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Abstract

As a respiratory viral infection caused by a novel coronavirus, COVID-19 became

rapidly pandemic within a few months. Despite the wide range of manifestations and

organ involvement in COVID-19 patients, the exact pathogenesis of severe and fatal

types of COVID-19 and causes involved with the individual base of the disease is not

yet understood. Several studies have reported clinical, laboratory, and histopathologi-

cal data in favor of vascular injury in multiple organs of critically ill patients with

COVID-19 as a result of hyperactive immune response, inflammation, and cytokine

storm. Also, both clinical and histopathological evidence points to such vascular

involvements in the skin. Given the ease of clinical examinations and skin biopsy and

the lower risks of transmission of COVID-19 to healthcare workers, the present

review article was conducted to investigate the vascular skin manifestations of

COVID-19 patients clinically and/or histopathologically as helpful clues for better

understanding the pathogenesis and predicting the prognosis of the disease, espe-

cially in severe cases.
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1 | INTRODUCTION

COVID-19 is a newly discovered contagious disease caused by severe

acute respiratory syndrome coronavirus 2 (SARS-COV-2). In the late

2019, the disease was first reported in China as a new viral pneumo-

nia with acute respiratory distress syndrome-like (ARDS-like) changes

in the lungs. Information about this disease has been gradually

increasing. Recently, the studies show that other organs and systems

are involved with it, including the kidney, heart, gastrointestinal tract,

blood vessels, skin, and nervous system.1

COVID-19 disease has wide range of presentations, from the

common cold to severe respiratory involvement. Given the involve-

ment of many organs in this disease, and the effect of underlying

diseases such as hypertension and diabetes as risk factors for the

severe type of the disease, other mechanisms, such as different host

immune responses and genetic factors, may be involved in the patho-

genesis and severity of the disease in addition to the direct effect of

the virus.1–3

Histopathological studies of involved organs are one of the useful

ways for understanding the underlying mechanisms and therapeutic

approaches to a new unknown disease.

The skin can provide a window into internal changes of the body

and mechanisms that are not readily visible. In many diseases, skin

involvements are mutually related to systemic diseases; for instance,

chronic inflammatory skin diseases such as psoriasis and lichen planus

can increase the risk of metabolic syndrome and atherosclerosis.4,5

Certain skin manifestations can suggest internal organ involvements

and underlying systemic diseases such as neutrophilic dermatoses and
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autoimmune bullous diseases as markers for underlying malignancies,

drugs, and collagen vascular diseases.6,7 Moreover, cutaneous vascular

lesions such as vasculitis or vasculopathic reaction may be seen

because of the infections, drugs, rheumatologic disorders, genetic pre-

disposition, coagulopathies, or internal malignancies. 8,9 The majority

of these conditions can be diagnosed by examining or the skin sam-

pling of cutaneous lesions.

Given the high transmission rate of COVID-19 as a global pan-

demic and its high prevalence among healthcare workers, heavy bur-

den in most of the affected communities10 and unclear mechanism of

the death, biopsy, autopsy, and examination of the internal involved

organs, such as the lungs, kidneys, and heart, are both difficult and

helpful in identifying the pathogenesis and mechanism of mortality of

the disease. Given the accessibility of skin lesions and the simplicity

of their examination, collecting biopsy specimens from these lesions

and carefully examining them can provide valuable information about

the pathogenesis, severity mechanisms, prognosis, and even therapeu-

tic protocols of this new disease with lower risks.

However, in the COVID-19 era, it is valuable to know the possible

cutaneous changes caused by SARS-COV-2, either specific or non-

specific, because of the particular position of the skin as the most visi-

ble organ. It can be crucial from several standpoints.

Some non-specific skin lesions, such as maculopapular exan-

thema or urticaria in asymptomatic patients or in patients with mild

flu-like symptoms in COVID-19 time, may occur because of a mild

SARS-COV-2 infection and, if left unknown, may cause further

transmission.

On another note, although the exact association of severe cuta-

neous vascular lesions and disease severity is not clear in COVID-19

patients, the onset of cutaneous vascular lesions in COVID-19

patients, especially older patients or those with underlying diseases

and potential risk factors, may portend poor prognosis requiring fur-

ther attention and more aggressive treatment approaches with a focus

on vascular complications.

