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Objective: Coronavirus disease 2019 (COVID-19), caused by severe acute

respiratory syndrome coronavirus 2 (SARS-CoV-2), is currently a pandemic.

Although pulmonary health has been the primary focus of studies during the

early days of COVID-19, development of a comprehensive understanding of

this emergent disease requires knowledge of all possible disease manifesta-

tions in affected patients. This Preferred Reporting Items for Systematic

Reviews and Meta-Analyses (PRISMA)-compliant review focuses on cutaneous

manifestations reported in COVID-19 patients.

Approach: Literature review was conducted using the PubMed database to

examine various cutaneous manifestations related to the SARS-CoV-2 infec-

tion. Published articles (n =56) related to search criteria from the onset of the Submitted for publication August 12, 2020.

COVID-19 pandemic to June 30, 2020, were included. The primary literature  Accepted in revised form September 16, 2020.

. . . . . . *Correspondence: Department of Surgery,

%rtl‘;:l(as Il{rl}cluéled in this study were mainly from France, Spain, Italy, and the | ;.. Unversity Health Comprehensive Wound
nite ngaom. Center, and Indiana Center for Regenerative

Results: Unique to many other symptoms of COVID-19, its cutaneous mani-  Medicine, Indiana University School of Medicine,

festations have been found in people of all age groups, including children. The :Eﬂf&:ip;ife'rgijfdouz)f UsA

cutaneous manifestations of COVID-19 are varied and include maculopapular,

chilblain-like, urticarial, vesicular, livedoid, and petechial lesions. In addition,

rashes are common in multisystem inflammatory syndrome in children, a new

and serious health condition that shares symptoms with Kawasaki disease and

is likely related to COVID-19. In addition, personal protective equipment-

related skin wounds are of serious concern since broken cutaneous barriers

can create an opening for potential COVID-19 infections.

Innovation and Conclusion: As this virus continues to spread silently, mainly

through asymptomatic carriers, an accurate and rapid identification of these

cutaneous manifestations may be vital to early diagnosis and lead to possible

better prognosis in COVID-19 patients. This systematic review and photo atlas

provide a detailed analysis of the skin pathologies related to COVID-19. Study

of these cutaneous manifestations and their pathogenesis, as well their sig-

nificance in human health will help define COVID-19 in its entirety, which is a

prerequisite to its effective management.
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SCOPE AND SIGNIFICANCE

CUTANEOUS MANIFESTATIONS HAVE been increas-
ingly reported in association with the coronavirus
disease 2019 (COVID-19) pandemic. Despite an
increase in relevance, much remains unknown
concerning the characterization, incidence, and
pathogenesis of these dermatological symptoms.
This Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA)-compliant
systematic review provides a detailed analysis
on the changes in skin morphology related to
COVID-19 and discusses plausible underlying
molecular mechanisms. Furthermore, this review
discusses cutaneous complications associated
with personal protective equipment (PPE) and
their potentially serious consequences. Study of
these cutaneous manifestations and their path-
ogenesis, as well as their significance in hu-
man health will help define COVID-19 in its
entirety, which is a prerequisite to its effective
management.

TRANSLATIONAL RELEVANCE

This work is directly translationally relevant
because it reviews critical evidence primarily
originating from COVID-19 patients. Given that
the report is presented at the time when the pan-
demic is ongoing, it is expected that the content
will provide both health care providers as well as
researchers with critical insight helpful to improve
disease management. In addition, this article will
help construct novel experimental hypotheses for
future research.

CLINICAL RELEVANCE

COVID-19’s cutaneous symptoms appear in pa-
tients of all ages with differing levels of severity.
Currently, the importance of these symptoms re-
mains relatively unknown by many health care
personnel due to a shortage of literature reviews.
This review consolidates available data and sum-
marizes information of each skin manifestation, in-
cluding their incidence, susceptible age groups,
location of lesions, severity, and time of onset rela-
tive to other COVID-19 clinical symptoms. An in-
crease in awareness and identification of these
cutaneous manifestations by physicians may be vital
to an earlier and more accurate diagnosis, possibly
resulting in better prognosis in COVID-19 patients.

INTRODUCTION

COVID-19, caused by severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2), is a re-

spiratory tract infection that has rapidly spread
worldwide since its first identification in Wuhan,
China, during December of 2019.? The asymp-
tomatic transmission, high infection rate, and
high mortality rate among the elderly and im-
munocompromised associated with this disease
led the World Health Organization to declare it as
a pandemic in March 2020. As of early August
2020, in excess of 20 million cases of COVID-19
have been confirmed globally with more than
750,000 deaths reported in over 200 countries and
territories.

SARS-CoV-2 is a novel enveloped, positive-
sense, single-stranded RNA virus that is part of the
genus Betacoronavirus.! Angiotensin-converting
enzyme 2 (ACE2) is a protein that functions as the
sole receptor for SARS-CoV-2 to invade cells and
cause infection in humans.® Although this virus
primarily attacks the respiratory tract, ACE2 gene
expression has been discovered in several human
tissues, including gastrointestinal and skin tis-
sue.® In a recent analysis of 31 Genotype-Tissue
Expression human tissue, Li et al.® have found
that among human organs, small intestine, testis,
kidneys, heart, thyroid, and adipose tissue have
the highest ACE2 expression levels, while blood,
spleen, bone marrow, brain, blood vessels, and
muscle have the lowest ACE2 expression levels.

