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Abstract

Background: The abundance of publications of COVID-19-induced chilblains has

resulted in a confusing situation.

Methods: This is a prospective single-institution study from 15 March to 13 May

2020. Thirty-two patients received PCR nasopharyngeal swabs. Of these, 28 patients

had a thoracic CT-scan, 31 patients had blood and urine examinations, 24 patients

had skin biopsies including immunohistochemical and direct immunofluorescence

studies, and four patients had electron microscopy.

Results: COVID-19-induced chilblains are clinically and histopathologically identical

to chilblains from other causes. Although intravascular thrombi are sometimes

observed, no patient had a systemic coagulopathy or severe clinical course. The

exhaustive clinical, radiological, and laboratory work-up in this study ruled-out other

primary and secondary causes. Electron microscopy revealed rare, probable viral par-

ticles whose core and spikes measured from 120 to 133 nm within endothelium and

eccrine glands in two cases.

Conclusion: This study provides further clinicopathologic evidence of COVID-

19-related chilblains. Negative PCR and antibody tests do not rule-out infection. Chil-

blains represent a good prognosis, occurring later in the disease course. No systemic

coagulopathy was identified in any patient. Patients presenting with acral lesions

should be isolated, and chilblains should be distinguished from thrombotic lesions

(livedo racemosa, retiform purpura, or ischemic acral necrosis).

Abbreviations: ACE2, Angiotensin-converting enzyme 2; ANA, Antinuclear antibody; DIF, Direct immunofluorescence; EBV, Epstein-Barr virus; EM, Electron microscopy; IFN, Interferon; IHC,

Immunohistochemistry; LE, Lupus erythematosus; PAS, Periodic acid-Schiff; PCR, Polymerase chain reaction.
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1 | INTRODUCTION

In a short period, numerous publications have followed the initial

report 1 of the histopathology of severe acute respiratory syndrome

coronavirus 2 (SARS-CoV-2) or COVID-19-induced chilblains, also

called “COVID toes.” 1

With the abundance of publications on this subject, numerous

misconceptions have arisen, most originating from case reports and

small series containing only clinical pictures with no biopsy or labora-

tory work-up. Thus, sometimes a diagnosis of COVID-19-induced

chilblains has been made without excluding lupus erythematosus (LE),

a systemic coagulopathy, or other recent viral infection using blood

tests. Based upon reports of COVID-19-induced hypercoagulable

states, some authors have assumed that COVID-19-induced chilblains

are the same,2 lumping chilblains with acral ischemic lesions3 and

correlating all acral eruptions with disease severity.4 However, chilblains

have never been reported as an isolated cutaneous finding in severely ill

patients. 5-9

Further confusion has ensued after identification of microthrombi

in skin biopsies, again assuming coagulation activation.10 Numerous

authors have even concluded that COVID-19-induced chilblains are

unrelated to infection because of negative PCR swabs and serologies.

Some have even attributed chilblains to a senescent lifestyle during

the quarantine.11-14 The abundance of publications and lack of clinico-

pathological correlation have resulted in an incomprehensible situa-

tion for dermatopathologists and clinicians.

The objectives of this study are to provide (1) a thorough assess-

ment of a set of patients with clinical, histopathological, radiological,

and laboratory analyses, and (2) an interpretation of our findings

based on a critical synthesis of published literature. We will show that

the most important component in the work-up of a patient presenting

with acral, vasculitic lesions, possibly from COVID-19, is ruling-out a

hypercoaguable state, which has a poor prognosis. In contrast, young

people presenting with COVID-19-induced chilblains are usually

asymptomatic or pauci-symptomatic, representing a late stage of the

infection with a good prognosis.

2 | METHODS

2.1 | Study design

An Institutional Review Board (IRB) approved this prospective, single-

institution study. Data were collected during three clinic visits at base-

line, 2 weeks, and 4 weeks, including (1) clinical pictures—all three

visits; (2) COVID-19 PCR nasopharyngeal swab—baseline; (3) thoracic

CT-scan—baseline; (4) skin biopsy for light, direct immunofluorescence

(DIF), and electron microscopy (EM)—baseline; and (5) blood tests and

two urine examinations—first and second visits.