In this review, we examine the clinical and histopathological

changes associated with cutaneous manifestations of COVID-19 with

vascular components reported in the literature so far. Also, we discuss

the possible mechanisms of these findings by evaluating evidence of

vascular involvements in organs other than the skin in COVID-19 and

infection-associated cutaneous vascular involvement.

2 | MATERIALS AND METHODS

The present review study was carried out by searching databases,

including PubMed, Scopus, Google Scholar, Web of Science, and

Medline, for relevant evidence using keywords such as SARS-COV-2,

COVID-19, coronavirus-related vascular injury, vasculitis,

vasculopathy, coagulopathy, ischemia, necrosis, cutaneous manifesta-

tion, inflammation, and histopathological changes. Case reports, case

series, and original and review articles about the histopathological or

clinical assessment of the cutaneous manifestations of COVID-19

with vascular components were included.

3 | DISCUSSION

3.1 | Cutaneous manifestations of COVID-19
reflecting vascular injury

Different types of cutaneous manifestations of COVID-19 have been

reported so far. These manifestations can be classified into pseudo-

chilblain lesions, vesicular lesions, urticarial lesions, maculopapules,

and livedo/necrosis. The association between different types of cuta-

neous involvement and the severity of COVID-19 and the importance

of them has not been clearly defined in studies.

Iran was one of the first countries affected by the COVID-19 pan-

demic. Mucocutaneous manifestations observed in definite and

suspected cases of COVID-19 included papular or generalized urti-

caria, morbilliform rashes, petechiae, lesions resembling cherry angio-

mas, periorbital edema, conjunctivitis, strawberry tongue, painful

swelling with erythema inthedistal upper extremities, such as Kawa-

saki disease, painful tongue ulcers and abrupt onset of small pruritic

papulovesicular lesions progressing to purpura and healing within 4 to

5 days.

Here, we discuss some studies that have carried out clinical and

pathological evaluations of cutaneous vascular manifestations in

COVID-19 patients. More studies have been listed in Table 1.

The first report of skin manifestations associated with COVID-19

was published by Recalcati et al in Italy, included severe urticaria,

chickenpox-like vesicles, and erythematous rashes, mainly involving

the trunk, was documented in 20.4% of the 88 COVID-19 patients

examined. They also found cutaneous lesions not to be correlated

with the disease severity.11

The other skin manifestations reported so far include petechiae,

pernio-like lesions, dengue-like lesions, that is, petechial lesions with

thrombocytopenia as a presenting sign and livedoid vascular eruption

with hematuria. 12,13

Mazzotta et al reported the case of a 13-year-old boy suspected

of COVID-19 with erythematous-violaceous lesions in the plantar sur-

face of his toes that changed to purpuric and bullous lesions and

finally healed within 2 weeks. They described these cutaneous symp-

toms as acute transient self-healing acro-ischemic lesions because of

their benign course.14

Zhang et al reported seven critical COVID-19 patients with acro-

ischemia that emerged as acrocyanosis and bullae and progressed to

dry gangrene. They reported high D-dimer levels in all the patients and

prolonged prothrombin time in four of them. According to the findings

of this study, these types of cutaneous manifestations suggest

hypercoagulopathy-related mechanisms at least in severe cases of

COVID-19.15

In an original study on 375 COVID-19 cases, Casas et al reported

five major patterns for COVID-19 skin manifestations, two of which

had vascular features, including pseudo-chilblain lesions, with a 19%

prevalence and more common in younger patients, and livedoid/

necrotic lesions, with a 6% prevalence and more common in older

adults. About the association of these lesions with the severity of the

disease, pseudo-chilblain lesions were associated with a milder course
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TABLE 1 Studies on cutaneous vascular manifestations of COVID-19

Reference Skin findings with vascular features Pathological finding of vascular injury Lab

Original articles

57 Livedoid lesions, perniosis, chilblain

erythema, maculohemorrhagic rash

Vasodilation, endothelial swelling,

perivascular infiltration of lymphocytes

and eosinophils, microthrombosis,

severe vascular damage, RBC

extravasation

—

16 19% showed pseudo-chilblain, 6% showed

livedo/necrosis

— —

58 Chilblain of the toes (more common) and

fingers with mild pain and pruritus, all

patients had good prognosis without

any complications.

Skin biopsy was performed in six patients.

The findings include perivascular and

perieccrine lymphocytic infiltration with

vasculopathy changes, dermal edema,

RBC extravasation and thrombosis

limited to the papillary dermis.