Other organs like lungs, colon, liver, bladder,
and adrenal glands have medium expression of
ACE2 in the human body.? To investigate whether
skin was a potential target for SARS-CoV-2 infec-
tion, Xue et al.* analyzed datasets available in
public domain (GEPIA2 and ARCHS4) to explore
ACE2 mRNA expression and ACE2-positive cell
composition in skin tissues. The expression of
ACE2 was significantly higher in keratinocytes
than other cellular compartments in skin tissues,
such as fibroblasts and melanocytes.* This was
further validated through independent single-cell
RNA-seq data in which Xue et al.* have found that
out of all ACE2-positive cells in skin, keratinocytes
account for 97.37% followed by sweat gland cells
that account for 2.63%. The widespread expression
of ACE2 suggests that this virus might be respon-
sible for infecting other human tissues alongside
the lungs, and could potentially result in additional
clinical manifestations.®*

COVID-19 has a high infectivity rate, primarily
due to its spread through respiratory droplets.
After an incubation period of 1-14 days, common
clinical symptoms such as “fever, cough, fatigue,
sputum production, shortness of breath, sore
throat, and headache” begin to appear.! In addition
to these common symptoms, novel symptoms such
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as a variety of cutaneous manifestations have
been reported worldwide.® Early data from China
reported skin symptoms were present in only 0.2%
of 1,099 confirmed COVID-19 cases.® However,
data from Italy later revealed a higher percentage
with skin manifestations present in 20.4% of 88
positive COVID-19 patients.® Despite differences
in prevalence, reports of cutaneous lesions have
become increasingly common in many age groups,
including children who were once thought to be
asymptomatic to the infection. Although not much
is known concerning the pathophysiologic mecha-
nisms of these cutaneous manifestations, their
identification may be vital to early diagnosis and
lead to possible better prognosis in COVID-19 pa-
tients. This systematic review provides a detailed
analysis on the changes in skin morphology related
to COVID-19 and the possible molecular mecha-
nisms and health significance underlying these
cutaneous manifestations.

METHODS

Literature review was conducted using the
PubMed database to examine various cutaneous
manifestations related to the SARS-CoV-2 infec-
tion. Published articles related to search criteria
from the onset of the COVID-19 pandemic to June
30, 2020, were included. Search strategy included
“COVID-19,” “coronavirus,” or “SARS-CoV-2” in
combination with relevant terminology such as
“skin,” “cutaneous,” “chilblain-like,” “ maculopap-
ular,” “urticarial,” “livedo,” “vesicular,” “petechiae,”
and “multisystem inflammatory syndrome.” Cases
series including five or more patients were selected
for this review. Individual case reports were ex-
cluded from the table data; however, may have
been used during analysis of various skin rashes.
In total, 56 articles complied with search criteria
and were used for data collection (Fig. 1).

Two authors (H.S. and H.K.) worked indepen-
dently, searched, and scanned all abstracts and
titles in duplicate to identify articles relevant to
this study. When discrepancies occurred, a third
reviewer (K.S.) made the final judgment. Singh and
Kaur assessed eligibility from full-text articles,
with a similar process for potential disagreements
as described above. Data extraction from included
studies (i.e., published abstracts and articles) was
duplicated with a standardized extraction form.
The characteristics of the research (study design,
antiviral regimen, therapy duration, etc.), the out-
comes of interest mentioned above, and biased risk
assessment were extracted. The source of the data
presented in this review article was from published

papers available in public domain hence IRB ap-
proval was not needed.

RESULTS

Cutaneous manifestations associated with
COVID-19 infection are numerous and can vary
greatly when compared to one another. The six
central dermatological patterns of COVID-19 are
described as maculopapular/morbilliform, urticar-
ial, vesicular, chilblain like, petechiae/purpura,
and livedoid. These clinical findings can be further
classified as either inflammatory (maculopapular/
morbilliform, urticarial, and vesicular) or vascular
lesions (chilblain-like, petechiae/purpura, and li-
vedoid).” Due to scientific need for appropriate
classification of these cutaneous manifestations, an
algorithm has been published to provide for easier
classification of the main COVID-19 skin findings
mentioned earlier.® Finally, multisystem inflam-
matory syndrome in children (MIS-C), a novel ill-
ness thought to be related to COVID-19, can also
present with dermatological symptoms, although
clarification of their cutaneous classifications is
needed.

Maculopapular/morbilliform lesions

Maculopapular lesions are amongst the most
prevalent cutaneous manifestations seen through-
out the COVID-19 pandemic (Table 1) are maculo-
papular lesions. These lesions are frequently the
result of adverse drug reactions or viral infections.’
Maculopapular lesions occurring in children are
typically the result of viral infections, whereas drug
eruptions are usually the trigger for these lesions in
adults'® (Fig. 2).

