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Abstract 
Background: Prior studies have shown the presence of immunohistochemical staining 

for the SARS-CoV-2 spike protein (SP) in endothelial cells and eccrine epithelium of 

acral perniosis classified as “COVID toes”. Yet, other studies have been unable to 

detect SARS-CoV-2 RNA in skin biopsies of “COVID toes” by reverse-transcriptase 

polymerase chain reaction testing. Objective: In order to address these apparently 

conflicting findings, we compared detection of SARS-CoV-2 SP, through RNA in situ 

hybridization (ISH) versus immunohistochemistry (IHC), in skin biopsies of acral 
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perniotic lesions presenting during the COVID-19 pandemic. Results: Three of six cases 

showed positive immunohistochemical labeling of endothelial cells, with 1 of 3 cases 

with sufficient depth also having labeling of eccrine glands, using an anti-SP SARS-

CoV-2 antibody. These three cases positive with IHC were negative for SP by RNA ISH. 

Conclusion: While the gold standard for detection of SARS-CoV-2 in tissue sections has 

yet to be determined, the detection of SARS-CoV-2 SP alone without spike RNA 

suggests cleaved SP may be present in cutaneous endothelial cells and eccrine 

epithelium, providing a potential pathogenetic mechanism of COVID-19 endotheliitis.  

 

 

 

 

Introduction 

There are various skin manifestations that have been described in association with 

COVID-19. The most common patterns are acral perniotic, 

maculopapular/urticarial/targetoid, vesicular, livedoid, and purpuric (including acral 

gangrene or retiform purpura).1,2 Histopathologic findings for vesicular lesions include 

multinucleated cells and necrotic cells in the epidermis.3,4 

Maculopapular/urticarial/targetoid lesions have been described as having lymphocytic 

inflammation.4,5 Perniotic lesions presenting during the COVID-19 pandemic (PDC) 
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resemble idiopathic perniosis with dermal edema and perivascular and sometimes 

perieccrine lymphocytic inflammation;6-14 thrombi may be present.15,16 Livedoid and 

purpuric lesions generally show vascular occlusion.17 

 SARS-CoV-2 spike protein has been detected in a variety of these skin lesions, 

including purpura in COVID-19 hospitalized patients, PDC, and erythema multiforme-

like lesions (Table 1).16-20 For PDC and erythema multiforme-like lesions, patients are 

generally negative for nasopharyngeal and serologic testing for SARS-CoV-2,1,2,19 and 

polymerase chain reaction (PCR) testing for SARS-CoV-2 in the skin of 29 cases of 

PDC was negative for detectable viral RNA.9,21 Due to such conflicting data, many 

experts support that PDC is directly related to SARS-CoV-2 infection of the skin,1,2 while 

others suggest that PDC is merely a coincidental increase in idiopathic perniosis.21  In 

light of the discordant results of IHC and PCR in literature, negative nasopharyngeal 

and serologic testing for SARS-CoV-2 in the majority of patients with PDC, and negative 

anti-SARS-CoV-2 nucleoprotein IHC in six cases of PDC,22 we tested PDC for spike 

protein using IHC and RNA in situ hybridization (ISH) to clarify if viral spike protein and 

RNA can be detected in the same tissue sections.  

 

Methods 

Six cases of PDC received in our laboratory between mid-May and mid-June, 2020 

(with the peak of COVID-19 cases in this geographic area being mid-April, 2020) were 
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studied using IHC for the SARS-CoV-2 spike protein (Sino Biological, 40150-T62-

COV,1:200). All six PDC cases had previously shown negative staining with an anti-

SARS-CoV-2 nucleocapsid protein antibody (Thermofisher, mouse monoclonal antibody 

clone B46F, dilution 1:200).22 Three of the six PDC cases with positive labeling using an 

antibody against the SARS-CoV-2 spike protein were also evaluated with RNA ISH 

using an Advanced Cell Diagnostics anti-SARS-CoV-2 spike protein probe (V-

nCoV2019-S, prediluted), performed on the Leica BOND-III platform (Leica, Wetzlar, 

Germany).  

