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Context: The clinical picture of pediatric severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) infection differs from adults
as do the cutaneous manifestations. In this review, we summarize the varied morphological manifestations of SARS-CoV-2 infection in
the pediatric population. Evidence acquisition: A comprehensive literature search was conducted (23 September, 2021) across
multiple databases (PubMed, EMBASE, MEDLINE and Cochrane) with the relevant keywords. An additional filter of age group between
0-18 years was kept in each of the searches. Results: Chilblains constitute the most common cutaneous manifestation of pediatric
coronavirus disease (COVID-19). Other commonly reported manifestations include maculopapular rash, urticaria, erythema
multiforme, and papulovesicular eruptions. Majority of children with these manifestations are asymptomatic, highlighting the need to
clinically suspect and appropriately manage such patients. A subset of pediatric patients develop severe multisystem involvement
termed as multi-system inflammatory syndrome in children (MIS-C) that has varied mucocutaneous manifestations. Conclusion: Awide
variety of dermatological manifestation of SARS-CoV-2 infection is reported, and both the pediatrician and dermatologist need to be

aware of the same to suspect and diagnose COVID-19 infection in children.
Key words: Chilblains, Erythema multiforme, MIS-C, SARS-CoV-2.

he mucocutaneous manifestations of corona-

virus disease (COVID-19) in children are till

evolving, with varied presentations, which are

relatively milder [1]. Moreover, they can oftengo
undiagnosed when presenting as a sole cutaneous
manifestation of pediatric COVID-19.

The incidence of dermatologica manifestations in
pediatric COVID-19isdiverse, varying acrossethnic groups
and geographical regions. Chilblainlikelesions, urticariaand
confluent maculopapular rash are commonly observed in
children in European countries [2]. Chinese literature
suggests ischemic lesions and urticarial rash as common
manifestations [3]; whereas, reports from Thai-land have
observed denguelikerashin certain patients[4]. Multisystem
inflammatory syndrome in children (MIS-C) isaready an
established entity, which has its own mucocutaneous
manifestations. We, herein, summarize all relevant
literature on the mucocutaneous manifestations of pediatric
CoVID-19.

METHODS

A comprehensiveliterature search acrossmultiple databases
(PubMed, EMBASE, MEDLINE, and Cochrane) wascarried
out with keywords“COVID-19" OR “corona-virus’ AND
“rash”, “skin rash”, “cuta-neous’, “chilblain”, “chilblain-
like’, " pseudo-chilblain”, “perniolike’, “urticarid’, “ urticaria
rash”, “vesicular”, “papulovesicular, “maculopapular”,
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“morbilliform”, “erythema multiforme’, “varicela like’,
“vesicular rash”, “dengue-like’, “purpura’, “hair”, “nail”,
“mucosa’, “Multisystem inflammatory syndrome in
children”,“MIS-C",” Multisysteminflammatory syndrome
inneonate”, and“MIS-N". An additional filter of age group

between 0-18 yearswaskept in each of the searches.
CUTANEOUS MANIFESTATIONS
Chilblain

Chilblains represent the most common cutaneous
manifestati on reported anong chil dren affected with COVID-
19. When the coronaviruspandemic beganinMarch, 2020, a
sudden surgein casesof chilblain-likelesionswasnoticed. A
French study even reveded a rising trend regarding web
searchesof chilblains, fingers, toesand COVID-19infection
during the initial months of the pandemic [8]. The cases
observed were not true chilblains, differing in terms of sex
distribution (equal sex distribution), triggering factors (warm
climate), and distribution of lesions (fingers and toes).
Despitetherebeing atemporal relation between the onset of
chilblain-likelesionswiththepandemic, thereis<till adebate
regarding its association with SARS-CoV-2, as mgjority of
patients test negative for infection both by reverse
transcriptase - polymerase chain reaction (RT-PCR) or
serology [9,10].