Chemistry and coagulation tests were

normal, only elevated D-dimer in one

patient without any complication. RT-

PCR was positive only in one case.

59 Swelling and edema of the toes,

erythemato-violaceous macules and

purpuric lesions, in videocapillaroscopy:

pericapillaryoedema, abnormal shape

and dimension, microhemorrhages and

capillary dilation

Dermal edema, RBC extravasation,

superficial, and deep perivascular and

perieccrine lymphocytic infiltration,

endothelial swelling, fibrin thrombus,

granular deposition of c3 in the vessel

wall in DIF study

Negative RT-PCR test, negative IgG

antibody against the nucleocapsid

protein of SARS-CoV-2 but positive for

antibody against S1 spike protein of

virus in some patients, other blood test

were normal

60 Pernio-like lesions (18%), retiform purpura

(6.4%).

Patients with penio had better prognosis

than patients with retiform purpura.

— —

15 Acro-ischemia that presented as acral

cyanosis, skin bulla, and progression to

dry gangrene

— High D-dimer, fibrinogen and FDP in all

cases, prolonged PT and DIC in four

cases. D-dimer and FDP levels

progressively elevated consistent with

COVID-2019 exacerbation.

Review articles

61 Petechial lesions, retiform purpura,

livedoid lesions, acro-ischemia, chilblain-

like lesions, urticarial vasculitis,

Kawasaki-like lesions

Superficial and deep perivascular

infiltration of lymphocytes, endothelial

swelling, fibrinoid necrosis, vascular

thrombosis, leukocytoclastic vasculitis,

RBC extravasation

—

62 The most commonly reported skin finding

was chilblain-like lesions (400, 40.1%),

followed by maculopapular lesions (230,

23.1%), vesicular lesions (101, 10.1%),

urticarial lesions (87, 21.8%), livedoid/

necrotic lesions (23, 2.3%), and other/

non-descript rashes/skin lesions (197,

19.8%). Pain/burning was reported in at

least 96cases, and itch was reported in

at least 268 cases.

— —

63 Erythematous, urticarial, and vesicular

(chicken pox-like or varicelliform), Pete-

chiae rash, livedo reticularis, reactivation

of oral herpes simplex virus type 1

(HSV-1), vascular lesions and peculiar

(perniosis-like) skin lesions

— —

64 Vascular complications including acro-

ischemia, livedo-like necrosis, chilblain-

like eruptions

Histopathological investigations in three

patients who died from COVID-19

revealed hyaline thrombi in microvessels

of skin.

—

Case series

65 Chilblain-like acral lesion —

(Continues)
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TABLE 1 (Continued)

Reference Skin findings with vascular features Pathological finding of vascular injury Lab

Necrotic keratinocytes, dermal edema,

perivascular and perieccrine lymphocytic

infiltration, endothelialitis,

microthromboses, fibrin deposition,

immunoreactant deposits on vessels

66 Chilblain acral lesions RBC extravasation, dermal edema,

lymphocytic vasculitis, fibrinoid necrosis,

microthrombosis, superficial and deep

perivascular and perieccrine infiltration

of lymphocytes with extension to

subcutis tissue, SARS-COV2 spike

protein in the endothelial cells of vessels

and epithelial cells of eccrine glands

Normal CBC, normal coagulation test,

minimally elevated D-dimer in one

patient

67 Petechial and purpuric lesions (7.7%),

necrosis (7.7%), pernio (1.9%). Skin

manifestations were most commonly

seen in elder patients (>55 y) with

comorbidities.

— —

68 Pernio-like lesions in 318 (63%) of

patients, 9.2% with associated

acrocyanosis

Perivascular lymphocytic infiltration

without vasculitis in five patients, small

vessel lymphocytic vasculitis without

microthrombosis in one patient,

lymphocytic vasculitis with thrombosis

in one patient

—

Case reports

69 Transient livedo reticularis several days

after onset of COVID-19

Not reported but they proposed

microthrombosis as etiology of vascular

cutaneous presentation of COVID-19

—

70 Fever, respiratory distress and skin

mottling (like sepsis induced cutaneous

changes) in a newborn patient from the

symptomatic mother

— O2 sat: 93%

CBC-NL

17 Cutaneous features consistent with vaso-

occlusive or vasculopathicethiology,

including retiform purpura with obvious

inflammation, bulla formation and

necrosis, chilblain-like lesions in the

acral sites or livedoid rash on the

extremities in three cases

Histopathologic studies of the lung and

skin of these patients indicated a

microvascular injury with thrombosis

and complement deposition in the

vessel walls. Co-localization of SARS-

CoV2-specific spike glycoproteins with

complement components in the lung

and skin was also documented.

