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SIGNIFICANCE

Reports on the long-term outcome of patients with chilblains associated with SARS-CoV-2
are rare and fragmentary. We provided comprehensive follow-up data about 82 patients
having reported chilblains during spring 2020. Two-thirds of patients reported chilblains
recurrences or persistence of acral manifestations over a 10 to 12-month follow-up duration.
Chilblain recurrences occurred mostly during autumn and winter, suggesting that either
weather conditions or further contact with SARS-CoV-2 could act as new triggers. Women

have a higher risk to experience incomplete recovery.



ABSTRACT

Numerous cases of chilblains have been observed in the beginning of the COVID-19
pandemic. Our objectives were to provide comprehensive follow-up data for patients
reporting chilblains and determine risk factors for incomplete recovery. Patients referred to 5
Hospitals in France between March and May 2020 for chilblains were surveyed on December
2020. A teleconsultation was offered. Among 82 patients having reported chilblains, 27 (33%)
reported complete recovery, 33 (40%) had chilblain recurrences after their hands and feet
returned to normal, and 22 (27%) developed persistent acral manifestations, mostly
acrocyanosis, with or without further chilblain recurrences. Most chilblains recurrences
occurred during the following autumn and winter. A past history of chilblains was not
associated with recurrences or persistent acral manifestations. Women had a significantly
higher risk of developing recurrences or persistent acral manifestations (OR=1.30; 95%ClI
[1.06-1.59]). To conclude, two-thirds of patients experienced persistent or recurrent acral
manifestations after a 10-month follow-up.
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INTRODUCTION

Numerous cases of chilblains were reported throughout Europe and North America during the
early months of the COVID-19 pandemic (1-9). The association of these acral manifestations
with SARS-CoV-2 infection has been a subject of debate since most patients did not have
virological confirmation of SARS-CoV-2 infection. It has been hypothesized that a strong
antiviral type | interferon response could account for a rapid viral clearance explaining the
low levels of anti-SARS-CoV-2 antibodies. This immune response could also be responsible
for interferon-induced skin lesions resembling chilblains, as seen in genetic interferonopathies
(8,10-13). The outcome of cutaneous manifestations related to SARS-CoV-2 infection is
currently arousing increasing interest (14—-20). The present study provides a 10 to 12-month
follow-up of patients with chilblains who were included in a previous case-control study (21).

We also sought to determine the risk factors associated with incomplete recovery.

MATERIALS AND METHODS

Participants and information collection

Individuals referred for chilblains during the first lockdown (March 17 to May 11, 2020) in
Western France were included in a case-control study exploring the aetiologic role of SARS-
CoV-2 exposure (21). They were referred to 5 University Hospitals (Rennes, Brest, Nantes,
Angers and Tours) and all diagnoses were validated by a dermatologist as being chilblains,
with the presence of localized erythema and swelling involving acral sites, persistent for more
than 24 hours. Information on these chilblains was collected as part of the case-control study.
The present study aimed to describe the follow-up from the onset of the reported chilblains
(between January 31 and May 3, 2020, according to patients) to an end date between
December 31, 2020 and February 4, 2021, according to patients. An online questionnaire was
sent to them on December 31, 2020, and patients with incomplete recovery from their
chilblains were offered a teleconsultation in January 2021 to collect detailed clinical and
virological information. This information was further updated between January 29, 2021 and
February 4, 2021.

Statistical analysis
Continuous variables were described using means and standard deviation (SD) or medians

and range. Categorical variables were described using frequencies (%). The median duration
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of chilblain recurrences with 95% confidence interval (CI) was computed using the Kaplan-
Meier method (data censored for ongoing chilblains between January 29 and February 4,
2021). A univariate logistic regression analysis was used to assess the association between
incomplete recovery (i.e., persistent or recurrent acral manifestations) and patient
characteristics or features related to the initial flare of chilblains. Type 1 error was set at 5%.
For patients who experienced persistent or recurrent acral manifestations and had a
teleconsultation, a time-line graph covering the period from January 29, 2020 to January 29,
2021 was plotted. Statistical analyses and graphical plot were performed using RStudio
Version 1.0.136 (RStudio Inc., Boston, MA, USA).

RESULTS

Study participants

Among the 102 individuals with chilblains who participated in the case-control study (21), 82
(80%) gave information on follow-up via a questionnaire. The 55 patients who reported
persistent acral manifestations or recurrence of chilblains were solicited for a teleconsultation

and 43 accepted. The study flowchart is presented in Figure 1.

