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Summary The current COVID-19 pandemic is caused by the SARS-CoV-2 coronavirus. The initial

recognized symptoms were respiratory, sometimes culminating in severe respiratory dis-

tress requiring ventilation, and causing death in a percentage of those infected. As time

has passed, other symptoms have been recognized. The initial reports of cutaneous mani-

festations were from Italian dermatologists, probably because Italy was the first European

country to be heavily affected by the pandemic. The overall clinical presentation, course

and outcome of SARS-CoV-2 infection in children differ from those in adults as do the

cutaneous manifestations of childhood. In this review, we summarize the current knowl-

edge on the cutaneous manifestations of COVID-19 in children after thorough and critical

review of articles published in the literature and from the personal experience of a large

panel of paediatric dermatologists in Europe. In Part 1, we discuss one of the first and

most widespread cutaneous manifestation of COVID-19, chilblain-like lesions. In Part 2,

we review other manifestations, including erythema multiforme, urticaria and Kawasaki

disease-like inflammatory multisystemic syndrome, while in Part 3, we discuss the histo-

logical findings of COVID-19 manifestations, and the testing and management of infected

children, for both COVID-19 and any other pre-existing conditions.
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Introduction

Coronaviruses (CoVs) are enveloped, positive-sense,

single-stranded RNA viruses with a nucleocapsid of

helical symmetry, which can infect humans, animals

and birds. Coronavirus infection in humans can cause

a spectrum of conditions ranging from the seasonal

common cold to deadly infections. Two highly patho-

genic and transmissible coronavirus infections were

previously recognized: the severe acute respiratory

syndrome coronavirus (SARS-CoV) and the Middle

East respiratory syndrome coronavirus (MERS-CoV).

The new SARS-CoV-2-induced disease started in

Wuhan City, China in December 2019, and soon spread

around the world, being declared a pandemic on 11

March 2020. Initially presenting with respiratory symp-

toms, the disease was called Wuhan pneumonia in

China. Later, involvement of other symptoms gained

recognition. The initial reports of cutaneous manifesta-

tions in SARS-CoV-2 were from Italian dermatolo-

gists,1,2 probably because Italy was the first European

country to be heavily affected by the pandemic.

The overall clinical presentation, course and out-

come of SARS-CoV-2 infection in children differ from

those in adults. Similarly, the cutaneous manifesta-

tions of childhood COVID-19 also differ from those of

adults. While manifestations such as urticaria, macu-

lopapular rash or vesicular rash can occur in people of

all ages, certain manifestations such as chilblains, ery-

thema multiforme (EM) and cutaneous manifestations

of paediatric inflammatory multisystem syndrome tem-

porally associated with SARS-CoV-2 (PIMS-TS) are

more frequently seen in children and young patients.

In this review, we summarize the current knowledge

on cutaneous manifestations of COVID-19 in children

after thorough and critical review of articles published

in the literature and from the personal experience of a

large panel of paediatric dermatologists in Europe.

