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Chilblain-like acral lesions during the
COVID-19 pandemic (‘‘COVID toes’’):
Histologic, immunofluorescence, and

immunohistochemical study of 17 cases
Jean Kanitakis, MD, PhD,a,b C�ecile Lesort, MD,a Marie Danset, MD,a and Denis Jullien, MD, PhDa

Lyon and Pierre B�enite, France
Background: During the coronavirus disease 2019 pandemic, several acral chilblain-like lesions were
observed in young patients with suspected, but mostly unconfirmed, infection with severe acute respiratory
syndrome coronavirus 2. The histopathologic aspect of these lesions is as yet poorly known.
Objective: To investigate the pathologic features of chilblain-like lesions.
Methods: Biopsies were obtained from 17 cases of chilblain-like lesions during the coronavirus disease
2019 pandemic in France and were studied by routine histologic examination, immunohistochemistry, and
direct immunofluorescence. The patients had suspected but unconfirmed infection with severe acute
respiratory syndrome coronavirus 2 (negative nasopharyngeal polymerase chain reaction and serologic test
results).
Results: Chilblain-like lesions showed many features in common with those reported in idiopathic and
autoimmune-related chilblains, including epidermal necrotic keratinocytes, dermal edema, perivascular
and perieccrine sweat gland lymphocytic (predominantly CD3/CD41) inflammation, and frequent vascular
changes (endothelialitis, microthromboses, fibrin deposition, and immunoreactant deposits on vessels).
Conclusions: Chilblain-like lesions show histopathologic features similar to those of idiopathic and
autoimmune-related chilblains, with a high rate of vascular changes and direct immunofluorescence
positivity. The role of severe acute respiratory syndrome coronavirus 2 in the development of these
puzzling lesions remains to be elucidated. ( J Am Acad Dermatol 2020;83:870-5.)

Key words: chilblains; COVID-19; dermatopathology; direct immunofluorescence; eosinophils; immuno-
histochemistry; SARS-CoV-2.
INTRODUCTION
Coronavirus disease 2019 (COVID-19) is a

multisystemic infection manifesting mainly with
fever, cough, and pneumonia that may be severe
and lethal. The disease is due to a new zoonotic-
transmitted coronavirus named severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2).
This was initially isolated in Wuhan, China, in
December 2019 but has since spread worldwide,
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causing a pandemic disease with hundreds of
thousands of fatalities.1,2 COVID-19 is a multisyste-
mic disease affecting several systems in addition to
the respiratory one, such as the gastrointestinal tract3

and the central nervous system.4 Several skin
manifestations have been reported in patients with
confirmed or suspected COVID-19, including
morbilliform rashes, a papulovesicular varicella-like
eruption, urticaria, livedoid rashes, and petechial
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and purpuric lesions.5-9 In addition, several puzzling
cases of chilblain-like lesions of the extremities
(mainly the toes) have been recorded in several
countries in Europe and the Middle East contempo-
rarily with the COVID-19 spread.10-15 These lesions
accounted for 19% to 38% of all cutaneous lesions
associated with known or strongly suspected
CAPSULE SUMMARY

d Several acral chilblain-like lesions have
been observed during the coronavirus
disease 2019 pandemic. Their
histopathologic features are poorly
known.

d Chilblain-like lesions show findings
comparable to those of idiopathic and
autoimmune-related chilblains, and
frequently contain vascular changes and
immune deposits (immunoglobulins,
complement, or both) on dermal vessels
by direct immunofluorescence.
COVID-19 in 2 recent studies
from France10 and Spain13;
they were observed in young
patients with no systemic
symptoms or only mild
ones, and appeared rather
late in the course of the
(suspected) infection. These
lesions have been termed
COVID-toes,16 even though
their causal relationship
with SARS-CoV-2 has not
been convincingly proven.
Among 63 such Italian cases,
a swab test result was posi-
tive in merely 3.2% of pa-
tients.11 Another report on
chilblain-like lesions

included 2 patients with COVID-19epositive test
results, but another patient had negative results by
polymerase chain reaction and rapid antibody test.15