Mild thrombocytopenia (in two cases),

high D-dimer level (in three of five cases)

14 Erythematous-violaceous lesions on the

toes of a child with pruritus and burning,

progressing to purpuric lesions with

necrotic crust within a few days

— —

Letter to Editor

71 Maculopapular exanthems were the most

frequent manifestation observed (10).

Pseudo-chilblain (9), palpable purpura (4),

and livedo reticularis (1)

Endothelial swelling, perivascular and

periadnexal lymphocytic sometime

neutrophilic infiltration, thrombosis

—

72 Retiform purpura with hemorrhagic blister

and crust on the lower extremities, PTE

during hospitalization

Thrombosis, deposition of IgM, C3, C9,

and fibrinogen in the vessel wall

Elevated serum level of D-dimer and acute

phase reactant, leukopenia and after

PTE, thrombocytopenia

73 Acro-ischemia: purpuric lesions,

hemorrhagic bullae and necrosis in the

acrals

Small vessel vasculitis, RBC extravasation

and neutrophil infiltration

Elevated CRP and D-dimer level,

leukocytosis with neutrophilia and

lymphocytopenia, Plt and coagulation

test were normal.

12 — —
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of COVID-19, and livedo/necrotic lesions with the severe form of the

disease (10% mortality rate in the latter group).16

The histopathologic and laboratory findings obtained by Magro

et al in five patients with severe COVID-19 were characterized by

respiratory failure. In three of them, cutaneous features were con-

sistent with vaso-occlusion or vasculopathy, including retiform pur-

pura with an obvious inflammation, bulla formation and necrosis,

chilblain-like lesions in the acral sites and livedoid rash on the

extremities with markedly elevated D-dimer levels. The histopathol-

ogy of the lung and skin showed microvascular injuries with throm-

bosis and complement deposition in the vessel walls in these

patients. The co-localization of SARS-COV-2-specific spike glycopro-

teins with complement components was also documented in the

lung and skin. The authors therefore hypothesized that a genera-

lized complement-mediated thrombotic microvascular injury syn-

drome had developed at least in the severe cases of COVID-19.

They supported this hypothesis by reporting an increase in the dead

space and the lack of response to the increase in pulmonary compli-

ance in the patients with pulmonary involvement of COVID-19,

which was not justified by ARDS alone.17

According to the studies mentioned above or shown in Table 1,

we can categorize cutaneous vascular lesions into two main groups,

including transient mild lesions and severe major lesions. Most of the

lesions in the first group, such as pseudo-chilblain and some types of

livedo reticularis, are mild in COVID-19 patients and not associated

with systemic hematological disorders or may be because of transient

non-specific mechanisms, but lesions in the second group, such as

necrotic lesions, hemorrhagic bullae, and gangrene, are rare and may

be an indicator of systemic coagulopathic complications related to

infections or a hyperactive immune system.

3.2 | Mechanisms of cutaneous involvement in
viral infections

The wide range of causes and underlying mechanisms of the skin

involvement in viral infections can be categorized into three

groups 18,19:

1. Virus directly affecting the skin, for example, in papulovesicular or

ulcerative lesions in human herpesviruses (HHV), poxvirus and

parapoxvirus, measles, rubella, and verrucous lesions in human

papillomavirus (HPV).

2. The host immune responses to the virus causing manifestations:

Given the differences in immunological responses between different

individuals and the effect of genetics on response type, these

manifestations are not necessarily visible in all the individuals

involved. The range of potential cutaneous manifestations include

urticaria, erythema multiforme, erythema nodosum, Gianotti-

Crosti syndrome, non-specific morbilliform eruptions, vasculitis,

serum sickness-like reaction, Kawasaki disease, necrolyticacral ery-

thema, non-specific cutaneous manifestations of viral hemorrhagic

fever, Pityriasisrosea, erythema annulare centrifugum, erosive

lichen planus, and acute generalized exanthematous pustulosis.