Clinical features: Multipleerythematous, violaceousand/or
purpuric macules are observed predominantly over the
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finger andtoes(Covidtoes). Mgjority of casesaffect thetoes
with lesions not crossing the meta-tarsophaanged joint.
The reported mean age of patients is above 10 years [2].
Swelling of the surrounding skin may aso be noted, with
severe cases showing secondary vesiculation. They appear
towardstheend of COVID-19, and last for about 12 dayson
an average, but can last for up to 4-5weeks. Unlike adults,
where systemic association with chilblain-like lesions is
common (upto45%), children are commonly asymptomatic
[11]. The chilblain lesions may; however, show loca
symptoms such as pain or itching. Co-existing erythema
multiforme (EM) like lesions in pediatric patients with
chilblains has aso been noted [12]. A case of recurrent
chilblain-likelesionsin apatient with mild COVID-19 was
asoreported[13].

Dermoscopy of chilblain-like lesions in children has
revealed the following features viz., a red or purplish
background area, with red to purple globulesin mgjority of
cases, and agrey brown reticular network onthe periphery in
30% of cases [14]. In an Itadian report studying nail
videocapillaroscopy in childrenwith chilblain, peri-capillary
edema and microhemorrhage were dstriking features,
especiadly in toe lesions, aong with capillary dilation
commonto bothfinger andtoenails[15].

Histopathology: Chilblain-likelesionsare characterized by
lymphocytic vasculitisranging fromendothelia swellingto
fibrinoid necrosis. Superficiad and deep peri-vascular
lymphocytic infiltrate a ong with peri-eccrine lymphocytic
infiltrateisalso seen, whichissimilar toidiopathic perniosis.
SARS-CoV-2 virus has aso been demonstrated on
immunohistochemistry intheendothelia cellsand epithelial
cellsof eccrinegland[2].

Pathogenesis. Various possible pathomechanisms have
been put forth. They include:

i) Directvirus- induced endothelial damage: Association
between direct endothelia damage and chilblain in
COVID-19wassuggested by Colmereno, etd. [16] based
on immunohistochemistry and electron micro-scopy
findings of virus particles affecting endothelium and
eccrine epiderma cells. However, this was later
challenged by Bredey, eta. [17], who explained that the
viruslikestructurewasinfact aclathrin-coated vesicle, a
normal subcdlular organelle[17]. Still, vira particlesin
endothelium along with evidence of vascular damageon
histopathology support a causal association.

ii) Roleof interferontype 1: Interferontype 1, apart of the
innateimmunity, isresponsiblefor thefirst lineof defense
against viral infections. Compared to adults, thelevel sof
INF-1arehigher ininfantsand children. Hubiche, et al.
[18] found that there was a significantly higher IFN-&
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response in chilblains patients (associated with mild
disease) compared to patients with moderate or severe
COVID-19. In severe SARS-CoV-2 infections, thereis
impaired interferon response, explaining why chilblain-
like lesions are seen infrequently [18]. Given the
histopathological similarity of COVID-19 induced
chilblain to type 1 interferonpathy induced chilblain, a
causa association has also been suggested.

iii) Thrombotic or embolic hypothesis: COVID-19infection
isassociated with raised D-dimer levelsin moderate to
severe cases and thus cary a high risk of
thromboembolism. Thesefibrinmicro-emboli may have
tendency to block the smaller vessels leading to acra
ischemia and subsequently chilblain-like lesions. In a
study by Hachem, et da. [16], microthrombi were
observed on histopathological analysisinthree patients
with chilblains. This supports the possibility of a
thrombotic or embolic event precipitating chilblain-like
lesions.

Investigations: Strikingly, majority of patientswho develop
chilblain-likelesonstest negativefor SARS-CoV-2 onaRT-
PCR based test [19]. Given that chilblain develops during
resolution of COVID-19 and in children having
asymptomaticinfection, alower positivity can beexplained.
Antibody serology with IgM and 1gG in children have also
demonstrated lower positivity rates[20,21]. Interestingly, an
Italian series has depicted 53.3% |gA-positivity against S1
spike protein, which establishes a causal-link between
chilblain-like lesions and asymptomatic SARS-CoV-2
infection[9].

