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Abstract

This review article focuses on cutaneous manifestations in schoolchildren and adolescents 6 to 18 years old connected with vari-
ous aspects of the severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) pandemic, including personal protective equip-
ment (PPE), SARS-CoV-2 infection, and the SARS-CoV-2 vaccine. The use of PPE has been associated with mask-related acne due
to microbiome dysbiosis and disruption of skin homeostasis, leading to the emergence of new acne or exacerbation of preexist-
ing acne. Chilblain-like lesions, erythema multiforme-like eruptions, and cutaneous manifestations of multisystem inflammatory
syndrome related to SARS-CoV-2 are the most commonly described skin manifestations of SARS-CoV-2 infection. The proposed
mechanisms involve either the direct interaction of the virus with the skin through cutaneous receptor angiotensin-converting
enzyme 2 in the epidermal basal layer or hyperactive immune responses. The impact of SARS-CoV-2 infection has also been de-
scribed on adnexa, including hair changes such as alopecia areata and telogen effluvium, as well as nail changes presenting as
onychomadesis and periungual desquamation. Cutaneous adverse effects of the SARS-CoV-2 vaccine have been described in case
reports and differ from those in adults. Therefore, there is a need for increased awareness regarding the most prevalent cutaneous
manifestations associated with COVID-19 in children because they tend to be mild or nonspecific in nature.
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Introduction

Following the onset of the severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) pandemic, primarily in March 2020,
several consequences caused by various aspects of the pandemic
have been described. Concerning skin lesions, they vary from vi-
rus-induced skin symptoms to various conditions resulting from

manifestations of COVID-19 in this age group is estimated to range
between 0.25% and 3% (10).

Generally, the only sign of a COVID-19 infection for many chil-
dren may be a rash known as “COVID toes.” It manifests with red
or purple toes (or fingers), swelling of the toes/fingers, and pos-
sibly atrophic centers that may ulcerate (11). However, this rash
is temporary in children and without serious consequences (12).

the use of protective measures such as disinfectants or face masks
(Fig. 1) (1). The consequences of using personal protective equip-
ment are presumed to have a greater impact on schoolchildren
and adolescents than the infection itself. Thus, the aggravation
of preexisting skin conditions and the emergence of mask-related
acne have been described as COVID-19-related conditions (1, 2).
In contrast to virus-induced skin manifestations, which resolve
spontaneously in most cases, all these conditions usually require
treatment.

The skin manifestations of COVID-19 infection in children dif-
fer from those in adults, as does the overall clinical presentation
and outcome of the infection (3). Thus, skin conditions such as
urticaria, maculopapular rash, and vesicular rash have been pre-
dominantly described in adult age groups, whereas chilblain-like
lesions and erythema multiforme (EM) were more frequently seen
in children and adolescents (Fig. 2). In addition, nail changes, in-
cluding onychomadesis (4, 5), and hair disorders, such as telogen
effluvium and androgenic alopecia, have also been observed in
this age group (Fig. 3) (6, 7). Based on available data, the occur-
rence rate of COVID-19 infection in children and adolescents is
estimated to account for 1% to 5% of confirmed (8) and 1% to 8%
of all COVID-19 cases (9). In addition, the prevalence of cutaneous

Figure 1 | Acne patterns observed in the area where a mask is worn on a child’s
face.
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This review summarizes the current knowledge of cutaneous
manifestations in schoolchildren and adolescents 6 to 18 years
old within the scope of various aspects of the COVID-19 pandemic
based on a thorough review of articles.

Figure 2 | Clinical presentation of erythema multiforme.

Figure 3 | Palmar keratoses (palmar filiform parakeratotic hyperkeratosis) in a
patient infected by COVID-19 (courtesy of Prof. Rok Civjak, University Hospital
for Infectious Diseases, Zagreb, Croatia).
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Methods

For this narrative non-systematic literature review, the PubMed,
Google Scholar, and ScienceDirect databases were searched for
the following keywords: “COVID-19 infection” OR “COVID-19 vac-
cine” OR “COVID-19 Pandemic” and “Skin”, “Cutaneous manifes-
tations”, “Children”, “Adolescents”, “Mask related acne”, “Fa-
cial dermatoses”, “Pseudochilblains”, “Erythema multiforme”,
“Nails”, “Hair”, “Multiinflammatory syndrome”. We included
data for children 6 to 11 years old and adolescents 12 to 18 years
old. Thus, this article focuses on school-age children between
ages six and 18. We excluded articles addressing children below
age six and adults above age 19.

