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Abstract

Aims Acute myocarditis (AM) has been recognized as a rare complication of coronavirus disease 2019 (COVID-19) infection.
This study was conducted to present the clinical characteristics, disease courses and short-term prognoses of Omicron variant
of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) induced AM in China, which has been unavailable so far.
Methods and results Data from 28 patients diagnosed with definite COVID-19–associated AM from 6 hospitals in China be-
tween 1 December 2022 and 30 June 2023 were collected and analysed. The diagnosis of AM was based on increased troponin
level plus typical findings of AM on cardiac magnetic resonance (CMR) imaging and/or endomyocardial biopsy. Among 28
patients with definite COVID-19–related AM, median age was 37 years (Q1–Q3: 22–52) and 53.6% were men. Twenty-three
patients occurred within 2 weeks of the onset of COVID-19 infection, 10 patients underwent endomyocardial biopsy and
CMR was performed in all patients. Seven (25.0%) patients developed fulminant myocarditis that required inotropic agents
or temporary mechanical circulatory support. Of the nine patients (32.1%) with left ventricular ejection fraction (LVEF) below
50% on admission, five had fully recovered LVEF and two demonstrated improvement but to levels below normal at discharge.
The comparison of CMR parameters between the baseline and first follow-up showed that ECV was decreased at the first
follow-up [28.95 (25.38, 32.55)% vs. 33.65 (31.58, 37.55)%, P = 0.028), while other CMR parameters had no significant
changes. Eighteen patients (64.3%) were prescribed with corticosteroids, and seven patients (25.0%) underwent temporary
mechanical circulatory support. Only two patients died during hospitalization.
Conclusions The majority of COVID-19–associated AM occurred within 2 weeks of Omicron variant infection. Fulminant
myocarditis complicated by hemodynamic instability requiring temporary mechanical circulatory support was not uncommon.
However, short-term outcome was generally good and most AM patients fully recovered.
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Introduction

Coronavirus disease 2019 (COVID-19) is a disease caused by
severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) infection, which predominately attack respiratory
system.1 Notably, it can also damage other systems and or-
gans including the cardiovascular system. Cardiac manifesta-
tions of COVID-19 infection include myocardial injury, acute
heart failure (HF), arrhythmia, acute coronary syndrome and
stress cardiomyopathy.1 Acute myocarditis (AM) has also
been recognized as a relatively rare clinical manifestation as-
sociated with COVID-19 infection.2 Although viral myocarditis
usually has benign clinical course, it can present with ‘infarct-
like’ symptoms and/or signs of acute HF. Previous reports
regarding COVID-19–associated AM consist mainly of case
reports. The largest clinical study of COVID-19–associated
AM was a multicentre, multinational, retrospective study
that included 54 patients with definite or probable COVID-
19–associated AM. Patients in this report were diagnosed
by either endomyocardial biopsy in 17 (31.5%) of the cases
or cardiac magnetic resonance (CMR) in 50 (92.6%) cases.1

Another review of published cases of suspected COVID-19–
associated AM worldwide included 38 patients, but only
12 of whom had histological data (eight endomyocardial bi-
opsies and four autopsies) and the diagnosis of AM was
mainly confirmed by CMR (25 cases).3 However, at present,
there is no data available regarding the clinical presentation,
disease course and short-term outcome of COVID-19–associ-
ated AM in China.

During the winter of 2022, China experienced an epidemic
of COVID-19 in which the dominant strains causing infection
were Omicron variants BA.5.2.48 (61.1%) and BF.7.14
(27.8%). During this phase of the epidemic, there was infor-
mation that myocardial injury occurred in several patients
around the country. However, there were only isolated case
reports of one or two patients with COVID-19 Omicron vari-
ant infection–related AM from around the world at the time.
Thus, to better understand the clinical characteristics, treat-
ment that was being used and short-term outcomes of AM
associated with Omicron variant of SARS-CoV-2 infection in
China, we conducted a prospective study in which data were
collected from patients diagnosed with AM associated with
COVID-19 in China at that time of their hospitalization.

