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Introduction

Coronavirus disease 2019 (COVID-19)erelatedmyositis has been
described as an initial presentation and as a potential late
complication of COVID-19 in adults.1 In children, rhabdomyolysis
has rarely been documented during severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2) infection,2,3 without any
detectable alteration in renal function or signs of multiorgan
involvement.

We here describe the first patient with rhabdomyolysis during
multisystem inflammatory syndrome temporally related to COVID-
19 (MIS-C).
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Patient description

This six-year-old African girl previously healthy was admitted
for prominent abdominal pain with diarrhea, right chest pain, se-
vere asthenia, and gait abnormality, diffuse and severe myalgia
especially in lower limbs accentuated by muscles compression. The
patient appeared exhausted and was febrile, tachypneic, and oli-
guric, with a distended and tender abdomen and decreased breath
sounds in the right lung base.

Cardiac auscultation and blood pressure were normal. Blood
tests revealed neutrophilic leukocytosis (white blood cell count:
21.38 � 109/l; neutrophils: 89%), anemia (hemoglobin: 10 g/dl),
hemostatic abnormalities (platelet count: 146 � 103/ml; pro-
thrombin time: 1.33 msec; partial thromboplastin time: 1.48 msec;
D-dimer: 4.55 mg/l; plasma fibrinogen 470 mg/dl), increased
markers of inflammation (C-reactive protein [CRP]: 24.86 mg/dl;
procalcitonin: 57.4 ng/ml; ferritin: 506 ng/ml), high creatinine
kinase levels (CK: 3392 U/l), mild acute renal failure (serum
creatinine 1.11 mg/dl), signs of capillary leak syndrome (albumin:
23.7 g/dl), and hyponatremia (sodium: 131 mmol/L).

Peripheral blood smear showed rare schistocytes. Urine tests
were normal, and urinemyoglobinwas not detected. Blood cultures
werenegative, aswell asmolecular assays for influenza, enterovirus,
Epstein-Barr virus, and herpes simplex in respiratory specimens.
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FIGURE. Temporal relation among CK, CRP, and cardiac enzymes. CK and CRP gradually decrease with a similar temporal trend (top panel), while troponin I and BNP increase and
peak later (bottom panel). Time is expressed on the X-axis as days (D, days). CK is expressed in IU/L, CRP in mg/dl, troponin I in ng/L, and BNP in pg/mL. BNP, brain natriuretic
peptide; CK, creatinine kinase; CRP, C-reactive protein.
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Chest radiograph revealed pneumonia in the right lower lobe
with moderate pleural effusion. Abdominal ultrasound showed
thickening of the bowel wall and mild free abdominal effusion.
Echocardiography was normal.

Hemolytic uremic syndrome was suspected, so hyperhydration
and antibiotic treatment were started. Reverse transcriptase poly-
merase chain reaction nasopharyngeal swab resulted positive for
SARS-CoV-2 infection.

Based on elevated inflammatory markers, evidence of coagul-
opathy, acute gastrointestinal involvement, and myocardial injury
associated with a SARS-CoV-2 infection, MIS-C was diagnosed. She
received intravenous immunoglobulins (IVIG) 2 g/kg and steroids
(dexamethasone 0.2 mg/kg). Hypoalbuminemia led to fluid over-
load after IVIG administration and was treated with furosemide.
After six hours, urinary output and renal function improved.

She continued to experience myalgia and profound asthenia for
three days, while CK level gradually reduced over time along with
CRP (Fig, top panel). Markers of myocardial injury increased over
days and peaked later (brain natriuretic peptide: 1385 pg/ml on day
four and troponin I: 111.6 ng/l on day five) (Fig, bottom panel)
without evidence of ventricular dysfunction.

On day four, renal function and urine output normalized and the
patient's muscle pain decreased. By the fifteenth day after her fever
onset, her laboratory tests had normalized and she was discharged.

Discussion

SARS-CoV-2 binds angiotensin-converting enzyme 2 receptor
expressed on skeletal muscle and causes renin-angiotensin down-
regulation, directly affecting muscular integrity. Interestingly, some
patients with COVID-19erelated myositis have exhibited acute
onset of severe muscle weakness, very high CK levels, elevated
inflammatory markers, and clinical improvement after IVIG. These
features highly resemble necrotizing autoimmune myositis, an in-
flammatory myopathy that has been described after viral
infections.4
12
We hypothesize that SARS-CoV-2 could act as a trigger for
myositis, inducing an immune T cell or macrophage-mediated
response rather than a direct virus-induced cytotoxic damage,
similarly to what was documented in the myocardium of adults
with severe COVID-19 and in children with MIS-C.5 In our patient,
markers of muscular damage seemed to reflect systemic inflam-
mation rather than myocardial injury, thus indicating the skeletal
muscle as a possible target of MIS-C. Second, myalgia and CK levels
improved after the administration of IVIG and steroids, suggesting
an immune-mediated mechanism similarly to the cases of necro-
tizing autoimmune myositis described for adults.

A dysregulation of the immune systemand a hyperinflammatory
response have been widely reported as mechanisms in the patho-
genesis of MIS-C. Several autoantibodies against proteins involved
in immune cell signaling, structural proteins of myocytes, and
endothelial cells have been found, supporting an autoimmune
mechanism in the pathogenesis of cardiovascular manifestations.6

The response to immunomodulating treatment could strengthen
this hypothesis. Therefore, we hypothesize a similar mechanism
acting in the skeletalmuscle, highlighting awareness of this possible
condition in childrenwithMIS-C and the need tomonitor CK levels.
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