Treatment: In children, spontaneousresol ution over daysto
weeksisthedictum. Symptomatic treatment with analgesics
and antishistaminicsusually suffices. More-over, chilblains,
inchildrenareassociated with mild COVID-19, unlikeadults.
Counsdlling the patient regarding the benign nature of the
conditionisimportant.

Urticaria

Acute urticariais characterized by transient pruritic wheals
not lagting for morethan 24 hours, and for lessthan Six weeks
induration. Among children presenting with acute urticaria,
infections (mostly upper respiratory infections), drugs and
food allergy arethemost common precipitating factors[22].
During the ongoing pandemic, urticarial lesions have
accounted for 13.5-26% of cutaneous manifestationsarising
dueto SARS-CoV-2infectionin adults[23]. However, datain
the pediatric age group is scarce and restricted to case
reports (9 cases) (Web Table 1). Mgority of patients
presented with urticaria as the sole symptom to the
dermatologist or pediatrician; although, cases presenting
with or after systemic symptomshave been reported. History
regarding systemic symptoms and household contacts
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givesacluetowardspossibleunderlying etiology of SARS-
CoV-2 infection. In the current pandemic, we fed that all
childrenwith acuteurticariamust besubjected to SARS-CoV-
2testing (Fig. 1).

Multifactoria pathophysiological process has been put
forth explaining theobservation of urticariain children. They
include: affinity of SARS-CoV-2 with ACE2 receptor on
endothelium may causeimmune complex depositionleading
toimmunemediated urticaria; Cross-reactivity betweenvird
IgM and 1gG with mast cell IgE causing mast cell
degranulation; Immune complexes stimulating basophils
into producing vasoactive amines, which activates
complement, leading toincreased vascular permesbility [32];
cytokine IL-6 (elevated in COVID-19 patients) directly
stimulatesmast cell degranulation, leadingto urticaria[33];
and mediation via bradykinin due to activation of kinin-
kalikerin system in conjunction with ACE2 receptor
gimulation[34].

Thediagnosisisprimarily clinica . A possibility of drug-
induced urticaria due to use of non-steroidal anti-
inflammatory drugs(NSAIDs) and antibioticsin COVID-19
should be kept inmind. Thetreatment issymptomatic, with
use of corticosteroids limited to resistant cases. The
association of urticariawith COVID-19infectionin children
has not been seen to be associated with any adverse effects.

Erythema Multiforme-Like Eruption

Erythema multiforme is an acute onset hypersensitivity
disorder characterized by a digtinctive rash called target
lesions. Among children, infectionsviz., herpessimplex virus
and mycoplasma pneumonia, and drugs are frequently
associated [35]. During the COVID-19 pandemic, three
different types of EM or EM-like rash have been reported:
juvenile-virus related EM like rash (age <30 years), older
classicd EM rash (age>55years) and drug-induced EM [36].

Fig. 1 Acuteurticariain a7-year-old boy as presenting feature of
COVID-19infection.
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Inchildren, therashisan atypical target lesion restricted
tothepamsand solesinmgjority of thecases(Web Tablell).
Thelesionsaresmaller, lesswidespread and may beitchy or
painful. A latency of few days to three weeks between
COVID-19 infection and EM-like rash is seen. In a
retrospectiveanalysisof 132 patientspresen-ting with acral
lesions during the pandemicin Italy [37], 28% patients had
EM-likelesions (n=37) with only two patients having sites
other than palms and soles involved. Torello, et al. [13]
reported four patientswith EM-like rash among 22 patients
withchilblains.

Histopathologically, mild superficial perivascular and
perieccrinelymphocyticinfiltrate was observed without the
characterigtic findings of EM such askeratinocyte necrosis
and eosinophils. The correlation with COVID-19 was
confirmedin one case by apositive RT-PCR report whilein
two patients, immunohistochemistry revealed antibodiesto
SARS-CoV-2 spikeglycoproteininthevascular endothelium
and eccrineepithdid cells[13]. Thus, itisfair to say that the
lesions are not true EM lesions but EM-like or rather
resembling chilblains clinicaly and histopathologically.
Overdl, EM or EM-likerashisnot associated with asevere
course of SARS-CoV-2 infection among children.
Symptomatic therapy with topical or ord corticosteroidsis
enough in most of the cases.