Methods

Study population

This is a multicentre, prospective cohort study in China in-
volving six cardiology centres from four provinces, including
Beijing (n = 1), Hunan (n = 2), Jiangsu (n = 2) and Henan
(n = 1). Patients admitted between 1 December 2022 and

28 February 2023, with a history of SARS-CoV-2 infection,
who were diagnosed with definite COVID-19–associated AM
according to the 2022 ACC Expert Consensus2 were enrolled
(n = 28). All patients had CMR evidence of AM and 10
(35.7%) of them had AM confirmed by endomyocardial
biopsy. Ethics committees from all six hospitals approved this
study at each site. Informed consent was obtained from all
patients before enrollment in the study.

Data collection and clinical definitions

Data on demographic, clinical, laboratory, electrocardiograph,
echocardiography, CMR, chest computed tomography and
computed tomography coronary angiography (CTCA) were
collected from each patient through in-hospital electronic
medical records. Follow-up information was collected by man-
ual extraction from electronic medical records and telephone
calls. Left ventricular systolic function was categorized as
normal using transthoracic echocardiography if left ventricu-
lar ejection fraction (LVEF) was ≥50%, mildly reduced if LVEF
was between 41% and 49%, reduced if it was ≤40%. The
decision and timing to perform CMR examination and/or
endomyocardial biopsy were at the discretion of the local clin-
ical teams.

Statistical analysis

Continuous variables were expressed as means and standard
deviations (normal distribution) or medians and interquartile
ranges (skewed distribution), categorical variables were
presented as frequencies and percentages. The differences
of baseline characteristics were analysed based on onset time
of AM (early-onset vs. delayed-onset). Student’s t test,
Wilcoxon rank-sum test or paired tests were used for
comparing continuous variables where appropriate.
Chi-square test or Fisher’s exact test was used to compare
categorical variables. Subject-specific longitudinal trajectories
(on admission and before discharge) of markers of myocar-
dial injury, cardiac structure, cardiac function and other major
laboratory parameters were also depicted to characterize
in-hospital dynamic disease progression. In all statistical anal-
yses, two-tailed P values <0.05 were considered to be statis-
tically significant. All analyses were performed using R 4.2.3
(R Foundation for Statistical Computing, Vienna, Austria).

Results

Baseline clinical characteristics

Clinical characteristics of the 28 patients with confirmed
COVID-19–associated AM are presented in Tables 1 and 2.
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Their median age was 37 years (Q1–Q3: 22–52) and 53.6%
were men. Two patients (7.1%) had a history of previous
myocarditis/pericarditis, and one patient (3.6%) had previ-
ously been diagnosed with an autoimmune disorder. Among
the 28 patients, 18 (64.3%) had been vaccinated (CoronaVac,
Sinovac, China) against SARS-CoV-2 and time from the last
vaccination to the symptom of myocarditis was longer than
3 months. All patients were diagnosed with COVID-19 by
positive real-time polymerase chain reaction or SARS-CoV-
2–specific antibodies or antigens.

The most frequent cardiac symptoms were chest tightness
in 21 (75.0%), chest pain in 12 (42.9%) and dyspnoea in 10
(35.7%). Out of 28 AM patients, 7 (25.0%) presented with
fulminant myocarditis, 5 (17.9%) with cardiogenic shock, 10
(35.7%) with pneumonia, 8 (28.6%) with renal impairment
and 14 (50.0%) with liver dysfunction.

The interval from SARS-CoV-2 infection to the onset of AM
was considered to be early-onset in that it occurred less than
2 weeks from the onset of COVID-19 symptoms and 23 cases
(82.1%) met this criterion. The remaining five cases (17.9%)
developed evidence of AM later than 2 weeks after
COVID-19 diagnosis, and they were considered as having de-
layed-onset. There were no significant differences in demo-
graphic characteristics, comorbidities, cardiac symptoms and
other significant clinical manifestations between the early-
and delayed-onset AM.

Markers of heart failure and myocardial injury

Twenty-five patients were tested for markers of HF at the
time of AM diagnosis. As shown in Table 2, the median value
of baseline N-terminal pro-B-type natriuretic peptide (NT-
proBNP) was 1958.0 pg/mL (Q1–Q3: 440.1–14 174.7,
n = 25), which was similar to the median of peak level of
NT-proBNP [1950.0 pg/mL (Q1–Q3: 639.0–14 174.0),
n = 25)]. There were no significant differences regarding
NT-proBNP levels either at baseline or in peak values be-
tween early- and delayed-onset AM. As depicted in Figure
1A, NT-proBNP levels decreased significantly from baseline
to discharge (n = 19, P < 0.001) and were then maintained
at a steady level at 1-month follow-up (Figure 2B).

