
 

 

Since January 2020 Elsevier has created a COVID-19 resource centre with 

free information in English and Mandarin on the novel coronavirus COVID-

19. The COVID-19 resource centre is hosted on Elsevier Connect, the 

company's public news and information website. 

 

Elsevier hereby grants permission to make all its COVID-19-related 

research that is available on the COVID-19 resource centre - including this 

research content - immediately available in PubMed Central and other 

publicly funded repositories, such as the WHO COVID database with rights 

for unrestricted research re-use and analyses in any form or by any means 

with acknowledgement of the original source. These permissions are 

granted for free by Elsevier for as long as the COVID-19 resource centre 

remains active. 

 



Clinics in Dermatology (2021) 39 , 934–965 

The skin as a critical window in unveiling 

the pathophysiologic principles of COVID-19 

Cynthia Magro, MD 

a , ∗, Gerard Nuovo, MD 

b , J. Justin Mulvey, MD-PhD 

c , 
Jeffrey Laurence, MD 

d , Joanna Harp, MD 

e , A. Neil Crowson, MD 

f 

a Department of Pathology and Laboratory Medicine, Weill Cornell Medicine, New York, New York 
b The Ohio State University Comprehensive Cancer Center, Columbus Ohio and Discovery Life Sciences, Powell, Ohio 

c Department of Pathology and Laboratory Medicine, Montefiore New York, New York 
d Department of Medicine, Division of Hematology and Oncology, Weill Cornell Medicine, New York, New York 
e Department of Dermatology, Weill Cornell Medicine, New York, New York 
f Pathology Laboratory Associates, Regional Medical Laboratory, and Department of Dermatology, University of Oklahoma, 
Tulsa, Oklahoma 

Abstract Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), the etiologic agent of coron- 
avirus disease 2019 (COVID-19), is a single-stranded RNA virus whose sequence is known. COVID-19 
is associated with a heterogeneous clinical phenotype ranging from asymptomatic to fatal disease. It 
appears that access to nasopharyngeal respiratory epithelia expressing angiotensin-converting enzyme 
(ACE) 2, the receptor for SARS-CoV-2, is followed by viral replication in the pulmonary alveolar septal 
capillary bed. We have demonstrated in earlier studies that incomplete viral particles, termed pseudoviri- 
ons, dock to deep subcutaneous and other vascular beds, potentially contributing to the prothrombotic 
state and systemic complement activation that characterizes severe and critical COVID-19. A variety 
of skin eruptions have been described in the setting of SARS-CoV-2 infection and more recently, after 
COVID-19 vaccination. The vaccines deliver a laboratory-synthesized mRNA that encodes a protein that 
is identical to the spike glycoprotein of SARS-CoV-2, allowing the production of immunogenic spike gly- 
coprotein that will then elicit T cell and B cell adaptive immune responses. In this contribution, we review 

an array of cutaneous manifestations of COVID-19 that provide an opportunity to study critical patho- 
physiologic mechanisms that underlie all clinical facets of COVID-19, ranging from asymptomatic/mild 
to severe and critical COVID-19. We classify cutaneous COVID-19 according to underlying pathophys- 
iologic principles. In this regard we propose three main pathways: (1) complement mediated thrombotic 
vascular injury syndromes deploying the alternative and mannan binding lectin pathways and resulting 
in the elaboration of cytokines like interleukin 6 from endothelium in the setting of severe and critical 
COVID-19 and (2) the robust T cell and type I interferon-driven inflammatory and (3) humoral-driven 
immune complex mediated vasculitic cutaneous reactions observed with mild and moderate COVID- 
19. Presented are novel data on cutaneous vaccine reactions that manifest a clinical and morphologic 
parallel with similar eruptions observed in patients with mild and moderate COVID-19 and in some 
cases represent systemic eczematoid hypersensitivity reactions to a putative vaccine-based antigen ver- 
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sus unmasking subclinical hypersensitivity due to immune enhancing effe
demonstrate for the first time the localization of human synthesized spike g
19 vaccine to the cutaneous and subcutaneous vasculature confirming the
glycoprotein to bind endothelium in the absence of intact virus. 
Published by Elsevier Inc. This is an open access article u
( http://creativecommons.org/licenses/by/4.0/ ) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Introduction 

Severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) is the etiologic agent of coronavirus disease 2019
(COVID-19). It is a single-stranded RNA (ribonucleic acid)
virus 1 and represents one of the seven β coronaviruses 2 that
causes human disease, although the natural reservoirs are the
bat and the pangolin. 3 The SARS-CoV-2 infection in humans
is associated with a heterogeneous clinical phenotype 4 that
ranges from asymptomatic cases to mild disease to a severe
and potentially fatal illness. It is this unpredictability in an
individual’s response to the virus that has caused so many of
us to adopt a new pattern of daily interactive existence until
herd immunity is reached. 

Organ failure, particularly a progressive, therapy-resistant
acute respiratory distress syndrome (ARDS) 5 and acute re-
nal insufficiency 

6 along with a hypercoagulable 7 state por-
tend the worst prognosis and qualify as critical COVID-19.
SARS-CoV-2 is highly contagious, especially the more re-
cently identified strains originating in England, Brazil, and
South Africa. 8 Its incubation period ranges from 2 to 14 days
after spread via inhaled respiratory droplets or droplet nu-
clei and, less likely, through fomite contamination. The name
given to the virus that causes COVID-19, SARS-CoV-2, em-
phasizes the structural similarity to the original SARS coro-
navirus that was responsible for the 2003 to 2004 pandemic.
The earlier contagion was more virulent and less transmis-
sible, but the new strain and other related mutant strains are
more contagious but less virulent. 

Common to the clinical presentation of SARS-CoV and
SARS-CoV-2 are fever, dry cough, myalgias, headache, and
diarrhea in most patients. In the setting of SARS-CoV-2, the
majority of patients have a relatively mild, self-limited ill-
ness. Roughly 20% of patients have more serious disease
that can progress to respiratory compromise necessitating
supplemental oxygen either via nasal cannula or ventilator
support, fulfilling criteria for severe and critical COVID-19
respectively. 9 The pathophysiology that underlies the tran-
sition from moderate COVID-19 disease to critical and se-
vere COVID-19 is complex, but a diminished type I inter-
feron response in the earlier phase of the infection likely
contributes to a more aggressive clinical course by permit-
ting unchecked viral replication in infected cells. 10-12 The
excessive replication of virus in the lung contributes signifi-
cantly to septal capillary compromise but also results in ex-
trapulmonary pseudovirion dissemination with further extra-
pulmonary vascular sequelae. 13 13,14 
cts of the vaccine. Finally, we 
lycoprotein after the COVID- 
 ability of SARS-CoV-2 spike 

nder the CC BY license 

We had the opportunity to examine the skin, lung, and var-
ious other organ systems including the brain, liver, kidney,
and heart in a number of patients who had mild, moderate,
severe, critical, and fatal COVID-19. A common theme that
emerged is one of complement-mediated microvascular in-
jury 

13 and a generalized procoagulant state in the absence of
intact virus within the endothelium outside of the lung in pa-
tients with severe and critical COVID-19. 

We first recognized and identified a pattern of tissue
injury in the skin and lung, diagnostic of complement-
mediated microvascular injury in patients with severe and
critical COVID-19. Subsequently, we extended our studies to
other organ systems including the heart, liver, kidney, brain,
and placenta. 14 , 15 We discovered localization of spike gly-
coprotein and other viral capsid proteins to microvessels,
which expressed the receptor for spike glycoprotein, namely,
angiotensin-converting enzyme 2 (ACE2). The greatest ex-
tent of ACE2 and viral capsid localization was in the septal
capillaries of the lung, deeper dermal and subcutaneous cap-
illaries, and venules of both diseased and normal-appearing
skin as well as the microvessels of the brain. There was
also evidence of complement pathway activation 

14 in these
ACE2-positive microvascular beds expressing viral capsid
protein based on the localization of C3d, C4d, mannan-
binding lectin-associated serine protease-2 (MASP-2), and
C5b-9 within the microvasculature. 

Spike glycoprotein exhibits glycan moieties that are
able to interact with mannan-binding lectin (MBL), leading
to MBL pathway activation. 16 , 17 In particular, the SARS-
CoV-2 S spike glycoprotein exhibits surface oligomannose-
type N234 and N709 that are largely accessible to α-1,2-
mannosidases. Of the 22 sites on the S protein, 8 contain
substantial populations of oligomannose-type glycans, hence
rendering spike glycoprotein the perfect substrate for the
activation of the MBL pathway. Our demonstration of mi-
crovascular endothelial cell localization of C4d and MASP-
2 within the lung and skin procured from patients with crit-
ical and fatal COVID-19 provided confirmation of the role
of MBL pathway activation and also prompted therapeutic
interventions with eculizumab in critically ill patients with
COVID-19 . 18 Others have also highlighted the role of MBL
activation in the pathogenesis of severe/critical COVID-19
including its role in the thrombosis and coagulopathy in
critically ill patients with COVID-19. 19 , 20 We further con-
cluded that the hypercytokinemia was a direct sequela of
elaboration of the various cytokines including tumor necro-
sis factor (TNF) α, MBL, caspase 3, and interleukin (IL) 6

http://creativecommons.org/licenses/by/4.0/
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from endothelium possibly attributed to MBL pathway acti-
vation. 14 , 19 , 20 The addition of human MBL along with MBL-
associated serine proteases complex or recombinant human
MBL to cultures of human umbilical vein endothelial cells
stimulated by bacterial lipopolysaccharide triggers enhanced
secretion of select cytokines and chemokines including IL-8,
IL-6, and monocyte chemoattractant protein-1 by endothe-
lium indicative of an independent role of MBL activation in
promoting an activated inflammatory phenotype in the en-
dothelium. 21 The end result of this state of complement acti-
vation and hypercytokinemia is one of endothelial cell injury
and microvascular thrombosis. 14 We postulated that the ac-
tivation of the complement pathway and enhanced IL-6 ex-
pression on endothelium contributed to the generalized pro-
coagulant state given the crosstalk between the complement
and the coagulation pathways and the ability of endothelial-
based IL-6 to promote platelet aggregation. There is no evi-
dence of active viral replication in most microvascular beds
despite the localization of viral capsid protein to the endothe-
lium. Hence, endocytosis of viral protein as a pseudovirion
is nonetheless capable of activating endothelium through the
complement pathway and inducing the expression of certain
cytokines such as IL-6 likely through MBL activation. 14 , 22 

A variety of skin eruptions have been described in the set-
ting of SARS-CoV-2 infection and more recently, after the
COVID-19 vaccine. Up to 20% of patients with active in-
fection are said to manifest skin eruptions. 23-32 The clinico-
pathologic reaction patterns reported to date include a con-
fluent erythematous maculopapular-morbilliform eruption 

33 ;
exanthematous eruptions, urticarial reactions 32 , 34 ; papu-
losquamous eruptions resembling pityriasis rosea (PR) 35 ;
varicella-like eruptions 36 ; erythema multiforme-like reac-
tions 37-39 ; acute generalized exanthematous pustulosis 40 ;
vesicular eruptions 41 ; and vascular injury patterns includ-
ing livedo reticularis, 42 thrombotic retiform purpura, 27 , 43

acral purpuric nodules similar to idiopathic perniosis
(chilblains) 43-50 and a unique acro-ischemic lesion occurring
in patients with moderate COVID-19 heralded by lesions that
mimic perniosis clinically but exhibit paucicellular ischemic
alterations in association with dilated blood vessels devoid
of thrombotic and/or vasculitic change. 51 