Common cutaneous manifestations associated with
protective measures described in schoolchildren and
adolescents

The exact prevalence of skin conditions related to personal pro-
tective equipment in schoolchildren and adolescents is unknown
because they are rarely analyzed in this population. Most of the
reported mask-related facial dermatoses have been described in
healthcare workers initially and subsequently in the general pop-
ulation.

However, schoolchildren and adolescents may present with fa-
cial dermatoses such as acne caused by wearing protective face
masks (Fig. 1). As is known, Cutibacterium acnes is the primary
cause of acne, and at this age the percentage of C. acnes increases
(13). Thus, the use of protective face masks is associated with mi-
crobiome dysbiosis and disruption of skin homeostasis (13). This,
in turn, triggers skin inflammation mediated by the innate im-
mune system (11, 13). In addition, another mechanism by which
face masks contribute to the exacerbation of existing acne is el-
evated air temperature between the skin and the mask, leading to
a 10% increase for every 1 °C rise (13).

Furthermore, the increased humidity may cause occlusion of
pores, irritation, and skin swelling. Both sweat retention, espe-
cially in hyperhidrosis, and increased humidity may cause follicu-
lar obstruction and aggravation of acne (13). However, diagnosis
of mask-related acne can be established based on the emergence
of new acne (without a prior history of acne) or the worsening of
existing acne (within 6 weeks from the onset of mask-wearing)
(13). The presence of acne patterns along the facial “O-zone” (the
perioral and perinasal areas) can also aid in diagnosis (14). Differ-
ential diagnoses of mask-related acne include impetigo (Staphy-
lococcus aureus and Streptococcus pyogenes), perioral dermatitis
(Fusobacterium sp.), seborrheic dermatitis (Malassezia furfur),
pityrosporum folliculitis, and rosacea (Demodex), hence some-
times results obtained by analysis of swabs for bacterial cultures
and skin lesion KOH exam may be very useful (11). Topical agents
such as antibacterial cleansers and moisturizers are predomi-
nantly used in treatment (11).

Cutaneous manifestations of COVID-19 infection in children

Generally, according to the International League of Dermatologi-
cal Societies (ILDS) and the American Academy of Dermatology
(AAD), the skin manifestations most commonly recorded in pa-
tients with COVID-19 infection are exanthematous (morbilliform)
rash (22%-40%), pernio-like acral lesions (19%—-38%), urticaria
(16%), varicella-like eruption (11%), papulosquamous rash
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(9.9%), and retiform purpura (6.4%) (15). When it comes to data
concerning COVID-19 infection—related skin manifestations spe-
cifically in children, various manifestations have been recorded,
including chilblain-like lesions (67%), EM-like eruptions (31%),
and cutaneous manifestations of pediatric inflammatory multi-
system syndrome temporally associated with SARS-CoV-2 (PIMS-
TS; 0.8%) (3, 8, 16). Varicella-like lesions (17) and vasculitis-as-
sociated lesions have also been described (0.8%) (18) as well as
cases of toxic epidermal necrolysis (19). Thus, according to clini-
cal data from two cases (19), in one patient that was positive for
COVID-19 (PCR test), 3 days after the fever a vesiculopustular rash
(toxic epidermal necrolysis) and worsening of skin symptoms oc-
curred; in the second patient, 3 weeks before a vesiculopapular
rash a positive family history of COVID-19 and positive antibody
test were recorded.

