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“COVID toes”: A true viral phenomenon
or a diagnosis without a leg to stand on?

®
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“COVID toes” is the colloquial name of chilblain-like lesions thought to be a sequela of COVID-19
infection. Over two years and approximately 300 publications later, this association remains controversial.
Here, we summarize key clinical, serological, biological, histological, and immunological evidence that
supports and rejects this relationship and discuss alternate theories underlying the pathogenesis of

chilblain-like lesions. ( JAAD Int 2022;9:1l-W.)
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CLINICAL
Emergence and temporal association of
chilblain-like lesions (CBLLs) with the arrival
of COVID-19

The initial publication from China on the first
surge of COVID-19 cases had no reports of CBLLs,
and only two out of 1099 patients were described as
having any cutaneous findings (rash).' However, the
severe pulmonary manifestations associated with
COVID-19 infection were more likely the critical
focus at that time. Reports of “COVID toes” first
emerged from Europe when they had a peak of
coronavirus infections.”" Subsequently, the diag-
nosis was disseminated on social media.
Nonetheless, multiple studies involving large cohorts
of COVID-19—infected patients in heavily impacted
“surge” areas, such as New York City, New York,
United States, and Sao Paolo, Brazil, failed to detect a
similarly increased incidence of this finding.”” In
another large epidemiologic study from California,
United States, McCleskey et al” did find an increase in
the number of cases of chilblains during the
pandemic, but these cases had a low correlation
with hot spots where COVID-19 infections were
identified.

Geographic and racial distribution

In the United States, the lack of reports of CBLLs
specifically in individuals with darker skin generated
a significant amount of controversy, with the
absence of representative imagery of this finding in
patients with Fitzpatrick type V skin highlighted in
the media as evidence of a deficiency in dermato-
logic training.”'” Interestingly, however, in a study
from India, Pangti et al'' reported that cutaneous
manifestations were similarly uncommon in pig-
mented skin in a series of patients with confirmed
COVID-19 diagnoses.

Apart from differences in reports of CBLLs by race,
geography seemed to play a role, with an over-
whelming number of cases derived from Europe and
North America and scant reports from Asia.'*'’ By
way of explanation, one hypothesis linked the
development of CBLLs to the variable distribution
of molecular factors associated with thromboem-
bolic activity among disparate populations.
Lipoprotein A and Factor V Leiden are critical players
in thrombo-occlusive vasculopathies. Compared
with Asians, Caucasians are thought to have a higher
incidence of Factor V Leiden mutations and higher
levels of lipoprotein A. This increased predisposition
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to thrombophilia may have contributed to the
differences in the prevalence of CBLLs as a by-
product of COVID-19 infection across geographic
regions.' "”

The variable presence of this finding by race and
geography is notable. This may be accounted for by
underlying predispositions to thromboembolic
events in certain populations
and other factors such as
physician biases and/or pa-
tient (self-reporting) biases

Conversely, this discrepancy
may underscore the tenuous
nature of this association and
the inherent presence of se-
lection biases in the evalua-
tion of this condition.

Presentation

The cutaneous presenta-
tion of COVID-19 infection
is highly variable, encom-
passing a wide range of skin findings, including
vesiculobullous lesions, exanthematous eruptions,
livedoid presentations, and necrotic plaques, in
addition to CBLLs.'” The proposed incidence of
skin manifestations associated with COVID-19 is
unknown and can vary dramatically, ranging from
0.2% to 20.4% of cases, according to some published
reports. '

In a large smartphone application-based survey
study of >300,000 subjects in the United Kingdom,
Visconti et al'” noted a significant association be-
tween rashes and positive COVID-19 swab results
(odds ratio, 1.67; 95% CI, 1.42-1.97). In 17% of
COVID-19—positive cases, cutaneous symptoms
were the first presentation of the disease, and in
21% of cases, skin and acral lesions were the only
clinical manifestations of COVID-19 infection.
Moreover, the odds ratio for rashes (1.67) was greater
than that for fever (1.48), a widely accepted indica-
tion for COVID-19 testing, thus suggesting that
cutaneous symptoms can be predictive of COVID-
19 infection."”