The main types of skin findings we encountered include
those directly attributable to microvascular complement acti-
vation including thrombotic retiform purpura encountered in
the severe and critical patient with COVID-19, 13 , 27 , 43 , 52 and
the subclinical microvascular complement deposition 

53 and
subtle microvascular thrombosis observed in biopsies of nor-
mal deltoid skin in patients with severe and critical COVID-
19. The latter findings in normal skin support the diagnosis of
systemic complement pathway activation mirroring the mi-
crovascular complement pattern encountered in other catas-
trophic complement-mediated vascular injury syndromes
such as atypical hemolytic uremic syndrome. 53 , 54 We have
observed cutaneous signs of the generalized procoagulant
state 55 operational in patients with significant COVID-19
represented by calciphylaxis and acute limb ischemia at-
tributable to subcutaneous larger vessel arterial thrombo-
sis. 55 , 56 A hallmark of skin samples reflective of a proco-
agulant state and/or complement-mediated vascular injury is
the lack of inflammation. In contrast, there are cases of cuta-
neous COVID-19 where significant T-cell enriched inflam-
mation reflective of cellular immunity is observed. Others
have also reported on similar eruptions in various case reports
and series. Among these cases are interferon-driven COVID-
19 perniosis 43-50 , 57 also referred to as “COVID toes,” a ro-
bust lymphocyte inflammatory lesion resembling histiocy-
toid Sweet syndrome, 58 PR, 59 and erythema multiforme. 37-39

We have also encountered leukocytoclastic vasculitis tempo-
rally associated with COVID-19 where a different limb of an-
tiviral immunity, namely a humoral immune response, likely
is operative. 60 Calcinosis cutis reflective of calcium phos-
phate metabolism in the setting of COVID-19–associated re-
nal insufficiency was identified in one patient. Reactions tem-
porally associated with COVID-19 vaccine administration
are also presented, including Grover disease, urticaria, ur-
ticarial vasculitis, systemic eczematoid hypersensitivity re-
actions, morbilliform interface reactions, perniosis, and a pa-
tient with ulcerative colitis on mesalamine who developed a
first onset of shingles one day after her first Pfizer vaccine
dose. The clinical features, pathology, and pathophysiology
of the main cutaneous reactions encountered in our clinical
practices will be discussed. A categorical approach to cuta-
neous COVID-19 based on underlying pathogenetic mecha-
nisms that are likely key in their evolution is presented. 

Materials and Methods 

Cutaneous cases of COVID-19 and COVID-19–vaccine
reactions encountered from the database of Weill Cornell
Medicine and Regional Medical Laboratory (Tulsa, Okla-
homa) are reviewed. The database covers the time period
since the beginning of the pandemic in March of 2020 to June
of 2021. The clinical histories and light microscopic findings
were reviewed. As part of the routine workup in each case,
additional immunohistochemical studies for the expression
of myxovirus resistance protein A(MXA) and for C3d, C4d,
C5b-9 and mannan binding lectin serine protease (MASP) 2
were evaluated in some cases. In addition, molecular stud-
ies including the viral capsid protein, angiotensin convert-
ing enzyme 2 (ACE2) assessment, cytokine expression, and
the SARS CoV-2 RNA were conducted as supplementary re-
search tests in certain cases. The methodology has been pre-
viously reported. 13 , 14 , 43 The study is covered under institu-
tional review board protocol 20-02021524. 

Cutaneous lesions attributable to complement-mediated 
microvascular injury due to spike glycoprotein activation of the 
complement pathway in the setting of a blunted interferon response 

Thrombotic retiform purpura of critical COVID-19 
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Table 1 Complement mediated COVID-19 

Case # Sex Age Biopsy site Diagnosis Outcome 

A. Severe/Critical 
COVID-19–
associated thrombotic 
retiform purpura 

TRP 1 M 32 Buttock Thrombotic retiform 

purpura 
Ventilator support, 
toculizumab and 
hydroxychloro- 
quine 
recovered 

TRP 2 F 66 Right heel Thrombotic retiform 

purpura 
Deceased 

TRP 3 F 40 Right lower arm Thrombotic retiform 

purpura 
Recovered 

TRP 4 M 73 Right hand Thrombotic retiform 

purpura 
Deceased 

TRP 5 M 70 Left foream Thrombotic retiform 

purpura 
Recovered 

TRP 6 F 36 Right hand Thrombotic retiform 

purpura 
Recovered 

TRP 7 M 71 Right hand Thrombotic retiform 

purpura 
Deceased 

TRP 8 M 80 Right thigh Thrombotic retiform 

purpura 
Recovered 

TRP 9 F 22 Right thigh Thrombotic retiform 

purpura 
Recovered 

B. Thrombotic lower 
limb ischemia 

LL 10 M 56 Leg left Thrombotic retiform 

purpura 
Recovering at home 

LL 11 F 63 Right leg Thrombotic retiform 

purpura 
Recovering at 
rehabilitation 
facility 

C. Calciphylaxis CX 12 F 62 Left thigh 
Calciphylaxis/thrombotic 
retiform purpura 

Deceased 

CX 13 M 64 Right leg 
Calciphylaxis/thrombotic 
retiform purpura 

Recovering; on 
peritoneal dialysis, 

D. Calcinosis cutis CC 14 M 62 Left arm Calcinosis cutis with 
granulation tissue 
response 

Recovering 

CC, Calcinosis Cutis; COVID-19, coronavirus disease 2019; CX, calciphylaxis; F, female; LL, lower limb; M, male; ; TRP, thrombotic retiform purpura. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Clinical features. We encountered nine patients with cuta-
neous thrombotic microvascular disease who had progressed
from moderate to critical COVID-19 ( Table 1 ). Some of the
cases have been reported on elsewhere. 13 , 27 , 43 Each patient
had acute respiratory failure and became ventilator depen-
dent with polymerase chain reaction (PCR) proven SARS-
CoV-2 infection. Typically, after a few days on ventilator sup-
port, patients developed retiform purpura primarily at acral
sites (excluding two patients for whom the eruption was con-
fined to the buttock and thigh areas, respectively). The reti-
form eruption was temporally associated with their worsen-
ing clinical features ( Figures 1 , A and B). The patients were
adults ranging in age from 32 years to 73 years, with no sex
predilection. There were no known risk factors for the devel-
opment of an acute thrombotic diathesis such as antiphos-
pholipid antibodies, antibodies to heparin, warfarin admin-
istration, and sepsis; however, some patients were diabetic.
Of the nine patients, four died from organ failure related to
COVID-19 

Light microscopic findings. In all cases, the biopsy specimens
showed a pauci-inflammatory thrombogenic vasculopathy
affecting capillaries and venules, and in half of the cases a
thrombotic diathesis was observed in arterioles and small ar-
teries, a finding associated with stroke and death. In con-
trast with the striking degree of vascular thrombosis and en-
dothelial cell injury there was a dearth of inflammatory cells,
save for one case showing tissue neutrophilia ( Figure 2 a,b,c)
that we attributed to secondary ischemic change. Degenera-
tive endothelial cell changes with endothelial cell sloughing
were more conspicuous in the deeper dermis and subcuta-
neous fat. Secondary ischemic necrosis of the eccrine coil
was observed. 
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Fig. 1 Thrombotic retiform purpura (clinical features). (A), (B) Patients had progressed from moderate COVID-19 to critical COVID-19. 
Each patient had acute respiratory failure and was ventilator dependent. They had PCR-proven SARS-CoV-2 infection. Typically, after a 
few days on ventilator support, the patients developed retiform purpura that was invariably associated with their worsening clinical features. 
COVID-19, coronavirus disease 2019; PCR, polymerase chain reaction; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Assessment of components of complement pathway activation on

paraffin-embedded tissue. The vascular thrombosis was reflec-
tive of microvascular complement activation based on exten-
sive deposition of complement components including C3d,
C4d, and C5b-9. 13 , 43 In addition, in certain cases there was
very focal deposition of MASP-2, the activated form of
MASP that triggers the remainder of the MBL complement
cascade eventuating in the formation of C5b-9. Of all the
complement stains available on paraffin-embedded tissue,
however, MASP-2 is the least sensitive and hence exhibited
the overall lowest level of detection. Also, there can be signif-
icant background staining contributing to the difficulty in its
interpretation. C5b-9 is the end point of complement path-
way activation and its presence could signify activation of
any of the three complement pathways. C4d also is a sensi-
tive marker expressed at significant levels in the cutaneous
and subcutaneous microvessels in patients with severe and
critical COVID-19. The C4d stain is a challenge to interpret
owing to strong staining of elastic tissue in the dermis, but
deposition was most prominent in the fat where there is lit-
tle or no background elastic tissue positivity as is seen in
the dermis. We know that C4d is formed with either clas-
sic complement pathway or MBL complement pathway ac-
tivation. There is no reason to believe that classic comple-
ment pathway activation is the basis of the microvascular
complement deposition especially because there is a com-
promised adaptive immune response in patients with severe
and critical COVID-19. The prominent C4d and C5b-9 de-
position with or without MASP2 in cutaneous microves-
sels in patients with severe and critical COVID-19 was held
to be reflective of MBL and alternative pathway activation
( Figures 3 , A and B). In particular, the alternative path-
way will be triggered from injured cellular remnants that
are formed when other complement pathways are acti-
vated. 13 , 14 , 43 , 53 

SARS-CoV-2 immunohistochemistry for viral capsid proteins and 
ultrasensitive RNA in situ hybridization and microanatomic 
distribution of SARS-CoV-2 receptor ACE2 

In all thrombotic retiform purpura cases, we showed localiza-
tion of the SARS-CoV-2 capsid protein within the endothe-
lium including spike glycoprotein, capsid membrane, and
capsid envelope but without evidence of intact virus as deter-
mined through ultrasensitive RNA in situ hybridization using
the RNAscope assay (Biotechne, Minneapolis, Minnesota)
and ultrastructural studies ( Figures 4 , A and B). 13 , 14 , 43 , 53 The
positive staining vessels were most apparent in the deeper
dermis, adventitial dermis of the eccrine coil, and subcuta-
neous fat where a number of positive vessels was charac-
teristically observed ( Figures 4 , A and B).The basis of the
spike glycoprotein cell engagement with endothelium re-
flects the expression of the critical SARS-CoV-2 receptor,
namely ACE2, by the endothelium of microvessels where
it is most apparent in the deeper dermal and subcutaneous
capillaries and venules ( Figure 4 , C). The viral capsid pro-
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Fig. 2 Thrombotic retiform purpura (light microscopic findings). In all cases of COVID-19–associated thrombotic retiform purpura, the 
biopsies show a relatively pauci-inflammatory thrombogenic vasculopathy affecting capillaries and venules. In half of the cases, a thrombotic 
diathesis is observed in arterioles and small arteries, a finding associated with stroke and death. Illustrated is a small artery exhibiting an 
occlusive thrombus. In most cases, at least in some of the sampled vessels, there is accompanying endothelial cell injury and variable mural 
fibrin deposition. The thrombotic diathesis reflects complement-mediated endothelial cell injury in concert with a generalized procoagulant 
state attributable to concomitant activation of the coagulation pathway reflecting the critical interplay between the complement pathway and 
coagulation pathway. (B) The biopsy specimen is from a patient whose clinical course is complicated by a stroke over and above respiratory 
failure. (hematoxylin and eosin, 400 ×). (B), (C) The patient was a woman aged 22 years with morbid obesity who developed critical COVID- 
19. (Clinical lesions are presented in Figure 1 , B). (A) The lower power image (hematoxylin and eosin, 100 ×) shows a relatively pauci- 
inflammatory thrombogenic vasculopathy associated with livedoid superficial vascular ectasia. The combination of the occlusive thrombotic 
diathesis and resultant vascular ectasia leads to the distinctive clinical lesion of thrombotic retiform purpura. (C) The thrombotic diathesis 
was associated with signs of endothelial cell injury as revealed by proplastic endothelial cell alterations. A moderately dense vasocentric 
neutrophilic infiltrate was noted as well, although without significant mural fibrin deposition. The neutrophilic infiltrates likely reflect the 
sequelae of the proinflammatory effects of C5a, a component of complement pathway activation. COVID-19, coronavirus disease 2019. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

teins binds to the endothelium of cutaneous vessels as a pseu-
dovirion and not as an intact virus. The evidence for the latter
point(i.e. the absence of intact virus), is based on the negative
ultrasensitive RNA in situ hybridization studies for SARS-
CoV-2, the lack of staining for nucleocapsid, and the absence
of SARS-CoV-2 virions ultrastructurally. It is important to
understand that the cutaneous endotheliopathy that underlies
the ischemic dermopathy syndromes related to severe and
critical COVID-19 is not reflective of a true infectious en-
dothelialitis. 