The pathologic features of chilblain-like lesions in
this setting have not been extensively studied. Until
now, a histopathologic study of chilblain-like lesions
had been published in only 1 COVID-19econfirmed
case17 and in 4 possible but unconfirmed
COVID-19epositive cases.10,16 We performed a
histopathologic, immunohistochemical, and immu-
nofluorescence study of a series of 17 chilblain-like
lesions to obtain further insight into their pathogen-
esis, and especially to assess whether these lesions
have diagnostic microscopic features allowing
their differentiation from clinically similar lesions,
such as idiopathic chilblains and those associated
with autoimmune disorders (namely, lupus
erythematosus).

PATIENTS AND METHODS
This case series study included 17 patients

(11 men and 6 women; mean age 32 years; range
15-63 years) who were referred to our dermatology
department in April 2020 for cutaneous, red-viola-
ceous, edematous, rarely necrotic, chilblain-like
lesions localized on the toes (n = 9), the feet (heel
and sole; n = 6), and fingers (n = 2). Among these
patients, 5 mentioned recent nonspecific general
symptoms preceding the onset of cutaneous lesions
(cough, fever, or weakness) and 6 suspected a
possible contamination from a family member
(although only 2 of them had had positive test results
for SARS-CoV-2). No clinical or biological evidence
in favor of an underlying autoimmune disease was
present (basic evaluation included routine blood
tests and levels of inflammatory markers, D-dimers,
antinuclear antibodies, complement, cryoglobulins,
and antiphospholipid anti-
bodies). A nasopharyngeal
polymerase chain reaction
test for SARS-CoV-2 and sero-
logic testing for antibodies to
this virus were performed
concomitantly with the skin
biopsies; all these tests had
negative results.

Two skin biopsies were
obtained from chilblain-like
lesions from each of these
patients. Formalin-fixed,
paraffin-embedded skin
specimens were studied
microscopically for various
epidermal and dermal
changes associated with idio-
pathic and autoimmune-related chilblains. To char-
acterize cells participating in the inflammation, the
sections were immunolabeled for CD3, CD4, CD8 (T,
T-helper, and T-suppressor/cytotoxic cells), CD20 (B
cells), CD79a (plasma cells), CD30 (activated T cells),
CD68 (histiomonocytic cells), and CD303/BDCA-2
(plasmacytoid dendritic cells) with an immunoper-
oxidase technique and diaminobenzidine as chro-
mogen. Snap-frozen biopsies were studied by direct
immunofluorescence for the presence of immunor-
eactants (IgA, IgG, IgM, and C3).

RESULTS
Hematoxylin-eosinestained tissue sections

showed several common features between most
chilblain-like lesion cases, with some quantitative
variations. The detailed findings are shown in
Supplemental Table I (available via Mendeley at
https://data.mendeley.com/datasets/8k44cy638x/1).
Briefly, the most common epidermal changes
included deep horizontal zones of parakeratosis
within the horny layer (71%), possibly because of
preceding bullae, and scattered or confluent necrotic
or apoptotic keratinocytes (41%), which in 3 cases
resulted in areas of epidermal necrosis (Fig 1). The
dermis invariably contained a perivascular inflam-
matory cell infiltrate, which was made predomi-
nantly of lymphocytes; it was also localized around
eccrine sweat glands, producing an aspect of
lymphocytic eccrine hidradenitis, in 47% of cases

https://data.mendeley.com/datasets/8k44cy638x/1


Fig 2. Chilblain-like lesion. Dense lymphocytic infiltrate
around an eccrine sweat gland. Inset: perieccrine clusters
of CD3031/BDCA-2 plasmacytoid dendritic cells.
(Hematoxylin-eosin-saffron stain; original magnification:
3250; inset [immunoperoxidase revealed with diamino-
benzidine]; original magnification: 3250.)

Fig 3. Chilblain-like lesion. Dense lymphocytic dermal
perivascular infiltrate admixed with occasional
eosinophils (arrowheads). Endothelial cell swelling and
extravasated red blood cells (asterisks).