Appropriate positive and negative controls were used. Both RNA ISH and IHC 

against the spike protein were validated on placental tissue known to be polymerase 

chain reaction-positive for SARS-CoV-2; nucleoprotein, spike protein, and spike protein 

RNA were detected in syncytiotrophoblasts. The placental tissue was from a COVID-19-

positive patient with severe preeclampsia.23 Lung from a deceased patient with COVID-

19 was also positive for nucleoprotein, spike protein, and spike protein RNA in 

endothelial cells and macrophages. Placental tissue negative for SARS-CoV-2 by PCR 

did not stain positively with IHC for nucleoprotein, two different spike protein antibodies, 

or the RNA ISH probe; and other specimens from non-COVID-19 patients stained 

negatively with these antibodies and probe. Additionally, eight cases of perniosis 

diagnosed in 2019 stained negatively for anti-spike protein IHC.  
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An RNA ISH negative control probe targeting the B.subtilis dapB gene showed 

absent background staining in all tested cases, and a positive control probe to the 

housekeeping gene peptidylpropyl isomerase B (PPIB) to assess RNA integrity was 

included with each run. These positive and negative controls stained appropriately. 

 

Results  

The six cases of PDC presented in mid-May to mid-June of 2020 with 5/6 cases having 

pernio-like clinical lesions on fingers or toes. One case had a perniotic toe lesion as well 

as slightly targetoid macules and papules on the legs and dorsal hands. All six cases 

had perniosis-like histopathologic findings, with perivascular lymphocytes (Figure 1); 

additional findings included interface change (2/6), papillary dermal edema (2/6), and 

perieccrine inflammation (1 of 3 cases with eccrine glands represented in the 

specimen). Three of the six cases had IgG and IgM SARS-CoV-2 serologic testing 

performed; all three were negative.  

Three of six cases of PDC (Table 2) showed positive staining of endothelial cells 

for SARS-CoV-2 spike protein by IHC with one of the three with sufficient depth showing 

staining of eccrine glands (Figure 2); these three cases had negative staining by RNA 

ISH against the SARS-CoV-2 spike protein (Figure 2). Staining was observed with the 

RNA ISH assay in syncytiotrophoblasts of the positive control tissue (placenta). RNA 

This article is protected by copyright. All rights reserved.



ISH showed cleaner staining, with very little background signal in control placenta 

tissue, compared with IHC. Both RNA ISH and IHC showed granular staining.  

Discussion 

Results of IHC and RNA ISH staining against the SARS-CoV-2 spike protein 

were discordant in this series of PDC. The presence of spike protein IHC in three cases, 

negative RNA ISH (Figure 2) and nucleoprotein IHC,22 and absence of SARS-CoV-2 by 

PCR testing of the skin in 29 cases of PDC9,21 are compatible with endothelial cell 

uptake of spike protein fragments rather than the presence of whole virions. Cleavage 

of spike protein, required for viral endocytosis via angiotensin converting enzyme-2 

(ACE2), may result in circulating spike protein fragments that could conceivably bind to 

ACE2 on endothelial cells of skin and other organs and cutaneous eccrine glands with 

subsequent receptor-mediated endocytosis. Cleaved spike protein in endothelial cells 

may then incite vasoconstriction and/or the endotheliopathy associated with vascular 

occlusion in COVID-19.24-26  

Eccrine glands are known to express ACE2,27 providing a mechanism for viral 

entry, but the exact significance of detecting spike protein in cutaneous eccrine 

epithelium is unclear. While only one of three cases in this series had sufficient depth to 

evaluate eccrine glands, detection of spike protein by IHC in eccrine epithelium has 

been previously reported in PDC,16,18 purpura in hospitalized patients with COVID-

19,17,20 and erythema multiforme-like lesions.19 Furthermore, nucleoprotein of SARS-
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CoV was detected in eccrine glands on autopsy.28 Detection of coronavirus proteins in 

sweat glands could signify the possibility of virus/viral protein excretion into sweat;18,28 

however, further directed investigation would be necessary to evaluate this possibility.  

