disease
2019 (COVID-19) present with mucocutaneous eruptions. Early
skin or dermatological manifestations can help pediatricians
prevent the spread of the disease by suspecting COVID-19 in
asymptomatic or minimally symptomatic patients.

Methods: PubMed, Scopus, Embase, Google Scholar, and the
Nottingham University website were searched on Sep. 1%, 2020,
to retrieve studies regarding COVID-19-related mucocutaneous
manifestations in patients under the age of 18.

Results: Data were extracted from 76 articles including 38,387 cases.
Chilblain/pernio-like lesions were the most common dermatological
manifestation, followed by multisystem inflammatory syndrome in
children (MIS-C)/Kawasaki-like syndrome. Most dermatological
signs were self-limited, presenting before, simultaneously with,
or after other COVID-19 manifestations. In 40% of the affected
children, these signs were the sole presentation of COVID-19.

Conclusion: During the COVID-19 pandemic, each new
mucocutaneous event in children, especially acral lesions with
vascular color, should be considered a possible indicator of
COVID-19.

Keywords: COVID-19, SARS-CoV-2, mucocutaneous manifestation,
dermatologic manifestation, cutaneous manifestation, pediatric, children
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INTRODUCTION

Rationale

In December 2019, an outbreak of Severe Acute
Respiratory Syndrome Coronavirus 2 (SARS-CoV-2)
in Wuhan, China, led to the rapid worldwide
spread of coronavirus disease 2019 (COVID-19) .
Children’s average viral incubation period is shorter
than adults, necessitating further investigations 2,
Human-to-human transmission is prevalent in the
latent period by asymptomatic infected persons
through respiratory droplets and other modes,
particularly in pediatrics ®. The diagnostic test
of COVID-19 is the RT-PCR of specimens from
a nasopharyngeal swab, bronchoalveolar lavage
(BAL), or tracheal aspirate. Spiral chest computed
tomography (CT) illustrates ground-glass opacities,
particularly on the lower lung lobes and periphery,
in the typical form of COVID-19 *% Inflammatory
markers (erythrocyte sedimentation rate [ESR],
C-reactive protein [CRP], ferritin, and procalcitonin)
surge in the majority of patients °. Studies report
that approximately 90% of children with COVID-19
experience mild to moderate symptoms and have
a better prognosis without hospitalization !.

In children, COVID-19 is divided into five
categories according to disease severity: 1)
asymptomatic or silent; 2) acute upper respiratory
tract infection; 3) mild pneumonia; 4) severe
pneumonia; 5) critical presentation. Between 9-15%
of confirmed COVID-19 cases are asymptomatic
in children 2. The most common symptoms among
children are fever, sore throat, rhinorrhea, fatigue,
conjunctivitis, headache, cough, shortness of
breath, anosmia, ageusia, diarrhea, vomiting, and
abdominal pain, and 20% of the patients present
with skin eruptions 2. The common skin lesions are
urticarial lesions, maculopapular rashes, vesicular
eruptions, erythema multiforme-like lesions,
pernio (chilblain)-like acral lesions, and transient
livedo reticularis 2. Chilblain-Like Lesions (CLL)
associated with COVID-19 (COVID toes) may be an
overresponse of the skin to the cold in vulnerable
children °. In early May 2020, some published
studies reported children with COVID-19 were
affected with hyper-inflammatory syndromes,
presenting with Kawasaki disease or atypical
Kawasaki disease and toxic shock syndrome. This
presentation was named multisystem inflammatory
syndrome in children (MIS-C) associated with
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COVID-19 by the Centers for Disease Control
and Prevention (CDC) 7. Early skin manifestations
could be a useful clue to suspect the diagnosis
of COVID-19 in asymptomatic or minimally
symptomatic pediatric patients to prevent the
infection’s spread in the community 8.

Studies in children have had almost the same
results in adults in that the most common skin
phenotypes were erythematous/maculopapular/
morbilliform rashes and chilblain-like acral

patterns °.