Overview of the follow-up: 3 phases

To provide a synthetic description of the follow-up of patients who reported chilblains during
the first lockdown resulting from the COVID-19 pandemic, 3 successive periods were defined
diagrammatically:

I. A first phase during spring 2020 (depicted as the inner ring in Figure 2), corresponding to
chilblains reported during the COVID-19 first wave.

ii. A second phase during summer 2020 (depicted as the intermediate ring in Figure 2),
following the resolution of the chilblains. Most patients recovered. However, for a fraction of
them, chronic acral manifestations distinct from chilblains developed.

iii. A third phase, roughly during the autumn and the early winter months of 2020-2021

(depicted as the outer ring in Figure 2), during which recurrences of chilblains were observed.

First phase (spring 2020)
The clinical characteristics of the 82 patients having reported chilblains during the first
lockdown (March 17 to May 11, 2020) are presented in Table 1.



Second phase (summer 2020)

All 82 patients reported the resolution of their chilblains. For a majority of patients (n=60),
their hands and feet returned to normal. However, 22 patients (27%) evolved towards
persistent acral manifestations, distinct from chilblains, including acrocyanosis (n=14),
erythromelalgia (n=4), Raynaud phenomenon (n=3), with toe oedema and stiffness in one

case, and cold toes (n=1).

Third phase (autumn and winter 2020/2021)

A total of 46 patients (56%) had recurrent chilblains after 10 months of follow-up (Figure 2).
Examples of persistent acral manifestations associated with chilblain recurrences are shown in
Figure 3. Most chilblain recurrences (n=38, 83%) occurred after October 1, 2020. They
reported 2 (n=36) or 3 (n=10) flares of chilblains. Recurrences were less, equally or more
severe than the first flare in 32 (70%), 7 (15%) and 7 (15%) cases respectively. The lesions
were located on the feet, the hands or both in 34 (74%), 7 (15%), and 5 (11%) cases
respectively. Regarding the context of chilblain recurrences, 6 (13%) occurred after
acknowledged exposure to cold. Five patients (11%) reported possible viral symptoms
(influenza-like illness, diarrhoea, headache) during the recurrences, and 2 patients underwent
rt-PCR testing for SARS-CoV-2 with a negative result.

Three evolution profiles: recovery, chilblain recurrences and persistent acral manifestations
From this synthetic description of the follow-up in 82 patients, three evolution profiles can be
distinguished among patients having reported chilblains during the first lockdown of the
COVID-19 pandemic. In the first group (n=27, 33%), the patients recovered from their
chilblains with no recurrence observed within the study time-frame (“recovery” profile); the
second group (n=33, 40%) gathered patients who recovered from their chilblains in the
spring, but experienced chilblain recurrences in the autumn/winter (“recurrence” profile); the
third group (n=22, 27%) gathered patients who, after their chilblains in the spring, presented
persistent acral manifestations throughout the study period, with or without chilblain
recurrences (“persistence” profile). These 3 profiles are depicted in Figure 2. Figure 4
presents on a time-line the individual follow-up of the 43 patients with a “recurrence” or

“persistence” profile for whom detailed information was collected by teleconsultation.

Characteristics of patients with chilblain recurrences or persistent acral manifestations



Among the 67% of patients who developed chilblain recurrences or persistent acral
manifestations (i.e., “recurrence” and “persistence” profiles), the median age was 29 years
(range 12-84), and 38 patients (69%) were women. Complete information regarding medical
history and clinical manifestations was obtained from 43 patients (Figure 2). Five had a
history of autoimmune disease, including thyroiditis (n=3), ulcerative colitis (n=1) and
Sjogren’s syndrome (n=1). Two patients had inflammatory arthralgia of the knees, wrists and
elbows at the time of their chilblain recurrence. Six patients reported persistent extra-
dermatological manifestations within the study time-frame: 4 (9%) had a new onset of sicca
syndrome, 1 patient had hematuria and leucocyturia, and 1 reported persistent diarrhoea
(Figure 4).

Risk factors for chilblain recurrences or persistent acral manifestations

Risk factors for incomplete recovery following chilblains (i.e., a “recurrence” or “persistence”
profile) were sought, including age, sex, history of chilblains, previous Raynaud syndrome,
positive anti-SARS-CoV-2 serology, systemic COVID-19 symptoms, localization and
duration of the first flare of chilblains. Women had a significantly higher risk of developing
recurrences or persistent acral manifestations (OR=1.30 ; 95%CI [1.06-1.59]). Neither a past
history of chilblains (OR=1.02 ; 95%CI [0.79-1.32]), nor any other characteristics were
associated with chilblain recurrences or persistent acral manifestations (Supplementary Table

1).



