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Abstract

The systemic and respiratory clinical manifestations of coronavirus disease
2019 (COVID-19) include fever, coughing, sneezing, sore throat, rhinitis,
dyspnea, chest pain, malaise, fatigue, anorexia and headache. Moreover,
cutaneous manifestations have been reported in 0.2% to 20.4% of cases.
Early diagnosis of COVID-19 leads to a better prognosis; knowledge of its
cutaneous manifestations is one way that may help fulfil this goal. In this
review, PubMed and Medline were searched with the terms “dermatology”,
“skin” and “cutaneous”, each in combination with “SARS-CoV-2” or
“COVID-19”. All articles, including original articles, case reports, case
series and review articles published from the emergence of the disease to
the time of submission, were included. In this comprehensive narrative
review, we tried to provide an analysis of the cutaneous manifestations
associated with COVID-19, including maculopapular rash, urticaria,
Chilblain-like, vesicular lesions, livedo reticularis and petechiae in asymp-
tomatic/symptomatic COVID-19 patients that might be the first complica-
tion of infection after respiratory symptoms. Immune dysregulation,
cytokine storms, side effects of antiviral drugs, environmental conditions
and high-dose intravenous immunoglobulin (IVIG) therapy might be
involved in the pathogenesis of the cutaneous manifestations in COVID-19
patients. Therefore, knowledge of cutaneous COVID-19 manifestations
might be vital in achieving a quick diagnosis in some COVID-19 patients,
which would help control the pandemic. Further research is very much
warranted to clarify this issue.
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Key Messages

this manuscript includes all cutaneous manifestations in COVID-19 patients
and the probable cause of their occurrence along with the relevant image
although the main clinical presentation of COVID-19 patients is respiratory,
cutaneous features include maculopapular rashes, urticaria, Chilblain-like
lesions, vesicular lesions, livedo reticularis and petechiae might be present
the lesions might be manifested at the beginning of the disease, after antibi-
otic treatment, or after other clinical manifestations have subsided

immune dysregulation, cytokine storms, side effects of antiviral drugs, envi-
ronmental conditions and high-dose intravenous immunoglobulin (IVIG)
therapy might be involved in the pathogenesis of the cutaneous manifesta-
tions in COVID-19 patients

knowledge of cutaneous COVID-19 manifestations might be vital in achiev-
ing a quick diagnosis in some COVID-19 patients, which would help control

the pandemic

1 | INTRODUCTION

As of early November 2021 until the writing of this man-
uscript, more than 6 500 000 deaths out of 581 million
confirmed cases of coronavirus disease 2019 (COVID-19)
have been reported worldwide. In March 2020, the World
Health Organization declared the disease a pandemic
considering its high infection rate, high mortality rate
and asymptomatic transmission among the elderly and
immunocompromised individuals.'

The agent responsible for COVID-19 is severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2).
Belonging to the Coronaviridae family,” this betacorona-
virus is believed to have been transmitted from bats to
humans at a food market in Wuhan, China; nonetheless,
the key mode of spread among humans is through respi-
ratory droplets and aerosols,* with oral-faecal transmis-
sion also being documented.>®

Infection of SARS-CoV-2 occurs through angiotensin-
converting enzyme 2 (ACE-2) receptors.”’”* These receptors
are found on numerous mucosal sites, including gastroin-
testinal epithelium, the endothelium of dermal blood
vessels,”'” and epithelial cells in eccrine glands - potentially
explaining the disease’s cutaneous manifestations."!

In an analysis of 31 different human tissues, Li
et al. showed that the small intestine, heart, thyroid,
kidneys and adipose tissues had the highest levels of
ACE2 expression. In contrast, medium levels of ACE2
expression were seen in the blood cells, spleen, bone
marrow, brain, blood vessel walls, lungs, colon, liver,
bladder and adrenal glands, while the muscles had the
least amount of ACE2 expression.'” Xue et al. analysed
the general domain dataset (GEPIA2 and ARCHS4) to
detect whether the skin is a potential target for SARS-

CoV-2 infection according to ACE2 mRNA expression
and ACE2-positive cell composition in the cutaneous
system. Among the various cellular components in skin
tissues, the majority of cells (97.37%) are keratinocytes,
with sweat gland cells coming next at 2.63%. Extensive
expression of ACE2 receptors in keratinocytes suggests
that SARS-CoV-2 can infect tissues other than those of
the pulmonary system, giving rise to extrapulmonary
manifestations.'*"?