Although urticaria is a relatively common cutaneous mani-
festation associated with COVID-19 in adults, its occurrence in
children has only been described at the level of case reports (20).
Sometimes some other skin manifestations may also occur, such
as pityriasis rosea-like eruptions, eczema-like rashes, angioma-
tous lesions, palmoplantar keratoses, and so on (Fig. 3). Regard-
ing manifestations of COVID-19 on skin adnexa, hair loss is a
commonly described post-infectious cutaneous manifestation in
adults. However, in children, COVID-19—associated hair loss has
only been described in case reports, mostly as part of multisystem
inflammatory syndrome in children (MIS-C) (21, 22).

It is observed that cutaneous COVID-19 manifestations can of-
ten precede other symptoms and vary in their presentation, with
most cases exhibiting mild skin manifestations (1). Hence, they
may be the only sign of the diagnosis, and it is therefore impor-
tant for dermatologists to properly recognize them to prevent the
further spread of COVID-19 whenever possible (1).

The proposed mechanisms for cutaneous manifestations in-
volve either the direct interaction of the virus with skin through

Figure 4 | Clinical presentation of alopecia areata.

cutaneous receptor angiotensin-converting enzyme 2 (ACE2) in
the epidermal basal layer (23) or hyperactive immune responses
(including complement activation or microvascular injury) (24).

Positive immunolocalization of SARS-CoV-2 has been observed
in vascular endothelial cells and epithelial cells of eccrine glands
(25). Thus, it is likely that SARS-CoV-2 uses transmembrane ACE2
as receptors to enter the vessels because they are widely ex-
pressed in these cells (23, 26, 27). Physiologically, there are two
axes of the renin-angiotensin system: the classical ACE/angioten-
sin II/angiotensin II type 1 (AT1R) axis and the counter-regulato-
ry ACE2/angiotensin 1-7/Mas1 receptor axis (28). Renin converts
angiotensinogen to angiotensin I, which is cleaved by ACE to
generate angiotensin II. Thus, ACE2 catalyzes the conversion of
angiotensin II to angiotensin 1-7. The signaling pathway involv-
ing the ACE2/angiotensin 1-7/Mas1 receptor axis leads to vaso-
protection due to the injury caused by ACE/angiotensin II/AT1R
axis stimulation, mediating endothelium-dependent vasodilation
via the production of nitric oxide (28). Moreover, nitric oxide fur-
ther prevents inflammation by shifting macrophages to an anti-
inflammatory state (18). When COVID-19 binds to and downregu-
lates the cutaneous receptor ACE2, the balance changes in favor of
angiotensin II, which causes a decrease in the production of nitric
oxide, consequently leading to vasoconstriction, reduced blood
flow, and ischemia in target tissues (18). These changes create a
microenvironment susceptible to coagulation and inflammation.

In addition, observations have been made regarding EM-like
and varicella-like manifestations, which are believed to involve
a direct viral cytopathic effect on cutaneous cells, which leads to
vacuolar degeneration and the induction of keratinocyte apopto-
sis (29).

Chilblain-like lesions (pseudochilblains, pseudoperniosis,
COVID toes)

Chilblain or perniosis manifests as an acral skin lesion caused by
poor blood circulation resulting from prolonged exposure to cold
temperatures. The main differential diagnoses include vasculitis,
Raynaud’s phenomenon, acrocyanosis, and cryoglobulinemia
(30). The term chilblain-like lesions or pseudo-chilblains is used
to describe skin lesions in patients infected with SARS-CoV-2 in-
fection that look similar to primary chilblains but have specific
epidemiologic characteristics (a rapid surge in countries heavily
affected by the virus) (31). The time interval between the onset of
systemic COVID-19 symptoms and the later appearance of chil-
blain-like lesions ranges from a few days to a few weeks (11, 12).
Furthermore, findings from clinical, capillaroscopic, and histo-
pathological analyses and characteristics distinguish them from
idiopathic perniosis (32). For instance, unlike primary chilblains
that develop after exposure to low temperatures, many COVID-19—
infected patients with chilblain-like lesions have reported no his-
tory of cold exposure or previous similar rash manifestations (3,
16, 33).