DISCUSSION

Among the 82 patients who had chilblains during the first lockdown (21), 33% recovered
without further acral manifestations over a 10-month period. In contrast, 40% had chilblain
recurrences after initial recovery, mostly during autumn and winter, and 27% had persistent
acral manifestations from the summer following the chilblains (acrocyanosis, erythromelalgia,
Raynaud phenomenon, toe oedema and stiffness, and cold toes), with or without additional
chilblain recurrences. Female sex was associated with chilblain recurrences or persistent acral

manifestations.

Numerous series of patients with chilblains during the early months of the COVID-19
pandemic in various countries have been reported (1-9). Follow-up data are important
because idiopathic chilblains and acral manifestations usually develop in chronic or recurrent
mode (22). With nearly one year of follow-up, our estimation of 56% of patients experiencing
chilblain recurrences is in line with the proportion recently suggested (19,20). Even assuming
that all 20% of the patients who did not answer the follow-up questionnaire recovered, the
percentage of patients who experienced chilblain recurrences would still amount to 45%.
Previous studies reported only 3 to 18% of recurrences (15-17), but provided very
fragmentary follow-up data. In addition, the percentage of chilblain recurrences could also
depend on exposure to other triggers (e.g., cold and wet weather) which vary across different
geographical areas. Percentages are also liable to change with increasing follow-up duration,
since patients classified as having a “recovery” profile could experience chilblain recurrences

later on.

Our diagrammatic presentation based on 3 phases (in the spring at the COVID-19 pandemic
onset, the following summer, and the following autumn/winter), and 3 evolution profiles
(recovery, recurrence or persistence) has the advantage of synthetizing follow-up information.
We are aware, however, that not all individuals perfectly fit into this pattern (for instance,
some patients experienced chilblain recurrences during the summer), but a time-line graph
with individualized information highlights both the exceptions and the common
characteristics. The most salient common characteristic lies in the temporal clustering of
chilblain recurrences after October 1, 2020. Because they occurred in a colder and damper
period in Western France, and also at the time when there was a “second wave” of intense

viral circulation in the country —leading to a second national lockdown- no unequivocal
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interpretation can be made. Both exposure to weather conditions and increased exposure to
SARS-CoV-2 could be the answers to the “why now?” question for this temporal clustering of
chilblain recurrences. Regarding the conditions specifically associated with lockdown (e.g.,
conditions leading to a certain type of viral exposure within households), they may have had a
role, but their specific contribution could not be analyzed in our case-control study (21). In
addition, we limited our study to the follow-up of chilblains that occurred during the first
lockdown and we did not collect new cases at the time of the second lockdown. Data
regarding ex novo occurrences of chilblains are scarce, which could be explained either by a
truly low incidence or by underreporting (16—18). Furthermore, it would have been interesting
to evaluate the COVID-19 vaccines as a potential trigger for acral manifestations in these
patients (23). However, at the time of evaluation, COVID-19 vaccines were not widely

available.

We advocate the term “chilblains” (or “pernio”) to refer to what were previously called
“chilblains-like” lesions, because in all series (8,9,24,25), they do not differ from classic
chilblains on clinical and histological grounds (22). The specificity can be seen in the causal
relationship between SARS-CoV-2 and chilblains (21,26). Classic chilblains occur as
recurrent episodes, generally after exposure to cold and wet conditions, which exemplifies
how exposure can trigger specific clinical manifestations in predisposed individuals (not
everybody develops chilblains when exposed to cold). In our series, 20% of the patients had a
past history of chilblains and 80% experienced a flare of chilblains for the first time during
the COVID-19 pandemic. We suggest that in individuals with a past history of chilblains,
exposure to SARS-CoV-2 in confined homes could act as a new trigger, and in others, as a
sufficient cause. The identification of an infectious trigger for chilblains could even lead to
the suggestion that other seasonal viruses, possibly human coronaviruses, have a role in
triggering seasonal chilblains.

One striking finding in our follow-up study is that about a quarter of the patients who had
chilblains during the first lockdown evolved towards a variety of acral manifestations during
the summer season. Although it is well-known that some people have acral manifestations all
year round, the development of persistent acrocyanosis following chilblains is unusual (22).
Pathophysiologically, the more substantiated hypothesis to link exposure to SARS-CoV-2 and

chilblains relates to a strong antiviral interferon immune response (8,13,27). In medical
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circumstances when abnormally high interferon levels are reached, acral manifestations have
been observed: chilblains are one of the hallmarks of genetic type | interferonopathies (28),
and acrocyanosis as well as Raynaud phenomenon have been reported following treatment
with interferon-a (29,30). Persistent acral manifestations could be promoted by a long-lasting
interferon-driven immunological response, which could also account for other manifestations,
possibly related to auto-immunity, as observed in some of our patients. Whether these
persistent or recurrent acral manifestations, sometimes accompanied by extra-dermatological
manifestations, belong to the “long COVID” spectrum is an open question waiting for a better
understanding of the pathophysiology of post-COVID syndromes (15,19,31-35).