Initially, the manifestations of Wuhan COVID-19 were
reported to resemble other viral respiratory diseases and
included dry cough, anorexia, headache and fever.!* Later,
it became apparent that SARS-CoV-2 might lead to subclini-
cal infection or clinical disease (COVID-19)." In those with
COVID-19, signs and symptoms include cough, fever, dys-
pnea, anosmia, ageusia, diarrhoea and even cutaneous
rashes and lesions."*'® Although cutaneous manifestations
are limited in paucisymptomatic or asymptomatic patients,
they may help in diagnosing and controlling the disease,
especially in areas where diagnostic kits are not readily
available."” In asymptomatic patients, cutaneous features
may be the first sign of SARS-CoV-2 infection.’

The cutaneous manifestations of COVID-19 may be
because of direct viral effects, though the secondary
immune response is also a possible suspect. Most histo-
pathological data have been attained from small case
series, although skin lesion biopsies in children have
rarely been described."®

This review article aimed to collect data on the
diverse range of cutaneous manifestations reported in
COVID-19 patients. Furthermore, we attempted to
classify the manifestations into six major groups:
maculopapular rashes, urticaria, Chilblain-like lesions,
vesicular lesions, livedo reticularis and petechiae. In
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addition, we discussed the features of each of these
groups in depth.

2 | CUTANEOUS
MANIFESTATIONS
2.1 | Maculopapular rashes

Maculopapular rashes are the predominant skin manifes-
tations of COVID-19."” These lesions mainly occur either
because of viral infections or as side effects of the admin-
istered drugs.”*?*

In one study, among 375 COVID-19 patients with
cutaneous lesions, roughly 47% (176/375) had maculo-
papular lesions.?” The prevalence of these lesions ranges
from 5% to 70%, with most localised lesions being seen
on the trunk. Middle-aged and elderly individuals
account for most cases,”* > though young people are also
affected.?®

Although most studies indicate that maculopa-
pular lesions appear after systemic manifestations in
COVID-19 patients,”?>*’ one study noted the simulta-
neous onset of skin and systemic manifestations in a
large Spanish population.”? The mean duration of skin
exanthemas in COVID-19 patients ranges from 8.6 to
11.6 days.”** In rashes that emerge early on, epidermal
spongiosis is seen along with lymphocytic and eosino-
philic perivascular infiltration of the dermis.*® In general,
this type of rash is more common in the active stage of
the disease.'® In contrast, lesions that emerge later on
show infiltration of lymphocytes and histiocytes in
between collagen fibres; such lesions lack mucin
deposits.”® A histological study by Reymundo et al. also
confirmed a mild degree of superficial perivascular infil-
tration with lymphocytes (Figure 1A).** In one case
series, over half of the patients with maculopapular
lesions experienced pruritus. In that study, these lesions
were linked with increased COVID-19 severity in light of
a 2% mortality rate.*? In a study in China, out of 67 neo-
nates born from women with COVID-19 during preg-
nancy, two developed skin rashes.*

Several theories have been proposed to explain the
pathogenesis of maculopapular rashes. Galvan Casas
et al. described them as useless in diagnosing COVID-19
given that they may arise as reactions to drugs. This may
also explain the link of these rashes with severe disease,
in which case drug therapy is more intense.** Skin side
effects, including maculopapular and morbilliform
rashes, are known to occur because of drugs adminis-
tered to COVID-19 patients, including ribavirin, colchi-
cine, intravenous immunoglobulin (IVIG), lopinavir,
ritonavir and other antiretroviral agents.*® However, the
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drawback to this theory is that it does not explain the
maculopapular lesions seen in patients who were not on
therapy with any drugs.* Alternatively, Herrero-Moyano
et al. suggested that the cytokine storm resulting from
immune hyperactivity is responsible for late-onset macu-
lopapular lesions.*® Other notable hypotheses are sum-
marised in Table 1. In most cases, topical corticosteroids
are sufficient for treating these maculopapular lesions;
however, systemic corticosteroids may be prescribed in
more severe and extensive cases.>!