The incidence of CBLLs specifically is difficult to
ascertain because it is a rare phenomenon relative to
COVID-19 infection. However, a rate of 28.6 per
100,000 person-years during the pandemic,
compared with 5.2 per 100,000 person-years prior
to the pandemic, was reported in one study from
northern California, United States.” CBLLs are
thought to have a particular demographic predilec-
tion, most commonly found in young, healthy
patients who are otherwise asymptomatic or have a
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mild disease course. These CBLLs may often be
indistinguishable from classic chilblains but are
distinct from the acroischemic lesions that more
commonly affect older or immunocompromized
individuals with an increased risk of severe systemic

symptoms and a  higher likelihood  of
hospitalization. ™"
BIOLOGICAL,
IMMUNOLOGIC, AND
SEROLOGIC

EVIDENCE OF
COVID-19 INFECTION
Polymerase chain
reaction as well as
immunoglobulin (Ig)G
and IgM immunostaining

Laboratory confirmation
of the association of CBLLs
with COVID-19 has been
confounded by the fact that
these “well” patients often
tested negative for active
COVID-19 infection using reverse transcriptase po-
lymerase chain reaction (RT-PCR) at the time of
presentation. Thus, it was largely concluded that
CBLLs are likely a late manifestation that occur 1 to
4 weeks after the infection.'”'” Complicating the
matter, unlike patients with more severe disease,
patients with CBLLs frequently did not produce IgM
or IgG antibodies indicative of prior COVID-19
infection."” However, these individuals were
routinely only tested at a single point in time, which
may not have reflected the entire immune response.
The absence of clinical symptomology in conjunc-
tion with the lack of confirmatory biological or
serologic evidence of infection in many of these
patients supported the conjecture that the develop-
ment of CBLLs was an epiphenomenon unrelated to
direct infection with the virus.

IgA immunostaining

As a counter argument, El Hachem et al”’ sug-
gested that the presence of IgA serology for COVID-
19, observed in several patients who failed to
demonstrate anti-COVID-19 IgG positivity, is a
more useful marker of infection with a respiratory
virus because it is the most concentrated isotype at
mucosal sites. In a series of 40 patients with CBLLs,
Hubiche et al'? also observed that positive IgA
serology for SARS-CoV-2 was detected more often.
Although all 40 patients tested negative using RT-
PCR, 12 (30%) had positive serologic results, with 8
(20%) testing positive for anti-COVID-19 IgA anti-
bodies. Of those 8 patients, 7 (87.5%) tested positive
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Abbreviations used:

CBLL: chilblain-like lesion

EBV: Epstein-Barr virus

IFN: interferon

Ig: immunoglobulin

RT-PCR: reverse transcriptase polymerase chain
reaction
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exclusively for IgA but negative for IgG and IgM."
While anti-SARS-CoV-2 IgA may be a more sensitive
marker of asymptomatic and mild infections, it is
rarely used in the commercial laboratory setting.

HISTOLOGIC EVIDENCE OF THE SARS-
COV-2 VIRUS IN BIOPSY SPECIMENS
Immunohistochemistry

To establish whether CBLLs are a direct result of
viral infection, immunostaining was performed on
biopsied specimens. Using a monoclonal antibody
against the spike protein of SARS-CoV-2, Colmenero
et al** detected the virus in all samples of CBLLs in a
series of patients. However, when this approach was
attempted using an antibody against the nucleo-
capsid portion of SARS-CoV-2 in another case series,
no virus was found, suggesting that the prior study’s
staining was possibly nonspecific.”’