Objective

Skin lesions can be one of the MIS-C presentations.
We can also stop complications caused by skin
rash-like scars by identifying different types of
skin manifestations in children and managing them
promptly. There is an obvious need for the widest-
aspect systematic review to improve physicians’
clinical knowledge about skin manifestations and
how to approach them in children.

PARTICIPANTS AND METHODS

Protocol and registration

This systematic review followed the Preferred
Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) guidelines °.

Eligibility criteria

The Population-Intervention-Comparator-
Outcomes-Study (PICOS) design framework was
used to identify eligible cases in this systematic
review. Inclusion criteria were all types of studies
reporting COVID-19-related mucocutaneous
manifestations in patients aged 0-18 years old. Skin
eruptions related to COVID-19, their treatment, or
their correlation with protective behaviors were
included. Cases were included in case of a clinical
diagnosis of COVID-19 (suspected cases), confirmed
RT-PCR, or positive serum antibody tests.

The exclusion criteria were all publications
that did not meet the above criteria and those
published in non-English literature. Unavailable
articles, review articles, medical hypothesis articles,
non-COVID-19 skin presentations, and skin
manifestations due to non-COVID-19 treatment
were also excluded (Figure 1, 2).
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Additional records identified
through other sources;
Nottingham University of United

Kingdom website (n =300)

Records screened
(n=1013)

Figure 1. PRISMA flow diagram of the study.

Information sources

PubMed (http://ncbi.nlm.nih.gov/pubmed),
Scopus (http:/ /www.scopus.com), Embase (http://
www.embase.com), and Google Scholar (https://
scholar.google.com/) were searched for the
evidence. We also used the Nottingham University
of United Kingdom website (http://nottingham.
ac.uk), which categorizes many valuable and trendy
studies related to this work (Figure 3).

Search strategy

In this study, we used the following keywords:

Full-text articles excluded,
with reasons
(n=92)

/A

“pediatrics”, “paediatrics”, “children”, “child”,
“baby”, “newborn”, “neonate”, “toddler”,
“infant”, “COVID-19”, “coronavirus disease
2019”7, “nCoV”, “2019-nCoV”, “COVID-19”,
“COVID 2019”, “Wuhan coronavirus”, “novel
coronavirus” and “mucocutaneous manifestation”,
“skin manifestation”, “cutaneous reaction”,
“’skin reaction”, “skin disease”, “derm?”,
“dermatopathology”, “dermopathy”, “skin and
connective tissue”, “skin lesion”, “cutaneous
inflammation”, “drug side effect”, “rash”,
“cutaneous”, “drug reaction”, “dermatitis”, “lesion”,
“skin symptom”, “dermatitis”, “drug-related side

oo

effects”, “drug-related adverse reactions”, and
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Figure 2. PRISMA chart of the study.
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Figure 3. Percentage of records identified in different databases.

alternative names. The search was completed on
September 1, 2020; the search did not limit the
admissions to any condition. First, 308 articles
were extracted from Embase, 197 from Scopus, and
131 from PubMed; our search on Google Scholar
yielded 227 articles, bringing the total number
of all retrieved articles to 863. Furthermore, 300
studies from the Nottingham University of United
Kingdom website were added.

Iranian Journal of Dermatology, Vol 25, No 3, September 2022

Study selection

Endnote® X8 (Clarivate Analytics, Philadelphia,
USA) was used for study screening and data
extraction. All articles were dispensed to the
inclusion and exclusion groups. In the first step,
the titles and abstracts of the articles were screened
and categorized by two independent reviewers.
Then, the relevant ones were taken to the second
step and underwent full-text screening, where
the authors checked the full texts against the
eligibility criteria. Any potential conflicts were
resolved by consulting a third expert reviewer.
Figure 1 shows this process in the PRISMA flow
diagram.