3. Tumor proliferation caused or triggered by viruses such as Kaposi

sarcoma because of HHV8, squamous cell carcinoma because of

HPV and lympho-proliferative disorders because of the Epstein-

Barr virus.

SARS-COV-2 enters and infects the host cells through the recep-

tors of angiotensin-converting enzyme 2 (ACE2), which is expressed

in different body organs in humans, including the lung, heart, brain,

skeletal muscles, kidney, intestine, smooth muscles, and endothelial

cells.20–22 The dysfunction of ACE2 as a protective negative regulator

of cardiovascular function in the renin-angiotensin system caused by

intrinsic factors, such as genetic polymorphism, or extrinsic factors,

such as infections, can cause vascular complications, including hyper-

tension and thrombotic events.23–25

Research suggests that the cutaneous involvements discussed in

SARS-COV-2 infections have been observed in only about 25% of the

patients. Some of these involvements are also common in other respi-

ratory infections, such as urticaria, erythema multiforme, pityriasis

rosea, and morbilliform eruptions.11 Non-invasive immune reactions

to infections in vulnerable patients normally cause these non-specific

and non-alarming lesions.

However, some other skin lesions, especially in people with more

severe disease, can indicate a systemic and significant underlying

TABLE 1 (Continued)

Reference Skin findings with vascular features Pathological finding of vascular injury Lab

Petechial skin rash in one COVID-19

patient mimicking other viral infections

like dengue

Key findings:

• Cutaneous lesions with a vascular component including chilblain-like lesions, retiform purpura, petechia, livedoreticularis, and skin necrosis are

some of the most common and important manifestations of COVID-19 patients.

• The most common findings in skin biopsy of these lesions are perivascular infiltration, vascular injury, and microthrombus formation.

• Various mechanisms have been proposed for these manifestations, including direct virus damage or immune system reactions.

• The relationship between the incidence of these lesions and the prognosis of COVID-19 has not yet been definitively determined.

Abbreviations: CBC, complete blood count; CBC-NL, complete blood count-normal level; DIC, disseminated intravascular coagulation; DIF, differential;

FDP, fibrinogen degradation product; PT, prothrombin time; PTE, pulmonary thromboembolism; RBC, red blood cells; RT-PCR, reverse transcription

polymerase chain reaction; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2.
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reaction in these patients and may be associated with deteriora-

tion of the disease course. Therefore, accurate identification of

these manifestations and evaluation of the underlying causes of

them may be helpful in the survival of these patients. These mani-

festations, according to reports so far, include petechia and pur-

pura, chilblain-like lesions, acro-ischemia, necrosis, and livedo

reticularis that all of which are indicative of a kind of vascular

involvement such as coagulopathy and thrombotic thrombocytope-

nia, leukocytoclastic, lymphocytic, ANCA-associated or septic vas-

culitis and vasculopathy, complement-mediated vascular injury,

cryoglobulinemia, antiphospholipid antibody syndrome, and vaso-

occlusion.14,15,17,18,26 Some of these reactions are mild and tran-

sient while others are indicative of systemic reactions. Table 1 pre-

sents a list of further histopathological and clinical studies on the

cutaneous manifestations associated with COVID-19 with an

emphasis on vascular involvements.

3.3 | Extra cutaneous manifestations indicating
vascular injury and thrombosis in COVID-19