2.2 | Patients

The required inclusion criteria were as follows: (1) Developing the first

episode of chilblains between 15 March and 13 May 2020; (2) absence

of prior history of chilblains in the past winter/summer; (3) persistence

of lesions >48 hours despite warming and drying affected areas;

(4) dermatological evaluation confirming chilblains in the absence of

features of LE, systemic sclerosis, a photosensitive eruption, or other

dermatosis within the affected area. Exclusion criteria included identi-

fication of antinuclear antibody (ANA) >1:160 or any titer of ANA

with identification of a specific ANA pattern, or serological evidence

of recent infection.

2.3 | Assessments

Among 32 patients (all newly reported except one case1), we obtained the

following: Clinical history with pictures in 32, 31, and 24 patients, respec-

tively, at baseline, first visit, and second visit; nasopharyngeal swab in

32 patients; thoracic CT-scan in 28 patients; skin biopsy with light micros-

copy, immunohistochemistry (IHC); DIF studies (IgG, IgA, IgM, C3, fibrino-

gen) in 24 patients; and EM in four patients; Two blood tests and two

urine examinations in 31 and 24 patients, respectively, at the first and

second visit. Blood tests included complete blood count, erythrocyte

sedimentation rate, C-reactive protein, ferritin levels, direct Coombs exam-

ination, haptoglobin, antiphospholipid antibodies (lupus anticoagulant,

anti-cardiolipin antibodies, anti beta2 glycoprotein I antibodies), coagula-

tion studies (prothrombin time, activated partial thromboplastin time,

thrombin time, D-dimers, protein C and S, anti-thrombin III, plasminogen,

homocysteine, and factor II mutation), renal, hepatic, and thyroid function

tests, vitamin D levels, titer and identification of ANA, complement levels,

anti-neutrophil cytoplasmic antibodies (ANCA), cryoglobulinemia, serum

viscosity, immunoglobulin (Ig) G and IgM serologies for Epstein-Barr

virus (EBV), parvovirus B19, hepatitis B, hepatitis C, cytomegalovirus,

coxsackie and Mycoplasma pneumoniae, anti-streptolysin O antibody

tests, and IgA and IgG serologies for COVID-19. Proteinuria and hema-

turia were assessed in two urine specimens. Light microscopy included

H&E, periodic acid-Schiff (PAS), and Alcian-blue stains and IHC for

CD3, CD4, CD8, Granzyme B, CD20, CD123, CD68, CD163,

myeloperoxidase, and CD56. Three patients were excluded because of

ANA 1:160 with anti-scl70 antibodies, ANA 1:320 with anti-RNP anti-

bodies, and ANA 1:320 with anti-SSA (Ro) and anti-SSA52 (Ro52)

antibodies.
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2.4 | Statistics

Statistical analysis was conducted using IBM SPSS Statistics Ver-

sion 22 (IBM Corp. IBM SPSS Statistics for Mac, Version 22.0.

Armonk, New York) or Prism GraphPad Software Inc, with

graphs made using Prism GraphPad Software Inc. (San Diego,

California). Nonparametric tests were used to determine P value

(as n < 30), Mann-Whitney U test for continuous variables, and

Fisher's exact test for discrete variables with a P value cutoff

of P < .05.

F IGURE 1 Clinical description of COVID-19-induced chilblains. The table portion of the figure summarizes the cutaneous clinical findings.
Data are included for patients before and after three patients were excluded from the study. In this study, the cutaneous lesions were all located
exclusively on the feet. One patient had both hand and feet involvement but was excluded because of identification of anti-scl70 antibodies. All
lesions were located on the dorsum of the digits and particularly on the distal phalanges except in two cases with eroded crusted lesions on the
ventral side of the digits. A set of clinical photos are included (A–D). A, A diffuse edematous lesion on an erythematous background. B, Individual,
erythematous, violaceous and purpuric papules, and plaques, with fewer macules. C, Necrotic bulla (arrow) on an erythemato-violaceous
background. D, Resolving lesions with residual erosions and desquamation
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3 | RESULTS

3.1 | Clinical findings

Summarized clinical and laboratory findings are presented in Table 1

and Figure 1, and correlation between clinical findings and clinical

evolution is presented in Figure 2.