Fig 4. Chilblain-like lesion. Eosinophilic thrombi within
the lumen of a dermal venule. (Hematoxylin-eosin-saffron
stain; original magnification: 3400.)

Fig 1. Chilblain-like lesion. Scanning magnification
shows diffuse upper dermal edema and a dense dermal
(perivascular and perieccrine sweat gland) inflammatory
infiltrate. (Hematoxylin-eosin-saffron stain; original
magnification: 340.) esg, Eccrine sweat gland.
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(Fig 2), and extended occasionally to the subcutane-
ous adipose tissue as perivascular cuffs. Rare eosin-
ophils were admixed in 4 cases (23.5%) (Fig 3).
Additional frequent findings included erythrocyte
extravasation (82%) (Fig 3); papillary dermis edema
(76%), which was massive in 4 cases, resulting in the
formation of subepidermal pseudobullae (Fig 1);
endothelial cell swelling (65%) (Fig 3); and moder-
ately increased interstitial mucin deposition (41%).
Less frequent, although remarkable, findings
included the presence of vascular microthrombi
within superficial dermal capillaries and more rarely
in dermal venules (Fig 4) and fibrinoid deposits in
the upper dermis and in the wall of dermal venules
(Fig 5).
The immunohistochemical study, performed in 5
representative cases, revealed that the majority
([75%) of dermal infiltrating cells were CD31 T
cells, with a CD4:CD8 ratio of approximately 3:2.
Few B or plasma cells (CD201/CD79a1) were
found (\10% of all lymphocytes). Scattered
CD301-activated T cells (accounting for \15% of
all lymphocytes) were found in the upper dermis. All
biopsies contained CD303/BDCA-21 plasmacytoid
dendritic cells, usually in small perivascular or
perieccrine clusters in the mid dermis (Fig 2, inset)
and occasionally also in the papillary dermis.
Several CD681 histiomonocytic cells were scattered
throughout the dermis.

Direct immunofluorescence examination result
was positive in 14 of 17 frozen biopsy specimens
(82%). The examination showed vascular deposits of



Fig 5. Chilblain-like lesion. Eosinophilic fibrin deposits
on the wall of a dermal venule. Inset shows vascular
deposits of immunoglobulin M. (Hematoxylin-
eosin-saffron stain; original magnification: 3400; inset
[direct immunofluorescence]; original magnification:
3400.)
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IgM, IgA, and C3 in 9, 5, and 5 cases, respectively
(Fig 5, inset). In the 3 remaining cases, direct
immunofluorescence result was either negative or
showed nonspecific findings (such as C3 micro-
granular deposits at the dermal-epidermal junction
or IgM deposits on colloid bodies of the papillary
dermis).

DISCUSSION
Although the clinical appearance of the chilblain-

like lesions we investigated in this study is similar, if
not identical, to that of both idiopathic and
autoimmune-related chilblains, these lesions are
distinct from an etiologic point of view. Indeed, the
chilblain-like lesions appeared during March 2020
(which was in France one of the warmest months
ever recorded), a fact that is against the role of cold
and humid weather, as is the case for idiopathic
chilblains. Furthermore, the autoimmunity evalua-
tion performed for our patients (namely, for
antinuclear antibodies) ruled out an underlying
autoimmune disease, such as lupus erythematosus,
which may be associated with pernio-like lesions
(lupus pernio). The term COVID toes reflects the
particular circumstances under which the outbreak
of chilblain-like lesions was recorded, although the
term COVID chilblains (by analogy to idiopathic or
autoimmune chilblains) would be more correct.

