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Abstract

The mucocutaneous manifestations of Corona Virus Disease 2019 (COVID-19) logi-
cally may reflect systemic visceral involvements. These findings are visible and easy
to approach like biopsies for exact histopathologic evaluations. This systematic re-
view was conducted to collect the mucocutaneous histopathologic data of COVID-19
patients for future investigations and interpretations. The COVID-19 dermatology
resource of the Centre of Evidence-Based Dermatology (CEBD) at the University of
Nottingham, PubMed, Scopus, Google Scholar and Medscape was searched for rel-
evant English articles published by June 3, 2020. This review included 31 articles,
involving 459 patients. The common primary virus-related mucocutaneous manifes-
tations are easy to approach in the course of COVID-19. The authors of this study
supposed dermatopathological findings as the predictors of the nature of potential
systemic involvements and outcomes of COVID-19. Scrutinizing these findings can
help with adopting more effective therapeutic and management strategies; never-
theless, this review found the severity and time of onset of symptoms not to be as-
sociated with the laboratory and histopathological findings. Deterioration of clinical
conditions and laboratory tests was also not related to the histopathological findings.
It is recommended that meta-analyses be conducted in the future to detail on these

data for having more comprehensive and better conclusion.
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1 | INTRODUCTION

COVID-19 has just appeared in the world and has caused various
symptoms in patients. These symptoms include skin manifes-
tations. These skin symptoms may be caused by viruses or drug
reactions taken by the patient during the illness. COVID-19 was
found to cause storms in viral-host immune interactions and affect
the skin and visceral compartments. Mucocutaneous manifesta-
tions can reflect pathologic events such as internal organ involve-
ments during infection with SARS-CoV-2 as in the case of many
other systemic disorders. As in the case of other viral disorders,
SARS-CoV-2 can frequently cause morbilliform, exanthematous,
maculopapular or urticarial eruption, which is quite expectable in
adults,"® infants and children.”'® The other skin manifestations
included dermatitis herpetiformis, varicella-like exanthem, pityria-

11-14

sis rosea and petechiae as well as mucosal involvements such

as aphthous ulcers or conjunctivitis.*> The abnormal primary cu-
taneous manifestations in viral disorders frequently reported in

COVID-19 patients include “COVID toes” as acral vasculopathic

16-19

rashes that clinically resemble chilblains or perniosis, acral

20-22 23

and digital ischaemia,
24

papulosquamous eruption,”” pete-

chiae and livedo reticularis.?’ These manifestations suggest
a coronavirus pathomechanism that differs from that of similar
respiratory-associated viruses, as this virus is not limited to few
organs and the virus-related consequences can involve almost
all vital organs. The potentially exclusive skin manifestations of
COVID-19 such as thrombotic vasculopathy or vasculitis???2
can involve visceral tissues and cause acute respiratory distress
syndrome (ARDS) and organ failure. Also, the drugs used to treat
COVID-19 could have several side effects, such as mucocutane-
ous drug reactions; morbilliform/exanthematous maculopapu-
lar rashes, urticarial eruptions and AGEP are most types of skin
drug reactions that are usually managed by steroids during few
days.26 Hydroxychloroquine and lopinavir/ritonavir are the most
prevalent used drugs with the highest skin adverse reaction.?® So,
mucocutaneous drug reactions should be considered in any pre-
scription treatment.

Therefore, skin biopsies play a key role in better understanding
the events during COVID-19. Despite its great value, the skin biopsy
cannot be performed in all COVID-19 patients with the primary cu-
taneous eruption.?”

Mucocutaneous eruptions can help clinically predict the main
histopathologic patterns of the rashes, not in all patients with SARS-
CoV-2. Broadening knowledge about mucocutaneous manifesta-
tions in COVID-19 patients is crucial given the reported skin rashes
in approximately 20% of these patients before, during or after their
infection.? The histopathologic features of the cutaneous man-
ifestations can predict the nature of systemic involvements and
COVID-19 outcomes. The early detection of these symptoms can
also help early diagnose COVID-19 and increase the survival rate.

This systematic review was conducted to determine the correla-
tions of clinical manifestations with courses of COVID-19 and skin
eruption in patients with COVID-19 and primary skin eruptions by

collecting their biopsies and histopathologic data. This study was
intended to collect previous studies in this field to gain a clearer
understanding of general and individual pathologic pictures during
the infection. This systematic review was performed according to
the PRISMA (Preferred Reporting Items for Systematic Reviews
and Meta-Analyses) statement. And, the PICO of this study was as
follows: Population: humans with COVID-19, Intervention and com-
parator: Histopathologic evaluations and skin biopsy of COVID-19
patients who had primary cutaneous and mucosal eruptions,
Outcomes: Early recognition of COVID-19 patients to better treat-
ment of COVID-19 patients.

2 | ELIGIBILITY CRITERIA

The inclusion criteria comprised all English articles on primary
cutaneous and mucosal eruptions induced by COVID-19 in pa-
tients undergoing histopathologic evaluations and skin biopsy.
The population-intervention-comparator-outcomes-study design
(PICOS) framework was used to identify eligible cases in this sys-
tematic review. Details of the criteria established a priori were as
follows: Population: humans with COVID-19, (there were no restric-
tions on age, gender or other demographics), Intervention and com-
parator: Histopathologic evaluations and skin biopsy of COVID-19
patients who had primary cutaneous and mucosal eruptions,
Outcomes: Early recognition of COVID-19 patients to better treat-
ment of COVID-19 patients.

Exclusion criteria were reviews, animal studies, COVID-19 arti-
cles without mucocutaneous manifestations, COVID-19 articles with
mucocutaneous manifestation without a histopathological biopsy.

3 | DATABASES AND SEARCH STRATEGY

PubMed, Scopus, Google Scholar, Medscape and the COVID-19
dermatology resource of the CEBD at the University of Nottingham
(https://www.nottingham.ac.uk/), that is the link of skin manifesta-
tions of coronavirus, were searched for the articles published by June
3, 2020 using the following terms: "COVID-19" OR "severe acute
respiratory syndrome coronavirus 2" AND "Skin “ OR "Mucosa"
OR "Cutaneous" OR "Skin Manifestations” OR "Dermatology"
OR "Pathology" OR "Histopathology" OR "Histopathologic" OR
"Histology" OR "Biopsy."