Pathophysiology of thrombotic retiform purpura and implications 
regarding disease pathogenesis operational in severe and critical 
COVID-19: The role of complement pathway activation 

We hypothesized that the basis of the microvascular comple-
ment deposition is due in part to the engagement of spike
glycoprotein with MBL based on extensive C4d and C5b-
9 deposition, both representing components of MBL activa-
tion. One could argue that this complement expression pat-
tern could also indicate classic complement pathway activa-
tion attributable to antibodies targeting the spike glycopro-
tein, but in our experience the typical granular deposition pat-
tern for immunoglobin G in microvessels that would corrob-
orate this hypothesis has not been observed. 13 , 14 , 53 Further-
more at least in a few cases there was focal microvascular
staining for MASP-2, a sign of MBL pathway activation. 13 

As already alluded to, the adaptive immune response in these
patients is impaired owing to the blunted type I interferon
signaling so classic complement pathway activation would
be unlikely. 61 

Other authors studying the role of complement pathway
activation in the pathogenesis of severe/critical COVID-19
have identified a subset of patients with strongly elevated
MBL plasma levels correlated with thromboembolism and
with high plasma D-dimer levels. 19 , 62 Alternative comple-
ment pathway activation, however, is also contributory to
vascular injury and in fact has been hypothesized to be the
main pathway of complement pathway activation by some
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Fig. 3 Complement studies in the setting of thrombotic retiform purpura. The vascular thrombosis is reflective of microvascular complement 
activation based on the extensive degree of deposition of components of complement activation including C3d, C4d, and C5b-9. C4d is also 
a very sensitive marker that is expressed at significant levels in the cutaneous and subcutaneous microvessels in patients with severe and 
critical COVID-19. (A) C4d is formed with either classic or mannan binding lectin pathway activation (diaminobenzidine [DAB]), 1000 ×). 
As already alluded to, both C4d and C5b-9 are present at significant levels within the microvessels of skin biopsy specimens in patients with 
severe and critical COVID-19, a finding well exemplified by this case. (B) C5b-9 is the effector mechanism of microvascular endothelial cell 
injury (DAB, 400 ×). COVID-19, coronavirus disease 2019. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

authors. They have suggested that the spike glycoprotein
converts nonactivator surfaces into activator surfaces by pre-
venting the inactivation of cell-surface alternative pathway of
complement convertase. 63 It has been thought that the SARS-
CoV-2 spike protein (subunit 1 and 2), but not the nucleo-
capsid protein, directly activates the alternative complement
pathway. The authors discovered that complement factor Bb,
a serine protease that forms with alternative pathway acti-
vation to bind to C3b to form the alternative pathway con-
vertase, is increased in the supernatant from spike protein–
treated cells. C5 inhibition prevents the accumulation of C5b-
9, but not of C3c, on cells. Addition of factor H, a comple-
ment regulator protein that controls the alternative pathway,
mitigates the complement attack. 63 

Mechanisms underlying MBL and alternative pathway activation 

One could further hypothesize that the release of cellular de-
bris from MBL pathway activation is an independent acti-
vator of the alternative pathway. The mannose residues on
the surface of a pathogen recognize certain sites on MBL,
which will result in MASP-2 activation and trigger the re-
mainder of the pathway to eventuate in the formation of
C5b-9 with subsequent endothelial cell injury, defining a
potential pathophysiologic construct to explain thrombotic
complications attributable to MBL activation. 64 , 65 MASP-
2 staining as a sign of MBL pathway activation was ob-
served in skin biopsies in some cases of thrombotic reti-
form purpura, 13 but in general this particular stain has rela-
tively low sensitivity compared with other complement stains
such as C5b-9. SARS-CoV-2 associated spike glycoprotein
is established to have specific sugar residues that are able
to interact with MBL leading to MBL pathway activation. 66

As already discussed in this contribution, however, others
have suggested alternative and classic complement path-
way activation as the basis of COVID-19–associated com-
plement pathway activation. Regardless of the varied and
potential mechanisms of complement pathway activation,
C5b-9–mediated microvascular injury is the common end
point of vascular injury. Components of complement path-
way activation serve as a trigger to coagulation pathway
contributing to the microvascular thrombosis. In addition,
if one is to assume that MBL pathway activation is an im-
portant pathway of complement activation, there is syner-
gistic activation of the alternative pathway. Hence, a sig-
nificant component of the microvascular thrombosis in the
skin and other organ systems could reflect systemic com-
plement activation in concert with a generalized procoag-
ulant state that underlies severe, critical and fatal COVID-
19. Reflective of systemic complement activation is the pres-
ence of microvascular C5b-9 in apparently normal skin of
the deltoid as will be discussed in the next section of this
contribution. 13 , 53 

Thrombotic retiform purpura reflects complement pathway and 
coagulation pathway activation and is a hallmark of severe and 
critical COVID-19 

Thrombotic retiform purpura does not occur in the setting of
mild or moderate COVID-19 but rather is a cutaneous man-
ifestation of severe and critical COVID-19. We propose that
this distinctive eruption is a sequela of the excessive viral
replication in the lung leading to the release of pseudoviri-
ons into the circulation as a fuel to complement pathway
and coagulation pathway activation. Also, a blunted type I
interferon response revealed by the lack of MXA staining
in tissue sections in these patients is likely a key patho-
genetic event leading to excessive viral replication in the
lung. 43 14 
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Fig. 4 Thrombotic retiform purpura (SARS-CoV-2 viral capsid, cytokine, and furin immunohistochemical assessment). In each of throm- 
botic retiform purpura cases, localization of the SARS-CoV-2 capsid protein within the endothelium, including spike glycoprotein, capsid 
membrane, and capsid envelope, is observed but not intact virus. (A), (B) Spike glycoprotein endothelial cell localization within the deep 
dermal and subcutaneous microvessels in a patient who succumbed to COVID-19 ( A , red chromogen, 1000 ×; B , red chromogen, 400 ×). 
At autopsy, the patient had classic thrombotic retiform purpura, which was biopsied. (C) In this case and other similar cases, the viral capsid 
protein localization is most apparent in the deeper dermal and subcutaneous microvessels and mirrors the distribution of ACE2 expression 
in microvessels of the skin and subcutaneous fat (DAB, 1000 ×). (D) The deep dermal and subcutaneous vessels that expressed spike gly- 
coprotein (DAB, 1000 ×) also show (E ) IL-6 (red chromogen, 1000 ×) and (G) TNF α expression (red chromogen, 1000 ×) whereby (E) 
endothelial cell colocalization of spike glycoprotein and IL-6 and spike glycoprotein and TNF α can be demonstrated using a nuance soft- 
ware that converts the red chromogen stain into a red signal (red chromogen, 1000 ×) and (D) the DAB stain into a green signal. (F), (H) 
Areas of colocalization appear yellow. In another case of thrombotic retiform purpura, there was very striking expression of furin within 
(I) endothelium in contrast with (J) its minimal expression in endothelium of biopsied normal deltoid skin in a healthy adult woman. ACE, 
angiotensin-converting enzyme; COVID-19, coronavirus disease 2019; DAB, diaminobenzidine; IL, interleukin; SARS-CoV-2, severe acute 
respiratory syndrome coronavirus 2; TNF, tumor necrosis factor. 
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Fig. 4 Continued 
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Thrombotic retiform purpura as a clue to the mechanisms of 
hypercytokinemia in the setting of severe and critical COVID-19 

A characteristic feature of critical and severe COVID-19 is
hypercytokinemia. Among the elevated cytokines are IL-6,
TNF α, caspase 3, and interleukin β. 67 Given the lack of in-
flammation encountered in biopsies of thrombotic retiform
purpura and in the various organs studied in patients who
die from COVID-19, it would seem unlikely that the hyper-
cytokinemia is derived from T cells, B, cells or monocytes.
We were able to show colocalization of endothelial-based
viral pseudovirions including spike glycoprotein ( Figure 4 ,
D) with IL6 ( Figures 4 , E and F) and TNF α ( Figures 4 , G,
and H) in biopsy specimens of COVID-19–associated throm-
botic retiform purpura. We discovered high levels of IL-6 ex-
pression in the endothelium in cutaneous biopsies procured
from lesions of thrombotic retiform purpura. A similar pat-
tern of IL-6 upregulation was observed in microvessels of
normal deltoid skin from patients with severe, critical, and
fatal COVID-19. It has been demonstrated that IL-6 elabo-
ration from endothelium can occur due to MBL activation. 68 

IL-6 elaboration from endothelium has a procoagulant effect.
The mechanisms are complex and beyond the scope of this
contribution. Among potential procoagulant IL-6 effects are
platelet aggregation and activation. 69 , 70 

We are starting to examine furin expression in endothe-
lium. Furin is the enzyme expressed by endothelium that
cleaves the S1 and S2 subunits of spike glycoprotein and
can facilitate the entry of virus into a cell. It is likely mod-
ulated by various local microenvironmental factors includ-
ing anoxia but a genetic polymorphism in furin expression
has also been postulated with higher levels leading to more
severe disease because of its permissive effects on viral en-
try. 71 We have examined two cases of thrombotic retiform
purpura and have shown high levels of furin expression in
endothelium in contradistinction to three biopsy specimens
of normal skin in healthy adults with minimal furin expres-
sion. Additional studies examining furin expression in cases
of severe and critical COVID-19 compared with other catas-
trophic complement syndromes such as atypical hemolytic
uremic syndrome and normal skin samples are being con-
ducted at the time of the completion of this contribution
( Figures 4 , I and J). 

Normal deltoid skin biopsy in patients with severe and critical 
COVID-19 showing pseudovirion capsid protein microvascular 
localization and evidence of systemic complement pathway activation

Background 

We have examined normal deltoid skin samples in patients
who were significantly symptomatic with COVID-19, most
of whom had severe, critical COVID-19 and/or succumbed
to COVID-19. In a number of the cases there was subtle mi-
croscopic evidence of endothelial cell injury characterized
by degenerative endothelial cell changes and focal vascu-
lar thrombosis. ( Figure 5 , A). 53 We discovered evidence of
systemic complement pathway activation in all patients ex-
cept two. In particular, within the deeper dermal and subcu-
taneous microvessels of apparently normal skin, there were
significant deposits of C4d or C5b-9 compatible with sys-
temic complement pathway activation ( Figure 5 , B). 