Clinically, chilblain-like lesions manifest predominantly as
macules and patches (71.5%) (30). Specifically, chilblain-like le-
sions typically present as round macules and papules, with ill-de-
fined borders and atrophic centers that may be ulcerated, with the
occurrence of scale crust, usually affecting acral sites, including
the dorsal and plantar surfaces of the feet, toes (“COVID toes”),
ankles, and ears (11). The lesions may be unilateral or bilateral.
They are usually asymptomatic; however, patients may experience
symptoms such as tingling, itchiness, and a sensation of coldness.
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In the literature, pseudo-chilblains have been rarely reported
among individuals with moderate and severe forms of COVID-19
(34). A possible explanation for this, and one of the proposed
mechanisms underlying these lesions, is the higher type I in-
terferon (IFN-1) response observed in children and adolescents,
which causes vascular microangiopathic damage and lowers vi-
ral concentration (35). Indeed, severe cases of COVID-19 in the
younger population have been associated with loss-of-function
variants that affect IFN-1 response (36). Because the exaggerated
IFN-1 response can attenuate viral replication, it possibly leads
to a lower frequency of COVID-19—associated respiratory and sys-
temic symptoms (30). It is also possible for SARS-CoV-2 infection
to be cleared before the development of humoral immunity, which
may explain the relatively low rate of seropositivity observed in
patients with pseudo-chilblains (34). In addition, in the patho-
genesis of chilblain-like lesions, aside from the IFN-1 response,
another proposed mechanism involves endothelial damage, lead-
ing to thrombosis, coagulopathy, and vasculitis. This is supported
by the presence of microthrombi and obliterative microangiopa-
thy consisting of endothelial and intensive myointimal growth
with complement activation (27, 35).

In skin lesional biopsies from patients presenting with pseu-
do-chilblains, the presence of viral particles within endothelial
cells has been described, along with positive immunohistochem-
istry (26). However, this has recently been challenged by the use
of electron microscopy. It revealed the presence of clathrin coat
vesicles, which at first sight resemble the spikes of a coronavi-
rus but are actually false-positive coronaviral particles (37). The
aforementioned indicates that pseudo-chilblains are more likely
caused by immune responses secondary to viral infection rather
than the direct cytopathic effect. However, chilblain-like lesions
typically resolve spontaneously within 2 to 8 weeks, and so spe-
cific treatment is usually unnecessary (16). Table 1 provides an
overview of studies demonstrating a link between COVID-19 and
chilblain-like lesions.

Erythema multiforme-like lesions

EM is a skin disease characterized by the appearance of reddish,
annular macules that may progress into papules and occasionally
coalesce to form plaques. It typically exhibits a target-like appear-
ance and predominantly appears on the extremities, although it
can also occur in other skin areas (Fig. 2) (44). Petechiae and pur-
pura often co-occur with the target lesions (11). Conversely, the
term EM-like eruption describes an atypical clinical pattern of EM
showing unusual distribution or a lack of the target appearance
(44). However, EM-like lesions are usually rare in children and
adolescents.

The outbreak of these EM-like lesions coincided with the peak
incidence of COVID-19. The lesions may appear together with
pseudo-chilblains (45). According to data from one article (based
on patients’ medical histories), contact with COVID-19 occurred
some days before the appearance of the skin lesions of erythema
multiforme (45). According to another article, the contact with
symptomatic COVID-19 infection occurred 3 weeks prior to de-
veloping EM-like lesions (and hospital admission), when MIS-C
was diagnosed (even though PCR for SARS-CoV-2 was negative
some days before admission) (46). However, positivity for SARS-
CoV-2 spike protein by immunohistochemistry has been observed,
which strongly suggests a link between EM-like eruptions and
SARS-CoV-2 (45).
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A possible pathophysiological cause of EM-like lesions may be
a hypersensitivity reaction targeting SARS-CoV-2 antigens in the
skin, mediated by lymphocytes (44). It is similar to the mecha-
nism of EM induced by other infections such as Mycoplasma
pneumoniae, herpes simplex virus, Epstein—Barr virus, adenovi-
rus, and parvovirus B19 (46). Furthermore, the acral involvement
could be indicative of a cutaneous hypersensitivity reaction of
type Il and/or IV (in small cutaneous vessels), thus being respon-
sible for dermal and perivascular lymphoid infiltration (44). In the
literature, one case was described (46) in which EM was one of the
first signs of PIMS-TS temporally related to COVID-19. In this case,
the outcome was the spontaneous resolution of skin lesions and
the improvement of overall symptoms (46). In summary, EM and
EM-like eruptions were not related to a severe course of COVID-19.