4 | DATA EXTRACTION PROCESS

Endnote® X9 (Clarivate Analytics, Philadelphia, USA) was used
for study screening and data extraction. Reviewers assigned each
study to the inclusion and exclusion groups. They read the titles and
abstracts, and if doubted, have evaluated the full text. Then they
read the full text for the inclusion process. Disagreement situa-
tions regarding the inclusion process resolved through dialogue,
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and no necessity for a third-party involvement occurred. In Figure 1,
PRISMA flow diagram was shown.

Finally, the interpretation of data is the experts’ interpretation,
which is achieved through discussion with each other. The experts
were professors of dermatology and dermatopathology who have
published numerous articles on COVID-19 and have worked to-

gether for many years.

5 | DATA EXTRACTION

Reviewers extracted data, filled a pre-designed spreadsheet con-
taining the following information for each study: the article title,
Case characteristics, COVID-19 signs and symptoms, Laboratory
tests, COVID-19 PCR, Cutaneous manifestations, Cutaneous symp-
toms, Distribution, Time of onset the cutaneous symptoms, New
drugs during previous 2 weeks, Time of resolution of the skin symp-
toms and the result of the Skin biopsy.

6 | QUALITY ASSESSMENT

MD and FS used two risk assessment tools for the studies thatinclude
in this study. The first risk bias assessment tool used in this study
was the Risk of Bias in Non-randomized Studies of Interventions
(ROBINS-1),2® which is a list of seven domains. The first two do-

mains of ROBINS-1 are about the selection of participants. The third

]
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domain is about classification. The other four domains address is-
sues after the start of interventions: biases due to deviations from
intended interventions, missing data, measurement of outcomes and
selection of the reported result. The second tool that we used for
the methodological quality and synthesis of the case reports and
case series was a new bias assessment tool that was suggested by
Murad et al.??

The bias assessment tool has four domains of Selection,
Ascertainment, Causality and Reporting. The tool also has eight
questions that each question has one score. MD and FS separately
examined 31 articles that were included in the systematic review
study. Disagreement situations regarding the inclusion process re-
solved through dialogue and no necessity for a third-party involve-

ment occurred.

7 | STUDY SELECTION

Out of 248 articles screened based on the inclusion criteria, 49
were found eligible and their titles and abstracts reviewed by two
dermatologists. 31 articles, including 459 patients, were ultimately
selected and their full texts investigated for the sake of data entry
in the systematic review. A study by Carreras-Presas, Carmen et al,
entitled “Oral vesiculobullous lesions associated with SARS-CoV-2
infection” and by Angelo Valerio Marzano et al, entitled “Varicella-
like exanthem as a specific COVID-19-associated skin manifestation:

multicenter case series of 22 patients,” which included the data of

Records identified through
database searching
(n=223)

Additional records identified
through other sources
(n =100)

Identification

[

J

Eligibility Screening

Included

FIGURE 1 PRISMA flow diagram —

Records after duplicates removed
(n=248)

Records excluded
(n=199)

Not about COVID-19, don’t
have cutaneous
manifestation, Review,
letter, not English article,

A

Records screened
(n =248)

Full-text articles excluded
(n=18)

Full-text articles assessed
for eligibility >
(n=49)

y

Studies included in
qualitative synthesis
(n=31)
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TABLE 1 Histopathologic findings in COVID-19 patients with mucocutaneous manifestations

Reference Title

1 A clinicopathological
study of 8
patients with
COVID-19
pneumonia and
a late-onset
exanthema

2 Acral cutaneous
lesions in
the Time of
COVID-19

3 Acral purpuric
lesions (Erythema
multiforme
type) associated
with thrombotic
vasculopathy in
a child during
the COVID-19
pandemic

Case
characteristics

58-year-old
male

84-year-old
female

82-year-old
female

68-year-old
female

51-year-old
male

88-year-old
male

69-year-old
female

78-year-old
male

14 cases: 11
children
and 3
young
adults, 6
males and 8
females

COVID-19 signs
and symptoms

NM

NM

NM

NM

NM

NM

NM

NM

Only in three cases
cough and fever
preceded the
onset of the
lesions 3 weeks
before

12-year-old boy None

Lab tests

Lymphopenia,
neutrophilia,
eosinophilia
elevated D-dimer
and CRP and liver
enzymes

Lymphopenia and
elevated D-dimer
and CRP

Lymphopenia and
elevated D-dimer
and CRP

Lymphopenia and
elevated D-dimer
and C-reactive
protein

Lymphopenia and
elevated D-dimer
and CRP

Lymphopenia and
elevated D-dimer
and CRP

Lymphopenia and
elevated D-dimer
and CRP

Lymphopenia and
elevated D-dimer
and CRP

Normal

Normal

COVID-19
PCR

Positive

Negative

Positive

Positive

Positive

Positive

Positive

Positive

Negative

Negative

Cutaneous manifestations

Coalescent, erythematous-
violaceous, maculopapules

Coalescent erythematous,
maculopapules

lll-defined erythematous patches

lll-defined erythematous patches

Coalescent erythematous macules

Coalescent erythematous
maculopapules

Coalescent erythematous
maculopapules, pustules,
desquamation

lll-defined erythematous patches

Acral eruption of erythemato-
violaceous papules and macules,
with possible bullous evolution,
or digital swelling. Two children
developed erythemato-papular
targetoid lesions on the hands
and elbows after few days

Haemorrhagic purpuric eruption and
vesicular blisters



NAJAR NOBARI ST AL. 1237
il xperimental Dermatology SAV,VA | ]_EYJ—

Time of onset
the cutaneous
symptoms Time of
Cutaneous (Compared to New drugs during previous the lesion
symptoms Distribution other symptoms) 2 weeks resolution Skin biopsy

NM Generalized 29 days after None 12 days Subcorneal pustules, spongiosis, papillary
oedema, dense perivascular and
interstitial neutrophilic infiltrate with
moderate presence of eosinophils,
erythrocyte extravasation, fibrin thrombi,
melanophages

NM Trunk, flexures 12 days after Hydroxychloroquine, lopinavir/ 11 days Subcorneal pustules, spongiosis, papillary
ritonavir, ceftriaxone oedema, moderate perivascular and
interstitial neutrophilic infiltrate with
discrete presence of eosinophils,
erythrocyte extravasation, focal fibrin
thrombi

NM Trunk, flexures 29 days after Fosfomycin 16 days Intraepidermal pustules, spongiosis, discrete
ongoing perivascular and interstitial neutrophilic
infiltrate with scarce presence of
eosinophils