SARS-CoV-2 immunohistochemistry and ultrasensitive RNA in situ hy-
bridization in biopsies of normal deltoid skin in the setting of severe and
critical COVI D-19 

In addition, we observed colocalization of viral capsid pro-
tein including spike glycoprotein, membrane, and envelope
protein in a subset of these complement-positive vessels em-
phasizing the role of viral capsid protein endothelial cell en-
docytosis as a key factor in microvascular complement path-
way activation ( Figure 5 , C). 13 , 14 , 43 , 53 Many positive staining
vessels were observed similar to what was seen in the biopsy
specimens procured from patients with thrombotic retiform
purpura of severe and critical COVID-19 although quanti-
tatively somewhat less. It was, however, much greater than
the minimal microvascular localization of spike observed in
skin biopsy specimens of vaccinated patients and in the T-
cell–rich cutaneous reactions encountered in patients with
mild COVID-19, best exemplified by COVID-19–associated
perniosis. 43 

Evidence of hypercytokinemia is observed in microvessels of normal
skin in the setting of severe COVID-19 

The endothelial cells in the microvessels of the normal skin
samples expressed various cytokines that are known to be el-
evated in COVID-19 including TNF α and IL-6, emphasizing
the that the source of the hypercytokinemia is not one of T-
cell or monocyte derivation but is derived from activated en-
dothelial cells possibly through the effects of MBL pathway
activation ( Figure 5 , D). 14 We hypothesize that the basis of
viral capsid localization to the deep dermal and subcutaneous
vessels reflects higher levels of ACE2 expression in these
vessels and have illustrated ACE2 complement and cytokine
localization to microvessels of the deeper dermis and subcu-
taneous fat. Docking of viral proteins in normal skin and fat
could serve as a fuel for both alternative complement path-
way activation and coagulation pathway activation, given the
known synergy and cross talk between the complement and
coagulation pathways. 14 , 53 

Lower limb ischemia with cutaneous necrosis attributable to larger 
vessel thrombosis 

Background 

A procoagulant state contributes significantly to the
morbidity and mortality of severe and critical COVID-19.
Among the distinctive clinical features are excessively high
D-dimer levels reflective of intravascular fibrin deposition
and ischemic complications related to medium and larger
vessel thrombosis exemplified by lower limb ischemia at-
tributable to thrombotic arterial occlusion. 72-74 We encoun-
tered two diabetic patients who developed occlusive throm-
botic arterial disease resulting in below-knee amputation, one
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Fig. 5 Normal deltoid skin biopsy specimen in the setting of severe, critical, and fatal COVID-19 (light microscopic findings, complement 
studies, SARS-CoV-2 viral capsid, and cytokine immunohistochemical assessment). (A) In a number of the cases of apparently normal skin 
in patients with severe critical COVID-19 or fatal COVID-19. There is subtle microscopic evidence of endothelial cell injury characterized 
by degenerative endothelial cell changes and focal vascular thrombosis (hematoxylin and eosin, 400 ×). Within the deeper dermal and subcu- 
taneous microvessels of apparently normal skin procured from the deltoid area, there are significant deposits of C4d or C5b-9. (B) Prominent 
microvascular deposits of C5b-9 (DAB, 400 ×). There is localization of viral capsid protein within the deeper and subcutaneous cutaneous 
microvasculature including spike glycoprotein, membrane, and envelope although with no evidence of viral replication as revealed by the lack 
of any SARS-CoV-2 RNA localization to endothelium. (C) Viral capsid membrane localization to endothelium (DAB, 1000 ×). In addition, 
the endothelial cells express various cytokines that are known to be elevated in COVID-19 including TNF α and IL-6. (D) In this image, there 
is striking localization of IL-6 to the endothelium of microvessels in a microanatomic distribution that mirrors complement and viral capsid 
protein expression (DAB, 400x). COVID-19, coronavirus disease 2019; DAB, diaminobenzidine; IL, interleukin; SARS-CoV-2, severe acute 
respiratory syndrome coronavirus 2; TNF, tumor necrosis factor. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

of whom developed thrombi in other larger arteries including
the abdominal aorta and its branches in the setting of anticar-
diolipin antibodies of all isotypes that resolved after she had
recovered from COVID-19 at day 48 of her hospitalization
( Figure 6 , A). 

Distribution of components of complement pathway activation and
SARS-CoV-2 viral capsid protein in amputation specimens 

Amputated lower extremity specimens showed extensive oc-
clusion of small- and medium-sized arterial and venous ves-
sels and capillaries by fibrin thrombi ( Figures 6 , B and C).
There was deposition of C3d, C4d, and C5b-9 within dermal
and subcutaneous microvessels ( Figure 6 , D). Colocalization
studies showed SARS-CoV-2 viral capsid proteins, TNF α,
and Il-6 in the same microvessels where there was comple-
ment deposition. Illustrated in Figure 6 (F) is the SARS-CoV-
2 envelope and the SARS-CoV-2 membrane is illustrated in
Figure 6 (G). A similar distribution of complement, viral cap-
sid proteins and IL-6 was not observed in the larger throm-
bosed arteries. The larger vessel thrombosis was clearly re-
flective of a generalized procoagulant state and was not re-
flective of complement-mediated endothelial cell dysfunc-
tion that was evident in the microvessels. RNA studies to de-
tect intact virions were negative. 74 

Pathophysiology of lower limb ischemia in the setting of severe/critical
COVID-19 and its pathogenetic implications regarding the generalized
procoagulant state of severe and critical COVID-19 

The basis of the procoagulant state leading to this type of
catastrophic complication in COVID-19 is multifactorial. We
know that the complement pathway activation operational in
significantly symptomatic patients with COVID-19 can trig-
ger the coagulation pathway through the established synergy
between complement pathway activation and coagulation
pathway activation. 13 , 14 , 43 , 74 Secondly, additional procoag-
ulant factors such as cold agglutinins or anticardiolipin an-
tibodies may emerge. Finally, there is diminished effective-
ness of CD59, the regulator protein for C5b-9, attributable to
its glycosylation in the setting of diabetes mellitus, leading
to unchecked and overzealous C5b-9 deposition on endothe-
lium, which we know plays a significant role in a number of
thrombotic microangiopathies. 75 
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Fig. 6 Large vessel thrombosis reflective of the generalized procoagulant state operational in COVID-19. (A) Reflective to the striking 
procoagulant state observed in patients with severe and critical COVID-19 is the tendency toward multiorgan thrombosis including one char- 
acterized by arterial thrombotic occlusion of lower extremity vessels leading to lower limb ischemia. In the case illustrated, the patient had 
multiorgan larger vessel thrombosis in the setting of COVID-19 complicated by antiphospholipid antibodies. The development of larger vessel 
thrombosis led to lower extremity ischemia eventuating in the patient losing her leg below the knee. Illustrated is the explanted below-the- 
knee amputation specimen demonstrating ischemic gangrenous necrosis of the foot and distal leg. (B - G) Both amputated lower extremity 
specimens show extensive occlusion capillaries, venules, small arteries, and subcutaneous larger arteries by fibrin thrombi. (B) A component 
of endothelial cell injury and mural fibrin deposition is noted in capillaries and venules (hematoxylin and eosin, 400 ×), and (C) the subcu- 
taneous large vessel arterial occlusion is unassociated with similar endothelial cell alterations and hence largely reflective of an underlying 
procoagulant state as opposed to a thrombotic diathesis triggered by endothelial cell injury (hematoxylin and eosin, 200 ×). (D) In the same 
vein, the vascular complement deposition is largely localized to the endothelium and in a subendothelial cell array within microvessels (DAB, 
200 ×), and (E) significant complement deposition is not observed in the larger arteries within the subcutaneous fat (DAB, 200 ×). (F) 
SARS-CoV-2 viral envelope and membrane (red chromogen, 400 ×) proteins colocalized with TNF α and IL-6 shows (G) a similar pattern of 
vascular localization as that noted for complement (DAB, 400 ×) being localized to endothelium of microvessels but not to larger occluded 
arteries. RNA studies to detect intact virions are negative. COVID-19, coronavirus disease 2019; DAB, diaminobenzidine; IL, interleukin; 
SARS-CoV-2, severe acute respiratory syndrome coronavirus 2; TNF, tumor necrosis factor. 
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Calciphylaxis as a complication of COVID-19 NOTE PLEASE HAVE
THIS HEADING WITHOUT ITALICIZED TEXT! 

Calciphylaxis is an ischemic dermopathy syndrome seen in
select clinical settings, including renal insufficiency, other
conditions associated with calcium phosphate abnormalities,
and certain diseases such as inflammatory bowel disease, cir-
rhosis, and multiple myeloma. The cutaneous and subcuta-
neous ischemia is attributable to a subcutaneous obliterative
calcific intimal arteriopathy and a thrombogenic microan-
giopathy targeting capillaries associated at times with calcific
endothelial cell mummification. A procoagulant state is per-
missive to the bone-forming microenvironment of calciphy-
laxis in part through activation of osteopontin by thrombin. 76

Not surprisingly, we have encountered two cases of this oblit-
erative calcific thrombotic angiopathy in the setting of signif-
icant COVID-19. Pathogenetic synergies included the under-
lying procoagulant state and general state of endothelial cell
dysfunction and the potential for renal insufficiency with its
associated abnormalities in calcium phosphate metabolism.
One of these cases has been reported elsewhere. 28 

COVID-19–associated calciphylaxis case vignettes and the 
distribution of viral capsid proteins and cytokines and ACE2 in 
the microvasculature of affected skin 

The first patient was a man, aged 64 years, with end-stage
renal disease. The patient had developed COVID-19 in early
March of 2021. He was significantly symptomatic requiring
supplemental oxygenation. During the third week of March,
the patient developed progressive retiform plaques with le-
sions on the right fingers, back of the bilateral lower extrem-
ities, left ankle, and tip of the penis, which had increased
in size since his hospitalization for COVID-19 ( Figure 7 ,
A). The biopsy specimen showed a subcutaneous pauci-
inflammatory thrombogenic vasculopathy accompanied by
endothelial and mural calcification in microvessels. Many
cutaneous and subcutaneous vessels had docked spike gly-
coprotein with a parallel staining pattern observed for IL-6,
caspase 3, and TNF α, with the greatest extent of immunore-
activity observed for IL-6 and caspase 3. There was strong
expression of ACE2 in dermal and subcutaneous microves-
sels mirroring the distribution of spike glycoprotein and cy-
tokine microvascular expression. 

The second patient, previously reported, 28 was a woman,
aged 62 years, with end-stage renal disease secondary to fo-
cal segmental glomerulosclerosis and diabetes mellitus who
suffered 3 weeks of cough and worsening atraumatic tender
bilateral lower leg pain accompanied by purpuric plaques
and was found to be COVID-19 positive via SARS-CoV-2
RT-PCR (reverse transcriptase polymerase chain reaction). A
skin biopsy specimen demonstrated classic features of cal-
ciphylaxis ( Figures 7 , B and C). 28 Over and above the cal-
cific thrombotic diathesis in vessels of the subcutaneous fat
( Figure 7 , B), were overlying skin changes of microvascu-
lar and arterial thrombosis without calcification ( Figure 7 ,
D) reminiscent of thrombotic retiform purpura of severe
and critical COVID-19. Immunohistochemical assessment
for the SARS-CoV-2 envelope protein and ACE2 revealed
significant positivity in a few vessels in the deeper dermis
and subcutaneous fat ( Figure 7 , E). 28 

In both cases, there were extensive deposits of C5b-9
within the microvessels throughout the dermis and subcuta-
neous fat, corroborating a state of systemic complement ac-
tivation typical of severe and critical COVID-19. 