Chilblain-like lesions

Classic chilblains (pernio) are defined as inflammatory

skin lesions of the acral regions that persist for

> 1 day.3 They are characterized by erythematous and

oedematous macules, nodules and sometimes ulcerated

plaques on the dorsal surface of fingers and toes. Skin

lesions are triggered by cold, but may be rarely associ-

ated with connective tissue disease or malignant

haematological disorders. Patients usually report pain

and itching. Treatment is conservative as spontaneous

resolution usually occurs. Lesions typically recur

yearly during winter. Increased mean capillary

diameter and increased apical capillary diameter have

been described in nailfold capillaroscopy.4

From March 2020, a large number of reports of

acral lesions resembling chilblains circulated on social

media. Simultaneously, the relative search volumes

provided by Google Trends demonstrated a worldwide

increase in queries for ‘chilblains’, ‘fingers’, ‘toes’ and

lesions associated with ‘coronavirus’ in France.5,6 The

first published paediatric case of possible SARS-CoV-2-

associated chilblain-like lesions occurred in Italy, fol-

lowed by reports of similar cases from Italy, Spain and

the Middle East.2,7,8 Interestingly, chilblain-like mani-

festations observed during the COVID-19 pandemic dif-

fer from classic pernio by showing an equal sex

distribution, absence of triggering factors, and involve-

ment of the feet and sometimes the distal third of the

legs. Patients with chilblains associated with COVID-

19 were mostly young, confined at home due to the

spring lockdown and without previous history of per-

nio. However, clinical and laboratory data confirming

the link are incomplete and contradictory.9

In a Spanish consensus, ‘pseudo-chilblains’ were

reported in 19% of 375 patients with skin manifesta-

tions of COVID-19.10 Only 1 of the 71 cases had a

previous history of pernio. SARS-CoV-2 infection was

confirmed in 41% of the 71 cases and suspected in the

remaining 59%. Interestingly, SARS-CoV-2 infection

manifested with less severe disease in patients with

pernio, and these acral skin manifestations were con-

sidered to be different from the acral ischaemic lesions

described in adult patients who had severe pulmonary

disease associated with hypercoagulability.11,12

In a French retrospective study13 on 277 patients

with COVID-19, chilblain-like lesions were the most

frequent cutaneous manifestation in a mix of con-

firmed or suspected cases. A handful of series have

been published in children and adolescents, with a

male/female ratio of roughly 1 : 1 except for one ser-

ies, which had a 2.8 : 1 ratio.14–18

Clinical manifestations

The lesions usually occur in children and adolescents in

good health; they are rarely seen in children younger

than 10 years of age.15 They appear on the feet in

74%–100% of the cases, but have also been described

on the hands and fingers.15–17 The lesions are usually

multiple, round and vary from a few millimetres to cen-

timetres in size, affecting the entire toe with a clear

demarcation at the metatarsophalangeal level (Fig. 1).

Erythematous, violaceous or purpuric patches and swel-

lings have been observed, which may appear infiltrative.
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The periungual and subungual skin is usually affected.

In the subsequent evolution, the lesions may become

vesiculobullous or present with dark-purple or black

crusts. The plantar region and the lateral aspect of the

feet and the heels may also be involved, with coarse,

ecchymotic and infiltrated lesions.

Unlike adult cases, in which 45% of the patients

experienced COVID-19 symptoms,19 children/adoles-

cents are usually asymptomatic, although local pain

and itch may occur (ranging from 9.4% to 57.8% of

cases).8,15–17

In four Spanish children with chilblains on the feet,

of whom two also had involvement of the hands, com-

plete clinical examination additionally revealed skin

lesions consistent with EM, involving the hands, feet,

forearms, elbows, arms, ankles, thighs, legs and ears.20

Skin target lesions of EM developing after chilblains

were also reported in an Italian patient.21

Chilblain-like manifestations in a series of 14 French

patients presented similarities with lesions observed in

type 1 interferonopathies such as Aicardi–Gouti�eres
syndrome and stimulator of interferon genes-

associated vasculopathy of infancy (SAVI).22

Dermoscopic features of COVID-19 chilblains have

been described in children and teenagers.23 Three main

features were observed: a background area, globules

and reticular network. The background area is present

in all cases and is variously described as red, purple,

brown or grey. Globules are seen in most cases, and are

usually red to purple in colour. Finally, the grey–brown

reticular network is seen in almost 30% of lesions, and

is usually located peripherally within the background

area. There are also anecdotal reports of nail splinter

haemorrhages and dilated nail fold capillaries with loss

of polarity and subcorneal haemorrhagic dots.

In one Italian study, 19 adolescents were studied

with videocapillaroscopy.16 Capillary anomalies of

both the fingers and the toes were described, even in

cases where the skin lesions were limited to the feet

only. Dilated capillaries were found with the same fre-

quency on the fingers and toes, whereas pericapillary

oedema and microhaemorrhages were more frequent

on the toes. These findings could potentially suggest

that COVID-19 chilblains may be part of systemic

involvement rather than induced by local factors.