The optimal tissue-based testing method for COVID-19 remains unclear. PCR 

and RNA ISH are both highly sensitive and specific approaches. PCR for SARS-CoV-2 

is reported to detect 0.58 copies/µl of COVID-19 viral RNA with a confidence ≥95%.29 

RNA ISH is able to specifically detect even single molecules within formalin-fixed 

tissue.30,31 In contrast, IHC is not generally quantitative and has been shown to be 

unable to detect low levels of protein expression.32,33 Furthermore, for reasons that are 

incompletely understood, IHC is known to sometimes produce nonspecific staining,34 

and an alternative explanation for the discordant spike protein and RNA staining via IHC 

and RNA ISH is a false positive IHC signal. Notably, IHC and ISH results do not always 

correlate with the presence of virions as IHC or ISH positivity alone can be due to free 

viral antigens or degenerating RNA fragments.35 As both PCR testing36 and RNA ISH 

are able to detect a very low number of virions, negative PCR testing of 29 lesions of 

PDC 9,21 and negative RNA ISH in 3 cases in this series would suggest that SARS-CoV-

2 virions are not directly present within the tested samples. Although we cannot exclude 

the possibility of a false positive IHC spike protein signal, the granular staining pattern, 

the localization to endothelial cells and eccrine glands, similar findings in other studies 

(Table 1),16-18 and negative spike protein IHC in eight cases of perniosis diagnosed in 
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2019 support the interpretation that positive spike protein staining in three cases is not 

spurious. 

One case of PDC was studied by electron microscopy, with detection of 100 

nanometer particles with 13 nanometer spikes compatible with SARS-CoV-2.16 These 

particles were located within endothelial cells in the skin of a 13-year-old female patient 

with purpuric papules and plaques on the toes and heels.16 She did have respiratory 

symptoms and mild pain in the skin lesions, and the skin biopsy was performed 11 days 

after onset of the skin lesions.16 Biopsy findings included a superficial and deep 

perivascular, perieccrine, and panniculitic lymphocytic infiltrate with vacuolar change 

and superficial thrombi.16 The ultrastructural findings in particular support that 

coronavirus is directly present in this case of PDC; the patient’s clinical and 

histopathologic findings suggest that virions may be more common in painful PDC with 

corresponding superficial thrombi. It is also unclear if age is a factor. Age ranged from 

32-42 in 7 other skin biopsies tested with PCR,9 and at least four of 13 teenagers were 

tested with PCR on cutaneous lesions in another study.21 Ultrastructural examination of 

more lesions, in children and adults, would be important, with correlation of 

ultrastructure with testing for various viral proteins and RNA. 

SARS-CoV-2 spike protein is expressed on the surface of the virion, and 

nucleoprotein surrounds RNA internally within the virion. Serologic testing of antibodies 

against these two proteins have some differences but high sensitivity and specificity for 
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both.37,38 Nucleoprotein antibodies are detected slightly earlier than spike protein 

antibodies.37 Comparison of IHC using antibodies against the nucleoprotein vs. spike 

protein in formalin-fixed cutaneous specimens has not been previously performed, to 

our knowledge. Our results support that IHC of the nucleoprotein is possibly more 

reliable than that of the spike protein, in our laboratory, if RNA ISH (probe V-nCoV2019-

S) is considered a gold standard for detection of virions. Limitations of this study include 

the small sample size and our inability to test multiple different antibodies from different 

companies. We were also unable to perform PCR or ultrastructural studies for SARS-

CoV-2 directly on these skin biopsies.  

IHC and RNA ISH against the SARS-CoV-2 spike protein may have discordant 

staining. Although our sample size is small, these results support the hypothesis that 

cleaved SARS-CoV-2 spike protein may be present within endothelial cells and eccrine 

glands of the skin in the absence of SARS-CoV-2 RNA or other internal proteins. 