3.2 | Histopathological findings

H&E, PAS, and Alcian-blue stain photomicrographs are shown in

Figure 3. A summary of histopathologic features is presented

in Table 2; IHC findings are shown in Figure 4; and DIF findings

are shown in Table 3. Finally, a clinico-histopathological correla-

tion of the most significant results is presented in Figure 5.

3.3 | Electron microscopy

Ultrastructural examination in two patients revealed rare, proba-

ble viral structures within the cytoplasm of endothelial cells and

the secretory portion of eccrine glands with an electro-lucent

core surrounded by a capsule and numerous spikes as shown in

Figure 6. Size ranged from 120 to 133 nm. No probable viral

structures were identified in fibroblasts, lymphocytes, histiocytes,

or keratinocytes.

4 | DISCUSSION

Our findings relate to the expansive existing, published literature to

date as follows:

1. With this set of patients and the complete clinical and laboratory

work-up, there is even stronger evidence that COVID-19 may cause

chilblains, especially in young people. The published experience

shows that COVID-19-induced chilblains, unlike primary, cold-

induced chilblains, have been mostly reported in warmer climates

such as Spain, Italy, and France and sometimes in family clusters, with

no history of cold exposure or Raynaud phenomenon.6,15 Most

reports have been in white people, with rare reports in Hispanic and

Black people.16 No cases have been reported in a large series from

China.17 Secondary chilblain LE was ruled-out in our study because

of negative ANA and DIF studies and the absence of other features

of chronic cutaneous LE.18 Secondary chilblains from a coagulopathy,

including cryoglobulinemia, and monogenic interferonopathies (famil-

ial chilblain lupus, Aicardi-Goutières syndrome, stimulator of IFN

genes-associated [STING] vasculopathy with onset in infancy

[SAVI])19 were not evident. There are reports of COVID-19 coinfec-

tion with other viruses and bacteria, such as EBV, parvovirus B19,

Mycoplasma, and Streptococcus,15-17,20 which were excluded in our

study.