Dermatologic conditions associated with multisystem
inflammatory syndrome in children and Kawasaki-like
disease

MIS-C is a pediatric hyperinflammatory disorder caused by SARS-
CoV-2 (47). Some of the clinical manifestations of MIS-C mimic
Kawasaki disease, a medium vessel vasculitis of undetermined
etiology typically affecting children below 5 years of age.

According to the literature, MIS-C develops 2 to 6 weeks fol-
lowing SARS-CoV-2 infection and is presumably triggered by an
adaptive immune response (47). Even though its cardiovascular
manifestations are more prominent, skin manifestations have
been described as well (47, 48).

In children, among the cutaneous manifestations associated
with severe COVID-19, periorbital erythema and edema were fre-
quently described (16, 35, 49). According to data from one article
(on a school-age child) (49), skin lesions (periorbital erythema)
developed 1 day before fever (in the context of MIS-C), whereas
according to another article (which included four school-age
children with MIS-C) (35) in three children skin findings were fol-
lowed by the onset of COVID-19.

Other commonly described cutaneous manifestations in chil-
dren that met diagnostic criteria for MIS-C included rashes on the
lips, hands, and feet, perineal or facial desquamation, erythemas,
and exanthems (11, 21, 46, 49). However, the cutaneous manifes-
tations described may also be a symptom of other inflammatory
and toxin-mediated disorders such as Kawasaki disease or toxic
shock syndrome, as well as infectious diseases such as rickettsial
infections, which need to be considered as a differential diagnosis

(12).
Adnexal changes

Changes of skin adnexa related to COVID-19 infection primarily
include changes of the hair and nails. Hair changes include alo-
pecia areata and telogen effluvium, and nail changes particularly
include onychomadesis and periungual desquamation. These
conditions have been described separately (4, 7) and as part of
MIS-C syndrome (5, 22).

Alopecia areata is a non-scarring hair loss condition charac-
terized by the acute onset of well-defined oval-to-round patches
of complete hair loss (Fig. 4) (7). It usually occurs in the first two
decades of life (48%), with a prevalence of 0.1% to 0.2% (7). The
proposed mechanism of alopecia areata pathogenesis is organ-
specific autoimmunity directed against the hair follicles. It also in-
volves genetic factors and major histocompatibility complex class
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I (MHC-I), which leads to oxidative stress-related pathogenetic
pathways, with consequent destruction of hair follicle cells, medi-
ated by the release of perifollicular IFN (IFN-y) and tumor necrosis
factor alpha (TNF-a) from T cell activation (7).

According to literature data, alopecic patches (alopecia areata)
appear 3 to 7 weeks after symptomatic COVID-19 infection (7). A
heightened inflammatory response has been shown in patients
with confirmed COVID-19, in which substantially elevated plasma
concentrations of these proinflammatory cytokines and other cy-
tokines, such as interleukins (IL)-6, IL-1B, IL-2, and IL-17A, have
been reported (50).

Telogen effluvium is a common condition characterized by
diffuse hair shedding caused by premature termination of the
anagen phase and entry of hair follicles into the catagen phase
(6). It is usually triggered by various factors, including acute ill-
nesses accompanied by fever, systemic diseases, or severe stress
reactions (emotional or physical) (22). Therefore, acute telogen
effluvium mostly appears within 2 to 3 months following the trig-
gering event, and it usually resolves spontaneously or after the
elimination of the trigger. Telogen effluvium may also occur as a
late complication of MIS-C (22). According to one article, about 7
to 8 weeks after the diagnosis of MIS-C, a patient’s hair loss be-
gan and telogen effluvium appeared (22), whereas, according data
from another case of a patient with MISC, telogen effluvium ap-
peared a month after SARS-CoV-2 infection (21). However, regard-
ing telogen effluvium that develops after COVID-19 infection, the
possible pathogenesis involves a cytokine storm and the forma-
tion of microthrombi, leading to obstruction of blood supply to
the hair follicles (6).