Data items

The data retrieved from each study included case
characteristics, COVID-19 signs and symptoms,
COVID-19 management, patient’s comorbidities,
type and location of skin manifestations, time
of onset of reactions, managements of reactions,
resolution time, sample size, mean age, sex, the
incidence of skin lesions, protective equipment, skin
biopsy, and outcome. The data were summarized
in four tables.
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RESULTS
Study selection

Eight hundred and twenty-four studies were
collected from the databases, which were screened
by the reviewers alongside approximately 300
articles retrieved from the Nottingham University
of United Kingdom website. After screening, the
included articles were divided into four categories
(Tables 1-4). In total, data from 76 articles with
38,387 cases were extracted.

Study characteristics

Table 1 presents 110 cases with COVID-19-
related mucocutaneous manifestations from 53
articles. This category includes 31 case reports
and 22 case series.

Table 2 shows four studies with 37,794 cases, of
which 16,662 reported cutaneous manifestations
caused by changes in lifestyle during the COVID-19
pandemic, like protective behaviors.

In Table 3, we present one case found in a
case series study that reports mucocutaneous
manifestations resulting from COVID-19 treatments.

Table 4 summarizes 481 cases of suspected
COVID-19 with mucocutaneous manifestations
extracted from 18 articles. This table includes
cohort studies and high-population case series
that could not be reported case by case.

Results of individual studies

Virus-related case report studies

According to the results of the case reports/case
series (with less than 10 cases), a total of 110 patients
with dermatologic manifestations were identified, of
whom 48 (44%) were female and 61 (55.96%) were
male. Gender was not reported in one case. The
male/female ratio was 1.27. We assume that the
incidence of cutaneous manifestations in children
with COVID-19 is unrelated to gender. The mean
age of the cases was 10.79 years (range: 5 months-18
years). Among the reported comorbidities, three
patients had a background of asthma 7811761,

Skin presentations

As per skin manifestations, chilblain/pernio-like

lesions were the most common category identified
in 57 (53.7%) patients, followed by MIS-C/
Kawasaki-like syndrome-related skin lesions in
22 (20.7%), erythema multiforme-like lesions in
six (5.6%), varicella-like exanthem /herpes zoster/
herpetiform erosions in six (5.6%), vascular rashes
within the spectrum of livedo/purpura/necrosis in
six (5.6%), urticaria in five (4.7%), and unspecified
erythematous rashes in four (3.7%) patients. In
four cases, the exact type of skin manifestation
was not reported.

Location of skin lesions

The most common location of skin lesions was
the extremities, noticeably in chilblain/pernio-like
lesions. Out of mucosal involvement in MIS-C/
Kawasaki-like syndrome, six cases demonstrated
mucosal involvement in the genital area, eyes,
and tongue, and 80% of urticarial reactions were
generalized.

COVID-19-related features

Fifty-five cases confirmed with RT-PCR or
serology were recognized. The screening test
was not mentioned in ten cases. Among the 110
patients, 67 had information related to systemic
symptoms of COVID-19. Fever was the most
common, reported in 50 (74.6%) patients. Other
symptoms, including gastrointestinal symptoms
(28, 41.7%), headache (14, 20.8%), respiratory
symptoms (18, 26.8%), flu-like symptoms (22,
32.8%), loss of consciousness (3, 4.4%), and anosmia
(3, 4.4%), were also described.

The onset of skin manifestations

Out of 110 patients, 67 cases provided
information on the onset of skin manifestations,
which occurred on average 12.47 days (incubation
period: 2-60) after the onset of systemic symptoms.
In nine cases (13.5%), skin lesions appeared at
the same time, and in seven cases (10.5%), the
skin lesions developed before other COVID-19
manifestations. In 27 (40%) cases, skin eruptions
were the sole manifestation of COVID-19. In other
cases, dermatologic manifestations appeared after
evident systemic symptoms of COVID-19 (24
patients (36%)).
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Table 1. Continued

Resolution time

Lo Management
Skin biopsy of reactions

Location
of skin
manifestation

Type of skin
manifestation

Time of onset
of reaction

Patient’s
comorbidities

COVID-19 management

COVID-19 signs and
symptoms

Case
characteristic

Title

NM

NM NM

Distal
phalanges of
all 10 toes

P
Qaggé
O 200 &
$2385%5
T02628 2

e90c=c
EIGREL O
OJ....,,,o'avw
c@28 80
SeEs8ET™
sp ELQO
Wo g8 o
R
= £

First presentation

NM Nothing

=+

Asymptomatic,
PCR

12-year-old girl

Skin involvement
in SARS-CoV-2
infection: Case series.