NM Trunk, flexures 28 days after Metamizole, linezolid, 9 days Subcorneal pustules, spongiosis, papillary
piperallicin-tazobactam, oedema, discrete perivascular and
amiodarone interstitial neutrophilic infiltrate with

scarce presence of eosinophils

NM Trunk, proximal 29 days after None 10 days Focal spongiosis, exocytosis of neutrophils,
extremities discrete, perivascular and interstitial
neutrophilic infiltrate with discrete
presence of eosinophils, focal fibrin
thrombi, focal basal layer vacuolar
degeneration

NM Trunk, 31 days after Furosemide 12 days Subcorneal pustules, spongiosis, presence of
extremities, necrotic keratinocytes, papillary oedema,
face, discrete perivascular and interstitial

neutrophilic infiltrate with scarce
presence of eosinophils, melanophages

NM Trunk, flexures, 33 days after None 15 days Subcorneal pustules, spongiosis, papillary
face face ongoing oedema, moderate perivascular and
interstitial neutrophilic infiltrate with
discrete presence of eosinophils

NM Trunk 30 days after Piperacillin-tazobactam, 8 days Spongiosis, discrete perivascular and
meropenem, linezolid ongoing interstitial neutrophilic infiltrate with
scarce presence of eosinophils

Mild pruritus 8 cases on the 3 weeks beforein  None 14-28 days Acral lesions: diffuse dense lymphoid
feet,4 cases three cases infiltrate of the superficial and deep
on the hand, dermis, as well as hypodermis, with
and 2 cases a prevalent perivascular pattern, and
on both sites signs of endothelial activation, targetoid
lesions of the elbows: mild superficial
perivascular dermatitis.

Pruritus Heels of both 4 days after None NM Partial epidermal necrosis and perivascular
feet lymphoid infiltrate in superficial and

deep dermis. In addition, some capillaries
in papillary dermis showed images of
microthrombi, with extravasation of
red blood cells. Vasculitic changes were
present in relation to the lymphoid
component but not in the thrombotic
one.

(Continues)
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TABLE 1 (Continued)

Reference Title

4 Acro-ischaemia in
hospitalized
COVID-19
patients

5 Cutaneous lesions
in a patient with
COVID-19: are
they related?

6 Chilblains is a
common
cutaneous
finding during
the COVID-19
pandemic: a
retrospective
nationwide study
from France

7 Chilblains in children
in the setting
of COVID-19
pandemic

8 Chilblain- like lesions
in children
following
suspected
COVID-19
infection

9 Clinical and
histopathological
study of skin
dermatoses in
patients affected
by COVID-19
infection in the
Northern part of
Italy

Case
characteristics

Three cases

57-year-old
female

277 patients,
129 men
and 130
women

22 cases, 13
men and 9
women

: 11-year-old
girl

A hospitalized
patient

old male

NAJAR NOBARI seT AL.

COVID-19 signs
and symptoms

Atypical bilateral
pneumonia

Fever (39°C) lasting
for 4 days, and
dry cough

Fever (n = 48),
Respiratory
symptoms
(n=44),
Anosmia/
ageusia (n = 18),
Digestive
symptoms
(n = 16) in total
103 patients

Mild respiratory
symptoms
(cough,
rhinorrhea)
(n=9),
gastrointestinal
complaints
(abdominal pain
and diarrhoea)
(n=2)

Intermittent fever

Fever, sore throat,

and cough

Fever, sore throat,

and cough

COVID-19

Lab tests PCR
Elevated D-dimer Positive

in all patients,

elevated

fibrinogen in two

patients
NM Positive
NM 25 cases were

positive

Coagulation Positive in one

studies (n = 18), case

haemogram

(n = 10), serum

chemistry

(n =4), lupus

anticoagulant

(n=1)was

normal. D-dimer

level (n = 16) was

elevated in one

case.
Blood tests were Negative

normal
NM NM
NM NM

Cutaneous manifestations

Rounded reddish-purple plaques,
measuring between 0.5-1 cm,
sharply defined, with no retiform
borders

Diffuse fixed erythematous
blanching maculopapular lesion
with burning sensation over the
palms

Morbilliform lesions (n = 25), Acral
lesions (n = 142), Chilblains
(n = 106), Dyshidrosis-like
(n = 20), other (n = 16), Vesicular
lesions (n = 41): Vesicles/
Varicella-like, Acral dyshidrosis-
like, Livedo reticularis (n = 4),
Urticarial lesions (n = 26),
Petechial lesions (n = 7), eczema-
like, angiomatous, annular
lesions (n = 41)

Erythematous to purpuric macules
and violaceous swellings, dark
ischaemic areas with superficial
blisters, concomitant erythema
multiforme in 4 cases

Erythematous and dusky 5-15 mm
plaques

Exanthema

Papular erythematous exanthema
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Cutaneous
symptoms

NM

NM

NM NM

Pruritus (n = 9),
pain or
tenderness
(n=7)

Pain, swelling

NM

NM

Distribution

Toes, soles

Limbs and trunk

Trunk, limbs,
face, Feet,
Hands,
Diffuse,
Acral

Toes, feet,
fingers and
hands

Left foot and
toes

Trunk and limbs

Trunk

Time of onset
the cutaneous
symptoms
(Compared to
other symptoms)

At the same time

2 days before

NM

1 to 28 days
before

20 days before

NM

NM

New drugs during previous
2 weeks

NM

Paracetamol

NM

Oral analgesics, oral
antihistamines. For
associated erythema
multiforme: Topical
corticosteroids and a short
course of oral steroids

NM

Same time

Same time

Time of
the lesion
resolution

14 days

9 days

NM

3-5 weeks
after their
onset

Until now

NM

NM
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Skin biopsy

Ischaemic necrosis affecting the
epidermis and dermis with signs of
re-epithelialization with no evidence of
vasculitis or microthrombi

Slight spongiosis, basal cell vacuolation and
mild perivascular lymphocytic infiltrate
(c). PCR on whole-skin biopsy specimen
was negative for SARS-CoV-2.

Biopsy of 3 chilblain-like lesions showed a
lichenoid dermatitis with a perivascular
and eccrine mononuclear infiltrate, and
vascular microthrombi in 2 cases.