Our study, which to our knowledge includes the
largest series of pathologically studied chilblain-like
lesions to date, showed that these lesions share
several pathologic features with both idiopathic
and autoimmune-associated chilblains. Indeed,
despite some claimed differences, idiopathic and
autoimmune-related chilblains are difficult to sepa-
rate pathologically. Papillary edema and perieccrine
sweat gland localization of the dermal infiltrate have
been claimed to favor the diagnosis of idiopathic
chilblains over autoimmune-related chilblains,18-20

although an earlier study did not find such differ-
ences.21 Conversely, basal cell layer vacuolization
and interface changes were claimed to be more
common in autoimmune-related chilblains versus
idiopathic chilblains,18,19 but the differences are not
discriminating from a statistical point of view. More
recently, it was reported that the presence of
abundant dermal mucin and interstitial fibrin was
associated with lupus erythematosus, but that the
number and distribution of CD1231 plasmacytoid
dendritic cells and CD301 lymphocytes had no
discriminatory role.20

Our results show that the chilblain-like lesions
exhibit, to various degrees, the most common
pathologic features of idiopathic chilblains and
autoimmune-related chilblains, including necrotic
epidermal keratinocytes, papillary edema, dense
perivascular and perieccrine sweat gland inflamma-
tion, predominance of CD31/CD41 T cells, and
presence of CD3031 plasmacytoid dendritic cells
and CD301-activated cells in the dermal infiltrate.
Rarer but remarkable findings include the presence
of vascular microthromboses and fibrin deposition in
the wall of dermal venules. The presence of
eosinophils in the dermal infiltrate has not been, as
far as we know, reported in idiopathic chilblains or
autoimmune-related chilblains18-22 and is remark-
able, even though eosinophils were found in small
numbers and in a minority of our cases. Similarly, the
high rate of positive-result direct immunofluores-
cence showing vascular deposits of IgM, IgA, or C3 is
an original finding. Indeed, direct immunofluores-
cence result was negative in a case of COVID-
19eassociated chilblain,17 showed a lupus band
test in 21% of cases of autoimmune-related
chilblains,22 and showed nonspecific findings in
cases of idiopathic chilblains associated with
myelomonocytic leukemia23; these studies did not
mention specific vascular deposits.

The pathogenesis of these chilblain-like lesions
remains unclear. Our findingsdnamely, the deposits
of immunoglobulins and C3 on dermal vessels and
the presence of vascular microthrombi, swollen
endothelial cells (endothelialitis), and fibrin deposits
within the wall of dermal venulesdsuggest a
vascular involvement in the genesis of chilblain-
like lesions. So far, the presence of capillary
microthrombi has been highlighted in 3 cases with
probable COVID-1910,16 and could be related to the
altered coagulation status observed in patients with
(severe) COVID-19.24 Nevertheless, the precise role
of SARS-CoV-2 in the development of chilblain-like
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lesions, although possible from an epidemiologic
point of view, remains unclear. The presence of
endothelialitis in chilblain-like lesions is consistent
with a role of the SARS-CoV-2 because endothelialitis
in several organs has been reported in the course of
COVID-1925; however, few patients with chilblain-
like lesions had confirmed infection with SARS-CoV-
2,11,15,17 and most of them (including the patients
in this study) had negative test results.11

Furthermore, a search for SARS-Cov-2 performed
with polymerase chain reaction in 3 of the skin
biopsies included in our study had negative
results (data not shown). It can be speculated that
chilblain-like lesions develop as an indirect
consequence of viral infection, via an exaggerated
immune response that can contain the infectious
potential of the virus, but induces vascular injury that
is the pathologic substratum of chilblain-like lesions.
If this hypothesis is confirmed, chilblain-like lesions
could be regarded as a paraviral manifestation, as
recently suggested for an erythematous-scaly erup-
tion in a patient with COVID-19, in which skin
polymerase chain reaction did not detect SARS-
CoV-2 in the skin lesions.26

In conclusion, our findings suggest that the
pathologic features of chilblain-like lesions (COVID
toes) are similar to those of idiopathic and
autoimmune-related chilblains. Novel findings may
include the presence of eosinophils in the dermal
infiltrate and the high positivity rate of direct
immunofluorescence examination, which highlights
the involvement of vascular injury in the genesis of
these lesions. If confirmed by a larger number of
observations, these findings could shed more light
on the pathogenesis of chilblain-like lesions.
However, the precise role of SARS-CoV-2 in the
development of these lesions remains to be
elucidated.

We thank our colleagues who referred patients to us,
and Dr Georgia Karayannopoulou (AHEPA Hospital,
Thessaloniki, Greece) for fruitful discussions.
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