Nail involvement has been described as part of other condi-
tions mentioned earlier, such as pseudo-chilblains (4) and MIS-
C (5). Prominent clinical findings include nail changes that are
otherwise typically associated with lichen striatus: nail thin-
ning, onychodystrophy, onycholysis, and longitudinal ridging
(51). Lichen striatus, a skin condition characterized by lichenoid,
erythematous, flat-topped papules in a linear distribution on the
lower extremities, has also been described in case reports follow-
ing COVID-19 infection in children (51). The occurrence of lichen
striatus has been reported after viral stimuli such as influenza
and varicella. Although its pathogenesis is not fully known, it is
proposed to involve the loss of immunotolerance triggered by the
virus toward mosaic keratinocyte clones, which are attacked by
cytotoxic T cells (51). Histological analysis reveals the presence of
lymphocytes surrounding subpapillary vessels, as well as hyper-
keratosis and parakeratosis, a few necrotic keratinocytes, inter-
cellular edema, and spongiosis (51).

In addition, periungual desquamation has been described in
MIS-C (5), and periungual erythematous edema and onychomade-
sis have been observed in chilblain-like lesions (4). Furthermore,
nailfold videocapillaroscopy of patients with MIS-C has revealed
significantly lower capillary density and capillary length, and
higher intercapillary distance (5, 52). Thus, the findings include
microhemorrhage, pericapillary edema, capillary meandering,
capillary branching and ramification, bushy capillary, enlarged
capillaries, and neoangiogenesis.

Other nail changes potentially related to COVID-19 include
Beau’s lines, which are transverse grooves of the nails. They re-
sult from suppressed growth of the nail matrix and may precede
onychomadesis, the separation of the nail plate from the nail ma-
trix (5).

COVID-19 vaccine-related cutaneous manifestations in
schoolchildren and adolescents

A crucial public measure that limits the spread of infection is
COVID-19 vaccination. It is estimated that over 3.2 billion doses of
vaccines have been administered. The most commonly reported
skin adverse effects were in adults with underlying comorbidities
and included erythema, erythromelalgia, urticaria, chilblains,
pityriasis rosea—like reaction, and chilblain-like lesions (53).
However, skin adverse effects of the COVID-19 vaccine in children
have been described in the literature, such as vitiligo (Fig. 5), toxic
epidermolysis, and alopecia areata. Thus, there are case reports
that include a case of vitiligo (54), a case of toxic epidermolysis (55),
and a case of alopecia areata (56) that occurred as skin adverse ef-
fects of the COVID-19 vaccine in children, summarized in Table 2.

Other aspects of the COVID-19 pandemic and skin in
children and adolescents

The impact of COVID-19 on the skin of patients with preexisting
skin diseases has also been recorded. For instance, patients with
psoriasis experienced more deterioration of their condition under
the influence of COVID-19 (57). Moreover, staying in quarantine
may negatively affect patients with chronic diseases such as atop-
ic dermatitis (3). Furthermore, an interplay between the COVID-19
pandemic, skin, and psychological aspects has been recorded,
although less attention has been given to the topic in literature
concerning children.

Figure 5 | Clinical presentation of vitiligo.
Conclusions

There is a need for increased awareness regarding the most preva-
lent cutaneous manifestations associated with COVID-19, partic-
ularly in children, where they tend to be mild or nonspecific in
nature. When evaluating skin rashes and disseminated lesions,
there is a wide range of differential diagnoses to include, such
as seasonal flu, drug hypersensitivity, various allergic reactions,
manifestations of herpes infections (zoster or simplex), and den-
gue fever, but also COVID-19—associated manifestations. The rec-
ognition and management of COVID-19—associated skin manifes-
tations is important not only to dermatologists, but to the entire
medical community, in order to ensure optimal clinical outcomes
for both adults and children affected by the disease.
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