NM

Toes NM NM

Chilblain-like lesions

First

presentation

NM

NM

Asymptomatic

8-year-old
boy

infection: Case series.

Skin involvement
in SARS-CoV-2
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*PFAPA syndrome: Periodic fever, aphthous stomatitis, pharyngitis and adenitis

*IV: Intravenous
*IVIG: Intravenous immunoglobulins

*NM: Not mentioned

*HFNC: High-flow nasal cannula
*AKI: Acute kidney injury

*CRP: C-reactive protein

Children with COVID-19-related dermatologic signs

Management

It took 2-56 days on average for skin lesions
to resolve. The results of these case reports
demonstrated that most of the children’s skin lesions
in the setting of COVID-19 healed spontaneously
without any treatment. In SARS-CoV-2-induced
Kawasaki-like hyper-inflammatory syndrome,
aspirin, intravenous immunoglobulin, and systemic
corticosteroids were prescribed. Finally, in two
cases with ophthalmic herpes zoster, acyclovir
was administered.

Skin lesions related to protection equipment

The indirect influence of changes in lifestyle
during the coronavirus pandemic on the incidence
of skin lesions has recently been documented. Four
studies fell in this category. Three studies were
related to irritant contact dermatitis caused by
handwashing, disinfectants, and hand sanitizers.
A history of atopic dermatitis had long-term
consequences on the development of hand eczema.
There were no differences between the two genders.
In a case series, seven children presented with
acral dermatosis; a long-lasting period of sitting
in an inappropriate position on the floor during
lockdown was the predisposing factor %276,

A drug-related mucocutaneous manifestation

In one case series, a 17-year-old girl presented
with maculopapular eruptions after three
days of hospitalization, correlating with using
hydroxychloroquine (HCQ) treatment for
COVID-197.

Studies with a large number of cases of
mucocutaneous manifestations related to
COVID-19

In this category, 18 studies met the eligibility
criteria for inclusion. Two studies were cohorts,
and the rest were case series with a large number
of cases, totaling 482 patients. The study population
consisted of 255 boys (58.3%) and 182 girls (41.6%),
with a boy/girl ratio of 1.4; one study did not
mention gender. The mean age of the participants
was 12.4 years. The age range was not available
in one study 4766782,
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Children with COVID-19-related dermatologic signs
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Figure 4. Quality assessment of articles included in this systematic review.

regarding primary and secondary dermatologic
presentations of COVID-19 84 including COVID-
19-related drug eruptions and special dermatologic
concerns, like the mutual impacts of specific
dermatologic disorders and COVID-19 on each
other during the pandemic *>71%. The majority of
these studies focused on adult patients, while the
disease can also affect children, indicating the need
to also focus on this age group. The prevalence
of dermatological manifestations of COVID-19 is
estimated to be between 0.25% and 3% in children
and adolescents, although the range is highly
variable 1%, It should be noted that a primary
virus-related dermatologic presentation can be seen
in roughly 20% of adults. In adults, the range of
COVID-19-related dermatologic manifestations—
regardless of the exact etiology—could be even
up to 45% in the peri-infection period 8. Children
can be carriers and transmit the infection to other
family members; thus, early diagnosis of the disease
in children is of great importance. In children, the
mucocutaneous presentations of COVID-19 can be
a precursor to or concomitant with other signs and
symptoms of the disorder. Getting more familiar
with these dermatologic clues, as visible signs,
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helps diagnose the disease earlier and prevent
its spread.