Calcinosis cutis secondary to COVID-19–associated chronic renal 
insufficiency 

A man, aged 63 years, recovered from critical COVID-19
but developed chronic renal insufficiency and in the critical
phase of the clinical course was found to have evidence of
systemic complement pathway activation in a normal del-
toid skin biopsy along with microvascular localization of
capsid proteins and upregulation of certain cytokines in en-
dothelium including caspase 3. During convalescence, with
post-COVID–negative PCR and positive antibody testing, a
second lesional skin biopsy specimen from an arm plaque
demonstrated classic features of calcinosis cutis. There was
no microvascular complement deposition, however, nor was
there evidence of pseudovirion endocytosis or caspase 3 ex-
pression in endothelium. Renal insufficiency causing cal-
cium phosphate abnormalities was believed causal of the
metastatic calcification observed in this case. 77 

Robust interferon-driven and T-cell–immune cutaneous responses in
association with COVID-19 

SARS-CoV-2 elicits a robust T- and B-cell response at-
tributable to the immunogenicity of single-stranded RNA,
the nucleocapsid, and various capsid proteins such as enve-
lope, membrane, and spike glycoprotein (Table 2)( Table 2 ).
Certain distinctive cutaneous reactions in the skin reflect an
interferon-driven T-cell response to the virus and are perhaps
best and most commonly exemplified by COVID-associated
perniosis/chilblains 43 and the Kawasaki disease like multi-
organ inflammatory syndrome; however, a broad spectrum
of cutaneous reactions could be indicative of a cellular im-
mune response to a virus such as the common morbilliform
exanthem. 78 , 79 When the T-cell–driven immune response is
intense, the virus is eradicated quickly from the nasopharynx,
and therefore PCR testing may be negative. An effective T-
cell response may obviate the need for a humoral adaptive re-
sponse and therefore, in this subset of patients with COVID-
19, negative SARS-CoV-2 antibody results may be observed.

Covid-19-associated perniosis 

Background 

Numerous reports have been published of patients with
SARS-CoV-2 infection presenting with pernio-like (ie,
chilblains) lesions commonly referred to as “COVID toes.”
These are red or purple papules that are often tender or itchy
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Fig. 7 Calciphylaxis in the setting of COVID-19 (clinical features). A man aged 64 years with history of end-stage kidney disease. The 
patient had severe COVID-19 in early March of 2021. While recovering from COVID-19 and on peritoneal dialysis, the patient developed 
retiform plaques consistent with calciphylaxis. (B –E) Calciphylaxis in the setting of COVID-19 (routine light microscopy, VON Kassa staining 
results, SARS-CoV-2 viral capsid immunohistochemical assessment). A skin biopsy specimen demonstrates classic features of calciphylaxis. 
(B) Over and above the calcific thrombotic diathesis in vessels of the subcutaneous fat (hematoxylin and eosin, 400 ×) and (C) confirmed 
on a Von Kassa stain (400 ×) there are (D) overlying skin changes of microvascular and arterial thrombosis(hematoxylin and eosin, 400 ×). 
Immunohistochemical assessment for the SARS-CoV-2 envelope protein and ACE2 reveals significant positivity in a few vessels in the deeper 
dermis and subcutaneous fat. (E) SARS-CoV-2 capsid envelope protein (DAB, 400 ×). ACE, angiotensin-converting enzyme; COVID-19, 
coronavirus disease 2019; DAB, diaminobenzidine; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2. 

 

 

 

 

 

 

 

 

 

 

 

 

 

and may blister or ulcerate ( Figures 8 , A and B). Primar-
ily found in children, chilblains may be the only manifesta-
tion of COVID-19 in these patients who are typically neg-
ative for SARS-CoV-2 PCR and antibody testing for rea-
sons already outlined and exhibit a significant degree of over-
lap with familial chilblains. 43-50 , 79-82 We have encountered a
number of COVID-19 perniosis cases with histologic sam-
ples procured from both children and adults ranging from
15 to 65 years of age. Some of these cases have been pre-
viously reported. There was no history of a similar erup-
tion in these patients pre-COVID nor was there any his-
tory of Raynaud phenomenon as one might see with Idio-
pathic Perniosis . Their serologic autoimmune studies were
negative. 43 
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Fig. 8 Skin eruptions associated with robust T-cell–driven and interferon-driven effective immune responses to COVID-19. (A) COVID-19 
associated perniosis (clinical features). There have been numerous reports of patients with SARS-CoV-2 infection presenting with pernio-like 
(chilblains) lesions that popularly have been referred to as “COVID toes.” These are red or purple papules that are often tender or itchy and 
may blister or ulcerate (Reproduced with permission from Dr. Scott Sanders, New City, New York). (B) COVID-19–associated perniosis 
(routine light microscopy, phenotypic profile, interferon signaling profile). (D) Skin biopsies show a mononuclear cell dominant interface 
dermatitis with accentuation at tips of rete ridges, massive papillary dermal edema, and dense superficial and deep angiocentric lymphocytic 
and histiocytic infiltrates infiltrating blood vessels and eccrine ducts and eccrine coils defining a lymphocytic eccrine hidradenitis. (B), (C) One 
of the distinctive features of COVID-19–associated perniosis is the extent of epithelial necrosis apparently clinically and light microscopically 
(hematoxylin and eosin, 100 ×) . (D) In addition, within the reticular dermis while the infiltrates around the vessels are very brisk frank 
vasculitic destructive, changes are uncommon (hematoxylin and eosin, 400 ×). (E) Phenotypic studies demonstrate an infiltrate of CD3 + T 

cells, composing a mixture of CD4 and CD8 T cells and CD163 + CD68 + histiocytes exhibiting a mature monocyte derived dendritic cell 
phenotype as evidenced by immunoreactivity for CD14 (DAB, 400 ×). (F) All cases of COVID-19 perniosis manifest strong type I interferon 
signature revealed by intense MXA staining similar to the classic interferonopathy of idiopathic perniosis. MXA (human myxovirus resistance 
protein 1), the surrogate type I interferon marker available in paraffin embedded tissues, is strongly expressed defining this case of COVID-19 
perniosis as a forme fruste interferonopathy (DAB, 200 ×). COVID-19, coronavirus disease 2019; DAB, diaminobenzidine; SARS-CoV-2, 
severe acute respiratory syndrome coronavirus 2. 
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Light microscopy and phenotypic analysis 

A common light microscopic theme in all cases examined
emerged being one of a mononuclear cell–dominant interface
dermatitis with accentuation at tips of rete ridges, massive
papillary dermal edema, and dense superficial and deep an-
giocentric lymphocytic and histiocytic infiltrates infiltrating
blood vessels and adventitial dermis of the eccrine coil defin-
ing a lymphocytic eccrine hidradenitis ( Figures 8 , B and C).
The histiocytes demonstrated reniform and serpiginous nu-
clei and contained intracytoplasmic cellular debris ( Figure 8 ,
D). Phenotypic studies demonstrated an infiltrate of CD3 +
T cells, composing a mixture of CD4 and CD8 T cells and
CD163 + CD68 + histiocytes exhibiting a mature monocyte-
derived dendritic cell phenotype as evidenced by immunore-
activity for CD11c and CD14 ( Figure 8 , E). A cardinal hall-
mark of COVID-19–associated perniosis is the robust type I
interferon response throughout a biopsy sample as revealed
by the extent of MXA 1 staining in the epidermis, eccrine
coil, endothelium, and inflammatory cells. 43 

Differential diagnosis 

Differentiating COVID-19–associated perniosis from idiopathic
perniosis 

Although COVID-19–associated perniosis has many features
in common with idiopathic perniosis, a differentiating feature
is the presence of necrotizing vasculitic changes in reticu-
lar dermal-based blood vessels. In idiopathic perniosis fib-
rin deposition is largely localized to dermal papillae capil-
laries and typically does not involve reticular dermal-based
blood vessels. All cases of COVID-19 perniosis manifest a
strong type I interferon signature revealed by intense human
MXA staining similar to the classic interferonopathy of id-
iopathic perniosis ( Figure 8 , F). MXA is the surrogate type I
interferon marker detectable in paraffin-embedded tissues. 43 

Idiopathic/familial perniosis is associated with mutations in
TREX1 and RNASEH2. 80 , 82-84 Excessive interferon signal-
ing is attributable to an accumulation of nucleases involved
in removing nucleic acids that accumulate during apoptosis.

Viral spike glycoprotein immunohistochemistry assessment in cuta-
neous lesions of COVID-19–associated perniosis 

We studied the microanatomic distribution of viral protein
expression in COVID-19–associated perniosis and observed
no expression of SARS-CoV-2 protein in endothelium ex-
cept one case where a single vessel exhibited docked spike
glycoprotein as a pseudovirion. Only a few cells of proba-
ble monocytic lineage contained SARS-CoV-2 protein and
RNA. 

The literature is conflicting regarding direct infection
of endothelium by the virus in the setting of COVID-19–
associated perniosis and the localization of viral capsid pro-
tein to endothelium. One group at Yale University (New
Haven, Connecticut) published two studies in which they
were unable to find nucleocapsid protein in endothelium,
which would corroborate our position that endothelial cell
infection by viable SARS-CoV-2 has not occurred 

85 ; RT in
situ PCR for spike glycoprotein and nucleocapsid protein
were negative in all of their cases although three of the six
cases had spike glycoprotein in endothelium. 86 They sug-
gested that the spike glycoprotein was endocytosed as a pseu-
dovirion but could result in endothelial cell injury through its
interaction with ACE2 and eventuate in lesions of perniosis.
Another study demonstrated a uniform pattern of endothelial
expression of SARS-CoV-2 in vessels in the superficial der-
mis, which defines a pattern we have never seen, including in
cases of severe and critical COVID-19. In our experience, the
pattern of microvascular staining for SARS-CoV-2 is a focal
interrupted one with dominant localization of immunoreac-
tivity within deeper vessels and subcutaneous fat. This uni-
form superficial microvascular staining pattern raises consid-
eration in regard to background staining. 87 In one study the
authors claimed evidence of direct viral infection of endothe-
lium in lesions of chilblains by observing intracellular struc-
tures reminiscent of the SARS-CoV-2 virion 

87 ; in one letter
to the editor, the authors indicated that their illustrations were
more likely of clathrin coated vesicles, a normal intracellular
structural organelle and not viral proteins. 88 

COVID-19 perniosis as a form of secondary perniosis 

COVID-19–associated perniosis-like lesions can be consid-
ered a form of secondary perniosis along with chilblain lupus
of Hutchinson and perniosis in the setting of antiphospho-
lipid antibody and cryopathy syndromes such as cold agglu-
tinins and cryofibrinogens. 89 The negative PCR nasopharyn-
geal studies in most cases of COVID-19 perniosis may re-
flect the efficacy of an interferon-driven monocyte and T-cell
response to clear the virus but which could also have dele-
terious consequences if unleashed in a multiorgan inflamma-
tory context best exemplified by the multiorgan inflammatory
syndrome resembling Kawasaki disease seen in children in-
fected with SARS-CoV-2. 