Acral lesions (4 from the feet, 2 from the
toes) in 6 patients: superficial and
deep angiocentric and eccrinotropic
lymphocytic infiltrate, papillary dermal
oedema, vacuolar degeneration of the
basal layer and lymphocytic exocytosis
to the epidermis and acrosyringia,
lymphocytic vasculopathy, mild dermal
and perieccrine mucinosis, lymphocytic
eccrine hidradenitis, vascular ectasia, red
cell extravasation and focal thrombosis in
papillary and reticular dermis capillaries

Dense lymphocytic perivascular cuffing
and periadnexal infiltration, vasculitis
in small- to medium-sized vessels with
endothelial cell swelling and red blood
cell extravasation, fibrin thrombus in
superficial capillary vessels

Perivascular spongiotic dermatitis with
exocytosis along with a large nest of
Langerhans cells and a dense perivascular
lymphocytic infiltration eosinophilic rich
around the swollen blood vessels with
extravasated erythrocytes

oedematous dermis with many eosinophils,
Cuffs of lymphocytes around blood
vessels in a lymphocytic vasculitis
histopathological pattern were observed

(Continues)
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TABLE 1 (Continued)

diarrhoea, and
progressive
dyspnoea

Case COVID-19 signs COVID-19
Reference Title characteristics and symptoms Lab tests PCR Cutaneous manifestations
10 Cutaneous Clinico- 59-year-old Bilateral interstitial  Elevated CRP Positive Widespread erythematous macules
Pathological female pneumonia
Findings in Three
COVID-19-
Positive Patients
Observed in the
Metropolitan 89-year-old Fever and cough A mild increase in Positive Exanthem
Area of Milan, female fibrinogen and
Italy transaminases
57-year-old Fever, headache, NM Positive Widespread pruritic eruption of
male cough and erythematous macules and
arthralgia papules
11 Clustered Cases of 6 cases; 3boys  Rhinorrhea, Normal Negative Violaceous macules and dusky,
Acral Perniosis: and 3 girls congestion, sore purpuric plaques, superficial
Clinical Features, (under throat and fever bullae and focal haemorrhagic
Histopathology 18 years (h=2) crust and livedo reticularis
and Relationship old) (reticulated erythema)
to COVID-19
12 Complement 32 years old Fever and cough Elevated D-dimer, NM Retiform purpura with extensive
associated male and dyspnoea, INR, CH50, C3, surrounding inflammation
microvascular acute Cc4
injury and respiratory
thrombosis in the failure
pathogenesis of
severe COVID-19
Inifsicitolr: 66-year-old Fever, cough, Thrombocytopenia, NM Dusky purpuric patches
eport of five female diarrhoea, chest elevated D-dimer
cases aii
40-year-old Dry cough, fever, Elevated D-dimer Positive Purpuric reticulated eruptions
female myalgia, and INR consistent with livedo racemosa
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Cutaneous
symptoms

None

NM

NM

Pruritus,
tenderness
and
swelling

Mentioned

NM

NM

Distribution

Arms, trunk and
lower limbs

Trunk and arms

Widespread

Toes, heels,
soles and
feet and
flexor
surfaces of

the forearms

and hands

Buttocks

Palms and soles
bilaterally

Chest, legs and
arms

Time of onset
the cutaneous
symptoms
(Compared to
other symptoms)

Three days after
admission

NM

2 days after
systemic
symptoms

NM

4 days after
intubation

1 day after
intubation

NM

New drugs during previous
2 weeks

Lopinavir-ritonavir, heparin and
levofloxacin

Ceftriaxone and azithromycin

Levofloxacin and
hydroxychloroquine

NM

Hydroxychloroquine,
azithromycin, remdesivir

Hydroxychloroquine, enoxaparin

NM

Time of
the lesion
resolution

5 days

8 days

10 days

NM

NM

NM

NM
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Skin biopsy

Superficial perivascular dermatitis with slight
lymphocytic exocytosis, small thrombus
in a vessel of mid dermis. Swollen
thrombosed vessels with neutrophils,
eosinophils and nuclear debris were
patchy distributed in the dermis.

Superficial and deep perivascular dermatitis
with cuffs of lymphocytes surrounding
blood vessels in a vasculitic pattern,
extravasated red blood cells from
damaged vessels in the mid dermis

Superficial perivascular vesicular dermatitis,
focal acantholytic suprabasal clefts,
dyskeratotic and ballooning herpes-
like keratinocytes, patchy band-like
infiltration with occasional necrotic
keratinocytes and minimal lymphocytic
satellitosis. In the dermis, the vessels
were swollen, with dense lymphocyte
infiltration, mixed with rare eosinophils.
Within the epidermis, a nest of
Langerhans cells was also observed.

Superficial and deep lymphocytic infiltrate
that also abuts the junctional zone,
with vacuolar change and purpura,
haemorrhagic parakeratosis in the
stratum corneum. Dense infiltration
of perivascular and perieccrine and
intramural lymphocytes intramural
lymphocytes, no evidence of
thrombosis in the vessels. Direct
immunofluorescence was negative

Thrombogenic vasculopathy accompanied
by extensive necrosis of the epidermis
and adnexal structures, including
the eccrine coil, interstitial and
perivascular neutrophilia with prominent
leukocytoclasia, extensive deposition of
C5b-9 within the microvasculature

Superficial vascular ectasia and an occlusive
arterial thrombus within the deeper
reticular dermis in the absence of
inflammation. Extensive vascular
deposits of C5b-9, C3d and C4d. A
biopsy of normal-appearing deltoid skin
also showed conspicuous microvascular
deposits of C5b-9.

Modest perivascular lymphocytic infiltrate
in the superficial dermis along with
deeper-seated small thrombi within rare
venules of the deep dermis, no vasculitis.
Significant vascular deposits of C5b-9
and C4d. A biopsy of normal deltoid skin
showed microvascular deposits of C5b-9
throughout the dermis.

(Continues)
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TABLE 1 (Continued)

Reference Title

13 Dermatologic findings
in two patients
with COVID-19

14 Digitate
Papulosquamous
Eruption
Associated with
Severe Acute
Respiratory
Syndrome
Coronavirus2
Infection

15 Erythema
multiforme-
like eruption in
patients with
COVID-19
infection: clinical
and histological
findings

16 Cutaneous
manifestations
in COVID-19: a
first perspective.
Safety concerns
of clinical images
and skin biopsies

17 Coronavirus
(COVID-19)
infection-induced
chilblains: a
case report with
histopathological
findings

Case
characteristics

60-year-old
male

An elderly
patient

4 females

32-years-old
female

23-year-old
male

NAJAR NOBARI seT AL.