A case series of 375 patients with skin lesions
associated with COVID-19 identified a 47% prev-
alence of maculopapular lesions.'’ Prevalence of
these lesions has varied among studies with a
smaller number of cases, ranging from 5% to 70%.
Many of the maculopapular rashes reported were
observed in middle-aged or elderly patients'™'%;
however, cases have appeared in younger adults.
Anatomically, the majority of these lesions were
located on the trunk of the body.'%'315718 Degpite a
large case series from Spain reporting simulta-
neous onset of many maculopapular lesions with
COVID-19’s systemic symptoms,'! other studies
had noticed a later onset in their smaller patient
populations.'>1%1% Studies with a later onset of
cutaneous manifestations reported average la-
tency times of 27.6 days and 27.85 days.'®!® Mean
duration of the exanthems ranged from 8.6 to
11.6 days.' '3 According to one case series, pruri-
tus was present in 56% of patients with maculo-
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Figure 1. The PRISMA statement of this review. PRISMA, Preferred Reporting Items for Systematic Reviews and Meta-Analyses. Source: Moher D, Liberati A,
Tetzlaff J, Altman DG. Preferred reporting items for systematic reviews and meta-analyses: The PRISMA statement. The PRISMA Group. PLoS Med 6:1000097.

papular lesions. Interestingly, the same study
suggested that maculopapular rashes are associ-
ated with greater severity of COVID-19 infections;
this was supported by a 2% mortality rate reported
in patients with these lesions.'! Histopathological
findings for these lesions are dependent on the time
of onset.* Early-onset rashes are presented with
moderate epidermal spongiosis and perivascular
lymphocytic infiltrate with eosinophils in the der-
mal region.'* Contrastingly, histology of late-onset

lesions exhibited perivascular lymphocytic infil-
trate and histiocytes among collagen fibers. These
late-onset lesions are devoid of mucin deposits.'*
Additional examination by Reymundo et al. re-
ported presence of mild superficial perivascular
lymphocytic infiltrate in skin biopsies.

There have been a few theories discussed con-
cerning the molecular mechanisms of maculo-
papular lesions. Galvan Casas et al. described
these lesions as unhelpful toward diagnosis due to
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Table 1. Demographic and clinical details of maculopapular rashes observed in COVID-19 patients

Article Number of Patients, Suspected or Confirmed COVID-19 Cutaneous Anatomical Location
and Year Age, Gender coviD-19 Manifestations of Cutaneous Manifestations
Askin Total population: 210 patients SARS-CoV-2 PCR in total population, Classification of 52 patients with Most maculopapular lesions
et al. (2020)'® Male age, mean: PCR performed in 158 patients: skin lesions: were located on trunk;
57.44 +£17.259 years Positive: 88/158 (55.7%) Erythematous scaly rash in one case, lesion was
Female age, mean: Negative: 70/158 (44.3%) (n=17, 32.7%) present on the extremities.
58.80+15.918 years SARS-CoV-2 PCR in 52 patients Maculopapular rash (n=12, 23%)
123 male (58.6%), 87 female (41.4%) with cutaneous findings: Urticarial lesions (n=7, 3.5%)
Skin lesions: 52/210 (24%): Positive: 34/52 (65.4%) Petechial purpuric rash (n=4, 7.7%)
33 male (26.8%), 19 female (21.8%) Negative: 18/52 (34.6%) Necrosis (n=4, 7.7%)
Maculopapular: 12/52 (23%) Enanthema, aphthous stomatitis
(n=3, 5.8%)

Vesicular rash (n=3, 5.8%)
Pernio (n=1, 1.9%)

Dalal Total population: 102 patients SARS-CoV-2 PCR: Classification of 13 patients with Location of maculopapular
et al. (2020 Age, mean (SD): 39.30 Positive: 102/102 (100%) skin lesions: lesions:
years (SD 17.9) Maculopapular rash (n=3, 23.1%) Trunk (n=3)
95 male (93.1%), 7 female (6.9%) Urticarial lesions (n=2, 15.4%) Extremities (n=1)
Skin lesions: 13/102 (12.7%) Pruritis without specific Maculopapular rash presented
Maculopapular: 3/13 (23.1%) cutaneous signs in centripetal distribution
(n=8, 69.2%)
de Masson Total population: 277 patients SARS-CoV-2 PCR in 34 Classification: Location of morbilliform
et al. (2020)"° Age, mean (range): 27 years (2—98) patients (12%): Morbilliform lesions (n=25, 9%) lesions:
“Half of patients were male” Positive: 25/34 (73.5%) Acral lesions (n=142, 51%) Trunk and limbs
Skin lesions: 277/277 (100%) Negative: 9/34 (26.5%) Vesicular lesions (n=41, 15%) (n=25, 100%)
Morbilliform: 25/277 (9%) Livedo reticularis (n=4, 1%) Face (n=2, 8%)
Age, median (range): 29 years (2-70) Urticarial lesions (n=26, 9%)
10 male (48%), 11 female (52%) Petechial lesions (n=7, 3%)
Other types of lesions (n=41, 15%)
Docampo-Simon  Total population: 58 patients SARS-CoV-2 PCR in 39 Classification: Location of ALL lesions:
et al. (2020)*® Age, median (range): 14 years patients (67%): Chilblain-like lesions (n=42) Hands (n=9, 15.5%)
(3 months—85 years) Positive: 1/39 (2.56%) Purpuric (n=3) Feet (=36, 62.1%)
29 male (50%), 29 female (50%) Negative: 38/39 (97.4%) Maculopapular (n=3) Hands and Feet
Skin lesions: 58/58 (100%) Vesiculobullous (n=3) (n=13, 22.4%)
Maculopapular: 3/58 (5.17%) Eczematous (n=3)
Paronychia (n=2)
Ulcer (n=1)
Desquamation (n=1)
Galvan Total population: 375 patients Laboratory confirmation Classification: Perifollicular distribution
et al. (2020)" 153 males (40.8%), of SARS-CoV-2 Pseudo-chilblain (19%) Extremities: dorsum of hands
222 females (59.2%) Patients with skin lesions: Vesicular eruptions (9%)
Skin lesions: 375/375 (100%) Confirmed: 234/375 (62.4%) Urticarial lesions (19%)
Maculopapular: 176/375 (47%): Suspected: 141/375 (37.6%) Maculopapular eruptions (47%)
Age, mean (SD): 55.3 years (20.2) Maculopapular patients: Livedo or necrosis (6%)