2.2 | Urticaria

The second most prevalent skin rash in COVID-19
patients is urticarial."® Similar to maculopapular erup-
tions, urticaria have been described in several COVID-19
case series. These erythematous lesions manifest in the
form of hives and angioedema accompanied by intense
pruritus.®?

In COVID-19 patients, urticaria is considered as one
of the most frequent cutaneous manifestations. However,
these lesions were fairly common prior to the COVID-19
pandemic as they can occur because of common stimuli
(viral/bacterial/parasitic infections and environmental
allergens) and IgE-mediated allergic reactions to drugs,
foods, or insects.*> A study in Spain reported that most
cases were recorded during the active phase of SARS-
CoV-2 infection.” In smaller case series, the prevalence
of these lesions has varied from 7% to 40%. Although urti-
carial lesions seem most common in middle-aged
COVID-19 patients,”**® a French study on 26 patients
reported a median age of just 3 years old.>*

In terms of distribution, many reports describe urti-
caria on the trunk or limbs of COVID-19 patients.***%3°
In some cases, the rash was distributed to the face or gen-
eralised across the entire body.***° Some reports indicate
that wurticarial lesions appear prior to systematic
manifestations,”>*’ though others suggest a simultaneous
onset as well as a seven-day duration.*” In the study by
Galvan Casas et al., urticarial lesions were associated
with more severe COVID-19, and pruritus was reported
in 92% of patients.”* Although few histopathological stud-
ies have been reported concerning urticarial rashes, one
study on a female COVID-19 patient 32 years of age
showed perivascular lymphocyte infiltration with scarce
eosinophils and superficial dermal edema.*®

Drugs like lopinavir/ritonavir, hydroxychloroquine,
chloroquine, corticosteroids, nitazoxanide, baricitinib,
IVIG and checkpoint inhibitors are known to cause urti-
carial.’® Therefore, in many cases, urticaria might be the
side effect of different drugs used to treat COVID-19
patients.”> Another possible aetiology is immune
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TABLE 1 Potential causes of different cutaneous lesions

Cutaneous lesion

Maculopapular rashes

Urticaria

Vesicles

Chilblain-likes

Petechiae/purpura

Livedo racemosa

Potential causes

Hyperactive immune system (cytokine storm); antiviral drug use (lopinavir, ritonavir, colchicine, IVIG);
viral infections (measles, rubella); viral exanthema; scarlet fever; medication reaction; secondary syphilis;
leukaemia; graft-versus-host disease

Parasitic, bacterial, or viral infections; IgE-mediated allergic reactions; a side effect of antiviral drugs
(lopinavir, ritonavir, colchicine, IVIG); cytokine storm; allergic reaction; anaphylaxis; angioedema;
autoimmune disease (eg, systemic lupus erythematosus); hypereosinophilia; chronic urticaria; malignancy

Autoimmunity; heat; dermatitis (contact or infectious); immune system hyperactivity (cytokine storm);
drugs; viral infections (varicella-zoster or herpes simplex); Rhus dermatitis (eg, poison ivy, poison oak,
or poison sumac); pemphigoid

Hematologic disease; neoangiogenesis; autoimmune disease; viral infection; vessel thrombosis;
environmental conditions (humid environment or cold temperature); vasculitis; Raynaud's phenomenon;
systemic lupus erythematosus; systemic sclerosis; Berger's disease

Immune system hyperactivity (cytokine storm); complement component disorders; thrombocytopenia;
systemic lupus erythematosus; leukaemia; disseminated intravascular coagulation; hemolytic uremic
syndrome; thrombotic thrombocytopenic purpura; vasculitis; vitamin C deficiency

Diminished blood flow; disseminated intravascular coagulation; Macro thromboses; diminished
deoxygenated haemoglobin; antiphospholipid antibody syndrome; Sneddon syndrome; cryoglobulinemia;
multiple myeloma; disseminated intravascular coagulation; hemolytic uremic syndrome; deep venous
thrombosis; systemic lupus erythematosus; rheumatoid arthritis; polyarteritis nodosa; Sjogren's syndrome;
multiple sclerosis; Parkinson's disease; cancer (eg, renal cell cancer, breast cancer, lymphoma,
or leukaemia)

FIGURE 1 Histopathology
of the main cutaneous patterns
in COVID-19 patients.