COVID-19 signs
and symptoms

Low-grade fever,
myalgia, fatigue
and a mild
cough

Fatigue, fever and
dyspnoea

NM

NM

Low-grade fever
and a dry cough

COVID-19
Lab tests PCR
NM Positive
NM Positive

Elevated CRPand D- NM
dimer, Decreased
lymphocyte
count

NM NM

All lab tests were Positive

normal

Cutaneous manifestations

Scattered erythematous
maculescoalescing into papules.
One week after recovery of
systemic symptoms, small round
purpuric macules were seen in
the formerly involved areas

Squamous and erythematous
papules and patches

Erythemato-violaceous patches with
a dusky centre, and a pseudo-
vesicle in the middle, palatal
macules and petechiae

Urticariform rash

Violaceous and infiltrated plaques
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Time of onset

the cutaneous
symptoms Time of

Cutaneous (Compared to New drugs during previous the lesion

symptoms Distribution other symptoms) 2 weeks resolution Skin biopsy

None Back, flanks, 3 days before NM NM Mild perivascular infiltrate of predominantly
groyne, mononuclear cells surrounding
lower the superficial blood vessels. The
extremities epidermis showed scattered foci of

hydropic changes along with minimal
acanthosis, slight spongiosis and foci of
parakeratosis.

NM Trunk and One day after NM 7 days Foci of spongiosis with focal parakeratosis
thighs, hospital in the epidermis and a few rounded
upper arms, admission spongiotic vesicles containing aggregates
shoulders of lymphocytes and Langerhans cells,

moderate lymphohistiocytic infiltrate
was present in the superficial dermis and
papillary dermal oedema.

NM Upper trunk, 19.5 days after Systemic corticosteroids 2-3 weeks Normal basket-weave stratum corneum, and
face, limbs, mild to moderate spongiosis in epidermis,
oral mucosa dilated vessels filled with neutrophils,

extravasation of red blood cells, and
lymphocytic perivascular and interstitial
infiltrate in the dermis. Basal vacuolar
changes with interface dermatitis and
lymphocytic exocytosis.

NM NM 6 days after the Hydroxychloroquine, 5 days Perivascular infiltrate of lymphocytes, some
onset of other azithromycin and oral eosinophils and upper dermal oedema
symptoms antihistamines

Painful Toes and lateral 3 days before NM NM Superficial and deep lichenoid, perivascular
feet and perieccrine infiltrate of lymphocytes

with occasional plasma cells, vacuolar
alteration along the basal layer of

the epidermis with scattered singly
necrotic (apoptotic) keratinocytes in the
superficial layers of the epidermis. The
basement membrane zone was smudged
with papillary dermal fibrin. The infiltrate
was dense and lichenoid in the papillary
and superficial reticular dermis, and

the deeper dermis had a tightly cuffed,
perivascular and perieccrine distribution.
Some nuclear debris was present, but no
neutrophils were identified. The venules
surrounded by the lymphoplasmacytic
infiltrate had plump endothelial cells.
Notably no intraluminal fibrin thrombi
were identified, and no fibrin was
identified within venule walls. Direct
immunofluorescence was negative.

(Continues)
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TABLE 1 (Continued)

Case COVID-19 signs COVID-19

Reference Title characteristics and symptoms Lab tests PCR Cutaneous manifestations

18 A late-onset 47-year-old Syncope Leukocytosis Positive Multiple, raised erythematous
widespread skin male wheals, alone or in cluster, some
rash in a previous of them with central purple
COVID-19 hyperpigmentation
infected
patient:viral or
multidrug effect?

19 Histologic features 16-year-old Dysgeusia and mild ~ Normal Positive Erythematooedematous, partially
of long-lasting boy diarrhoea eroded, macules and plaques
chilblain-like
lesionsin a
paediatric
COVID-19
patient

20 Novel outbreak of 74 patients, 42 Cough Fever NM NM Erythematous papules (76.4%),
acral lesions men and 32 Asthenia, Purpuric macules (40.54%),
in times of women myalgia Both (16.21%), Erosion (10.8%),
COVID-19: A Diarrhoea, Swelling (16.21%)
description of nausea,

74 cases from a vomiting

tertiary university Dyspnoea

hospital in Spain Anosmia,
ageusia

21 Petechial Skin Rash 48-year-old Fever, pleuritic Lymphopenia, Positive Confluent erythematous macules,
Associated with male chest pain and elevated level of papules and petechiae
Severe Acute shortness of CRP and D-dimer
Respiratory breath
Syndrome
Coronavirus 2
Infection

22 Acute urticaria 60-year-old Fever and dry Mild lymphopenia NM Urticarial eruption
with pyrexia female cough and increased
as the first liver enzymes
manifestations (SGOT, SGPT,
of a COVID-19 LDH, GGT three
infection times normal)

23 SARS-CoV-2 39-year-old High grade fever Normal Positive Erythematous and oedematous non-
infection male pruritic annular fixed plaques
presenting as a
febrile rash

24 Skin manifestations 68-year-old NM NM NM Morbiliform rash, purpura, ulcerated,
of COVID-19 male

purpuric plaque with retiform
livedoid borders
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Cutaneous
symptoms

Pruritus

Asymptomatic

Pruritus
(32.4%)
Pain (27%)

Pruritus

NM

None

NM

Distribution

Head, trunk and
upper arms

Dorsal aspects
of the finger
and toe

Hands and Feet

Buttocks,
popliteal
fossae,
proximal
thighs,
abdomen

Anterior and
posterior
trunk

NM

Trunk, acral,
buttocks

Time of onset
the cutaneous
symptoms
(Compared to
other symptoms)

4 days after
hospitalization

20 days before

NM

3 days after

5 days after

Concomitant with
fever

NM

Time of
New drugs during previous the lesion
2 weeks resolution
Ceftriaxone, lopinavir/ 7 days

ritonavir,hydroxychloroquine,
enoxaparin, intravenous
steroid and antihistamine

agent
NM Several weeks
after
the first
symptoms
NM NM
Hydroxychloroquine, lopinavir- 5 days
ritonavir and azithromycin,
loratadine and topical steroid
None NM
Hydroxychloroquine One week
after
symptoms
NM NM
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Skin biopsy

Orthokeratotic hyperkeratosis, spongiosis,
focal vacuolar degeneration of basal
keratinocytes and focal lymphocytic
exocytosis. Slight inflammatory
lymphomorphonuclear infiltrate
of superficial dermis with minimal
perivascular neutrophilic component
was observed, with occasional aspects of
vessel wall damage.