78 male (44.3%), 98 female (55.7%) Confirmed: 54/176 (30.6%)
Suspected: 122/176 (69.3%)

Herrero-Moyano  Total population: 1,177 patients SARS-CoV-2 PCR in 8 patients Classification: Location of morbilliform lesions:
et al. (2020)'? Skin lesions: 8/1,177 (0.7%) with cutaneous findings: lll-defined erythematous patches Trunk (n=7)
Maculopapular: 8/8 (100%) Positive: 7/8 (87.5%) to coalescent maculopapules, Flexures (n=4)
Age, mean (range): 72.2 Negative: 1/8 (12.5%) some with violaceous center; Proximal extremities (n=2)
years (51-88) one patient developed pustules Face (n=2)
4 male (50%), 4 female (50%) and desquamation Generalized (n=1)
Reymundo Total population: 18 patients SARS-CoV-2 PCR: Classification: Location of morbilliform lesions:
et al. (2020)"® Skin lesions: 7/18 (38.9%) Positive: 18/18 (100%) Maculopapular eruptions Involvement of the
Maculopapular: 7/7 (100%) trunk (n=7)
Age, mean (range): Proximal upper limb
66.57 years (57-82) involvement (n=6)
2 male (28.6%), 5 female (71.4%) Lower limb involvement (n=1)
Rubio-Muniz Total population: 34 patients COVID-19 diagnosis (total population): Classification: N/A
et al (2020)'*  Age, median (range): Positive PCR: 17/34 (50%) Maculopapular (n=10)
54.5 years (31-66) Positive radiology: 8/24 (23.5%) Pseudo-chilblain (n=9)
14 male (41%), 20 female (59%) Negative PCR: 9/34 (26.5%) Targetoid lesions (n=5)
Skin lesions: 34/34 (100%) COVID-19 diagnosis (maculopapular): Palpable purpura (n=4, of which
Maculopapular: 10/34 (29.4%) Positive PCR: 6/10 (60%) 2 cases are with vesicular lesions)
Age, median (range): Positive radiology: 3/10 (30%) Acute urticaria (n=3)
53 years (31-61) Negative PCR: 1/10 (10%) Vesicular (n=2, these also have
4 male (40%), 6 female (60%) palpable purpura)

Remaining 3 cases include livedo
reticularis, urticarial exanthem,
and prurigo lesions.

COVID-19, Coronavirus Disease 2019; N/A, not available; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2.
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Figure 2. Examples of maculopapular rash seen in COVID-19-positive patients. (A) Maculopapular lesions, a few of which present with a perifollicular
distribution, located on the thigh of patient. (B, C) Eleven-year-old child with COVID-19 presenting with pruritis and maculopapular lesions located on her face
and shoulder. Duration of lesions was 5 days. (D, E) Seventeen-year-old adolescent with COVID-19 presenting with a maculopapular rash and mild pruritis only
after receiving HCQ treatment, suggesting a drug-induced exanthema. (F) Nonspecific maculopapular rash located on the trunk of recovering COVID-19
patient. (G) Maculopapular rash appearing on posterior trunk of a confirmed COVID-19 patient. (H) Maculopapular lesions described as small plagues after
fusion of lesions. COVID-19, Coronavirus Disease 2019. Reproduced with permission from John Wiley and sons (A-G); Wolters Kluwer Health, Inc. (H). The

following original reports are credited: Galvan Casas et al.''; Duramaz et al.'%; Rubio-Muniz et al.'*; Gianotti et a

I.IB

the potential cause of adverse drug reactions. This
is plausible as patients with these rashes had
more severe infections and therefore received
greater drug therapy.!! Potential drugs given
against COVID-19 such as Ribavirin, Colchicine,
intravenous immunoglobulin (IVIG) treatments,
Lopinavir, Ritonavir, and other antiretroviral
drugs are known to result in cutaneous side effects
similar to maculopapular and morbilliform ra-
shes.?® However, maculopapular eruptions have
been observed in case series with no new medica-
tions taken, suggesting that these lesions may not
solely be drug related.'® Finally, Herrero-Moyano
et al. proposed a hypothesis that a cytokine storm
produced by a hyperactive immune system could
be the instigator behind these rashes after ob-
serving late-onset maculopapular eruptions.?
Other significant hypotheses about the potential

causes of maculopapular lesions have been pro-
vided in Table 9.