Markers of myocardial injury (cardiac troponin I and/or
hypersensitive troponin T) were elevated in all patients.
The median value of baseline cardiac troponin I was
0.560 ng/mL (Q1–Q3: 0.156–2.993, n = 20), and the peak
value of cardiac troponin I was close to the baseline (Figure
2C). The median value of baseline hypersensitive troponin T
was 0.374 ng/mL (Q1–Q3: 0.090–2.052, n = 20), and its
peak level was similar (0.374 ng/mL, Q1–Q3: 0.115–2.280,
n = 20). There were no significant differences in these
markers of myocardial injury between early- and delayed-
onset AM. As shown in Figure 1B, the levels of cardiac tro-
ponin I decreased significantly during hospitalizationTa
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(n = 13, P = 0.021), but there was no significant decrease in
the level of hypersensitive troponin T (n = 11, P = 0.067,
Figure 1C).

Inflammatory and autoimmune-related markers

Elevated white blood cell was noted in 13 patients, while lym-
phopenia was present in 9 patients on admission. Elevations
in inflammatory markers were also noted. Elevation in
C-reactive protein was observed in 11 of 19 patients
(57.9%) for whom baseline levels were available, 11 of 16 pa-
tients (68.8%) with baseline ferritin levels, 9 of 17 patients
(52.9%) with baseline erythrocyte sedimentation rate, and 9
of 12 patients (75.0%) who had IL-6 levels drawn. In general,
the inflammatory markers of AM patients showed a down-
ward trend from admission to discharge (Figure 1D–F). At 1-
month follow-up, five of the six patients who had C-reactive

protein measured had lower levels than at the time of hospi-
tal discharge (Figure 2A).

Regarding autoimmune-related examinations, it is worth
noting that 6 out of 14 patients were tested positive for anti-
nuclear antibodies, 3 out of 14 patients had decreased com-
plement levels, 3 out of 12 patients had elevated rheumatoid
factor levels, 1 out of 9 patient was positive for lupus antico-
agulant, and 1 out of 9 patients was positive for anti-β2 gly-
coprotein antibody. In terms of thromboembolism-related
parameters, elevated D-dimer levels were noted in 16 of 24
patients.

Electrocardiograph and imaging tests

As shown in Table 1, electrocardiographic findings in 28 pa-
tients differed quite broadly. One patient exhibited atrial fi-
brillation and 27 patients were with sinus rhythm. Nine pa-

Figure 1 The changes of biochemical and echocardiological parameters from admission to discharge. CRP, C-reactive protein; cTnI, cardiac troponin I;
ESR, erythrocyte sedimentation rate; Fet, ferritin; GLS, global longitudinal strain; hs-TnT, hypersensitive troponin T; LVEDD, left ventricular
end-diastolic dimension; LVEF, left ventricular ejection fraction; NT-proBNP, N-terminal pro-B-type natriuretic peptide.
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tients showed sinus tachycardia and one patient showed si-
nus bradycardia. Additionally, four patients showed right
bundle branch block, one patient showed first-degree atrio-
ventricular block and one patients showed second degree
type I atrioventricular block. Furthermore, 12 patients had
ST-segment elevation, 1 patient had ST-segment depression,
and 12 patients had T-wave inversion. During hospitalization,
two patients experienced ventricular tachycardia and re-
ceived electrical cardioversion.

Echocardiography was performed in all 28 patients. The
median LVEF of this cohort was 55.5% (45%, 60%), and me-
dian left ventricular end-diastolic dimension was 46 (41.75,
50) mm. More than half of the patient (n = 19, 67.9%) had
normal systolic function, whereas 2 (7.1%) had mild reduced
and 7 (25.0%) had reduced systolic dysfunction. Among
patients with LVEF <50% at baseline, five patients recovered
to normal LVEF at discharge, and two patients had an im-
provement but remained lower than normal LVEF (Figure
1H). The seven patients who underwent echocardiography
examination at 1-month follow-up demonstrated only mini-
mal change in their LVEF over this period of time (Figure
2D). Although pericardial effusion was observed in 14 pa-
tients (50.0%) on admission, it was considered to be large
in only 1 patient. Pericardial effusion had spontaneously re-
duced or resolved during the follow-up.