In two of our cases, EM identified rare structures highly suspi-

cious for COVID-19 in endothelium and eccrine glands (Figure 6). Sim-

ilar structures have been published by Colmenero et al.21 However,

other cellular structures, such as coated vesicles, can mimic viral parti-

cles, and definitive identification requires the use of immunogold

studies. In contrast to COVID-toes, EM on autopsy lung tissue from

fatal disease has shown abundant virus.22,23

We did not employ IHC diagnostics, but IHC has been reported by

others. COVID-19 spike protein has been detected with IHC in endo-

thelial cells and the secretory portion of sweat glands, proposing sweat

as a possible contagion.21,24,25 Spike protein alone was detected with

IHC in endothelial and eccrine cells, however, without detection of

spike RNA by PCR.26 IHC directed against COVID-19 nucleocapsid pro-

tein has been reported as negative.22

Numerous reports of reactivation of chilblains during the second

COVID-19 wave in patients who had comparable lesions in the same

anatomic areas in the previous pandemic wave, together with the

occurrence of new cases during the second wave of COVID-19,

strongly suggests that chilblains are closely related to SARS-CoV-2

infection.23,27-29 Three recent cases of BNT162b2 mRNA COVID-19

vaccine (Pfizer)-induced chilblains further reinforce the hypothesis of

their relationship with SARS-CoV-2.30-32

2. COVID-19-induced chilblains are histopathologically identical to

chilblains resulting from the many other primary and secondary

causes. Our study demonstrates that it is not yet possible to deter-

mine the etiology of chilblains in any single patient. Chilblains are

the phenotypic correlate of microangiopathic changes seen histo-

pathologically (ie, lymphocytic vasculitis). Numerous publications

have confirmed our histopathological findings of the resemblance

to primary and secondary chilblains from other etiologies. There is

commonly vacuolar interface change with necrotic keratinocytes,

F IGURE 2 Correlation between clinical findings and clinical
evolution of COVID-19-induced chilblains. Patients with diffuse
background erythemato-violaceous swelling (with or without
individual lesions) had a more persistent or relapsing course compared
with patients with only individual lesions. The worst course was seen
in patients with both diffuse, erythematous background and individual
lesions (P < 0.0001)
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F IGURE 3 Photomicrographs of COVID-19-induced chilblains. A, A superficial and deep dermal perivascular lymphocytic infiltrate. There is a
peri-eccrine component with focal extension into the subcutis (H&E, �400); B, Marked papillary dermal edema, dilated vessels, red cell
extravasation, and apoptotic keratinocytes within the lower portion of the epidermis (arrows) (H&E, �200); C, A lymphocytic infiltrate tightly-
cuffing small-sized vessels whose walls are devoid of fibrin (H&E, �200); D, Post-capillary venules with thickened walls (H&E, �100); E, Post-
capillary venules with thickened walls devoid of fibrin. There are prominent, bulging endothelial nuclei (PAS, �400); F, Fibrin in the papillary
dermis with overlying epidermal necrosis (seen clinically as a bulla) (H&E, �200); G, A peri-eccrine lymphocytic infiltrate (H&E, �200); H,
Abundant mucin deposition in the dermis, accentuated around eccrine glands (Alcian-blue stain, �100)
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TABLE 2 Histopathologic findings of COVID-19-induced chilblains

% of patients (n = 21) with this finding present or absent

Present Absent

Epidermal changes Acanthosis 86 14

Hyperkeratosis 100 0

Parakeratosis 14 (upper)
43 (lower)

43

Parakeratosis with exudate 38 (moist)
19 (dry)

43

Spongiosis 33 67

Exocytosis 48 52

Interface dermatitis Vacuolar interface 62 (focal)
19 (diffuse)
19 (continuous)

0

Number of apoptotic keratinocytes (�20) 48 (1 keratinocyte)
38 (2–3 keratinocytes)
14 (≥4 keratinocytes)

0

Basal membrane thickening 48 (focal)
10 (diffuse)

42

Lichenoid infiltrate 0 100

Pigmentary incontinence 5 (focal) 95

Papillary dermal changes Papillary dermal edema 28 72

Red cell extravasation 76 24

Fibrin deposition 14 86

Lymphocytic vasculitis Perivascular lymphocytic infiltrate 14 (discrete)
43 (moderate)
43 (intense)

0

Post-capillary venule wall infiltration 86 14

Swollen endothelial cells 57 43

Vessel wall thickening 86 14

Fibrin deposition 5 (focal) 95

Red cell extravasation 43 57

Intraluminal thrombi formation 5 (focal) 95

Lymphocytic infiltrate Superficial infiltrate 95 5

Deep infiltrate 95 5

Distribution 21 (top heavy)
5 (bottom heavy)

74 (no difference)

Perivascular 14 (discrete)
43 (moderate)
43 (intense)

0

Interstitial 48 (discrete)
24 (moderate)
10 (intense)

18

Peri-eccrine 42 (discrete)
26 (moderate)
26 (intense)

6

Other Interstitial mucin deposition 71 (focal)
29 (diffuse)

0

Peri-eccrine mucin deposition 25 (focal)
71 (diffuse)
25 (intense)

5

Collagen necrobiosis 0 100

Subcutaneous infiltration 31 (discrete)
31 (moderate)
7 (intense)