Urticarial lesions

In addition to maculopapular rash, urticarial
lesions have also been noted in several COVID-19
case series. These lesions typically present as hives
or angioedema and can be characterized as an er-
ythematous slightly raised papular rash followed
by intense pruritic sensations.?! Although consid-
ered one of COVID-19’s most frequent cutaneous
manifestations, urticarial lesions have been a rel-
atively common dermatological condition even be-
fore the pandemic. Acute urticaria, defined as a
self-limiting lesion lasting less than 6 weeks, has
been reported to affect 20% of the general popula-
tion.?? Meanwhile, chronic urticaria, described as a
recurring lesion present for greater than 6 weeks,
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appears to affect 5% of the general population.??
Common triggers include viral/bacterial/parasitic
infections, environmental exposures, and immuno-
globulin E-mediated allergic reactions in response
to medications, food, or biting/stinging insects.?
Urticarial lesions typically resolve after removal

of the offending agent; however, in severe cases,
the use of antihistamines and steroids has been
implemented for symptomatic relief (Fig. 3).
Acute urticarial lesions have been discussed in
several COVID-19 studies!!1416:20:23-26 (Tgp]e 2).
Prevalence of these lesions among other skin

Figure 3. Examples of urticarial rash seen during the COVID-19 pandemic. (A) Urticarial lesions dispersed along buttocks and proximal lower extremity
(thigh). (B) Urticarial rash, similar to hives, appearing on patient's neck and chest. (C, D) Thirty-nine-year-old nurse presenting with generalized pruritic
urticarial rash 2 days before the onset of pyrexia, chills, myalgia, and headache. Lesions were located on her thigh (C) and back (D). (E) Generalized pruritic
urticaria present on elderly man with COVID-19 infection. (F) Thirty-two-year-old female presenting with a dispersed urticarial rash on her face, trunk, and
lower limbs. Lesion onset was 6 days after first COVID-19 clinical symptoms and lesion duration was 5 days. (G) Staff nurse presenting with widespread
urticarial eruption involving her face, arms, torso, legs, and loins. Lesion onset was before presentation of COVID-19 clinical symptoms. (H) “Urticarial pattern
with mild edema, perivascular inflammation, and dilated vessels in the upper dermis. Inset: vessels filled with neutrophils and mixed perivascular inflammation.”
Reproduced with permission from John Wiley and sons (A-F, H); BMJ Publishing Group Ltd. (G). The following original reports are credited Galvan Casas
et al''; Marzano et al®%; van Damme et al?; Najafzadeh et al?*; Cabrera-Hernandez et al%; Hassan.?
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Table 2. Demographic and clinical details of urticarial rashes observed in COVID-19 patients

Article Number of Patients, Suspected or Anatomical Location of
and Year Age, Gender Confirmed COVID-19 COVID-19 Cutaneous Manifestations Cutaneous Manifestations
Askin Total population: 210 patients SARS-CoV-2 PCR in total population,  Classification of skin lesions: Urticarial lesions were

et al (2020)'®  Male age, mean:
57.44+£17.259 years
Female age, mean:
58.80+15.918 years
123 male (58.6%), 87 female (41.4%)
Skin lesions: 52/210 (24%):
33 male (26.8%), 19 female (21.8%)
Urticaria: 7/52 (13.5%)
Total population: 14 patients
Age/gender NR
Skin lesions: 14/14 (100%)
Urticaria: 1/14 (7.1%)

Bouaziz
et al. (2020)*

Dalal
et al. (202017

Total population: 102 patients

95 male (93.1%), 7 female (6.9%)

Skin lesions: 13/102 (12.7%)

Urticaria: 2/13 (15.4%)

De Giorgi Total population: 678 patients
et al. (2020)" Skin lesions: 53/678 (7.8%)

Age, mean (range): 55.9 years (28-69)
32 male (60%), 21 female (40%)

Urticaria: 14/53 (26%)

de Masson
et al. (2020)'®

Total population: 277 patients
Age, mean (range): 27 years (2-98)
“Half of patients were male”
Skin lesions: 277/277 (100%)
Urticaria: 26/277 (9%)
Age, median (range): 3 years (2-23)
13 male (56.5%), 10 female (43.5%)

Galvan Total population: 375 patients
et al (2020)"" 153 males (40.8%),
222 females (59.2%)
Skin lesions: 375/375 (100%)
Urticaria: 73/375 (19%):
Age, mean (SD)=48.7 years (19.9)
26 male (35.6%), 47 female (64.3%)
Recalcati Total population: 88 patients
et al. (2020°  Age/gender—N/A
Skin lesions: 18/88 (20.5%)
Urticaria: 3/18 (16.7%)
Rubio-Muniz Total population: 34 patients

et al. (2020)"* Age, median (range):
54.5 years (31-66)

14 male (41%), 20 female (59%)
Skin lesions: 34/34 (100%)
Urticaria: 4/34 (11.8%)

Age, median (range):

54.5 years (37-65)
1 male (25%), 3 female (75%)

Gaspari
et al. (2020)*

Total population: 20 patients
Age, median: 51 years
17 male (85%), 3 female (15%)
Skin lesions: 18/20 (90%)
Urticaria: 2/18 (11.1%)

Age, mean (SD): 39.30 years (SD 17.9)

PCR performed in 158 patients:
Positive: 88/158 (55.7%)
Negative: 70/158 (44.3%)
SARS-CoV-2 PCR in 52 patients
with cutaneous findings:
Positive: 34/52 (65.4%)
Negative: 18/52 (34.6%)