(A) Maculopapular rash, Skin
biopsy showed epidermal
spongiosis(blue arrow),
lymphocytic exocytosis, dermal
infiltrate of eosinophils,
lymphocytes and histocytosis
(black arrow). (B) and

(C) Urticaria, Skin biopsy
showed superficial dermal
edema, dilatation of small blood
vessels with few eosinophils
infiltration (blue arrow). (D) and
(E) Vasculitis, Skin biopsy
showed inflammatory infiltrate
in wall of dermal vessels (blue
arrow), red blood cell
extravasation (red arrow),
viriable fibrinoid necrosis of
vessel walls.

hyperactivity, where a cytokine storm may affect the skin For treating urticaria, Shansal et al. suggested that
and give rise to urticarial.®® Last, direct viral activity should controlling the overactive immune system in COVID-19
not be overlooked as viral infections have been a primary  patients using low-dose corticosteroids and non-sedating
cause of urticaria in the past.* Other notable hypotheses  antihistamines might be useful.*® As a result of the
about the cause of urticarial lesions are presented in Table 1. extreme etiological variation, it appears that urticarial
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lesions cannot be used as markers that accurately diag-
nose COVID-19 (Figure 1B and 1C).*?

3 | CHILBLAIN LIKE LESIONS
Chilblain-like lesions (also called pernio) result from an
inflammatory disorder localised to the skin, where discol-
oration and swelling of the limbs occur following expo-
sure to humid environments or cold temperatures. The
temporal association with viral symptoms, coupled with
the increased incidence of Chilblain-like lesions, has led
to the colloquialization “COVID toes”." This term is used
to describe erythematous or violaceous eruptions affect-
ing the toes of COVID-19 patients,l where Chilblain-like
lesions involve the toes/heels of these patients more com-
monly than the fingers (97.5% versus 2.5%, respec-
tively)."> Although Chilblain-like lesions are associated
with autoimmune conditions like lupus, they can also
occur idiopathically.*’ A retrospective study by Cappel
et al. reported a potential association of these lesions with
hematologic diseases and hyperviscosity. The rash fol-
lows an acral distribution, usually affecting the fingers or
toes.*! Skin lesions in COVID-19 patients can manifest as
nodules, erythematous-violaceous papules, or macules.’
Although the pathophysiology behind the development
of Chilblain-likes is not clear, one theory relates them to
inflammation and hypoxemia occurring because of cold-
induced vasospasm and vasoconstriction. Other theories
implicate autoantibodies or hyperviscosity-induced endo-
thelial damage.*!

Chilblain-like lesions are the most well-known skin
manifestations of COVID-19, partly because of the
numerous studies published concerning them.' The rate
of prevalence varies across the different studies. In a mul-
tinational case series of 505 COVID-19 patients with
cutaneous manifestations, Chilblain-like lesions occurred
in 63% of cases.*? Other studies declared prevalence rates
of between 14.3% and 72%.°**®**** Adolescents and
young adults seem to be affected most by these
lesions.22’26’45_51

The onset of Chilblain-like lesions is usually after sys-
temic COVID-19 symptoms, and the lesions last for an
average of 1 or 2 weeks.*? In a multinational study, out of
318 cases, most (n = 80) patients with temporal data
developed Chilblain-like lesions after the onset of general
COVID-19 symptoms.** In addition, a Spanish study
showed that 42 out of 71 patients developed Chilblain-
like skin lesions after the onset of general COVID-19
symptoms.** Interestingly, Chilblain-likes are seen in half
of all cases after complete patient recovery and in approx-
imately 10% of asymptomatic SARS-CoV-2 carriers (RT-
PCR positive)."” In one case series, Chilblain-like-like

lesions were the only symptom in 55% of patients who
manifested cutaneous lesions.?