In situ hybridization

As the gold standard for detection, RT-PCR and in
situ hybridization were used on CBLL specimens
obtained from adolescents, and again, the viral
genome was not identified.'”** This important
finding largely confirmed that CBLLs are unlikely to
be infectious. However, using RT-PCR, the virus was
detected in the flank of a woman with a macular
eruption and symptoms suspicious for COVID-19,
suggesting that COVID-19 can be potentially be
found in the skin.”’

THEORIES OF PATHOGENESIS
Type I interferon response

In some patients with chilblains, high levels of
type I interferon (IFN), a critical player in the innate
immune response, were identified.”” This is consis-
tent with the aforementioned study by Hubiche
etal,"” in which the levels of IEN-a were significantly
elevated in patients with CBLLs, all of whom had
mild disease, compared with those in patients with
moderate  or severe COVID-19 infection.
Accordingly, an association between impaired type
I IFN and severe COVID-19 has also been identi-
fied.””*” Taken together, these findings support the
hypothesis that an exuberant immune response in
healthy people might trigger CBLLs while efficiently
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clearing the virus before the humoral immune
response can occur.”’

Gehlhausen et al’’ countered this hypothesis by
noting that elevated IFN levels are not uniquely
associated with CBLLs. An IFN response can also be
observed in patients with chilblains lupus, and the
induction of type I IFN is an important part of the
host’s innate immune response to common viral
infections, such as Epstein-Barr virus (EBV), also
linked to chilblains.”’* Thus, the activation of the
IFN signaling pathway does not preclude a variety of
causes of chilblains that may present similarly.

Several reports identifying CBLLs shortly after
COVID-19 vaccination with the Moderna or Pfizer-
BioNTech vaccines have emerged.” " In these case
reports, CBLLs most commonly appeared within
1 week of inoculation with a messenger RNA
COVID-19 vaccine. Serologic testing in these in-
dividuals demonstrated the presence of IgG anti-
bodies against the spike protein and the absence of
antibodies against the nucleocapsid protein;
revealing that there was no concurrent natural
infection. These vaccination-associated  cases
coupled with evidence of type I IFN involvement
in blood and lesional biopsy samples lent further
credence to the idea that CBLLs are a sequela of an
immunological ~ response  to  COVID-19.77°
Nonetheless, new-onset or resurgence of autoimmu-
nity after vaccination is a well-established (albeit
uncommon) phenomenon, and thus, the rare inci-
dence of CBLLs after vaccination may also not be
specific to COVID-19.7"

Viral reactivation

CBLLs have also been identified in patients who
experience a more protracted disease course,
known as postacute sequelae of COVID-19 or so-
called “long-haulers.””” Not uncommonly, patients
suffering from prolonged symptoms of COVID-19
infection had only a minor illness and were not
hospitalized. Interestingly, according to Gold
et al,"’ a large percentage (66.7%) of these subjects
were found to have evidence of EBV reactivation.
Moreover, simultaneous infection due to cytomeg-
alovirus and/or EBV as well as SARS-CoV-2 in
the presence of CBLLs has been reported.”!
Notably, Su et al** found the coexistence of EBV
and SARS-CoV-2 viremia detected at the time of
clinical diagnosis to be predictive of postacute
sequelae of COVID-19 up to 3 months later. As
such, COVID-19—related symptoms could be a
byproduct of inflammation-driven EBV reactivation
subsequent to SARS-CoV-2 infection rather than a
direct effect of the coronavirus itself.****
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Table I. Summary of key data supporting and rejecting the association of COVID toes with COVID-19 infection

Variable

Evidence of association with COVID-19

No evidence of association with COVID-19

Clinical

Temporal association of an
outbreak of CBLLs with the
arrival of COVID-19

Geographic and racial
distribution of cases of CBLLs

Clinical presentation suggestive
of COVID-19 infection in
patients with CBLLs

Biological

Laboratory evidence of COVID-
19 infection coincident with
the presentation of CBLLs