Both arterial and venous thrombotic events were reported in 31%

of critically ill ICU patients with COVID-19 despite receiving throm-

boprophylaxis.27 The wide range of central or peripheral nervous

system involvements, including agitation, confusion, disorientation,

headache, dizziness, seizure, acute cerebrovascular attacks, perfu-

sion disorders, anosmia, dysgeusia, neuralgia, and neuropathy,

reported in critically ill COVID-19 patients with a higher D-dimer

levels than non-critical patients suggest cerebrovascular accidents in

these patients.28 Five COVID-19 patients aged below 50 years also

presented with a large-vessel stroke.29 Neurologic manifestations

including this thrombotic event were also reported in association

with the SARS and Middle East Respiratory Syndrome (MERS) out-

break with positive polymerase chain reaction (PCR) in cerebrospi-

nal fluid analysis.30–32 However, it was not positive for COVID in

some studies.33,34

Other systemic features of COVID-19 patients include manifesta-

tions of kidney involvement, such as hematuria, proteinuria, and

increased blood urea nitrogen and creatinine levels. Mortality is also

higher in the patients with kidney involvement compared to the

patients without evidence of kidney involvement. Despite the unclear

mechanism of kidney injury in these patients, direct damage by the

virus and immunological mechanisms have been reported as the

potential causes.2,35,36 Moreover, the viral inclusion bodies detected

in the endothelial cells of the kidney in some COVID-19 patients sug-

gest vascular mechanisms.22 Acute kidney injury and tubular necrosis

were also reported in some SARS and MERS patients.37–39

Some studies proposed that the ventilation-perfusion mismatch

in patients with COVID-19 can be related to microvascular injuries. It

can be explained as severe and resistant hypoxia was observed in

these patients while it is not usually seen in the case of typical ARDS

with the same therapeutic intervention. So, vascular injury can be a

proposed etiology in this disorder.17,40

3.4 | Vascular mechanisms revealed by
histopathology in COVID-19 patients

In some patients with severe COVID-19, histopathological examina-

tions suggested vascular involvements such as endothelial injury, fibri-

noid necrosis, microvascular thrombosis, red blood cell (RBC)

extravasation, leukocytoclasia, infiltration of the inflammatory cells,

including the neutrophils, monocytes, and lymphocytes, and comple-

ment deposition in the vessel walls of the skin, heart, kidney, and lung

biopsies; however, there are conflicting results about the detection of

SARS-COV-2 particles in these involved tissue, except for lung

involvement.17,41

In the autopsy of three patients with COVID, obvious endothelitis

has been reported in various organs such as the lung, heart, kidney,

liver, and intestines. Viral inclusion bodies were also detected in the

endothelial cells of some involved organs, such as the kidneys. It has

been proposed that this widespread endothelial involvement is caused

by inflammatory cells recruitment because of direct virus stimulation

or immune system response and induces generalized endothelial dys-

function, pro-coagulation state, microcirculation disturbance, and

ischemia, respectively.22

Table 1 lists some histopathological evaluations of cutaneous

COVID-19 lesions indicating vascular injury.

3.5 | The possible mechanisms of vascular injury in
COVID-19

1. Vasculitis and thromboembolic events: There appear to be rela-

tionships between inflammation, endothelial injury, and thrombo-

sis.5,42 Systemic vasculitis causes endothelial damage in the

context of widespread inflammation in the body by activating

the endothelial cells, increasing expressions of adhesive molecules

and tissue factor and recruitment of the inflammatory cells. This

diffuse endothelial damage induces thrombotic complications, cau-

sed by increasing thrombin and von Willebrand factor (VWF),

decreasing thrombomodulin, protein C, and other anticoagulant fac-

tors production, which can finally lead to multiorgan damage.43–45

Systemic vasculitis has different types such as leukocytoclastic, lym-

phocytic, ANCA-associated, complement-mediated, cryoglobulinemia,

septic, and so on, and various causes such as autoimmune connective

tissue diseases, malignancies, drugs, and infections.9,18

A study on pathological changes in different organs in SARS infection

found the main targets of virus to include the lungs, the immune sys-

tem, and systemic small vessels. Moreover, histopathological exami-

nations found systemic vasculitis to include edema, localized fibrinoid

necrosis and infiltration of monocytes, lymphocytes and plasma cells

into vessel walls in the heart, the lung, the liver, the kidney, the adre-

nal glands, the stroma of striated muscles, and thrombosis in small

veins.46 Maybe, these pathological changes in favor of vasculitis are

also present in COVID-19.47

Infections and immunization are important factors in the pathogene-

sis of acute hemorrhagic edema of infancy as an abnormal form of

6 SADEGHZADEH-BAZARGAN ET AL.



cutaneous small vessel vasculitis, which usually affects children aged

4 to 24 months. Infection with human coronavirus NL63 comorbid

with recurrent rash was reported in a child.48

2. Vaso-occlusion: After the stimulation of the immune system

and the production of pro-inflammatory cytokines, some infec-

tions increase thrombin production and cause anticoagulant

pathway dysfunction. The thrombin released during the process

also increases inflammation. This damaged cycle progresses to

microthrombosis, diffuse intravascular coagulation, and multi-

organ failure. Increased immune responses and cytokine storms

were found to cause thrombotic disorders in critically ill

COVID-19 patients. This hypothesis was confirmed with the

observation of high D-dimer levels in most of these

patients.3,10,49

F IGURE 1 Acral pernio/chilblain-like lesions

F IGURE 2 A,B, Diffuse
vascular injury

F IGURE 3 Acral vasculopathic lesions
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The expression polymorphisms of the genes involved in complement or