We have summarized different evolution profiles among patients who had chilblains during
the first lockdown of the COVID-19 pandemic, and highlighted persistent and recurrent acral
manifestations. The underlying biological and immunological substratum remains to be
investigated. These acral manifestations require follow-up, with a specific attention to extra-

dermatological manifestations, and auto-immunity in particular.
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Table 1. Characteristics of patients reporting chilblains during the first lockdown

16

Characteristics, n (%0)

Patients (N=82)

Age in years, mean (sd) 30.4 (14.9)
Sex, women 49 (59.8)
History of chilblains 16 (19.5)
History of Raynaud syndrome 16 (19.5)
SARS-CoV-2 serology

Positive 3(4.9)

Negative 58 (95.1)
Localization of chilblains

Feet 59 (72.0)

Hands 13 (15.9)

Both 10 (12.2)
Symptoms suggesting COVID-192 28 (34.1)
Duration of chilblains in days, mean (sd) 33.7 (24.6)

2among anosmia, ageusia, fever, asthenia, rhinitis, sore throat, cough, dyspnea

16




Figure 1. Study flowchart

20 individuals who did not answer
the follow-up questionnaire

17

in France

102 individuals with chilblains
reported during the first lockdown

Y

82 individuals with chilblains
providing their 10-month outcome

h 4

v

55 individuals reporting
persistent acral
manifestations or recurrent
chilblains

27 individuals reporting
complete recovery

12 individuals who did not accept a
teleconsultation

h 4

43 individuals with persistent
acral manifestations or
recurrent chilblains who had
a teleconsultation and
provide further information

17




18

Figure 2. Diagrammatic sequence of acral manifestations during follow-up

Among patients with chilblains during the first lockdown in spring 2020 (n=82 [100%]; inner
ring of the donut chart), chilblains resolved in all cases. During the following weeks
(intermediate ring - summer), hands and feet returned to normal (n=60 [73%]) or evolved
towards persistent acral manifestations (n=22 [27%], including acrocyanosis, erythromelalgia,
Raynaud phenomenon, toe oedema and stiffness, and cold toes). After 10 to 12 months of
follow-up (outer ring - mostly in the autumn and winter), 27 [33%] patients remained free of
lesions, 46 [56%] had chilblain recurrences (including 33 [40%] patients whose hands and
feet had returned to normal), and 9 [11%] had persistent acral manifestations without
recurrence of chilblains (outer ring). This description enables 3 evolution profiles to be

identified (recovery, recurrence or persistence).
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Figure 3. Examples of patients with persistent acral manifestations who experienced
chilblain recurrences.

A, B Distal erythema of multiple toes with some oedema in a symmetric pattern, leaving
persistent cyanotic discoloration (patient #3 and #35). C Violaceous and erythematous
papules and patches on the toes (patient #29).

Patient numbers are reported in Figure 4.
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Figure 4. Time-line plot showing the chronology of clinical manifestations over 12
months for patients reporting persistent or recurrent acral manifestations (patients with
a “persistence” or “recurrence” profile)

Sex (F: female; M: male) and age are specified at the start of the line for each patient
reported.

Persistent systemic manifestations were as follow:

Patients #8 #20 #34 #43 reported a sicca syndrome since the first flare of chilblains or
beginning after a rt-PCR-confirmed COVID-19, associated with a persistent hyposmia in one
(patient #20).

Patient #42 had hematuria and leucocyturia associated with chilblains, which receded over 7
months.

Patient #28 reported diarrhoea after his first flare of chilblains (normal abdominal ultrasound,

normal stool test for bacteria and parasites), which persisted thereafter.
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Supplem entary Table1. Risk factors for persistent or recurrent acral m anifestations

following chilblains
Oddsratio 95% Confidencelnterval P-value

Age, for onc year 1.003 0.996-1.010 0.41
Sex, for women 1.3 1.06-1.59 0.01
History of chilblains 1.02 0.79-1.32 0.88
History of Raynaud syndrome 1.02 0.79-1.32 0.88
Seropodtivity for SARS-CoV-22 | 0.99 0.57-1.73 0.98
Duration of the inifial flare of 1.003 0.999-1.007 0.20
chilblains for one day
Symptoms possibly rdated to 1.07 0.86-1.33 0.55
COVID-19®
Localization of chilblains 0.15
(ref=hands)

Feet 1.31 0.99-1.73

Feet and hands 1.15 0.78-1.69

aserological tests performed between May and August 2020
bamong anosmia, ageusia, fever, asthenia, rhinitis, sore throat, cough,dyspnea
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