Despite the high-frequency rate, recent investigations
failed to link chillblain-like eruptions with COVID-19,
suggesting that these lesions might not be helpful diag-
nosing this infectious disease.”®>* Other dermatological
symptoms that may accompany Chilblain-like-like
lesions are pain and pruritus.*>***>>! A large number of
COVID-19 patients who develop Chilblain-likes are
young, healthy adults with only mild disease.** The
mechanism occurrence of these lesions is not fully under-
stood and is unrelated to cold exposure. Bouaziz et al.
proposed that the pathophysiology behind Chilblain-like
could involve immune dysregulation, vasculitis, vessel
thrombosis, or neoangiogensis.”> The researchers
believed that the post-viral or antiviral immune response
is responsible, although confounding factors could not be
overlooked.>® This kind of rash is often self-limited, and
standard treatment is not yet available.*

4 | VESICULAR LESIONS

Fluid-filled sacs situated beneath the epidermis are called
vesicular lesions. Commonly referred to as blisters, these
lesions are often cluster-shaped and less than 1 cm in
diameter. The most common causes are autoimmunity,
heat, medications and contact or infectious dermatitis
(bacterial or viral).!

Viruses like varicella-zoster, herpes simplex, cox-
sackievirus and echovirus can cause the formation of
vesicular lesions.'®> These lesions are quite uncom-
mon in COVID-19 patients relative to those listed in
the previous sections.” Vesicles appear in about 3.77%
to 15% of patients, most of whom are middle-aged indi-
viduals.>**?*°®%7 The trunk is the predominant site,
though the involvement of the extremities is not
I_are‘Z,ZO,SZ,S?»

In a prospective study conducted by Fernandez-Nieto
et al., among 22 patients with vesicular lesions, 25% had
a localised pattern of monophyletic lesions, and 75% had
a polymorphic pattern of lesions on the trunk. Other
studies have identified single-shaped vesicles located on
the trunk.”**® The timing of the vesicular eruptions in
relation to COVID-19 symptoms has varied in the litera-
ture. Although a study from Spain showed a simulta-
neous pattern,” two studies from Italy and China
indicated that vesicles appeared subsequent to general
COVID-19 manifestations.>***” Vesicular rashes reported
from Spain often appeared in the active phase of the dis-
ease.'® Nonetheless, several cases have been recorded
where vesicles emerged ahead of the usual disease
symptoms.>’
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In the study from Spain, a mean duration of just over
8 days was recorded for vesicular rashes.>* In one Italian
study, the average duration was 8 days, while another
report found it to be 10 days in patients with moderate
COVID-19.°>*” Generally, these lesions are believed to be
linked with moderate COVID-19 severity.**>’

The pathophysiological mechanism behind vesicular
lesions remains to be clarified. Criado et al. noted that
vesicular eruptions could result from a cytokine storm
caused by an overactive immune system. The same study
also hypothesized direct SARS-CoV-2 activity against
cutaneous endothelial vessels as the cause of vesicles.*
Etiologically, unlike maculopapular lesions and urticaria,
COVID-19-associated vesicular lesions are not associated
with antiviral drugs or other COVID-19 treatments.>
Hence, they have been described as specific skin manifes-
tations of COVID-19 that are potentially helpful in
achieving a diagnosis (Figure 1E and 1F)." This kind of
skin lesion is often self-limited, and standard treatment is
not yet available.*

5 | PETECHIAE

Petechiae are small, non-spreading, non-blanching spots
with a diameter of 2 mm or less.”® If the diameter of these
subdermal haemorrhages exceeds the mentioned limit,
the lesions are labelled as purpura. Pathophysiological
causes include thrombocytopenia, platelet disorders,
coagulation disorders and compromised vascular integ-
rity.® Some viruses, including enterovirus, parvovirus
B19 and dengue virus, are linked with petechiae.58 It is
one of the less frequently described cutaneous manifesta-
tions of COVID-19; only 3% of 277 patients with pat-
terned skin lesions had petechiae in one retrospective
French study.! In early studies, petechiae were rarely
reported in association with COVID-19, with only two
cases (0.4%),”>°° one of which was initially misdiagnosed
as dengue and was mistreated."

Petechial lesions might be present on the acral area of
the body or on the limbs." One study showed that in most
cases, the petechial-purpuric rash had an acral distribu-
tion.”® The onset of petechiae/purpura lesions was subse-
quent to general COVID-19 manifestations, as seen in
two prior case series.”®! Interestingly, De Giorgi et al.
linked diffuse petechiae and generalised palpable pur-
pura with increased COVID-19 severity.®? In line with
this finding, a Spanish case series found that palpable
purpura lesions, present in 4 of 34 cases (11.8%),
appeared predominantly in middle-aged patients recover-
ing from severe COVID-19. Notably, two of the four
patients also had atypical polymorphic papulovesicular
lesions, and another of these patients also had

urticarial.”® In a report on five COVID-19 patients who
suffered from severe respiratory failure, three had a pur-
puric skin rash.®?