All 28 patients underwent CMR examinations. The CMR
imaging showed myocardial oedema (96.4%, Figure 3A), late
gadolinium enhancement (LGE, 78.6%) or both (75.0%). Nine
patients (32.1%) underwent CMR examinations for at least
one time during follow-up. Among them, six patients showed
reduced myocardial oedema at 1-month post-discharge, six
patients were completely normal at 2 to 8 months after dis-
charge, one patient had residual LGE and disappearance of
pericardial effusion at 3 months, and one patient showed a
significant improvement in LVEF 6 months after discharge.
The comparison of CMR parameters between the baseline
and first follow-up (median: 4 weeks; available in nine pa-
tients) were shown in Table 3. Compared with the baseline
indicators, ECV was decreased at the first follow-up [28.95
(25.38, 32.55)% vs. 33.65 (31.58, 37.55)%, P = 0.028), while
other CMR parameters had no significant changes.

Of the 17 patients who underwent CTCA or coronary angi-
ography after admission, 15 had normal coronary arteries
while 2 had significant coronary lesions.

Endomyocardial biopsy and histological findings

During hospitalization, endomyocardial biopsy was per-
formed in 10 patients. Cardiomyocyte hypertrophy was com-

Figure 2 The dynamic changes in CRP, NT-proBNP, cTnI, and LVEF during hospitalization and at follow-up. CRP, C-reactive protein; cTnI, cardiac tro-
ponin I; LVEF, left ventricular ejection fraction; NT-proBNP, N-terminal pro-B-type natriuretic peptide.
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mon, but no vacuolar degeneration was observed. In eight
patients (80.0%), myocardial tissue showed interstitial mono-
nuclear lymphocytes and neutrophils infiltration, with ≥14
cells/mm2 in seven cases (meeting lymphocytic myocarditis
criteria; Figure 3B) and <14 cells/mm2 in one case. Immuno-
histochemical staining showed CD3+ and CD68+ in all eight
patients, of which two cases with fulminant myocarditis
showed CD3+, CD20+, CD4+, CD8+ and CD68+. No myocardial
inflammation changes were observed in the other two cases
(20.0%). The electronic microscopy did not detect SARS-CoV-
2 in the myocardial tissue of all 10 patients.

Treatment and short-term prognosis

A total of 18 of the 28 patients (64.3%) were treated with cor-
ticosteroids. Fifteen were treated with intravenous agents
during hospitalization with an average duration of 7.3 days,

and three patients were given oral prednisone. Nine of the
18 patients continued to take oral corticosteroids post-dis-
charge. The mean initial dose was 42 mg (in terms of predni-
sone), and therapy was continued over a mean duration of
77.2 days. Immunoglobulin was given to 13 patients
(46.4%), with an average duration of 4.8 days and a mean cu-
mulative dose of 90 g. No patients received tocilizumab or
baricitinib. Antiviral treatment was administered to six pa-
tients (21.4%), four patients of whom received Paxlovid for
an average of 5.5 days and two patients (7.1%) who received
azvudine for a mean of 7.0 days. Vasoactive drugs including
dopamine and norepinephrine were used in seven patients
(25.0%). Five patients (17.9%) required mechanical ventila-
tion, with an average duration of 3.6 days; in six patients
(21.4%), an intra-aortic balloon pump was used with an aver-
age duration of 5.0 days. The three patients (10.7%) with ful-
minant myocarditis required extracorporeal membrane oxy-
genation support, with an average duration of 4.3 days.

Table 3 The parameters of cardiac magnetic resonance (CMR) at baseline and first follow-up of nine patients from the same center

Baseline First follow-up P value

LGE mass (g) 1.55 (0, 11.8) 8.45 (5.03, 18.63) 0.463
LGE extent (%) 1.95 (0, 23.23) 25.0 (13.35, 29.48) 0.116
T1 mean (ms) 1335.85 (1282.75, 1374.90) 1268.40 (1238.95, 1334.78) 0.327
T2 mean (ms) 46.10 (42.40,51.40) 48.50 (40.20, 53.10) 0.249
ECV mean (%) 33.65 (31.58, 37.55) 28.95 (25.38, 32.55) 0.028

ECV, extracellular volume; LGE, late gadolinium enhanced.