31

Notes: A skin biopsy was performed in 24 patients, but three patients were excluded because of a positive ANA. Thus, 21 patients are reported. Of note,
the exclusion of these three patients did not statistically affect our results. Each histopathologic feature is recorded as “Present” or “Absent” in a
percentage of the patients. Subcharacteristics are noted in parentheses.
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papillary dermal edema with extravasated erythrocytes, a

superficial and deep perivascular lymphocytic infiltrate involving

post-capillary venule walls, and a deep, peri-eccrine lymphocytic

infiltrate.10,33-38 Histopathologic distinction between primary

(cold-induced) and secondary (chilblain lupus) chilblains remains

challenging and controversial, the former being favored by marked

papillary dermal edema, limited vacuolar interface dermatitis, and

the presence of a peri-eccrine lymphocytic infiltrate.39-43 In our

cases, cold-induced chilblains seemed unlikely as papillary dermal

edema was absent in 72% of our cases, vacuolar interface changes

were present in all cases, and DIF was negative in all cases

(Tables 2 and 3). However, we do not believe that the distinction

between primary and secondary chilblains can be made based only

upon histopathological examination without taking into consider-

ation the clinical context. Notable among our findings was thicken-

ing of post-capillary venule walls (Figure 3D,E), which has been

observed by others, and generous peri-eccrine mucin deposition

(Figure 3H). These findings could be explained by the known pres-

ence of the angiotensin-converting enzyme-2 (ACE2) receptor on

endothelial cells and eccrine glands, because the ACE2 receptor

has been identified as the binding target for COVID-19.44

Of note, the chilblains are histopathologically similar to the

reported “erythema-multiforme-like” eruption with confluent,

targetoid lesions, usually on hands and elbows.45,46 These cases

showed cytoplasmic granular positivity for spike protein in endothelial

cells of the upper dermal vessels and epithelial cells of acrosyringia

using IHC. These patients also have negative PCR swabs.46

3. No patients showed evidence for a systemic coagulopathy or a

genetic susceptibility for a hypercoagulable state. Importantly, iden-

tification of microthrombi histopathologically is not definitive

evidence of a systemic coagulopathy. Several reports of COVID-

19-induced chilblains have demonstrated microthrombi,21,33,34

leading some to conclude that there was a systemic coagulopathy,

despite there being no confirmatory laboratory test (ie, D-dimers).10

The use of the term “acro-ischemia” has been further confusing,

F IGURE 4 Immunohistochemical examination of COVID-

19-induced chilblains. A summary of immunohistochemical (IHC)
findings in 21 patients who received a biopsy. The lymphocytic
infiltrate was mostly composed by CD3+ T lymphocytes with
subpopulations of CD4+, CD8+, and granzyme B+ T lymphocytes.
Few CD68+ and CD163+ histiocytes were present, and they were
negative for myeloperoxidase. CD123+ plasmacytoid cells assessed
for their distribution, whether they were isolated or present as
aggregates

TABLE 3 Direct immunofluorescence study findings in COVID-19-induced chilblains

% of patients (n = 21) with positive DIF

IgG IgA IgM C3 Fibrinogen

Blood vessel walls Superficial dermis 0 0 23 (focal) 23 (focal) 35 (focal)

35 (moderate)

Deep dermis 0 0 23 (focal) 0 35 (focal)

8 (moderate)

Dermoepidermal junction 0 0 0 8 (granular) 4 (linear continuous)

4 (linear discontinuous)

Note: Results are summarized for 21 patients in the study. Three patients who had a DIF study were excluded because of a positive ANA.

F IGURE 5 A clinicopathologic correlation of COVID-19-induced
chilblains. Association of clinical symptoms with the most
predominant histopathologic findings of papillary dermal edema and
fibrin deposition. Patients who developed systemic symptoms
showed more intense papillary dermal edema (P < 0.0001) and
papillary dermal fibrin deposition (P < 0.0001). There was no
association with the presence of lymphocytic vasculitis, interface
changes, or peri-eccrine involvement
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because it suggests that all COVID-19-induced acral lesions result