Interaction of cleaved spike protein with ACE2 on endothelial cells could relate to the 

inflammation, vasoconstriction, and endotheliitis observed in some patients with SARS-

CoV-2 infection. Future studies are necessary to confirm this hypothesis. 
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Table 1: SARS-CoV-2 spike protein and RNA staining of skin lesions 

Study Control Other 
testing 
performed 

Clinical 
lesion 

Biopsy 
findings 

Antibody 
(Company, 
Dilution) 

Total cases 

Spike protein immunohistochemistry in skin 
This study Placenta 

(positive) 
 
8 cases of 
idiopathic 
perniosis 
(negative) 

3/3 cases: 
negative 
IgG and 
IgM SARS-
CoV-2 
serology 

Pernio-
like in 6/6 
 
1 case 
also with 
targetoid 
lesions 

Perivascular 
lymphocytes in 
all 6; 
perieccrine 
inflammation in 
1 case with 
eccrine glands 
represented 

40150-T62-COV 
(Sino Biological, 
1:200) 

3/6 
+endothelial 
cells; 1 of 3 
with 
sufficient 
depth had + 
eccrine 
epithelium 

Colmenero, 
et al16 

Lung 
(positive) 

6/6 cases: 
negative 
IgG and 
IgM SARS-
CoV-2 
serology 
 
One case: 
electron 
microscopy 
with 
detection of 
~90 nm 
particle in 

Pernio-
like on 
feet/ toes 

Pernio-like with 
mild interface 
change, 
superficial and 
deep* 
perivascular  
and 
eccrinotropic 
lymphocytic 
inflammation; 
endothelialitis 
(separation of 
endothelial 
cells from the 

1A9 (GeneTex, 
1:200) 

7/7 
+endothelial 
cells and 
eccrine 
epithelial 
cells 
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endothelial 
cells 

basement 
membrane); 
microthrombi in 
4 cases 

Magro, et 
al17 

Lung 
(positive) 
 
Idiopathic 
perniosis 
(negative) 

Pernio-like: 
1 case with 
negative 
nasophary
ngeal swab 
testing; 1 
case with 
negative 
IgG/IgM 
serologic 
testing 
 
Purpuric/ 
thrombotic: 
6/6 COVID-
19 positive 
 
Envelope 
protein 
IHC, 1:300, 
ProSci 
positive in 
a pattern 
similar to 
spike 
protein 

3 cases 
pernio-
like 
 

Interface 
dermatitis with 
superficial and 
deep 
perivascular 
and perieccrine 
lymphocytes 

Spike protein 
(ProSci, 1:7000) 

Pernio-like 
cases: 3/3 
rare 
positivity in 
rare 
inflammator
y cells only 
 
Thrombotic: 
6/6 positive 
in 
endothelial 
cells 

6 cases 
retiform 
purpura 

Vascular 
occlusion in 
mid to deep 
dermis 

Santoja, et 
al18 

Lung 
(positive) 
Negative 
controls: 
Adult 
tonsil, 
perniosis 
from 2019 

Negative 
nasophary
ngeal swab 
testing; 
negative 
IgG/IgM 
serologic 
testing 

Pernio-
like, toes 
and feet 

Perivascular 
and 
periadnexal 
lymphocytic 
inflammation 
with focal 
thrombosis 

1A9 (GeneTex, 
dilution not 
specified) 

1 case: 
+endothelial 
cells and 
eccrine 
secretory 
and 
excretory 
cells 

Torrelo, et 
al19 

Lung 
(positive) 

Negative 
IgG/IgM 
serologic 
testing in 1 
case 

4 cases, 
EM-like, 
and 2 
had skin 
biopsies 

Superficial and 
deep 
perivascular 
and perieccrine 
lymphocytic 
inflammation 

1A9 (GeneTex, 
dilution not 
specified) 

2/2 cases: 
+endothelial 
cells and 
eccrine 
epithelium 

Magro, et 
al20 

Lung 
(positive) 

+Naso-
pharyngeal 
swab tests 
in 5 cases 

5 cases 
of 
retiform 
purpura 

Vascular 
occlusion of 
small and 

Spike protein 
(ProSci, 1:7000) 

1 case: 
+endothelial 
cells 
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medium-sized 
vessels 