Figure 3 Cardiac magnetic resonance (CMR) imaging and histological findings of 1 patient with COVID-19–associated fulminant myocarditis. (A) CMR
images at 3.0 Tesla of a 17-year-old patient (case 1 in Table 1). CMR imaging presented myocardial oedema and pericardial effusion. Short-tau inver-
sion recovery (STIR) T2-weighted imaging showed a slightly increased signal intensity in the left ventricular myocardium, especially in the ventricular
septum. T1 mapping value ranged from 1250 to 1450 ms (reference range: 1200–1250 ms) and T2 mapping values ranged from 44 to 48 ms (reference
range: 40–45 ms). However, post-contrast images did not show apparent late gadolinium enhancement (LGE). (B) Endomyocardial biopsy (EMB) find-
ings from this patient showed inflammatory infiltration in the myocardium (left images, haematoxylin and eosin images at 10× and 20× magnification)
and positive CD3 and CD68 immunohistochemical stains (right images, images at 20 × magnification). COVID-19, coronavirus disease 2019.
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Overall, 2 of 28 patients (7.1%) with COVID-19–associated
AM died due to heart and other organ failure during hospital-
ization while all the others survived and recovered well at
1 month follow-up.

Discussion

This study provides a description of the clinical course, man-
agement and outcomes of a large cohort of patients in China
who developed AM in association with COVID-19 infection.
The main findings are that most patients developed myocar-
ditis within 2 weeks after the onset of COVID-19 infection and
that fulminant myocarditis occurred in about one-quarter of
the cases. Biomarkers reflecting increased myocardial wall
stress and myocardial injury were elevated in most patients,
and biomarkers of inflammation were elevated in many of
the patients in whom they were obtained. We feel that the
outcome in this cohort was generally favourable with only 2
of 28 patients died. The vast majority of the patients with
COVID-19–associated AM recovered fully by 1 month after
hospital discharge.

The SARS-CoV-2 has demonstrated frequent genetic muta-
tions during transmission among humans. To date, the World
Health Organization has proposed five variants of concern.
The Omicron variant emerged in the fall of 2021 and replaced
the Delta variant as the dominant strain by early 2022.4

Evidence suggests that the pulmonary pathogenicity of the
Omicron variant is reduced from earlier variants, and its
clinical presentations have changed from pneumonia to up-
per respiratory infection.4 Because angiotensin converting
enzyme 2 receptors that mediate the uptake of virus into
cells are widely distributed throughout the body including
the myocardium, it has been suggested that SARS-CoV-2
might invade myocardium and cause myocarditis.5 A recent
study by Ammirati et al.1 reported that of patients hospital-
ized with COVID-19 infection, 2.4 per 1000 patients had def-
inite/probable evidence of AM and an additional 1.7 per 1000
had possible AM. In their study, patients with definite/proba-
ble AM supported by CMR in 92.6% patients or
endomyocardial biopsy in 31.5%. Nearly half (42.6%) of the
patients had COVID-19 related pneumonia and 38.9% were
diagnosed with fulminant myocarditis. Similarly, in the pres-
ent study, COVID-19–associated AM was definitely identified
by CMR (100%) and/or endomyocardial biopsy (35.7%). Of
these, 25.0% presented with fulminant myocarditis and
35.7% occurred in the presence of COVID-19 associated
pneumonia.

Laboratory data plays an important role in making the di-
agnosis of COVID-19–associated AM. Abnormal white blood
cell, elevations in cardiac biomarkers and inflammatory
markers in the appropriate clinical setting should raise suspi-
cion of the diagnosis of both early-onset and delayed-onset

myocarditis. Overall, our findings regarding inflammatory bio-
markers are consistent with previous literature.6 We also
noted abnormalities in autoimmune-related indicators in
some patients. These results support the possibility that in-
flammatory and autoimmune mechanisms may play an im-
portant role in the pathogenesis of COVID-19–associated
AM. Notably, changes in inflammatory markers, such as
C-reactive protein, during hospitalization was roughly
paralleled changes in markers related to myocardial injury.