Papulovesicular Eruption

Papulovesicular eruption as a cutaneous manifestation of
COVID-19iswell documented in adult literature. Average
ageof onsetis45-60yearswith theeruption seenduring early
infection. The underlying pathogenesisis sus-pected to be
thedirect effect of SARS-CoV-2 viruson basal keratinocytes
leading to acantholysis [41]. Two distinct morphological
variants are described: localized monomorphic variant and
diffuse polymorphic variant. In comparison to adults,
whereinincidenceratesof 7.2% havebeenreported[42], only
asinglecasehasbeen documentedin pediatricliterature. The
case was that of an 8-year-old girl who presented with a
three-day history of papulovesicular lesionsaong with six-
day history of cough. A positive contact history led to
suspicionof COVID-19inthiscasewhichwasconfirmedby a
RT-PCRtest. Theexanthemaresolvedin 7 daystimewithout
any needfor intervention[43].

The authors aso encountered of papulovesicular
eruptioninan 11-year-boy who wasasymptomatic; however,
he and his parents later tested positive for SARS-CoV-2
infection.

Multisystem Inflammatory Syndromein Children

Multisystem inflammatory syndromeinchildren(MIS-C) isa
relatively common complication of COVID-19that presents
clinicaly resemblingincomplete Kawasaki diseaseandtoxic

VoLuMmE 59—MaAy 15, 2022



40

shock syndrome. Magjority of children have positive
serology for COVID-19 and negative polymerase chain
reaction, supporting the hypothesis that this condition is
related to immune dysregulation after acute infection has
subsided.

In alarge series of MIS-C patients across the United
States, mucocutaneous findings were identified in 74% of
children, out of which 59% had nonspecific eruption, 55%
bilatera conjunctivitis, 42% ora mucosal changes, and 37%
peripheral extremity changes. [52]. Commonly reported
cutaneous features include diffuse non-specific eruptions,
pamoplantar erythema, hyperemia of lips, strawberry
tongue, periorbital and maar erythema [53]. EM has also
been reported inachild with MIS-C [54]. Theskinfindings
associated with M I S-C aremorecommoninyounger children
and decreasewith age (Fig. 2).

Pathogenesis: No literature with regardsto pathogenesis of
mucocutaneousmanifestationsinMIS-Cisavailable.

Differential diagnosis. At the beginning of the COVID-19
pandemic, MIS-Cwasconfused with Kawasaki disease, toxic
shock syndrome and secondary hemophagocytic lympho-
histiocyosis as the clinica features were overlapping.
However, differences exist in the geographic distribution,
pathogenesis, cardiac and gastrointestina manifestations
and hematological parameters. Moreover, mgjority of MIS-C
patientsare seropositivefor SARS-CoV-2 antibodies.

Treatment: Themainstay of M1S-C treatment isintravenous
immune globulin (IVIG), and adjunctive high-dose
corticosteroids. The cutaneous manifestations are transient
andresolvewithtreatment of MIS-C.

Non-Specific Cutaneous Lesions

Maculopapular or morbilliform rash has been reported in
nearly 47% of adult patientswith cutaneous mani-festations;
however, in children, they areinfrequently documented [61]
(Fig. 3). Other nongpecific cutaneousmanifestation reported
inchildrenincluderetiform purpura[62], cutaneousvasculitis
(Fig. 4), dengue-likeexanthem [4] (Fig. 5), livedoid lesions

/|

Fig. 2 Cutaneous manifestations of multisystem inflammatory
syndromein childhood (MIS-C) (strawberry tongue, periungual
desquamation, and desquamation around buttocks) occurringina
6-year-old boy four weeks after COVID-19, associated with IgG
SARS-CoV-2 antibody positivity.
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[63], acrd ischemia[64] and petechia rash[65] .
Hair and Nail Changes