SARS-CoV-2 PCR in 14 patients:
Positive: 14/14 (100%)

SARS-CoV-2 PCR in 102 patients:
Positive: 102/102 (100%)

SARS-CoV-2 PCR in 678 patients:
Positive: 678/678 (100%)

SARS-CoV-2 PCR in 34 patients (12%): Classification of skin lesions:

Positive: 25/34 (73.5%)
Negative: 9/34 (26.5%)

Laboratory confirmation of SARS-CoV-2 Classification:

Patients with skin lesions:
Confirmed: 234/375 (62.4%)
Suspected: 141/375 (37.6%)

Urticarial patients:

Confirmed: 49/73 (67%)
Suspected: 24/73 (33%)

SARS-CoV-2 PCR:

Positive: 18/18

COVID-19 diagnosis (total population):
Positive PCR: 17/34 (50%)
Positive radiology: 8/24 (23.5%)
Negative PCR: 9/34 (26.5%)
COVID-19 diagnosis (Urticarial):
Positive PCR: 2/4 (50%)
Positive radiology: 1/4 (25%)
Negative PCR: 1/4 (25%)

Confirmed: 18/18 (41%)

Inflammatory lesions: 7/14

Classification of skin lesions:

Classification:

Classification:

Classification:

distributed across the
entire body

Erythematous scaly rash (n=17, 32.7%)
Maculopapular rash (n=12, 23%)

Urticarial lesions (n=7, 3.5%)

Petechial purpuric rash (n=4, 7.7%)
Necrosis (n=4, 7.7%)

Enanthema, aphthous stomatitis (n=3, 5.8%)
Vesicular rash (n=3, 5.8%)

Pernio (n=1, 1.9%)

N/A
Exanthema (n=4)

Chicken pox-like virus (n=2)

Cold urticaria (n=1)

Vascular lesions: 7/14

Violaceous macules with “porcelain-like”
appearance (n=1)
Livedo (n=1)
Non-necrotic purpura (n=1)
Necrotic purpura (n=1)
Chilblain appearance with Raynaud's
phenomenon (n=1)
Chilblain (n=1)
Eruptive cherry angioma (n=1)
Location of urticarial lesions:
Maculopapular rash (n=3, 23.1%) Trunk (n=2)
Urticarial lesions (n=2, 15.4%)
Pruritis without specific cutaneous signs

(n=8, 69.2%)

Inflammatory manifestations: Location of ALL lesions:
Erythematous rash (n=37, 70%) Trunk
Diffuse urticaria (n=14, 26%) Upper limbs

Varicelliform rash—uvesiculation (n=2, 4%)

Vascular manifestations:

Diffuse petechiae, purpura,
and acro-ischemia (25%)
Location of urticarial lesions:
Trunk and limbs
(n=24, 92%)
Face (n=2, 8%)

Morbilliform lesions (n=25, 9%)
Acral lesions (n=142, 51%)
Vesicular lesions (n=41, 15%)
Livedo reticularis (n=4, 1%)
Urticarial lesions (n=26, 9%)
Petechial lesions (n=7, 3%)
Other types of lesions (n=41, 15%)
Most urticarial lesions were
dispersed or located on the
trunk. A few cases were
located on the palms.

Pseudo-chilblain (19%)
Vesicular eruptions (9%)
Urticarial lesions (19%)
Maculopapular eruptions (47%)
Livedo or necrosis (6%)

Trunk was the primary
Erythematous rash (n=14) location for all lesions.
Widespread urticaria (n=3)
Chicken pox-like vesicles (n=1)
N/A
Maculopapular (n=10)
Pseudo-chilblain (n=9)
Targetoid lesions (n=5)
Palpable purpura (n=4, of which 2 cases
are with vesicular lesions)
Acute urticaria (n=3)
Vesicular (n=2, these also
have palpable purpura)
Remaining 3 cases include livedo reticularis,
urticarial exanthem, and prurigo lesions.
Figure 1:
Polymorpho-like urticaria
located on the left hand

Exanthematic rashes (n=9)
Acral vasculitis eruptions (n=6)
Polymorpho-like urticaria (n=2)
Varicellifom eruption (n=1)

NR, not reported.
58
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manifestations has varied from 7% to 40% in
smaller case series. These lesions were common
among middle-aged patients'!''*; however, a ret-
rospective study conducted in France reported a
median age of 3 years of age among 26 patients
with urticarial lesions.!® Many of these lesions
were distributed on the trunk or limbs.'*'527 In
some cases, the rash was generalized across the
entire body or localized to the face.'®% According to
the largest case series of urticarial lesions, onset is
thought to occur at the same time as other systemic
symptoms of COVID-19 with an average duration
of 6.8 days.!! However, it should be noted that in
a few instances, the onset of urticaria has mani-
fested before COVID-19’s systemic symptoms.'1:2®

Galvan Casas et al. reported pruritus in 92% of
patients with urticarial lesions and associated
these lesions with a more severe COVID-19 infec-
tion.!! Histopathological examination for urticar-
ial lesions has been sparse; however, the results in
one case of urticariform rash present in a 32-year-
old woman displayed the presence of perivascular
infiltrate of lymphocytes, with few eosinophils and
upper dermal edema.?®

Due to many cases of urticaria having an asso-
ciation with therapy, possible etiology of urticarial
lesions could involve drug-induced exanthema.'!
Urticaria has been described as a cutaneous side
effect in many potential anti-COVID-19 drugs such
as chloroquine, hydroxychloroquine, lopinavir/
ritonavir, nitazoxanide, corticosteroids, baricitinib,
IVIG treatments, and checkpoint inhibitors.?® In
addition to adverse drug effects, another possible
pathophysiological mechanism leading to urticaria
could be overactivity of the immune system, resulting
in a potential “cytokine storm” involving the skin.*"
Interestingly, cases of delayed pressure urticaria
have also been reported, although they are thought to
be a result of vertical pressure caused by PPE.?!