RNA in situ hybridization in skin 
This study See 

above 
See above See 

above 
See above V-nCoV2019-S 

(ACD 
RNAscope 
probe, 
prediluted) 

3/3 negative 

Magro, et 
al17 

See 
above 

Purpuric/ 
thrombotic: 
6/6 COVID-
19 positive 
 
Envelope 
protein 
IHC, 1:300, 
ProSci 
positive in 
a pattern 
similar to 
spike 
protein 

See 
above 

See above 848561-C3 
(ACD 
RNAscope 
probe) 

Pernio-like 
cases: 3/3  
negative 
 
Thrombotic 
cases: 6/6 
negative 

EM, erythema multiforme; ACD, Advanced Cell Diagnostics 

*6 of 7 cases included subcutaneous fat with extension of inflammation into fat in all 6 

cases 

Table 2: Clinical Data on Acral Perniotic Lesions Diagnosed During the COVID-19 
pandemic, Mid-May to Mid-June, 2020 
Case Age Gender Biopsy 

Site 
Immunohistochemistry RNA in situ 

hybridization 
to spike 
protein 

Nucleoprotein Spike 
protein 

1 82 Female 
(F) 

Finger - + - 

2 62 F Toe - + - 
3 76 Male (M) Finger - + - 
4 61 F Knee - - ND 
5 31 F Finger - - ND 
6 Finger - - ND 
Summary Mean 

62 
Ratio 
F:M 
4:1 

Fingers > 
other 
sites 

6/6 negative 3/6 
positive 

3/3 negative 
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IHC, immunohistochemistry; ISH, in situ hybridization; ND, not done; Cases 1, 4, and 5 
had serologic testing for IgM and IgG antibodies against SARS-CoV-2, and all were 
negative. These cases were previously described in more detail in CUP-O-463-2020, 
submitted for publication. 
 

 

Figure legends 

Figure 1: Case 3. Acral perniotic lesion presenting during the COVID-19 pandemic 

histopathologic findings. There is perivascular inflammation in this superficial shave 

biopsy. Hematoxylin and eosin staining, original magnification 200x. 

 

Figure 2: Acral perniotic lesions presenting during the COVID-19 pandemic (PDC). 

Staining results of a positive control (placental syncytiotrophoblasts from a COVID-19 

patient), showing granular staining that is sharper and cleaner with SARS-CoV-2 anti-

spike protein RNA in situ hybridization (A) compared to anti-spike protein 

immunohistochemistry (D). Two acral perniotic lesions (PDC Case 1, B,E; PDC Case 3, 

C,F) presenting during the COVID-19 pandemic stained with anti-SARS-CoV-2 spike 

protein RNA in situ hybridization (ISH) (B,C) and an antibody directed against the 

SARS-CoV-2 spike protein (E,F). RNA ISH is negative in B,C. There is weak 

background immunohistochemical staining and darker staining of endothelial cells (E,F) 

and eccrine glands (E). All images, magnification 400X. 
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Figure 1: Case 3. Acral perniotic lesion presenting during the COVID-19 pandemic, histopathologic findings. 
There is perivascular inflammation in this superficial shave biopsy. Hematoxylin and eosin staining, original 

magnification 200x. 
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Figure 2: Acral perniotic lesions presenting during the COVID-19 pandemic (PDC). Staining results of a 
positive control (placental syncytiotrophoblasts from a COVID-19 patient), showing granular staining that is 
sharper and cleaner with SARS-CoV-2 anti-spike protein RNA in situ hybridization (A) compared to anti-spike 

protein immunohistochemistry (D). Two acral perniotic lesions (PDC Case 1, B,E; PDC Case 3, C,F) 
presenting during the COVID-19 pandemic stained with anti-SARS-CoV-2 spike protein RNA in situ 

hybridization (ISH) (B,C) and an antibody directed against the SARS-CoV-2 spike protein (E,F). RNA ISH is 
negative in B,C. There is weak background immunohistochemical staining and darker staining of endothelial 

cells (E,F) and eccrine glands (E). All images, magnification 400X. 
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