Post-COVID hair changeshavebeen commonly reportedin
adults; however, thereispaucity of literaturefor hair changes
after COVID-19inchildren. Hayran, et al. [66] presented two
children with different hair |oss patterns post-MIS-C. The
first patient was a 10-year-old boy who developed telogen
effluvium. The second patient who was a 13-year-old boy
who developed aopecia areata. The duration in both the
cases was nearly four weeks after COVID-19-associated
MIS-C[66]. The causeof hair lossin COVID-19 patientsis
unknown but stress and anxiety were the proposed
preci pitating factors. Inaseriesof five patients, fluorescence
of hair and nailswas observed under Wood lampin patients
of COVID-19, whoweretreated withfavipiravir[67].

Nail changeshave been observedin patientswith SARS
CoV-2infectionintheform of red half-moon nails, transverse
orange nails, Mee lines and Beau lines. In a study by
Thuangton, et al. [68], two patients had nail changesin the
form of brittle nails and chromonychia. No documented
reports are available for nail changes after SARS-CoV-2
infection in the pediatric population. However, clinicians
should keep an eyeout for these nail changesin childrentoo,
asthesearealso commonly seeninother vird infections.

INFERENCE IN SKIN OF COLOR

A lack of representation in skin of color have been well
documented in COVID-19 cutaneous manifestations. The
ethnicandracid disparitiesposeaprobleminclinica imaging
of the dermatological manifestation, and may impact the
health outcomes as well as create a gap in the educational
resources.

Fig. 3 Maculopapular rash appearing 3 days after diagnoses of
COVID-19infectioninan 8-year-old boy.
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Fig. 4 Palpable purpuraonall four limbsaspresenting featureina
13-year-old girl later diagnosed with COVID-19 infection. The
biopsy was suggestive of leucocytoclastic vasculitis.

Someauthorshave emphasizd theunder represen-tation
of skinmanifestationsof COVID-19and paucity of imagesin
FitpatricksIV, V or VI types[69,70]. A study by Dald, et al.
[ 71] described the dermatol ogical mani-festationin 12.7% of
COVID-19 cases from Northern India, in which 7.8% had
pruritus without cutaneous findings, 2.9% had
maculopapular rashand 1.9% had urticarial rash. Thelargest
seriesfrom Southern Indiacons sting of 1065 SARS-CoV-2
positive patientshad cutaneous manifestationsin only 4.5%
cases [72]. Urticaira and itching were the commonest,
followed by maculopapular rash, vesicular rash, acral
erythema, apthous ulcer, herpes zoster and others. Another
cases series from India[73] had similar manifestations of
urticaria, maculopapular rash and herpes zoster. However,
none of these seriesreported any pediatric cases.

CONCLUSION

Cutaneous manifestation may present before, at or after the
diagnosisof COVID-19among children. Chilblains, themost
common cutaneous manifestation, is associated with mild
SARS-CoV-2infection, unliketheadult popultion. Literature
on urticaria, erythema multiforme like, papulovesicular
eruptions and maculopapular rash is limited compared to
adults, probably due to under-reporting and the fact that
these manifestations are often associated  with
asymptomeatic or mildinfection. A subset of pediatric patients
develop varied muco-cutaneous manifestations along with
as MIS-C, which has not been observed in adults. We fed!
that acute urticariaand macul opapul ar rashin achild should
prompt testing for SARS-CoV-2 infection in the current
pandemic.

Given the relaxations on COVID-19 normsworldwide
and vaccination statusamong children particularly, asurgein
thecasesof paediatric COVID-19 may beonthehorizon.An
in-depth knowledge regarding cutaneous manifestations of
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Fig. 5 Dengue-likerash with classical idandsof sparingina6 year
old girl diagnosed with COVID-19infection.