Oedema of the papillary dermis, superficial
and deep lymphocytic infiltrate in a
perivascular and strong perieccrine
pattern; no signs of endothelial damage.

Lymphocytic perivascular and perieccrine
infiltrate with no vascular occlusion
or intravascular thrombi. Direct
immunofluorescence study was negative.

Superficial perivascular lymphocytic infiltrate
with abundant red cell extravasation and
focal papillary oedema, along with focal
parakeratosis and isolated dyskeratotic
cells. No features of thrombotic
vasculopathy

Slight vacuolar-type interface dermatitis
with occasional necrotic keratinocytes.
No eosinophils were encountered. These
histological alterations were compatible
with an erythema multiforme-like pattern

Superficial perivascular infiltrate of
lymphocytes without eosinophils,
papillary dermal oedema, subtle
epidermal spongiosis, mild lymphocyte
exocytosis, lichenoid and vacuolar
interface dermatitis with occasional
dyskeratotic keratinocytes in the basal
layer, no virally induced cytopathic
alterations or intranuclear inclusions,
negative DIF

Groups of apoptotic keratinocytes in the
epidermis, suggestive of a viral exanthem
and thrombotic vasculopathy

(Continues)
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TABLE 1 (Continued)

Case COVID-19 signs COVID-19
Reference Title characteristics and symptoms Lab tests PCR Cutaneous manifestations
25 Cutaneous small- 83-year-old Sore throat, malaise  Elevated level of PCR was Purple palpable papules and
vessel vasculitis female and nausea one CRP, and LDH negative serohaematic blisters
secondary to month ago but
COVID-19 serological
infection: A case qualitative
report rapid
testing for
SARS-
COV-2
was
positive
for IgM
and IgG
antibodies
26 Thrombotic occlusive  61-year-old Severe bilateral Increased fibrinogen  Negative Livedoid purplish retiform and
vasculopathy in male pneumonia and D-dimer roundish patches and purple
skin biopsy from complicated levels and ischaemic sites
a livedoid lesion with diabetic leucopenia
of a COVID-19 ketoacidosis
patient
27 Unique skin 52-year-old Fever, cough, chills,  High white blood Positive Well-demarcated infiltrated
manifestations female fatigue, and cell count with erythema lesions and erosions
of COVID-19: shortness of lymphocytopenia
Is drug eruption breath and increased
specific to neutrophils,
COVID-19? high C-reactive
protein, and
normal LDH
28 Clinical and 24 patients, 6 10 patients (41.7%) NM Positive Diffuse (n = 18)small papules,
histological men and 18 vesicles and pustules, with
characterization women varying sizes, Although clustered
of vesicular at some points
COVID-19 rashes:
A prospective
study in a tertiary
care hospital
Localized (n = 6) monomorphic
vesicles and pustules
29 Histological patternin  67-year-old Progressive NM Positive Erythematous confluent rash, with
Covid-19 induced female dyspnoea and undefined margins, bleaching

viral rash fever
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Cutaneous
symptoms

NM

NM

Pruritus

NM

NM

Pruritus

Distribution

Lower legs, feet
and toes

Fingertips and in
both, volar
and dorsal
areas of both
feet and
hands

Trunk, limbs
and oral
mucosa (lips
and buccal
mucosa)

Head, trunk,
arm, leg,
palms/soles

Trunk

Neck, trunk,
back, and
proximal
portions of

upper and lower
limbs

Time of onset
the cutaneous
symptoms
(Compared to
other symptoms)

5 days before

Same time

2 days after

11.1% before,
16.6% same
time, 72.2%
13 day after

13-14 day after

30 days after

New drugs during previous
2 weeks

Prednisone

Low molecular weight heparin

Cefcapene pivoxil hydrochloride
hydrate, loxoprofen
sodium hydrate, oral
prednisolone, ampicillin/
sulbactam,clarithromycin,
levofloxacin

Lopinavir/ritonavir (n = 5),
hydroxychloroquine (n = 6),
and azithromycin (n = 2) (for
all patients)

NM

Hydroxychloroquine,
omeprazole, piperacillin/
tazobactam, remdesevir and
enoxaparine
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Time of
the lesion

resolution Skin biopsy

10 days later Leukocytoclastic vasculitis (LCV) affecting
dermal vessels, accompanied by
extravasation of red cells, basal epidermal
layer necrosis, dermal perivascular
neutrophil infiltration and fibrin

deposition.

17 days dilated blood vessels In the papillary
dermis, most of them filled with hyaline
thrombi and few with a mild neutrophilic
component surrounding them. In some
areas, larger arterial vessels located in the
dermohypodermal interface showed focal
fibrinoid necrosis surrounded by a scarce
neutrophilic infiltrate. Orcein staining
demonstrated that the larger vessel was
an artery. Sweat gland necrosis, secretory
portion of the eccrine sweat coil, with
preserved eccrine ducts.

NM First biopsy before hospital admission:
slight liquefaction with perivascular
and periadnexal mixed cell infiltrations
from the papillary dermis to the
deep subcutaneous tissue. Deep
lymphocytic infiltrations are not typical
for drug eruptions, second biopsy
after admission:interface changes with
liquefaction and perivascular mixed cell
infiltrations including histiocytes and
neutrophils in the papillary dermis

NM Intraepidermal vesicle containing scattered
multinucleated and ballooned
keratinocytes, with mild acantholysis.
A deeper section of the vesicle reveals
more extensive damage, with epidermal
detachment and confluent keratinocyte
necrosis. The vesicle contains fibrinoid
material with acute inflammation.

NM NM

NM Slight superficial perivascular lymphocytic
infiltrate, extremely dilated vessel in the
papillary and middermis.

(Continues)
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TABLE 1 (Continued)

Case COVID-19 signs

Reference Title characteristics and symptoms
30 Acute Generalized 70-year-old Pneumonia

Exanthematous female

Pustulosis

with Erythema

Multiforme-

Like lesions in

a CoVvID-19

woman
31 Drug-induced 57-year-old Nonproductive

vasculitis in a female cough and

patient with intermittent

COVID-19

CRP, C-reactive protein; NM, Not mentioned.

skin biopsies and nonspecific viral infection patterns, did not de-

scribe microscopic histopathologic features.