Virally triggered Sweet syndrome 

Sweet syndrome is a reactive T-cell–driven and monocyte-
driven dermatosis observed in diverse clinical settings in-
cluding hematologic dyscrasias, autoimmune disease, var-
ious infections, inflammatory bowel disease, and drug hy-
persensitivity. Microbial antigenic triggers include strepto-
coccal sp, Staphylococcus aureus , yersinia sp, upper res-
piratory viral pathogens, and vaccinations that provoke a
mononuclear cell-driven cytokine milieu associated with a
secondary influx of neutrophils into the skin. The hallmarks
clinically are infiltrative violaceous plaques accompanied
by fever. Extracutaneous Sweet syndrome has been linked
to underlying hematologic malignancy. 80 , 90 We encountered
a previously healthy man, aged 51 years, who presented
with a papulovesicular eruption for 5 days in the setting
of a recent diagnosis of COVID-19 ( Figures 9 , A and B).
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Fig. 9 COVID-19–associated Sweet syndrome (clinical features, light microscopic findings, interferon signaling profile, and SARS-CoV- 
2 immunohistochemical assessment). (B) The patient was a previously healthy man aged 51 years who presented with a papulovesicular 
eruption accompanied by fever. (F) The biopsy specimen showed classic features of Sweet syndrome, namely significant papillary dermal 
edema associated with (C - F) interstitial neutrophilic and perivascular mononuclear cell infiltrates ( C , hematoxylin and eosin, 100 ×; D-F , 
hematoxylin and eosin, 200x). Higher power magnification reveals that the dominant infiltrate is a histiocytic one confirmed phenotypically. 
(C –F) The overall morphology is most consistent with histiocytoid Sweet syndrome. (G) Upregulation in type I interferon signaling as revealed 
by MXA expression in endothelium, inflammatory cells and epithelial structures is observed (DAB, 200 ×). (H) Spike glycoprotein localized 
to rare microvessels is identified (red chromagen 400 ×). COVID-19, coronavirus disease 2019; DAB, diaminobenzidine; SARS-CoV-2, 
severe acute respiratory syndrome coronavirus 2. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The light microscopy showed classic features of Sweet syn-
drome, namely significant papillary dermal edema associated
with interstitial neutrophilic and perivascular mononuclear
cell infiltrates ( Figures 9 , C-F). The mononuclear cells ex-
hibited a monocyte-derived dendritic cell phenotype as re-
vealed by immunoreactivity for CD4, CD11c, CD14, and
myeloperoxidase. Leukocytoclasia was noted. In areas, the
dominant infiltrate was a histiocytic one, reflecting overlap-
ping features of conventional Sweet syndrome with histio-
cytoid Sweet syndrome. Another reported case was that of a
woman, aged 61years, who developed Sweet syndrome con-
current with moderately severe COVID-19. She had signifi-
cant pulmonary disease radiographically along with the skin
eruption, fever, and arthralgias. 58 We surmise in these cases
of COVID-19–associated Sweet syndrome that the virally
driven type I interferon response preferentially recruits Th1
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Fig. 9 Continued 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

cells with a resultant cytokine microenvironment conducive
to the influx of neutrophils and monocytes. 

Immunohistochemical assessment of type I interferon signaling and 
viral capsid protein expression 

Upregulation in type I interferon signaling as revealed by
MXA expression in endothelium, inflammatory cells and ep-
ithelial structures was observed ( Figure 9 , G). There were
rare vessels positive for SARS-CoV-2 spike glycoprotein
( Figure 9 , H). 
Additional T-cell–rich cutaneous eruptions (pityriasis rosea, 
eczematous reactions, lymphocytic purpuric vascular reaction, 
papular urticaria, and acute generalized exanthematous pustulosis) 

The most commonly reported skin findings are similar to
those encountered in typical viral exanthems such as mac-
ulopapular and morbilliform eruption and papulovesicular
eruptions 91 and are likely pathogenetically similar being re-
flective of a Gell and Coombs type IV immune reaction.
The presentations clinically included eczematous dermatitis
(three patients), PR (two patients), acute generalized exan-
thematous pustulosis (1 patient) ( Figures 10 , A-C) and a pru-
ritic papular eruption-mimicking papular urticaria (two pa-
tients). The most common pattern was a subacute eczema-
tous invariably accompanied by a subtle cell-poor inter-
face dermatitis consistent with a systemic eczematoid hy-
persensitivity reaction identified in four patients including
two patients believed to have PR, acute generalized exan-
thematous pustulosis (one patient), a low-grade lymphocytic
vasculitis (one patient), and papular urticaria (one patient)
( Figures 11 , A and B). The eruptions were temporally as-
sociated with the diagnosis of acute COVID-19 with most
developing the cutaneous eruption within 2 weeks of di-
agnosis. The eruptions were self-limited and lasted from 2
days to 5 months. A similar spectrum of T-cell–driven re-
actions have been described by others. 36-40 In all cases, the
patients were either asymptomatic or had mild COVID-19.
In six of the cases we conducted spike glycoprotein, IL-6,
and TNF α immunohistochemical stains. The results, sim-
ilar to those seen with perniosis, showed only a few cells
in the deeper dermis representing either endothelial cells or
inflammatory cells expressing spike glycoprotein, IL-6 and
TNF α. 

One study in Spain examined more than 300 patients with
COVID-19 via a questionnaire submitted to various clini-
cians who reported a variety of maculopapular eruptions in-
cluding morbilliform eruptions and PR-like reactions along
with erythema multiforme. Many of the patients had received
drug therapy and therefore a drug reaction was possible. This
contribution did not address histologic findings. It would
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Fig. 10 COVID-19–associated acute generalized exanthematous pustulosis. (A) A woman aged 59 years presented with a widespread 
erythematous macular eruption and was subsequently found to be PCR positive for SARS-CoV-2 by nasopharyngeal swab (Reproduced with 
permission from Dr. S. Rougas, Oklahoma City, Oklahoma). (B) Small (1- to 3-mm diameter) pustules were superimposed on an erythematous 
base in a fashion consistent with acute generalized exanthematous pustulosis. (C) A discrete subcorneal and intra-epidermal pustule is present 
and corroborates the clinical diagnosis of acute generalized exanthematous pustulosis (hematoxylin and eosin, 100 ×). COVID-19, coronavirus 
disease 2019; PCR, polymerase chain reaction; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2. 

Fig. 11 ( A) A woman aged 52 years developed a widespread morbilliform eruption after testing positive for SARS-CoV-2 by nasophay- 
ryngeal PCR swab (Reproduced with permission from Dr. S. Rougas, Oklahoma City, Oklahoma). (B) There is a cell poor lymphocytic 
interface dermatitis with slight epidermal spongiosis and patchy parakeratosis in the absence of tissue eosinophilia. The histology resembles 
a viral exanthem. A morbilliform drug eruption is the differential diagnosis (hematoxylin and eosin, 400 ×). PCR, polymerase chain reaction; 
SARS-CoV-2, severe acute respiratory syndrome coronavirus 2. 



The skin as a critical window in unveiling the pathophysiologic principles of COVID-19 953 

Fig. 12 Cutaneous eruptions reflective of an Arthus type III immune response to SARS-COV-2 signifying an effectual B-cell response. 
(A) The patient was a man aged 72 years who had lethargy, fever, and shortness of breath The patient also developed palpable purpura. 
The patient was found to be SARS-CoV-2 positive. A biopsy was performed of his skin eruption, which demonstrated a lymphocytic and 
neutrophil-enriched necrotizing vasculitis. The biopsy specimen showed a vasocentric lymphocytic and neutrophilic infiltrate that surrounds 
and permeates the vessel wall with evidence of vascular compromise characterized by mural fibrin deposition with attendant hemorrhage. 
(hematoxylin and eosin, 100 ×). (B), (C) The higher power magnification demonstrates an angiocentric and interstitial mixed infiltrate com- 
prising lymphocytes, monocytes, and neutrophils. There is prominent endothelial cell swelling and there is prominent red cell extravasation 
corroborative of the diagnosis of a mixed leukocytoclastic and lymphocytic vasculitis (hematoxylin and eosin, 400 ×). SARS-CoV-2, severe 
acute respiratory syndrome coronavirus 2. 

Fig. 13 (A) The patient was a woman aged 55 years who developed mild COVID-19. Approximately 10 days later the patient developed 
a purpuric bullous eruption. There is massive papillary dermal edema with upper dermal hemorrhage visible from scanning magnification 
(hematoxylin and eosin, 100 ×). (B) There is leukocytoclastic vasculitis characterized by transmural neutrophil migration through vessels 
walls, showing fibrinoid necrosis, leukocytoclasia, and hemorrhage. The findings represents bullous leukocytoclastic vasculitis histopatho- 
logically (hematoxylin and eosin, 200 ×) (Reproduced with permission from Dr. Allison Hood, Oklahoma City, Oklahoma). COVID-19, 
coronavirus disease 2019. 
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Fig. 14 (A) The patient is a woman aged 38 years who carries a diagnosis of lupus erythematosus. The patient had a history of limited 
discoid lupus erythematosus on the face that antedates her presentation by 12 years. The patient has been on plaquenil for a number of years. 
The patient had the COVID-19 vaccine on February 15, 2021. The next day the patient developed redness and swelling in the suprapubic area 
and a more full-blown eruption on the back and abdomen about a week later.(Case courtesy Dr. Henry Lee, New York, New York) (B) The 
biopsy specimen shows a cell poor interface dermatitis. A low-grade lymphocytic vasculitis was noted. In addition, there was a supervening 
interstitial granulomatous component. A diagnosis was made of a post-vaccine hypersensitivity reaction (hematoxylin and eosin, 400 ×). 
COVID-19, coronavirus disease 2019. 

Fig. 15 (A) The patient is a woman aged 34 years with a pruritic eruption that is generalized over the body. It developed after her second 
COVID-19 Moderna vaccine on the February 14, 2021. After receiving the vaccine, the patient developed body aches and chills for about 2 
days. On the third day she developed an eruption at the site of the vaccine and then it spread to the trunk, arms, and proximal thighs. The patient 
is healthy and does not take any medications (hematoxylin and eosin, 200 ×).(Case Courtesy Dr. Eva Kerby, New York, New York) (B), (C) 
The biopsy specimen shows a hybrid interface and eczematous dermatitis along with a superficial lymphocytic purpuric vascular reaction. 
Scattered eosinophils were also noted. The overall morphology is characteristic for a systemic type IV hypersensitivity reaction (hematoxylin 
and eosin, 400 ×). (D) The biopsy specimen exhibits spongiosis with lymphocytic exocytosis. A subtle interface dermatitis is identified. Focal 
parakeratosis with dyskeratosis is noted. There is a lymphocytic purpuric vascular reaction accompanied by a few eosinophils. Overall, the 
biopsy specimen is one that shows a spongiotic eczematous picture with a very subtle interface dermatitis compatible with a systemic type 
IV hypersensitivity (hematoxylin and eosin, 400 ×). COVID-19, coronavirus disease 2019. 
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Fig. 16 (A) A man aged 66 years developed this urticarial reaction process after receiving the COVID-19 Moderna vaccine. (B), (C) 
The biopsy specimen demonstrates an inflammatory process within the dermis, exhibiting urticarial-like features. In particular, there is a 
mixed infiltrate that is interstitial and perivascular composed of lymphocytes, monocytes, and neutrophils along with a few eosinophils with 
concomitant dermal edema. Inflammatory cells migrate through the vessel wallwithout fibrin deposition, although nevertheless there is focal 
leukocytoclasia and red cell extravasation, a constellation of findings consistent with urticarial vasculitis(B, hematoxylin and eosin, 200 ×; 
B, hematoxylin and eosin, 400 ×) COVID-19, coronavirus disease 2019. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

appear that in most cases the patients did not undergo a
biopsy. 92 

Role of humoral immunity in the pathogenesis of cutaneous lesions 
in the setting of COVID-19 

A humoral reaction to SARS-CoV-2 may be the basis of neu-
trophilic urticarial responses including urticarial vasculitis
and leukocytoclastic vasculitis observed during the course
of acute COVID-19 (Table 1) (Table 3. In our experience,
the patients developing this cutaneous complication have
skin-limited vasculitis with COVID-19 disease of mild-to-
moderate severity. We surmise that the etiologic basis is sim-
ilar to other forms of cutaneous leukocytoclastic vasculitis,
namely one reflective of an Arthus type III immune com-
plex reaction. In the setting of SARS-CoV-2, the putative
immune complexes likely compose antibody complexed to
capsid proteins and other nonreplicative viral components
released into the circulation. The circulating immune com-
plexes would serve as a trigger for classic complement path-
way activation leading to the release of neutrophil chemoat-
tractants and vasopermeability factors with resultant vascular
injury, inflammation, red cell extravasation, and vasocentric
fibrin deposition. 