Based on our study, chilblain/pernio-like lesions
were the most common dermatologic presentation
of pediatric patients affected by COVID-19, followed
by MIS-C/Kawasaki-like syndrome-related
mucocutaneous lesions. The reported percentages
of these presentations varied based on different
studies; however, it appears that the percentage of
acral vasculopathy lesions is more than 50%, even
up to 90%. For MIS-C/Kawasaki-like syndrome
presentations, the percentage is more than 3%,
even up to 20%. The mean age of children with
COVID-19 and dermatologic manifestations was
more than 10 years, and presentation rates were
insignificantly higher in the male gender. Regarding
the onset of dermatologic manifestations in children
with COVID-19, the mean time was about 12.47
days after the onset of systemic symptoms. Most
patients were either asymptomatic or had few
general symptoms. This shows that dermatologic
signs and symptoms can often be the sole clue
to COVID-19 in pediatric patients. Therefore,
dermatologic clues can warn of COVID-19 and
should be considered for earlier diagnosis and
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transmission prevention.

Cutaneous lesions resolved spontaneously or
by using topical or systemic corticosteroids in
3 to 88 days without any sequela. Documented
skin manifestations were chilblain-like (pseudo
chilblain) lesions, erythema multiforme-like lesions,
dactylitis, acral erythema, acute urticaria, livedo
reticularis, mottling, acro-ischemia, generalized
maculopapular lesions, eyelid dermatitis, miliaria-
like lesions, varicelliform lesions, and petechiae
and/or purpura. We found acral vasculopathy to
be the common dermatologic presentation.

Exanthematous rash, urticaria, and acral vascular
lesions are the most reported lesions as primary
dermatologic manifestations of COVID-19. The most
common primary rashes were chilblains/pernio-
like lesions (51.5%), erythematous maculopapular
eruptions (13.3%), and viral exanthem (7.7%).

The mean age for dermatologic eruptions was
12.9 years in children and 34.2 years in adults. The
mean latency from the time of upper respiratory
illness symptoms to cutaneous findings was 1.5
days in children and 7.9 days in adults. About
10% of the patients in both populations were
asymptomatic, which means they presented with
only dermatologic findings. Moreover, 13.3% of
children and 5.3% of adults presented with skin
eruptions, which were followed by systemic signs
and symptoms later.

In this pandemic, a significant association was
observed between COVID-19 and Kawasaki-type
disorders; thus, pediatricians should be alert
about children with atypical or incomplete forms
of Kawasaki disease (Kawasaki-like) for early
diagnosis of COVID-19. Patients with Kawasaki-
like syndrome affected by COVID-19 had more
complications and showed cardiogenic shock,
neurological symptoms, lymphocytopenia, and
thrombocytopenia more frequently in comparison
with classic Kawasaki’s disease 110111,

Interestingly, based on our results, patients
with COVID-19 with a rash had less frequent
respiratory symptoms, pediatric intensive care
unit (PICU) admission, and invasive ventilation, as
well as shorter hospitalization days in comparison
with those without a rash. Regarding prognosis,
MIS-C patients with a rash had less frequent PICU
admission, shock, and ventilator need. Regarding
the laboratory data, lower levels of CRP, ferritin,
D-dimer, and troponin may be expected vs. MIS-C

without a rash. It is known that the neutrophil-to-
lymphocyte ratio is similar in MIS-C cases with
or without a rash.

In a three-part study by Andina et al. 12,
the authors focused on the most widespread
cutaneous manifestations of COVID-19 in
children, namely chilblain-like lesions erythema
multiform, urticaria, and Kawasaki disease-like
inflammatory multisystemic syndrome !'%, and the
histological findings of COVID-19 manifestations
were also discussed 115, Although the exact
pathomechanism of acral vasculopathy (chilblain-
like lesions) and COVID-19 is not fully recognized,
these presentations may be frequently seen in
definite or suspected cases of COVID-19 1%
Erythema multiform-like lesions may occur in
association with chilblains in suspected pediatric
cases of COVID-19. Urticaria was reported in
10-20% COVID-19 cases. COVID-19 may be
underestimated in children, and vesicular rashes
can also be seen; however, they are more prevalent
in adults. Pediatric inflammatory multisystem
syndrome (PIMS) is a rare but severe form of
COVID-19 that may present as a Kawasaki-like
disorder. Maculopapular exanthems, pityriasis
rosea-like lesions, and oral mucosal involvement
are among the other probable presentations °.. In
part 3, the authors reported that the histopathology
of COVID-19-related chilblains is similar to that
of classic primary chilblains. The sensitivity and
specificity of PCR and serology tests in children are
low, and epidemiological data have a key role in
the diagnosis of COVID-19 in children. Moreover,
more than 90% of children have an asymptomatic
or mild-moderate COVID-19 course !4,