8 | STUDY CHARACTERISTICS

Details of the 459 patients presented in “Table 1” include their
clinical presentation of mucocutaneous involvements and other
COVID-19-related signs and symptoms and the histopathologic
features of their biopsies.!?232427.30-56 Of the 459 patients in
this study, 215 were male, 221 were female and 23 genders were
not reported. Patients’ age ranged from two to 100 years old. In
a 69-year-old woman of “A clinicopathological study of eight pa-
tients with COVID-19 pneumonia and a late-onset exanthema,”
Coalescent erythematous maculopapules, pustules, desquamation
were recorded 33 days after other symptoms, and in the case of
“Chilblains in children in the setting of COVID-19 pandemic,” skin
symptoms were recorded 28 days before other symptoms. These
two cases are the fastest and latest skin symptoms in the 459

cases studied in this systematic review.

9 | RISK OF BIAS AND APPLICABILITY

The study mostly had a high/unclear risk of bias in each domain. In
the selection section, most case report studies that include in the
systematic review have few cases, and it does not provide scoring
capability in this section. But on the other hand, in the report sec-
tion, the vast majority of studies had good results. And they got a
good score.

In general, the risk of bias of articles was generally unclear.
So, more research and article in this field will help to have better

conclusions.

COVID-19

Lab tests PCR Cutaneous manifestations

NM NM Eruption on an erythematous-
oedematous base, with scattered
pinhead-sized pustules and
scales, targetoid lesions studded
with small pustules.

Elevated D-dimer Positive Pink tored maculopapular

level exanthema

10 | RESULTS OF INDIVIDUAL STUDIES
Based on studies, atypical features were reported in the histo-
pathologic examinations of the patients with morbilliform or ex-
anthematous rashes.’” The histopathological similarity between
viral and drug-induced exanthems lies in observing superficial
vacuolar interface lichenoid dermatitis and superficial perivascu-
lar lymphocyte-rich infiltrates without epidermal changes except
for mild spongiosis in both cases. Although dyskeratosis is more in
favour of the drugs, it was reported in COVID-19 induced morbil-
liform eruption.’” Morbilliform eruption in COVID-19 patients with
ballooning multinucleated cells and dyskeratotic cells can therefore
mimic eczema herpeticum or Grover's disease.?’ Purpuric maculo-
papular and vesicular rashes also suggest spongiotic dermatitis and
dense perivascular lymphoeosinophilic infiltrates, swollen blood
vessels, RBC extravasation, exocytosis in inflammatory cells and
a large nest of Langerhans cells.?” Moreover, lymphocytic cuffs
around blood vessels and lymphocytic vasculitis were reported in
papular erythematous exanthema.?’ In addition, histopathologic
examinations revealed intravascular microthrombosis and superfi-
cial perivascular spongiotic dermatitis with intraepidermal nests of
Langerhans cells in severe macular haemorrhagic eruptions.?” The
virus interactions with immune-induced histopathologic changes
can therefore cause these cytopathic effects and create unique
features in skin biopsies.

The findings obtained from the skin biopsies are as follows:

e Similar histopathologic findings, including maculopapular, pur-
puric, urticarial and Gianotti-like exanthems, as lymphocytic
perivascular and eosinophilic infiltrates and papillary dermal
oedema.’®

e Pauci-inflammatory thrombotic vasculopathy with extensive

epidermal and adnexal necrolysis, for example, eccrine gland
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Time of onset
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the cutaneous
symptoms Time of
Cutaneous (Compared to New drugs during previous the lesion
symptoms Distribution other symptoms) 2 weeks resolution Skin biopsy
NM Face, trunk and 3 days after Lopinavir/ritonavir and NM Subcorneal pustule with mild focal
upper limbs, hydroxychloroquine, oral acanthosis and spongiosis, neutrophilic
buttocks, prednisone exocytosis, sparse keratinocyte necrosis,
thighs and and a perivascular lymphocytic infiltrate
legs with rare neutrophils and eosinophils,
consistent with AGEP
Pruritic and Trunk and 2 days before Amoxicillin, ibuprofen and 9 days Vasculitis
painful extremities metamizole, intravenous

bolus of prednisolone,

antihistamines

coils, significant interstitial and perivascular neutrophilic and
leukocytoclastic (secondary vasculitis) and purpuric lesions were
observed in patients with severe COVID-19 using immunohisto-
chemical staining resulting in C5b-9 deposition in the microvas-
culature. Alternative, lectin and MBL-associated serine protease
pathways were therefore recommended for complement acti-
vation, and narsoplimab and eculizumab can be beneficial in the
patients.'?

e Livedoid and necrotic lesions suggested histopathologic alter-
ations such as ketoacidotic coma bullae with necrosis of eccrine
sweat glands or eccrine coil sparing the duct, extensive thrombo-
sis and fibrinoid necrosis.>!

e Superficial perivascular lymphocytic infiltrates with frequent RBC
extravasation, papillary dermal oedema, focal parakeratosis and
scattered dyskeratotic cells and no evidence of thrombotic vascu-
lopathy were observed in petechiae.?*

e Pernio/chilblain-like rashes suggested superficial and deep li-
chenoid and perivascular infiltrates and perieccrine lymphocytic
involvements with few plasma cells and scattered single kera-
tinocytes without thrombotic vasculopathy and papillary der-
mal oedema.>! Marked papillary dermal oedema was observed
in COVID-19 patients with chilblains in contrast to those with
chilblain-like lesions 64. The result of the direct immunofluores-
cence test was also negative in these lesions.”’

e Papulosquamous eruption is associated with diffuse mild epider-
mal spongiosis and spongiotic vesicles; aggregation of lympho-
cytes and Langerhans cells, mild papillary dermal oedema with
dermal lymphohistiocytic infiltrates.?®

It is thoroughly recommended that further studies be con-
ducted using the coagulation profiles of retiform purpura, cy-
anosis, skin bullae, livedoid vasculopathy and necrotic skin

ulceration. 5157

In autopsies, usually inflammatory immune-mediated or iatro-
genic histologic findings are more prominent than viral cytopathic
effects and to somehow comparable with skin biopsies that are the
confirmatory data regarding focussing more on the immunomodula-
tory strategies for disease control.®%¢!