COVID-19–associated leukocytoclastic vasculitis 

We encountered four cases of leukocytoclastic vasculitis
(LCV) where there was a temporal association between an-
tecedent COVID-19 and where other LCV triggers could not
be uncovered. These included one case of bullous LCV, one
case of LCV associated with trace cryoglobulins, one case
of urticarial vasculitis, and one case of a mixed lympho-
cytic vasculitis and LCV. There was an additional case in
which the patient had been recovering from critical COVID-
19 and which pseudomonas associated IgA vasculitis devel-
oped. There are anecdotal case reports of cutaneous LCV in
the setting of COVID-19. 

COVID-19–associated leukocytoclastic vasculitis case summaries 

A woman from Dominica, aged 49 years, with a PCR-
positive nasopharyngeal swab, developed palpable purpura
several weeks later at which time she had positive COVID-
19–associated antibodies. She also had evidence of trace
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Fig. 17 A woman aged 37 years suffered her first onset of shin- 
gles 1 day after her first dose of the Pfizer COVID-19 vaccine. No 
biopsy specimen was taken as the clinical picture was considered 
pathognomic. The eruption cleared after 7 days on valtrex. COVID- 
19, coronavirus disease 2019.(Case courtesy Erica Kumar) 

Fig. 18 A woman aged 48 years developed an urticarial tissue 
reaction days after receiving her first dose of the Moderna COVID- 
19 vaccine, characterized histologically by dermal edema with an 
interstitial mixed inflammatory infiltrate comprising lymphocytes, 
histiocytes, and interstitial mast cells. There was demodex coloniza- 
tion of a hair follicle structure with lymphocytic exocytosis into 
the follicular epithelium (hematoxylin and eosin, 200 ×) (Repro- 
duced with permission from Dr. Miranda Smith, Tulsa, Oklahoma). 
COVID-19, coronavirus disease 2019. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

cryoglobulinemia. A second patientwas a man, aged 72
years, with moderate COVID-19 who developed palpable
purpura 2 weeks after his initial diagnosis. Both had ground
glass pulmonary opacities, but neither was hypoxemic, nei-
ther required supplemental oxygen ( Figures 12 , A-C) and
therefore fulfilled criteria for moderate COVID-19. We ob-
served two additional patients positive for COVID-19 who
developed LCV after 2 weeks of mild COVID-19 symptoms.

Light microscopy 

Skin biopsies demonstrated typical LCV changes in all four
patients characterized by angiocentric neutrophilic infiltrates
with leukocytoclasia and mural fibrin deposition ( Figures 12 ,
A and B; 13, A and B). One patient had classic IgA vasculi-
tis triggered by pseudomonas infection in the setting of se-
vere/critical COVID-19. One of the four cases had a signifi-
cant degree of intervascular interstitial neutrophilia compat-
ible with urticarial vasculitis. In another case, there was a
conspicuous vasocentric lymphocytic component, therefore
defining a hybrid leukocytoclastic and lymphocytic vasculi-
tis albeit the dominant morphology was an LCV ( Figures 12 ,
A-C). 

Complement studies and viral capsid protein immunohistochemical as-
sessment in skin biopsies of COVID-19 associated leukocytoclastic vas-
culitis 

Marked C4d and C5b-9 deposition within microvessels sug-
gested classic complement and/or MBL pathway activation.
It is likely that the basis of the vasculitis in the setting of
COVID-19 is a combination of an Arthus type III immune
complex reaction composing viral-related protein bound to
antibody that is generated as part of the adaptive immune
response triggering the classic complement pathway. In one
case, virally triggered type III mixed cryoglobulinemia re-
mains a possibility. These cases showed spike glycoprotein
and other viral capsid protein localization to microvessels
and/or to extravascular mononuclear cells. The microvascu-
lar spike glycoprotein was minimal compared with the ex-
tent of spike glycoprotein localization seen in the setting of
thrombotic retiform purpura of severe and critical COVID-
19. 

Viral RNA assessment 

Only one case expressed viral RNA, largely localized to rare
mononuclear cells. 

Pathophysiologic principles underlying COVID-19–associated leuko-
cytoclastic vasculitis 

In the case of IgA-associated vasculitis, we postulated that
the trigger was pseudomonas septicemia. C5b-9–mediated
endothelial cell injury could define a vascular cofactor that
may lead to the preferential entrapment of immune com-
plexes key to the development of postinfectious IgA vasculi-
tis. The case showing a mixed leukocytoclastic and lympho-
cytic vasculitis demonstrated a strong upregulation of type
I interferon in microvessels similar to COVID-19 pernio-
sis. The enhanced type I interferon signaling could explain
the component of lymphocytic vasculitis and may have con-
tributed to the adaptive immune response to viral antigen. 

Literature review of other cases of COVID-19 leukocytoclastic vasculi-
tis 

There are anecdotal reported cases of COVID-19–associated
LCV in adults, ranging from 29 to 64 years of age. The LCV
developed 1 week to 1 month after the diagnosis of COVID-
19. Widespread palpable purpura involving the lower extrem-
ities, thigh, and trunk occurred in three of the patients, and
the fourth patient had striking orbital edema with purpuric
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Fig. 19 (A) A woman aged 54 years developed tender purple-red plaques and nodules on her fingers 9 days after receiving a first dose of 
the Moderna vaccine. There is marked papillary dermal edema with a superficial and deep perivascular and peri-adnexal mononuclear cell 
infiltrate accompanied by a patchy lymphocytic interface injury pattern (hematoxylin and eosin, 100 ×) (Reproduced with permission from 

Dr. P. Safo, St Michael’s Hospital, Steven’s Point, Wisconsin). (B) There is deep perivascular and peri-adnexal mononuclear cell infiltrate 
accompanied by a transmural pattern of lymphocyte migration characteristic for perniosis (hematoxylin and eosin, 200 ×). 

Fig. 20 Shortly after the first dose of the Moderna vaccine, the pa- 
tient developed an area of slight induration and erythema that spread 
circumferentially from the vaccine site (Reproduced with permis- 
sion from Dr. Marc Grossman, White Plains, New York). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

annular lesions involving the face, trunk, and upper extremi-
ties, consistent with urticarial vasculitis. Two of the patients
had significant pulmonary involvement that would qualify
as moderate COVID-19. The other two patients had no pul-
monary symptoms but rather fever and malaise, symptoms
of colitis in one, and loss of smell and loss of taste in the
other, consistent with mild COVID-19. Molecular studies
were conducted on the tissue samples in one of the cases. One
of the four patients did not have a positive PCR result but had
positive SARS-CoV-2–associated antibodies. The other three
patients had positive nasopharyngeal swabs. The one case
where nasopharyngeal swab studies were repeatedly nega-
tive had positive PCR studies to detect viral RNA in the skin
biopsy specimen. One must be cautious when interpreting
the PCR studies, specifically in regard to equating positive
viral PCR results with evidence of active infection. Circu-
lating free viral RNA released from nonviable cells or de-
generated RNA containing viral fragments devoid of capsid
proteins and hence not representing true replicative infection
could give a positive result. The patient’s vasculitic presen-
tation occurred almost 1 month after his initial diagnosis of
COVID-19. 93-96 In one case there was a delay of a few weeks
between the initial presentation of COVID-19 and the devel-
opment of urticarial vasculitis and as well the nasopharyn-
geal PCR studies went from a positive result at the time of
the initial diagnosis of COVID-19 to a negative result when
the patient presented with urticarial vasculitis. 

We believe that LCV in the setting of COVID-19 repre-
sents a form of hypersensitivity to nonreplicative viral anti-
gen. The delay of a few weeks between the onset of COVID-
19 and the development of LCV reflects the role of the adap-
tive humoral immune response in its pathogenesis. Further-
more, the effective antibody response to various components
of the virus would imply an adequate immune response likely
effective in controlling viral replication hence explaining the
relatively mild forms of COVID-19 seen in these patients. 

Post vaccine biopsies in patients with no history of COVID-19 sorry
I did not mean to delete the heading. please do not have it italicized
though 

A number of vaccine candidates using a reverse genetic sys-
tem primarily targeting the spike glycoprotein of SARS-
CoV-2 have been developed with the earliest allowable age
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Fig. 21 Post-vaccine detection of spike protein and host response in the skin’s microvessels in the deep dermis and subcutaneous fat. (A) 
The strong expression of ACE2 in the microvessels of the subcutaneous fat in a person after the Moderna vaccine (fast red chromogen, 
200 ×). Rare microvessels after vaccine showed (B) the spike protein (red chromagen) that co-expressed with (C) TNF α as seen in (D) the 
merged image (fluorescent yellow marks endothelial cells with spike protein and TNF α; 1000 ×). (E), (F) The co-expression of the viral 
membrane protein and TNF α in the microvessels of the leg in a case of person with severe COVID-19 whose hypercoagulable state led to a 
leg amputation (TNF α, DAB, viral membrane protein fluorescent red, with co-expression as fluorescent yellow, 1000 ×). (G), (H) A mouse 
model of COVID-19 where IV injection of the spike protein induces neurologic symptoms and endocytosis of the spike protein in the deep 
microvessels of the skin with concomitant TNF α expression (1000 ×, spike, red chromagen, TNF α DAB, with co-expression as fluorescent 
yellow). ACE, angiotensin-converting enzyme; COVID-19, coronavirus disease 2019; TNF α, tumor necrosis factor. 

Fig. 22 Pathophysiologic mechanisms underlying severe COVID-19 including the role of Mannan Binding lectin and alternative pathway 
complement-mediated microvascular injury and the blunted interferon response. COVID-19, coronavirus disease 2019. 
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Fig. 23 Robust interferon driven and T-cell immune cutaneous responses in association with mild COVID-19. COVID-19, coronavirus 
disease 2019. 