Coagulation disorders or hypersensitivity
reactions might be the main culprits that potentially
invert an innocent chilblain-like lesion to a sign
of life-threatening internal organ involvement. In
one case, retinal vasculitis and chilblains presented
concurrently #, indicating that children require
special attention in the primary stage of infection.

A study by Federico Diotallevi et al. ! suggests
that urticarial rash, exanthemas, and chickenpox-
like vesicles indicate the early phase of the
infection, related to the viral replication or cytokine
storm, whereas chilblain-like lesions are the late
presentation, related to the secondary cell-mediated
immune response.

Little data exists on treatment-induced
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mucocutaneous eruptions in children with
COVID-19, which may be due to more conservative
or different therapeutic approaches, contrary to
adult patients for whom the number of reports
on drug eruptions, even life-threatening and
severe reactions, is growing. Until this systematic
review was in writing, there was only one reported
hydroxychloroquine-induced drug reaction in
a 17-year-old patient, while the last published
systematic review on dermatologic drug reactions
in patients with COVID-19 only focused on adult
patients.

The authors of this study focused on various
dermatologic concerns during the pandemic,
including different age populations; however,
there is currently a great need for a deep focus
on dermatologic manifestations of COVID-19 in
children. In order to achieve a better diagnosis and
optimize management strategies of dermatologic
features of COVID-19 in patients under 18 years of
age, we need systematic studies with a wider range
of topics to focus on virus-related and drug-related
dermatoses as well as secondary environmental-
induced dermatoses related to hygiene issues or
protective gear, masks, and devices in this certain

age group.

CONCLUSION

Dermatologic clues can help promptly diagnose
COVID-19 and prevent its transmission. Chilblain/
pernio-like lesions appear to be the most
common dermatologic presentation in children,
followed by MIS-C/Kawasaki-like syndrome-
related mucocutaneous lesions, erythematous
maculopapular eruptions, and viral exanthema.
Regarding the management of the most prevalent
dermatologic presentations in children, an adequate
targeted therapy can shorten the disease course,
although these lesions heal spontaneously in most
cases. Dermatologic clues may be prognostic in
children affected by COVID-19; children with
a rash usually develop less severe disease with
better outcomes. MIS-C shows a better prognosis
and better laboratory data in children when a
rash is present rather than when it is absent.
Dermatologic signs may be evident before/
during/after other manifestations of COVID-19,
and in 40% of the affected children, these signs
are the sole presentation of COVID-19. During
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Children with COVID-19-related dermatologic signs

the pandemic, each new mucocutaneous event in
children—especially acral lesions with a vascular
color—should be kept in mind as a probable clue
of COVID-19. The mucocutaneous presentations
of COVID-19 in pediatrics are, to some extent,
different from what is seen in adults, especially
in some characteristic presenting features, aspects
of the disease course, and the prognostic role of
some rashes. All of these factors mandate better
evaluation of dermatologic signs and symptoms
in children.

Limitation

There is a paucity of data regarding treatment-
induced mucocutaneous eruptions in children
with COVID-19, meaning that this topic should be
explored in future studies. Also, COVID-19 is an
ongoing disease accompanied by ever-increasing
novel strains. Furthermore, our title covered and
extended over a great area of skin eruptions in
children, so the limited search interval is another
limitation of this article
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