from a coagulopathy.47 Microthrombi may, therefore, be found in

primary and secondary chilblains, without there being systemic

involvement. While primary and COVID-19-induced chilblains are

not related to a coagulopathy, critically ill patients with a livedo-like

pattern (ie, acral livedo racemosa, retiform purpura, and ischemic

acral necrosis) do have a coagulopathy and a severe clinical

course.17 These patients lack typical histopathological findings of

chilblains.48 Thus, it is important to distinguish the chilblains-like

pattern from the livedo-like pattern,49 because the latter indicates

severe disease with a coagulopathy, often leading to death.50

4. Negative blood serologic tests and PCR swabs do not rule-out

COVID-19 causality. In our study, COVID-19 PCR on nasopharyn-

geal swab was positive in only one case and serologic studies were

positive in six cases (Table 1). Of note, both patients with positive

EM had negative PCR swab and serologies. Negative serologic

tests cannot rule-out COVID-19 because effective protective

immunity appears to be dependent on specific memory T-cells and

not a humoral antibody response.51-53 Negative PCR results can

be explained by the appearance of chilblains in the convalescent

phase of the disease. Clinicians should understand that a negative

swab or antibody test does not necessarily rule-out COVID-19 as

a causative agent and cannot be used as an argument linking

chilblains to lifestyle changes brought on by containment.54

Negative serologies in patients with mild disease can be explained

through type-I interferon (IFN) pathway activation, thereby suppressing

the humoral antibody response and explaining the reported rapid loss

of antibodies,55especially in pauci-symptomatic persons56 In our initial

report,1 based on clinical and histopathological similarities to secondary

chilblain LE and monogenic interferonopathies, we suspected viral-

induced type-I IFN activation, an assertion that has since been

supported by others.35,44,57-59 Type-I IFN levels fall with age and

heightened production in young, healthy people leads to successful

control of COVID-19 but also results in chilblains, not as a direct viral

response but as a paraviral immune response.48 As the type-I IFN path-

way wanes in adulthood, COVID-19 infection is not as successfully

inhibited, resulting in more severe disease.44,60

5. COVID-toes usually signal a good prognosis in asymptomatic

patients. Clinically, the disease has different findings along its

course, each with different prognostic significance.5,48 COVID-

toes are a late, reassuring sign, which should be distinguished from

systemic coagulopathy. Our findings of the chilblains appearing

F IGURE 6 Electron microscopy showing probable viral particles in COVID-19-induced chilblains. A, Endothelial cell. Probable viral particle
(arrow) with a core and spikes measuring 0.099 μm and 0.031 μm, respectively (�8000); B, Endothelial cell. Probable viral particles (arrow) with a
core and spikes measuring 0.101 and 0.032 μm, respectively (left particle), and 0.089 and 0.032 μm, respectively (right particle) (�8000); C,
Endothelial cell. Probable viral particle (arrow) with a core and spikes measuring 0.95 and 0.027 μm, respectively (�8000); D, Eccrine gland cell.
Probable viral particle (arrow) with a core and spikes measuring 0.098 and 0.022 μm, respectively (�8000); E, Eccrine gland cell with
magnification. Probable viral particle (arrow) with a core and spikes measuring 0.98 and 0.030 μm, respectively (�8000). F, Eccrine gland cell.
Probable viral particle (arrow) with a core and spikes measuring 0.101 and 0.030 μm, respectively (�8000)
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later after mild symptoms have been supported by others.5,48

Despite the absence of disease severity in a subset of patients,

COVID-toes may persist more than 60 days (instead of 15 days), rep-

resenting persistent inflammation.61 Given the histopathologic simi-

larity of the reported erythema multiforme-like eruption with also

negative PCR swabs, the erythema multiforme-like eruption is also a

good prognostic clue. All of these patients, however, are important in

reaching “herd immunity” and ending the pandemic.48,62-64

5 | CONCLUSION

In summary, we have presented the largest series of presumptive

COVID-19-induced chilblains to date with histopathological analysis

and an exhaustive clinical, radiological, and laboratory work-up. Our

study provides strong evidence that the chilblains are not the result of

other primary or secondary causes. All cases showed a close pheno-

typic and histopathologic correlation, and electron microscopy in a

subset of the cases demonstrated probable viral particles. None of our

patients had any evidence in favor of systemic coagulopathy, and all

showed an indolent disease course. A presentation of any acral lesion

during this period should signal the need to identify and isolate an

asymptomatic patient, but dermatologists should distinguish simple

chilblains from thrombotic lesions, such as distal livedo racemosa,

retiform purpura, and ischemic acral necrosis, because the latter may

portend a more severe clinical course.
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