COVID-19 is necessary for both the pediatrician and
dermatol ogist to suspect and diagnose COVID-19infection
in children early. Dataregarding such manifestationsis till
evolving and further information is needed to diversify our
understanding regarding the subject.
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Web Table I Reported Cases of Pediatric Urticaria Associated with Covid-19 Infection

Article Age Clinical features Covid Contact Severity | Timing of | Sequalae
report history of covid- | urticaria  with
19 respect to Covid-
19 infection
Miriam et | 2months | Acute urticaria in | Positive 2 covid | Mild Along with other | Resolution within
a / Female | whole body sparing positive covid-19 24 hours with ora
2020 pams and soles. No individuals symptoms  such | symptomatic
angioedema as fever therapy
Rotulo et | 6 Giant urticarial | Positive Mother covid- | Mild 1 day before | Resolution within
al?l years/gir | wheals followed by 19 positive onset of systemic | 24 hours with oral
| desquamation in distal symptoms symptomatic
extremities therapy
Chen et| 6 Generdized urticarial | Positive Aunt and | Mild Few days before | Resolution within
allzdl months/ | rash grandmother onset of systemic | 24 hours with oral
male covid-19 symptoms symptomatic
positive therapy
Larenas- 5 Generalized urticaria | Positive Contact with | Mild Along with | Resolution within
Linneman | months | rash covid-19 systemic 24 hours with ora
netdl®l | mae positive symptoms symptomatic
patient therapy
Proietti et | 6 Giant urticariad rash | Positive Parents covid- | Mild 2 weeks after | Treated with ora
all2l months | over limbs and trunk 19 positive covid-19 positive | corticosteroids
male report
Leetd!® | 5 years | Generalized urticaria | Positive Father covid- | Mild 2 days before | Resolution within
girl sparing face 19 positive onset of systemic | 24 hours with oral
symptoms symptomatic
therapy
Oner et| 12 Urticaria with | Positive No contact Mild Along with | Intravenous
all3a months | angioedema systemic corticosteroids
girl symptoms required.
Khalili et | 2 acute urticaria | Positive 2 family | Mild Asymptomatic Resolution within
a3y months/ | involving face, trunk, members with 24 hours with oral
girl and upper and lower covid-19 symptomatic
extremities with positivity therapy
sparing of mucosa,
palm, and sole
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Web Table II Reported Erythema Multiforms or EM-like Rash in Pediatric Covid Patients

Authors No. | Age Clinical features Onset  with | Covid-19 Severity of | Sequalae
respect to | confirmation Covid-19
Covid-19
infection
Fernandez | 37 | 12 Round erythematous | With or after | Via contact with | Mild,only6 | 7.4  days
-Neito et years macules and | covid-19 covid-19 positive | out of 37 | was mean
al B (Mean) | vesicles which were | infection patient, hedth | patients had | duration of
less  widespread, worker or RT- | other EM like
smaler in size and PCR positivity systemic rash. Good
atypical target symptoms prognosis
lesions. The lesions of covid-19 | associated.
were restricted to
palms and soles
Torrelloet | 4 11-17 Target and targetoid | - 1 case was covid- | Mild Excellent
alwl years lesionsin addition to 19 RT-PCR prognosis
chilblain likelesions positive. with
were noticed. Mild compleet
itch and mild pain In 2 cases IHC resolution
was associ ated revealed antibody in 1-3
against SARS weeks
CoV-2
spike protein to be
positivein
endothelial  cells
and eccrine glands
Janah et | 1 17/Mde | Painless 15 days after | RT-PCR positive | Mild Complete
alls erythematous Covid-19 resolution
macul opapular infection
atypical  targetoid
eruption of palms
only
Naveeifar | 1 12 Fever with EM like | Along  with | RT-PCR positive | Severe ICU care
et all®d months | lesions systemic required
symtoms with
improveme
nt within 5
days
Larenas- 1 6 years | 2 targetoid lesions | 7 days after | RT-PCR positive | Mild Complete
Linneman Female | on  thigh  and | systemic resolution
netal abdomen symptoms with
symptomati
c therapy
Labe et|1 6 years | EM lesions with | Few daysafter | RT-PCR positive | Mild Discharged
a4l Male painful chelitis onset of after 2
chelitis weeks
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