Fig. 24 The role of humoral immunity and classic complement pathway activation in the pathogenesis of cutaneous lesions in the setting 
of mild and moderate COVID-19. COVID-19, coronavirus disease 2019. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

for vaccination being 12 years of age. At the time of writ-
ing, about 49.6% of the population of the United States of
America has been fully vaccinated, having received 1 of the
3 currently available vaccines allowed for emergency use by
the United States Food and Drug Administration, namely
the Pfizer/BioNtech and Moderna lipid vehicle-based mRNA
vaccines and the Johnson and Johnson viral vector vaccine.
In January of 2021, we began to see cutaneous eruptions
temporally associated with the administration of the vac-
cines(Table 4). We observed nine cases after the Moderna
vaccine and 2 occurred after the Pfizer vaccine. In four cases,
the vaccine administered was unknown. The reactions devel-
oped 1 day to 7 weeks after vaccination. In 9 cases, the erup-
tion developed within 1 week after receiving either the first
or second dose, including three cases in which the eruption
developed within 48 hours after the vaccine. In five cases, the
reaction was delayed, developing 9 days, 10 days, 3 weeks,
4 weeks, and 7 weeks after receiving the vaccine. Among
the eruptions were localized erythema at the site of the vac-
cine, (2 cases) eczematous dermatitis (six cases), morbilli-
form hypersensitivity (one case), urticaria (one case), lym-
phocytic vasculitis (one case), Grover disease (one case),
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Table 2 Interferon And T-Cell–Mediated Reactions 

Case # Sex Age Biopsy Diagnosis Outcome 

A. Perniosis PN 1 M 16 Left dorsal foot COVID-19–associated 
perniosis 

Recovered 

PN 2 F 65 Right dorsal small 
metacarpopha- 
langeal 
joint 

COVID-19–associated 
perniosis 

Recovered 

PN 3 M 15 Left dorsal fourth 
toe 

COVID-19–associated 
perniosis 

Recovered 

PN 4 F 26 Right fourth finger COVID-19–associated 
perniosis 

Recovered 

PN 5 F 48 Right great toe COVID-19–associated 
perniosis 

B. Sweet 
Syndrome 

SW 1 M 51 Right thigh Sweet syndrome with 
overlapping features of 
conventional Sweet 
syndrome and histiocytoid 
Sweet syndrome 

Recovered 

F 41 Left arm Virally triggered pityriasis 
rosea. 

TYPE 4 HR 1 M 38 Left axilla Virally triggered pityriasis 
rosea. 

Recovered 

TYPE 4 HR 2 F 58 Left medial breast COVID-19–associated 
lymphocytic vasculitis as 
a manifestation of an 
effective robust T-cell and 
interferon-driven immune 
response to the virus 
(COVID-19 perniosis-like 
but at a truncal site). 

Slowly 
recovering 

TYPE 4 HR 3 M 65 Back Subacute eczematous 
dermatitis 

Recovered 

TYPE 4 HR 4 F 52 Back Subacute eczematous 
dermatitis 

Recovered 

TYPE 4 HR 5 M 55 Abdomen Subacute eczematous 
dermatitis 

Recovered 

TYPE 4 HR 6 F 59 Left forearm Acute generalized 
exanthematous pustulosis 

Recovered 

COVID-19, coronavirus disease 2019; F, female; HR, hypersensitivity reaction; M, male; PN, perniosis; SW, Sweet syndrome. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

urticarial vasculitis (two cases), herpes zoster, and pernio-
sis (one case) ( Figures 14 , A and B; 15, A; 16,A,B and
C,A; 17). In all cases the clinical impression was congru-
ous with the histologic findings, and in all cases the erup-
tions resolved either spontaneously or with topical or sys-
temic steroid therapy ( Figures 14 , B; 15, B-D; 18; 19, A
and B). In cases resembling eczema, the clue to the sys-
temic nature of the hypersensitivity reaction was the con-
comitant interface dermatitis. Conversely, in the morbilli-
form reaction the dominant interface pattern is accompanied
by subtle eczematous changes. In addition, in one case there
were pustules noted clinically; however, there was no histo-
logic documentation of a pustular diathesis. There were no
accompanying significant systemic symptoms. One patient
had significant peripheral blood eosinophilia. Similar erup-
tions were described by McMahon et al. 97 and as well lo-
calized delayed hypersensitivity reactions at the site of the
vaccine are reported similar to the cases reported in this
series ( Figure 20 ). 97-99 

Viral spike glycoprotein immunohistochemistry assessment 

The immunohistochemical stain to assess for spike glyco-
protein was conducted in an attempt to document evidence
of human myocyte synthesis and to establish the ability of
spike glycoprotein to dock to ACE2 positive vessels as a
pseudovirion, a hypothesis proffered as the basis of systemic
complement activation in the setting of severe and critical
COVID-19. We were able to document spike glycoprotein
in the cutaneous microvasculature in all cases tested. In par-
ticular, there were occasional deep-seated vessels in the deep
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Table 3 Humorally mediated immune reactions 

Case # Sex Age Biopsy Diagnosis Outcome 

LCV LCV 1 W 49 N/A Moderately severe 
leukocytoclastic vasculitis 
in association with 
significant complement 
activation likely 
representing an Arthus 
type III immune complex 
reaction but potentially 
with an underlying 
SARS-CoV-2–associated 
complement-driven 
microangiopathy. 

Oxygen saturation 
while at the 
hospital remained 
at 100%. Gradually 
convalesced at 
home without any 
serious 
complications. 

LCV 2 M 72 Right thigh COVID-19 associated 
low-grade lymphocytic 
vasculitis and 
leukocytoclastic vasculitis 
in the setting of a robust 
type I interferon immune 
response reflective of 
effective interferon-driven 
cellular and 
antibody-triggered 
immunity to 
SARS-CoV-2. 

Recovered 

LCV 3 M 77 Left calf; Right 
thigh 

Iga-associated 
Vasculitis/infection- 
triggered 
Henoch-Schonlein 
Purpura. 

Recovered 

LCV 4 M 59 Left arm Urticarial Vasculitis Recovered 
LCV 5 F 55 Right leg Bullous LCV Recovered 

COVID-19, coronavirus disease 2019; F, female; LCV, leukocytoclastic vasculitis; M, male; N/A,; SARS-CoV-2, severe acute respiratory syndrome 
coronavirus 2. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

reticular dermis and fat that showed focal expression of spike
glycoprotein in endothelium, which is not surprising because
it reflects the preferential expression of ACE2 in deeper der-
mal and subcutaneous microvessels. There were only one
rare positive staining vessels ( Figure 21 ). 

Cytokine assessment 

A similar distribution was observed but without significant
microvascular complement deposition for IL-6, caspase 3,
and/or TNF α. ( Figure 20 ). The overall amount of spike gly-
coprotein in the microvessels was much less than what we
observed in the setting of thrombotic retiform purpura of se-
vere and critical COVID-19. 

Pathophysiologic principles underlying the post-vaccine reactions 

It is our impression that the hypersensitivity reactions asso-
ciated with the vaccine are mild, self limited, and primar-
ily type IV delayed dermal hypersensitivity reactions. Vas-
culitic cases, however, represent a humorally mediated reac-
tion. If one makes the assumption that the vehicle of deliv-
ery is largely inert, the newly synthesized foreign antigen—
namely the spike glycoprotein, which is capable of eliciting
a robust T-cell–driven and antibody-driven response—could
be the trigger to these cases of post-vaccine–associated cu-
taneous hypersensitivity reflecting either a type IV immune
response to small amounts of spike glycoprotein localized to
cutaneous microvessels or an Arthus type III immune com-
plex reaction composing spike glycoprotein bound to anti-
body. The fact that certain cases exhibit a morphology that
resembles the cutaneous manifestations of mild COVID-19,
such as perniosis and PR, perhaps provides some credence to
this hypothesis. Vaccine constituents have been implicated
in systemic allergic contact dermatitis whereby exogenous
antigens such as neomycin, thimerosal, formaledehyde, and
propylene glycol have been implicated. Polyethylene glycol
moieties and polysorbate-80 have the potential to cause im-
mediate hypersensitivity reactions, as well as delayed hyper-
sensitivity reactions. Polyethylene glycol moieties have been
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Table 4 Post vaccine reactions 

Case # Sex Age Biopsy Diagnosis Outcome 

PV 1 F 38 Superior back Post-vaccine–associated 
cytotoxic interface 
dermatitis with low-grade 
lymphocytic vasculitis 
with an associated 
upregulated type I 
interferon 
microenvironment 

Recovered 

PV 2 F 90 Left chest Systemic eczematoid 
eosinophil-rich 
hypersensitivity reaction 
possibly representing an 
exuberant type IV immune 
response to the vaccine. 

Recovered 

PV 3 F 34 Left abdomen Post-vaccine eczematoid 
and delayed dermal 
hypersensitivity reaction. 

Recovered 

PV 4 M 66 Right upper arm Post-vaccine–associated 
urticarial vasculitis. 

Recovered 

PV 5 M 67 Left back; right 
anterior thigh 

Post-vaccine triggered 
morbilliform 

hypersensitivity reaction. 

Recovered 

PV 6 F 73 Left thigh Post-vaccine Urticarial 
vasculitis 

Recovered 

PV 7 F 48 Chest Post-vaccine urticaria Recovered 
PV 8 F 54 Left finger Post-vaccine–associated 

perniosis 
Recovered 

PV 9 M 66 Right upper 
quadrant 

Post-vaccine Grover 
disease 

Recovered 

PV 10 M 72 Right arm Subacute eczematous 
dermatitis 

Recovered 

PV 11 F 37 Left chest No biopsy Recovered 
PV 12 F 66 Right thigh Subacute eczematous 

dermatitis 
Recovered 

PV 13 M 86 Back Subacute eczematous 
dermatitis 

Recovered 

F, female; M, male; PV, post vaccine. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

implicated in the pathogenesis of the immediate and delayed
hypersensitivity reactions associated with the Moderna and
Pfizer vaccines. 97 

Despite microvascular localization of spike glycoprotein
similar to what one observes in thrombotic retiform purpura
of severe/critical COVID-19, significant microvascular se-
quelae do not appear to occur likely reflecting the excep-
tionally low burden of manufactured spike glycoprotein and
the progressive neutralization of human myocyte synthesized
spike by antibodies produced by the host. 

Concluding remarks 

COVID-19 presents many aspects in the skin, encompass-
ing specific manifestations that correspond to the severity
of the disease. In this regard, the broad categories of dis-
ease directly attributable to active infection can be segregated
into those invariably seen in the setting of severe and critical
COVID-19, namely cell-poor thrombotic retiform purpura
and lower limb gangrene, versus the robust T-cell–driven
and B-cell–driven cutaneous reactions seen in patients with
mild or moderate COVID-19 that reflect an effectual im-
mune response that facilitates viral eradication. The hetero-
geneous inflammatory reactions include perniosis, vasculitis
with features of a lymphocyte driven and/or Arthus type III
neutrophil-enriched pattern, PR, and erythema multiforme.
Some cutaneous eruptions reflect metabolic consequences of
kidney failure that develops in patients with severe and crit-
ical COVID-19. Finally, there are vaccine reactions that pri-
marily reflect a type IV T-cell response. The antigenic epi-
tope that elicits the response is unclear. Of interest is the lo-
calization of human manufactured spike glycoprotein to the
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same microanatomic sites observed in the setting of severe
and critical COVID-19, namely, deeper dermal and subcu-
taneous microvessels. There is no reason to believe that ac-
tive viral infection related to SARS-CoV-2 occurs in the skin,
but clearly pseudovirions represented by viral capsid pro-
teins can lodge in deeper dermal and subcutaneous vessels
corresponding to microanatomic ACE2 expression and result
in complement pathway activation and vascular thrombosis
in patients with severe and critical COVID-19. That being
said, pseudovirion localization to ACE2 positive does not al-
ways equate with microvascular sequelae best exemplified
by post-vaccine COVID-19 skin biopsies.The pathophysio-
logic mechanisms that underlie the main cutaneous faces of
COVID-19 are summarized in figures 22 through 24. 

Figures 1–24 

The effectual interferon response will result in viral clear-
ance and the relative absence of pseudovirions but can poten-
tially elicit various forms of cutaneous type IV hypersensi-
tivity. We have long recognized the skin as a critical window
for understanding disease. Being our most superficial organ,
the skin provides our easiest access for studying COVID-19
and providing an unparalleled opportunity for unraveling key
pathophysiologic principles of COVID-19. 

Tables 2 , 3 and 4 
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