Moreover, these features appear more severe than

those described in idiopathic chilblains, which do not

have microhaemorrhages.4

Testing

SARS-CoV-2 testing by PCR of nasopharyngeal swabs

has been negative in almost all children and adoles-

cents with COVID-related chilblains.24,25 For children

admitted to hospital under the suspicion of COVID-19,

PCR for SARS-CoV-2 has been reported positive in

(a)

(c) (d)

(b)

Figure 1 (a–d) The spectrum of acral ischaemic lesions in children in the setting of COVID-19.
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only 11% of the cases.26 In addition, chilblains may

be a late manifestation when viral RNA is no longer

detectable.27,28

IgG and IgM antibodies against SARS-CoV-2 have

been tested in a very limited number of cases. They

were positive in only two of six serologically tested

patients, both of them with positive RT-PCR.9,16,17

Interestingly, in an Italian series of 19 adolescents, six

were positive for IgA specific for the S1 domain of the

spike protein and three were borderline for this anti-

body.16 Moreover, a family history of close contact

with a symptomatic adult was reported for 47% of

children in this series.

Treatment and outcome

All children and adolescents published thus far had a

favourable outcome with spontaneous regression of

the lesions and no complications. Rarely oral anal-

gesics and antihistamines were administered.16–18 Oral

gabapentin was used in one case for pain control.8

Steroids have been prescribed in cases with associated

EM-like eruption.20

Reported resolution times have ranged from 12 days10

to > 8 weeks.15 Some patients experienced new lesions

during this time, but this did not affect the outcome.

SARS-CoV-2 infection pathogenesis and chilblain

lesions

COVID-19 severity ranges from asymptomatic to severe

clinical manifestations, including lung, heart and kidney

injuries, and hypoxic encephalopathy.29–31 If chilblains

are related to COVID-19 infection, some of the suggested

pathogenic mechanisms are summarized below.

Virus-induced type I interferonopathy hypothesis

It has been shown that patients with severe COVID-19

have an impaired interferon (IFN) type I response and

increased tumour necrosis factor and interleukin pro-

duction.32 One hypothesis is that patients with chil-

blains exhibit a strong IFN-I response, thereby

attenuating viral replication.33,34 However, this early

IFN-I response could induce microangiopathic

changes, producing a chilblain lupus erythematosus-

like eruption. Interestingly, chilblains are the most

consistent feature of type I interferonopathies, and his-

tological findings observed in COVID-19 chilblains are

similar to those in virus-induced type I interferonopa-

thy.14–16,33 Furthermore, production of IFN-a is higher

in children and young adults.35

The innate response, particularly production of type

I IFNs (IFN-a and IFN-b), constitutes the first line of

defence against multiple viral infections.36 Chilblains

are rarely seen in severe COVID-19, and patients pre-

senting with chilblains do not develop severe COVID-

19, indicating in part a good immune response,3 as in

influenza virus infection.37

Thrombosis/coagulopathy hypothesis

Patients with SARS-CoV-2-infection have an increased

risk of thromboembolism, with increased D-dimer

levels,37 presence of fibrin thrombi within distended

small vessels and capillaries in lung and heart seen on

autopsy39,40 and development of acral ischaemia.41

Thrombotic manifestations complicate disease in only

a minority of patients with COVID-19.42,43 Micro-

thrombi have been observed in chilblains,44 also with

slightly increased D-dimer level.15 No prothrombotic

factor, such as cryoglobulinaemia or circulating lupus

anticoagulant, has yet been found.16

Vasculitis hypothesis

Patients with neurological signs were found to have per-

fusion abnormalities in 100% of cases,31 and patients

with COVID-19 pneumonia have perfusion defects even

without pulmonary emboli.45 The hypothesis of a speci-

fic microvascular pathology directly induced by SARS-

CoV-2 has been proposed. Particular microvascular

anomalies have been reported in lung biopsies, suggest-

ing a direct viral effect on vessels.41,45 Viral proteins

were found by immunohistochemistry in endothelial

cells and eccrine glands on skin biopsies from two

patients with EM and chilblains20 and in seven with

chilblains alone,44 but these findings need to be con-

firmed with larger studies. Endothelialitis or lympho-

cytic vasculitis are seen in COVID-19 chilblains.44

Angiotensin-converting enzyme (ACE)-2 has been

proposed as the membrane receptor of SARS-CoV-2.46

Endothelial cells have avery weak expression of ACE2

but pericytes have one of the highest expression levels

of ACE2, thus making the pericyte a good candidate to

explain microvascular inflammation and hypercoagulo-

pathy in SARS-CoV-2 infection.45,47,48 Moreover, posi-

tive immunostaining for SARS-CoV-2 in epithelial cells

of eccrine glands may be explained by the presence of

ACE2 in these cells.49

Other factors

A change in habits during the pandemic and

lockdown could also be responsible for COVID-19
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chilblains (e.g. lack of physical activity, walking bare-

foot at home, and physical and mental stress).24,25

Although these factors may play a role, they have been

inadequately studied. An increase in the frequency of

chilblains has not been reported in other immobility or

lockdown conditions such as immobile elderly people,

children or adolescents rendered immobile by fractures

or surgical operations, or young people under other

stresses such as during examination periods.