Pauciinflammatory thrombogenic vasculopathy is the
proposed pathogenesis for petechiae/purpura skin
lesions. A study by Megro et al. demonstrated the
widespread deposition of C5b-8 and C4d complement
components in the dermal microvasculature of both non-
lesioned and lesioned skin by immunohistochemistry
(IHC). SARS-CoV-2 spike glycoproteins could sometimes
be seen colocalized with those complement compo-
nents.®’ Drugs used in the treatment of COVID-19 may
also be implicated in the development of these lesions."
The use of high-dose IVIG can induce petechiae as a side
effect; purpura might be an adverse effect of camostat
mesylate as a possible anti-COVID-19 agent.*° Last, like
some other viruses, SARS-CoV-2 might cause petechiae.’
Topical corticosteroids are usually sufficient for the treat-
ment of maculopapular rashes; however, systemic corti-
costeroids might be prescribed in more severe and
extensive cases.”’

6 | LIVEDO RETICULARIS

The term livedo reticularis refers to reticular, reddish-
blue to purple, mottled skin discolorations." It can be
transient or persistent and affects both genders almost
equally, with lesions generally being asymptomatic."
This dermatosis occurs as a result of spasms of blood ves-
sels, which diminish the delivery of oxygen to the skin.
Benign livedoid eruptions that occur idiopathically or as
a result of physiological conditions (eg, cutis marmorata)
are named livedo reticularis, but those that develop as a
result of pathological conditions are termed livedo race-
mose.®® livedo racemose has a more extensive surface dis-
tribution, as well as an interrupted and irregular shape
relative to livedo reticularis.®® Livedoid eruptions repre-
sent one of the least encountered cutaneous manifesta-
tions reported during the COVID-19 pandemic. In a
study of 375 confirmed COVID-19 patients with cutane-
ous manifestations, only 6% had livedoid eruptions.**

In COVID-19 patients, livedoid lesions have been
documented on the trunk, forearms (flexor surface) and
dorsal aspect of the hand and foot.**>>®* Tempo-
rarily, the lesions appeared simultaneously with other
COVID-19 symptoms, mostly affecting elderly patients
with more severe disease. The mean duration of livedoid
lesions was almost 9.4 days, and the mortality rate among
patients with livedoid lesions was 10% - higher than all
other skin presentations.*

The exact pathogenesis of livedoid lesions in COVID-19
patients is not understood. However, one theory
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suggests that the hypercoagulable state seen in
COVID-19 may be implicated. In one retrospective inves-
tigation on 183 COVID-19 patients, those who fell victim
to the disease had higher serum concentrations of D-
dimer and fibrin degradation products as well as a longer
prothrombin time. This suggests that those with severe
COVID-19, associated with livedoid lesions, have a higher
risk of coagulation abnormalities.®® Manulo et al. hypoth-
esized that disseminated intravascular coagulation (DIC)
and macrothromboses might be involved in the develop-
ment of livedo reticularis in more severe cases of infec-
tion; in less severe cases of COVID-19, microthrombi that
form as a result of inflammatory cytokines or ACE2 entry
into cells may be implicated.®® This kind of rash is often
self-limited, and standard treatment is yet to be
available.*

7 | CONCLUSION

Although the main clinical presentation of COVID-19
patients is respiratory, other clinical manifestations such
as cutaneous lesions might be present. Cutaneous features
include maculopapular rashes, urticaria, Chilblain-like
lesions, vesicular lesions, livedo reticularis and petechiae,
all of which can emerge as the sign of SARS-CoV-2 infec-
tion in asymptomatic/symptomatic COVID-19 patients.
The lesions might be manifested at the beginning of the
disease, after antibiotic treatment, or after other clinical
manifestations have subsided. Therefore, knowledge of
cutaneous COVID-19 manifestations might be vital in
achieving a quick diagnosis in some COVID-19 patients,
which would help control the pandemic. Amidst a limited
amount of data, it appears that the largest body organ may
provide vital clues concerning the diagnosis and prognosis
of COVID-19. Further research is very much warranted as
a comprehensive understanding of these cutaneous mani-
festations is yet to be achieved.
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