Finally, a direct cutaneous effect by the SARS-
CoV-2 virus is always a possibility, considering
viral infections have sometimes been implicated as
the primary agent in urticarial cases in the past.
On account of the extreme variability in etiology of
urticarial skin lesions, these lesions are thought to
be a potentially inaccurate marker for diagnosis or
verification of COVID.'! Other significant hypoth-
eses about the potential causes of urticarial lesions
have been provided in Table 9.

Chilblain-like lesions (COVID toes)

Chilblain lesions, also referred to as pernio, are
characterized as a localized inflammatory skin
disorder, thought to be induced by exposure to
cold temperatures or damp humid environments

resulting in swelling and discoloration of the ex-
tremities (Fig. 4). The increased incidence of
pernio/acral-like or chilblain-like lesions, coupled
with the temporal association with viral symptoms,
has led to the colloquialization “COVID toes.” The
term comes from the cutaneous description in
which the skin involving their toes presents as er-
ythematous or violaceous lesions. Although some
cases are idiopathic, previous literature supports
chilblain association with autoimmune diseases
such as lupus.?2 In some cases, the rash is seen with
the Raynaud’s phenomenon in which a trigger (cold
exposure or emotional stress) leads to skin discol-
orations of extremities through vasoconstriction.??

A retrospective review conducted by Cappel
et al. reported additional potential associations
with hematologic disease as well as hyperviscosity
syndrome. The rash is typically located on distal
acral extremities such as fingers and/or toes.?”
Per UpToDate, the rash typically presents as
“erythematous-violaceous papules, macules, or
nodules (UpToDate).” The pathogenesis behind
chilblains is not entirely understood. One sus-
pected mechanism revolves around cold-induced
vasoconstriction and vasospasm leading to hypox-
emia and inflammation. Other theories suggest
hyperviscosity or autoantibody-induced endothe-
lial damage (UpToDate). Treatment modalities
include heating, nonsteroidal anti-inflammatory
drugs (NSAIDs), topical steroids, and vasodilators.??

Lesions similar to chilblains, labeled as chilblain
like or pernio like, have rapidly become the most fa-
miliar of COVID-19’s cutaneous manifestations, in
part, due to the numerous studies published con-
cerning them (Table 3). The prevalence of these le-
sions varied considerably between studies. An
international case series consisting of 505 patients
with dermatological conditions reported pernio-like
lesions present in 63%.>* Among other studies, the
prevalence of chilblain-like lesions fluctuated from
14.3% to 72%.'11%34736 These vascular lesions were
commonly identified among adolescents and
young adults 11534353743 Anatomical locations
of chilblain-like lesions were consistent between
studies with feet and hands being affected the most
often. On the hands and feet, the acral lesions would
typically localize on the fingers and toes, respectively.

The onset of chilblain-like lesions was almost
always after the onset of COVID-19’s systemic
symptoms and they normally lasted for about a
week or two on average. In one case series,
chilblain-like lesions were the only symptom in
55% of cases.>* Dermatological symptoms com-
monly associated with chilblain-like lesions were
pain and pruritus.'3+3537:38 Many of the patients
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Figure 4. Examples of chilblain-like rash seen during the COVID-19 pandemic. (A) Acral chilblain-like lesions located on toes of patient. (B) Acral chilblain-
like lesions located on fingers of patient. (C) Pseudo-chilblain lesions present on the fingers of pediatric patient with no prior history of chilblains. (D) Acral
chilblain-like lesions located on toes of patient. (E) Chilblain-like lesions acrally located on toes of pediatric patient. (F, G) Lesions clinically similar to
chilblains, acrally located on toes of child during COVID-19 pandemic. (H) Chilblain-like lesions located on the heel of an adolescent. (I) Chilblain-like acral
lesion present on toes of patient from Italy. Examples of chilblain-like rash seen during the COVID-19 pandemic. (J) Acral pseudo-chilblains are seen on the
toes of a patient. (K) Acral pernio-like lesions affecting the toes of patient. (L) Pernio-like lesions affecting the distal extremity of patient. (M) Acral chilblain-
like lesions located on toes of an adolescent patient. (N) Pseudo-chilblain lesions described as erythemato-purpuric macules appeared on patient’s heel. (O)
“Dense, superficial, and deep angiocentric and eccrinotropic lymphocytic infiltrate (H&E stain, 10x).” (P) “Papillary dermal edema, vacuolar degeneration of
the basal layer and lymphocytic exocytosis. Endothelia of small vessels appear swollen (H&E stain, 20x).” (Q) “Intense lymphocytic vascular reaction in
dermal vessels (H&E stain, 40x ).” (R) “Red cell extravasation and focal thrombosis (arrow) in papillary dermis capillaries (H&E stain, 100 x ).” H&E, hematoxylin
and eosin. Reproduced with permission from John Wiley and sons (A-R). The following original reports are credited: Galvan Casas et al.'"; Garcia-Lara et al*';
Andina et al®"; Wollina et al*®, Marzano et al®; Gaspari et al*%; Rubio-Muniz et al'*