Conclusion

Chilblain-like lesions were reported worldwide during

the first peak of the COVID-19 pandemic. They affected

patients with PCR-demonstrated disease, those with

suspected COVID-19 and those for whom a link with

SARS-CoV-2 was based only on the epidemiological

context. A definite causal link between COVID-19 and

chilblain lesions has not been fully established, but

appears likely.

Learning points

• Acral ischaemic lesions, similar to chilblains,

have been reported worldwide during the COVID-

19 outbreak.

• The lesions are more common in adolescents

and young adults.

• They most commonly involve the toes and feet,

and less frequently fingers and hands.

• They may appear as erythematous or viola-

ceous swellings, dark purpuric macules or vesicu-

lobullous lesions.

• Most patients have an excellent general health

status, with mild general symptoms or none.

• Prominent vascular damage is the hallmark of

COVID-19-related chilblains.

• In most cases, nasopharyngeal PCR and blood

serologies are negative.

• Outcome is excellent, with recovery in all cases

after 4–8 weeks.

• The link between COVID-19 and chilblains still

remains to be proven, but seems likely.
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CPD questions

Learning objective

To gain up-to-date knowledge about the features,

development and treatment of COVID-19-related chil-

blains in children.

Question 1

Which of the following statements about chilblains in

the setting of COVID-19 is true?

(a) Lesions predominate on the fingers.

(b) Severe itch and pain are associated in most cases.

(c) Chilblains often precede the other systemic

symptoms and signs.

(d) More than 90% of patients had systemic symp-

toms of COVID-19.

(e) Chilblains are much more common in adoles-

cents and young adults than in young children.

Question 2

Which of the following statements about chilblains in

patients with COVID-19 is true?

(a) Most cases occurred in patients with household

contacts with proven COVID-19.

(b) Most patients have been positive when tested for

nasopharyngeal PCR.

(c) Most patients have had positive results for sero-

logical SARS-CoV-2 tests.

(d) Chilblains have been reported only in patients

with negative PCR.

(e) The incidence of COVID-19-related chilblains

paralleled the incidence of cases during the

COVID-19 outbreak.

Question 3

What is the expected evolution of COVID-19-related

chilblains?

(a) Evolution to thromboembolism in 20% of cases.

(b) Digital necrosis and amputations in 25% of

cases.

(c) Rapid spontaneous resolution in < 5 days.

(d) Spontaneous resolution in < 10 weeks, without

sequelae.

(e) Chronic course for months.

Question 4

What is the most consistent anomaly in laboratory

tests for patients with COVID-19-related chilblains?

(a) Positive lupus anticoagulant.

(b) Elevated D-dimer.

(c) Elevated cryoglobulins.

(d) Decreased fibrinogen levels.

(e) There are usually no abnormal laboratory

results.

Question 5

Which of the following is the recommended treatment

for COVID-19-related chilblains?

(a) Oral corticosteroids.

(b) Subcutaneous heparin.

(c) Oral antihistamines.

(d) Oral gabapentin.

(e) No treatment is necessary in most cases.

Instructions for answering questions

This learning activity is freely available online at

http://www.wileyhealthlearning.com/ced

Users are encouraged to

• Read the article in print or online, paying particular

attention to the learning points and any author

conflict of interest disclosures.

• Reflect on the article.

• Register or login online at http://www.wileyhealth

learning.com/ced and answer the CPD questions.

• Complete the required evaluation component of the

activity.

Once the test is passed, you will receive a certificate

and the learning activity can be added to your RCP

CPD diary as a self-certified entry.

This activity will be available for CPD credit for

2 years following its publication date. At that time, it

will be reviewed and potentially updated and extended

for an additional period.
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