Immunologic/serologic
Evidence of prior COVID-19
infection

Histologic
Immunostaining

Genomic evidence of COVID-19
in the skin

Theories of pathogenesis
Type | IFN immune response/
viral reactivation

Reports from Europe documented
increased cases of CBLLs concurrent
with a surge of COVID-19.*

CBLLs were the most common cutaneous
manifestation associated with
COVID-19 in Europe and the United
States, with cases overwhelmingly
reported in Caucasian patients.®®'2

Reports of patients with CBLLs having
concurrent and/or prior upper
respiratory infection symptoms or
iliness suggestive of COVID-19.'71844

Skin and acral rashes were predictive of
COVID-19 infection in a large survey
study.'’

CBLLs have been identified after
PCR-diagnosed infection due to
SARS-CoV2.*

Development of anti-SARS-CoV-2 IgA in
up to 20% of cases of CBLLs.'®*%*!

A monoclonal antibody against the spike
protein of SARS-CoV-2 detected the
virus in biopsied samples of CBLLs.>

SARS-CoV-2 was detectable at low copy
numbers using PCR on a biopsied rash
from the flank of an adult woman with
symptoms suspicious for COoVID-19.%

IFN-« levels were significantly elevated in
some patients with CBLLs, all of whom
had mild disease.'®'82%25

Studies from other heavily impacted areas,
such as New York City and Sao Paolo,
found no increased incidence or paucity
of cases of CBLLs concurrent with similar
surges of COVID-19.>”

Conspicuously few cases of CBLLs have
been documented in Asia, and there is a
paucity of cases identified in patients with
skin of color.>”'""2

Patients with CBLLs often report no prior
systemic symptoms and are commonly
asymptomatic at the time of infection,
clinically, not suggestive of a concurrent
or prior infectious process.'*'?

RT-PCR for active COVID-19 infection
(nasopharyngeal swab) is commonly
negative in patients with CBLLs at the
time of presentation, and many patients
with CBLLs never tested positive for the
virus.'?

Commercially available antibodies indicative
of prior COVID-19 infection (IgG and IgM)
are often undetectable in cases of CBLL."®

Biopsies of CBLLs stained with antibodies
against the nucleocapsid protein of
SARS-CoV-2 failed to detect the virus.”?

SARS-CoV-2 RNA has been undetectable
using RT-PCR and in situ hybridization in
biopsied samples of CBLLs.'***

An increased IFN response has also been
observed in patients with chilblains lupus,
and the induction of type I IFN is an
important part of the host’s innate
immune response to common viral
infections such as EBV, which is also
linked to the development of
chilblains.*'*?

CBLL, Chilblain-like lesion; EBV, Epstein-Barr virus; IFN, interferon; IgA, immunoglobulin A; IgG, immunoglobulin G; IgM, immunoglobulin M;
PCR, polymerase chain reaction; RT-PCR, reverse transcriptase polymerase chain reaction.

CONCLUSION

CBLLs are arguably the most well-publicized
cutaneous manifestation of the pandemic (Table D)
and have alternately been described as an important
sign of infection, a social media phenomenon, a
consequence of selection bias, an immunologically

mediated viral reaction, or a result of quarantine-

related behavioral change. It is now abundantly clear
that testing can miss many cases of infection and that
antibodies manifestly wane over time, confounding
laboratory evidence of a direct link between CBLLs
and the virus. Nevertheless, reports of CBLLs remain
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relatively rare in the context of overwhelming
COVID-19 infection, suggesting that the association
between these 2 conditions is unlikely to be a strong
one.

To date, many uncertainties remain, and new
questions, such as the persistence of this finding in
the presence of novel variants, have emerged.
Inquiry spurred on by the pandemic has already
advanced our understanding of the pathophysiology
of chilblains.*’ Further investigation will continue to
clarify the pathogenesis of cutaneous manifestations
associated with the immune response to COVID-19
infection.
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