11 | DISCUSSION

The multi-organ manifestations of COVID-19 include skin in-
volvements as a major one, which is caused by inflammation
and vascular damage in most cases. Research suggests skin le-

sions are mainly caused by viraemial:%827:57

44,56,62-64

and drug-associated
reactions, and the occurrence, severity and type of skin
lesions are not significantly related to the symptoms, severity and
course of COVID-19. They can, however, reflect events in the
invisible parts of the body and constitute a diagnostic and pre-
dictive tool for previous, concomitant and future consequences,
which were discussed in this systematic review. In case of emer-
gence of skin lesions without routine clinical symptoms such as
fever and cough, the diagnosis can only be performed based on a
positive PCR test or a history of contact with suspected/infected
individuals. Furthermore, skin manifestations may occur several
weeks after the improvement of clinical symptoms. Skin biopsies
should be therefore performed in suspected patients with mu-
cocutaneous manifestations to rule out improbable causes.'’
COVID-related specific comorbidities especially its mucocutane-
ous manifestations and major dermatologic considerations are
of among most important hot topics in pandemic area and in the

field of dermatology,‘ss'68

in our best knowledge although up to
our search finished there were few systematic reviews about
dermatology and COVID-19 but not any relapsed systematic re-

view in the field of dermatopathology and COVID-19, existed.®” 7>
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Laboratory tests showed lymphopenia and elevated CRP and
D-dimer levels to be the most frequent findings in the patients.
The other laboratory findings in peripheral blood counts included
leukocytosis, eosinophilia and thrombocytopenia. Slight increases
were also observed in liver enzymes and blood fibrinogen levels
in some patients, while laboratory findings were normal or unre-
ported in a small group of patients. Moreover, most patients were
positive for PCR and only a few were negative.

The most common skin manifestations in the COVID-19 pa-
tients, though highly varying, included maculopapular lesions,
persistent erythematous plaques and erythematous patches with
indistinct margins. Maculopapular lesions and erythematous or
purple plaques were reported in the urethra, especially in children
and adolescents, sometimes with blood blisters or swollen fingers.
Chilblains and dyshidrosis were also reported in the urethra, and
thyroid nodules were targeted in children. The other skin findings
included morbilliform rashes, livedo reticularis and urticarial, and
the skin lesions were associated with burning, itching and pain in
some cases.

The skin lesions mostly lay on the upper extremity and end and
acral areas, respectively. Generalized involvement of the body, head,
face and buttocks was also observed in these patients.

Although the skin lesions mostly emerged several days to one
month after the onset of COVID-19, their emergence coincided
with the onset of COVID-19 in a small number of patients and pre-
ceded it by a few days/months in some others (a few weeks on
average).

After the onset of COVID-19 or skin symptoms, the patients
were treated with medications such as antihistamines, painkillers,
antibiotics, hydroxychloroquine and other antiviral drugs.

Despite the self-healing of most of the skin lesions within
2-3 weeks, they persisted in a small number of patients until later
in follow-up periods.

The most frequent histopathological findings included dense
perivascular and interstitial neutrophilic infiltrates with the mod-
erate presence of eosinophils, subcorneal pustules, spongiosis,
papillary dermal oedema, focal vacuolar degeneration of the basal
layer, necrotic keratinocytes, fibrin thrombi, vasculitis and RBC
extravasation.

No relationships were observed among the time of onset of
symptoms, the severity of symptoms, laboratory findings and his-
topathological findings in the patients. The pathological findings in
the patients with mild clinical manifestations resembled those in
the patients with severe skin involvements. It is noteworthy at the
time of skin lesions and pathological findings that histological find-
ings in early biopsies at the time of skin lesions show more evidence
of spongiosis, nonspecific infiltration around the dermal arteries or
subcorneal posture if in prolonged biopsies show more evidence of
lichenoid changes associated with vasculitis or vasculopathy. The
histopathological findings were not associated with laboratory dis-
orders and deterioration of clinical conditions in the patients. Paying
attention to the emergence of unjustified skin lesions during the
COVID-19 pandemic is crucial given the occurrence of skin lesions

before the onset of other symptoms of COVID-19 in a large number
of patients.

The authors of this study in overall focussed on the disease path-
omechanism, the effects of multi-potential drugs on COVID-19* and
COVID-related specific comorbidities especially its mucocutaneous
manifestations and significant dermatologic considerations in the
pandemic area.®® %8 In conclusion, the visible skin rashes which about
20% of COVID-19 patients may break out before, during or after their
infection are feasible to approach. Gaining more knowledge about the
symptoms and the associated pathomechanisms can help increase
the survival rate in the patients. Differentiating viraemia from med-
ications as the potential causes of cutaneous manifestations is cru-
cial in managing the patients. Skin lesions can occur from before the
onset of the disease to three weeks after. The results of the present
review, which was performed to use cutaneous histopathologic find-
ings as predictors of the nature of comorbid systemic involvements
and COVID-19 outcomes, are summarized as follows:

e Fever, cough and respiratory symptoms constituted the most
frequent clinical manifestations in the COVID patients with skin
rashes.

e Laboratory tests showed lymphopenia and elevated CRP and D-
dimer levels to be the most frequent findings in the patients.

e The most common skin manifestations in the patients included
maculopapular lesions, persistent erythematous plaques and
erythematous patches with indistinct margins. The skin lesions
mostly lay on the upper extremity and end and acral areas,
respectively.

e The lesions emerged in most of the patients several days to one
month after the onset of COVID-19 symptoms.

e The medications used for treating the skin lesions mainly included
antihistamines, painkillers, antibiotics, hydroxychloroquine and
other antiviral drugs, and their majority healed within 2-3 weeks.

e The most frequent histopathological findings included dense perivas-
cular and interstitial neutrophilic infiltrates with moderate presence
of eosinophils, subcorneal pustules, spongiosis, papillary dermal oe-
dema, focal vacuolar degeneration of the basal layer, necrotic kerati-

nocytes, fibrin thrombi, vasculitis and RBC extravasation.

No relationships were observed among the time of onset of
symptoms, severity of symptoms, laboratory findings and histo-
pathological findings, and deterioration of clinical condition and lab-
oratory tests were not associated with the histopathological findings
in the patients. It is recommended that meta-analyses be conducted
in the future to clarify these data for having more comprehensive
and better conclusion.

Skin biopsy in the cutaneous manifestations of COVID-19 was
found essential for investigating their causes and different dimen-
sions of COVID-19. It is recommended that infection of patients with
acute cutaneous manifestations with COVID-19 be investigated in
areas affected by the pandemic.

In this review, we had several limitations. One of the limitations

of this study is just the inclusion of English studies in it, and the
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reviews exclusively based on English-language reports are at higher
risk of bias. The second limitation of this study is the limitation of
numbers of previous studies. For a better conclusion, it is better to

publish more researches in this field.
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