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Purple toes following critical COVID-19 infection
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CASE PRESENTATION

A previously healthy 15-year-old girl with obesity and type 2 diabetes
developed painful, purple toes during hospitalization for critical COVID-
19 infection. A few weeks prior to admission, she developed upper respi-
ratory symptoms with fever and chills; nasopharyngeal polymerase chain

FIGURE 1

reaction (PCR) confirmed COVID-19 infection. After 7 days of worsening
fever and cough, she presented to the emergency department and was
admitted to the pediatric intensive care unit with hypoxemic pneumonia.
Treatment with remdesivir, dexamethasone, and ceftriaxone was initiated.
The patient progressed to hypoxemic respiratory failure requiring BiPAP
with maximum FiO2 100%. Baricitinib was added due to worsening cyto-
kine storm with fever, shock, and laboratory abnormalities consistent with
early macrophage activation syndrome. She improved slowly with treat-
ment allowing for gradual weaning of respiratory support.

Approximately 3 weeks into her admission, her left foot was noted
to be cold with edema up to her ankles. Doppler ultrasound demon-
strated patent left lower extremity arterial vasculature with normal
waveform. A painful purple nodule was noticed over her left first and
third toes. Dermatology consult was requested to evaluate for
pandemic-associated pernio. Examination of the left lower extremity
revealed edematous violaceous papules over the plantar first and third
toes (Figure 1) and violaceous macules over the lateral ball of the foot.
Livedo reticularis was also present over the dorsal hands. Punch biopsy
of the left plantar first toe was obtained. Topical fluocinonide was
applied to the rash twice daily with gradual improvement of her pain

and swelling.

WHAT IS THE DIAGNOSIS?
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FIGURE 2

Diagnosis: Thrombogenic vasculopathy

Histopathology revealed superficial epidermal necrosis and intradermal
capillary microthrombi (arrowheads) with extravasated erythrocytes at
4.4x magnification (Figure 2, H&E stain). A pauci-perivascular lympho-
cytic infiltrate was appreciated without vasculitis or papillary dermal
edema. One week following onset of her skin findings, the patient
developed persistent tachypnea, and subsequent CT angiography of
the chest revealed a right lower lobe subsegmental pulmonary embo-

lism which was treated with enoxaparin.

DISCUSSION

Pandemic-associated pernio, commonly referred to as “COVID toes,”
has drawn significant attention from the medical community and lay
press. These lesions present as non-specific red-purple discoloration
of the digits, making them difficult to discern from other acral
pathologies. Histopathologically, pernio is characterized by a robust
perivascular and peri-eccrine dermal lymphocytic infiltrate without
vasculitis or vasculopathy. Utilizing immunohistochemistry, abundant
myxovirus resistance protein 1 (MxA), the downstream marker of type
1 interferon activation, can be visualized but is primarily performed
for the purposes of research.! SARS-CoV-2 envelope and spike pro-
teins are infrequently reported by immunohistochemistry, although
recent reports have demonstrated poor specificity of SARS-CoV-2
targeted antibodies in tissue.?® Pandemic-associated pernio primarily
affects young people who harbor few extracutaneous symptoms of
viral respiratory infection. The majority lack evidence of previous
COVID-19 infection.*>

Interferon-mediated innate immune responses are important early
defenders against viral pathogens. Previous studies have confirmed a

delayed, attenuated type | interferon (IFN-I) response in individuals

hospitalized with critical COVID-19. Genetic variants in the IFN-I path-
way or neutralizing autoantibodies against IFN-I underlie critical COVID
in 15% of patients, rendering the pathway incapable of producing or
responding to IFN-1.%7 Some studies of pandemic-associated pernio
have reported an elevated local and systemic IFN-I signature, supporting
a hypothesis of a virus-induced phenomenon that may be arguably pro-
tective against severe COVID-19.2° Additionally, IFN-stimulated gene
scores from whole blood at presentation of pandemic-associated pernio
have been reported, with a few patients reaching the level of interferon
induction seen in the type | interferonopathies. This underscores the
potential for a shared mechanism between pandemic-associated pernio
and pernio seen in the type 1 interferonopathies.

In contrast to pandemic-associated pernio, thrombogenic
vasculopathy is seen in critically ill patients with COVID-19 infec-
tion. Thrombogenic vasculopathy can be a clinical mimic for
pernio, as patients present with red-purple discoloration of the toes,
hemorrhagic blisters, and necrotic ulceration. In contrast, however,
thrombogenic vasculopathy represents microvascular injury syndrome
mediated by activation of complement pathways and an associated
hypercoagulable state, as previous studies have demonstrated
co-localization of SARS-CoV-2 spike glycoproteins with C5b-9
and C4d in in the cutaneous microvasculature.® Importantly, unlike
pernio, thrombogenic vasculopathy is pauci-cellular with vascular
thrombosis and absent MxA expression on immunohistochemistry.!

The underlying mechanism of thromboembolic events in COVID-
19 remains poorly understood. Complement activation in response to
COVID-19 infection may exacerbate viral-induced systemic hyper-
inflammation and contribute to a cytokine storm-like presentation.
These inciting events can lead to vascular inflammation and endothelial
cell dysfunction, triggering the release of several prothrombotic factors.
Recent studies have demonstrated elevated inflammatory markers,
including C-reactive protein, ferritin, fibrinogen, procalcitonin, and
interleukin-6, in the setting of severe COVID-19.1%12

A robust interferon response in young, healthy individuals
facilitates clearance of viral pathogens and correlates with a resilient
COVID-19 phenotype any may explain pandemic-associated pernio.
In critical COVID-19, an attenuated IFN-I response leads to persistent
viral replication and extensive complement activation and deposition
in skin and other organs, including the toes, leading to ensuing
Although
thrombogenic vasculopathy can be clinical mimics, the patient

coagulopathy. pandemic-associated pernio  and
populations are different, and histopathology may help discriminate
between the diagnoses. The unusual presentation of critical COVID-
19 in this previously healthy adolescent could suggest an underlying

IFN-1 deficiency, which could be investigated through genetic testing.
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