coagulation pathway scan increase vulnerability to vascular thrombotic

events; for instance, a mutation in the complement regulatory gene cau-

ses uncontrolled complement activation and lethal thrombotic events in

catastrophic an tiphospholipid syndrome.50,51 The vascular deposition

of the complement also plays a critical role in many thrombotic syn-

dromes, and infections can activate the complement cascade.52–54 As

discussed earlier, complement deposition in the vessel walls of the lung

and skin has been reported in some SARS-COV-2 patients.17

Thrombocytopenia, prolonged prothrombin time and partial

thromboplastin time, and elevated serum levels of D-dimer, and

antiphospholipid antibodies (anticardiolipin antibody, anti B2 glycopro-

tein) were derived from the laboratory data of three critical COVID-19

patients with clinically significant coagulopathy (bilateral lower limbs

and digital ischemia of the hand and multiple cerebral infarcts). It is

recommended that further studies be conducted to confirm certain

pathological roles of these antibodies in COVID-19 patients.26

Cutaneous manifestations are in favor of vascular injuries, vasculi-

tis, and vasculopathies in the majority of critically ill COVID-19

patients. There were also reports on the role of antithrombotic and

anti-inflammatory agents in treating COVID-19.55,56 The present

review was therefore performed to summarize evidence for these fea-

tures in the skin and internal organs and discuss its relevance and ulti-

mately decide on the possibility of skin involvements for reflecting

events in visceral tissues.

In contagious infections, the simplest way of tissue sampling can

be vital in limiting the transmission of the disease to healthcare

workers.55,56,74–76

The authors of this study have concentrated on various aspects

of COVID-19, especially dermatologic concerns.77–83 We believe that

vascular injuries may be one of the key pathomechanisms of COVID-19

in various vital organs; awareness of dermatologic manifestation may

offer an approach to earlier diagnosis and more rapid therapeutic

approaches toward similar systemic events.

F IGURE 4 Acral vasulopathic lesions F IGURE 5 A patient in poor condition intensive care unit (ICU)
admitted and features of dermatologic manifestation in disseminated
intravascular coagulation (DIC) phase

F IGURE 6 Another intensive care unit (ICU) admitted patient in
disseminated intravascular coagulation (DIC) phase and hemorrhagic
ulceronecrotic lesions
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Various types of vascular injuries of skin in our own tertiary cen-

ter and in patients were admitted by COVID-19 infection

(Figures 1-6). Because of certain condition of these patients, we were

not able to histopalogically evaluate these vascular injuries that were

obviously a COVID-related dermatologic manifestation.

4 | CONCLUSION

COVID-19 is a new infectious disease with a wide range of signs,

symptoms, and severities in different individuals. Contrary to the initial

assumptions about this disease as only a severe lung infection, differ-

ent manifestations emerged over time involving different organs in

addition to the lungs, which can be explained by genetic and immuno-

logical differences among people in responding to infections coupled

with direct viral damage. Given the specific conditions of this infection

and its high transmission rate, its pathogenesis cannot be determined

by performing simple evaluative procedures such as biopsies of internal

organs. As an accessible body organ, the skin can be used as a prognos-

tic and diagnostic guide in many systemic diseases such as coagulation

dysfunction, inflammations, immunological disorders, and infections.

Dermatologic signs might be the “first presenter” for COVID-19, as the

manifestations can occur before main signs of the disease. Given the

reports about certain clinical cutaneous manifestations with a vascular

pattern and pathological skin examinations in COVID disease, it may be

helpful to pay attention to these symptoms and evaluate parameters

such as coagulation test results, peripheral blood smear, complement

levels, rheumatologic markers, cryoglobulin levels, antiphospholipid

antibodies, and skin biopsy, especially in critically ill patients. Also, in

addition to reporting the types of cutaneous manifestations witnessed,

these studies should also pay attention to the role of these manifesta-

tions in the prediction of prognosis of COVID-19 patients; for example,

patients with pernio-like lesions may have a better prognosis than

patients with livedoid lesions and retiform purpura.
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