presenting with pernio-like lesions were young and
healthy. These rashes were typically associated
with relatively mild COVID-19 infections.?* His-
topathological examination performed by Rubio-
Muniz et al. showed different patterns. In many of
the pseudo-chilblain cases, the histology displayed
focal vacuolar degeneration of the basal layer.
Regenerative changes were also observed in the
epidermis along with perivascular lymphocytic
cuffs in the dermal regions. Histology conducted in

another sample discovered presence of perivas-
cular neutrophilic cuffs with clear inflamed endo-
thelium and regions of epidermal necrosis.'*

The exact mechanism of chilblain-like lesions is
not fully known as its presentation is unrelated to
cold exposure. Bouaziz et al. hypothesized patho-
physiology behind chilblain could involve ““immune
dysregulation, vasculitis, vessel thrombosis, or
neoangiogensis.**” It also noted previous cases
with acro-ischemia and disseminated intravascu-
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Table 3. Demographic and clinical details of pseudo-chilblain rashes observed in COVID-19 patients

Anatomical Location

Article Number of Patients, Suspected or COVID-19 Cutaneous of Cutaneous
and Year Age, Gender Confirmed COVID-19 Manifestations Manifestations
Andina Total population: 22 patients SARS-CoV-2 PCR Acral chilbain-like lesions: Feet affected in all cases,

et al. (2020

Bouaziz
et al. (2020

Colonna
et al. (20208

de Masson
et al. (2020)"®

Docampo-Simon
et al. (2020)*°

Duong
et al. (2020

El Hachem
et al. (2020

Age, median (range):
12 years (6-17)
13 male (59%), 9 female (41%)
Skin lesions: 22/22 (100%)
Chilblain like: 22/22

Total population: 14 patients
Age/gender NR

Skin lesions: 14/14 (100%)

Chilblain like: 2/14 (14.3%)

Total population: 30 patients
Age, median (range)=
11 years (2-17)

17 male (56.7%), 13 female (43.3%)

Skin lesions: 30/30 (100%)
Chilblain like: 30/30

Total population: 277 patients

Age, mean (range): 27 years (2—98)

"Half of patients were male”
Skin lesions: 277/277 (100%)
Chilblain like: 106/277 (38%)

Age, median (range):

27 years (6-73)

Total population: 58 patients
Age, median (range): 14 years
(3 months—85 years)
29 male (50%), 29 female (50%)
Skin lesions: 58/58 (100%)
Chilblain like: 42/58 (72.4%)

Total population: 295 patients
Age/gender NR

Skin lesions: 295/295 (100%)

Chilblain like: 146/295 (49.5%)

Total population: 19 patients
Age, mean (range):
14 years (11-17)
Skin lesions: 19/19 (100%)
Chilblain like: 19/19

in 19 patients (86%):
Positive: 1/19 (5.3%)
Negative: 18/19 (94.7%)

SARS-CoV-2 PCR:
Positive: 14/14 (100%)

SARS-CoV-2 PCR
in 6 patients (20%):
Negative: 6/6

SARS-CoV-2 PCR
in 34 patients (12%):
Positive: 25/34 (73.5%)
Negative: 9/34 (26.5%)

SARS-CoV-2 PCR
in 39 patients (67%):
Positive: 1/39 (2.56%)
Negative: 38/39 (97.4%)

N/A

SARS-CoV-2 PCR:
Negative: 19/19

Concomitant erythema multiforme;
erythemato-violaceous or purpuric
macules; swollen toes with dusky
violaceous discoloration and less
frequently, dark ischemic areas
with superifical blisters

Inflammatory lesions=7/14:

Exanthema (n=4)

Chicken pox-like virus (n=2)

Cold urticaria (n=1)

Vascular lesions=7/14:

Violaceous macules with
“porcelain-like” appearance (n=1)

Livedo (n=1)

Non-necrotic purpura (n=1)

Necrotic purpura (n=1)

Chilblain appearance with Raynaud's
phenomenon (n=1)

Chilblain (n=1)

Eruptive cherry angioma (n=1)

Chilblain-like acral lesions:

Lesions were erythematous-violaceous
patches or slightly infiltrated plaques.

Classification:
Morbilliform lesions (n=25, 9%)
Acral lesions (n=142, 51%)
Vesicular lesions (n=41, 15%)
Livedo reticularis (n=4, 1%)
Urticarial lesions (n=26, 9%)
Petechial lesions (n=7, 3%)
Other types of lesions (n=41, 15%)
Chilblain like: 106/142 acral lesions
Classification:
Chilblain-like lesions (n=42)
Purpuric (n=3)
Maculopapular (n=3)
Vesiculobullous (n=3)
Eczematous (n=3)
Paronychia (n=2)
Ulcer (n=1)
Desquamation (n=1)
Classification:
Chilblain-like lesions (n=146),

Other manifestations such as urticaria,

rash, chicken pox like, or pityriasis
rosea (n=149)
Acral chilblain-like lesions:
Swelling, erythema