CMR is one of the most important non-invasive diagnostic
examinations for AM. Common findings include subepicardial
oedema and necrosis, mainly affecting the lateral and
inferolateral walls of the left ventricle. Myocardial lesions in
non-ischaemic myocardial inflammation tend to be patchy
occurring in subepicardial and midwall regions (as opposed
to ischaemic lesions that are more common in the subendo-
cardial regions).7 CMR cannot, however, distinguish AM
caused by acute viral infection from that due to secondary
immune response. COVID-19–associated AM has been re-
ported to show prolonged myocardial T1 and especially T2 re-
laxation time on CMR. Oedema is manifested by regional or
global signal intensity increase on T2-weighted images, while
T2 mapping allows direct measurement of water-induced
prolonged myocardial T2 relaxation.8 Although the presence
of both positive T1 and T2 markers increases the specificity
in detecting AM, satisfying only one of them still supports
the diagnosis of AM in appropriate clinical scenarios. Ferreira
et al.9 reported that T1 localization alone had an 89% diag-
nostic accuracy within 14 days of symptom onset in patients
hospitalized for AM.

In this study, nearly one-third of the patients had a re-
duced LVEF on echocardiography. During hospitalization,
LVEF had largely improved to the baseline level at discharge,
which was significantly higher than on admission. In addition
to reduced LVEF, echocardiography can show abnormal
ventricular dimensions and less frequently increased wall
thickness due to secondary oedema in patients with COVID-
19–associated AM.10 AM patients usually showed recovery
of left ventricular systolic function and complete resolution
of myocardial hypertrophy after treatment.11,12

Current guidelines recommend that for men over 50 years
and women over 55 years diagnosed with COVID-19–associ-
ated AM, acute coronary syndrome should be ruled out.1 In
this study, all three patients in this age group underwent
CTCA or coronary angiography examination, of which one pa-
tient had a 60% stenosis of left anterior descending artery
and 70% stenosis of right coronary artery but acute coronary
syndrome was ruled out according to clinical symptoms, elec-
trocardiographic findings, trending in cardiac troponin I and
CMR findings. In addition, another patient aged 35 years with
CTCA-confirmed coronary artery disease (70% stenosis of left
anterior descending artery and 50% stenosis of left circumflex
artery) underwent endomyocardial biopsy and fulfilled the
histological criteria of AM.
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The pathogenesis of acute myocardial damage in SARS-
CoV-2 infection is uncertain. It is suggested that this virus
may attack myocardium through both direct and indirect
pathways. Studies have found that the spike protein, which
is distributed on the surface of SARS-CoV-2, could enter vari-
ous cells by coupling with its receptor, angiotensin converting
enzyme 2, causing direct damage. Moreover, angiotensin
converting enzyme 2 is highly expressed in cardiomyocytes,
making them more susceptible to the virus. Viral particles
have been directly observed in myocardial tissue from
endomyocardial biopsy using electron microscopy.13,14 Fur-
thermore, the SARS-CoV-2 RNA has been found in interstitial
cells of the myocardium by autopsies.15 In addition, the
COVID-19 could induce excessive inflammatory reactions
and cytokine storms through immune mediation, and lead
to microvascular damage and thrombosis formation. Autop-
sies showed that 14%–40% of patients with COVID-19 had
lymphocytic myocarditis.16–18 In the present study, viral parti-
cles were not detected in any of the 10 myocardial biopsies,
which may be attributed to the limited biopsy sites on the
right ventricular free wall and the right ventricular side of
the interventricular septum. Another reason may be that
the pathogenesis of COVID-19–associated AM is more closely
related to indirect pathways. We also observed that 77.8% of
the patients showed widespread infiltration of inflammatory
cells, including CD3+ and CD68+, in myocardial biopsies, sug-
gesting that cell immune response involving mature T cells
and macrophages contributed to the occurrence and devel-
opment of AM. In regard to the two cases of fulminant myo-
carditis undergoing endomyocardial biopsy, lymphocyte sur-
face antigens were universally expressed, illustrating that
both cellular and humoral immunity were involved in this ac-
tive abnormal immune response.

The treatment of COVID-19–associated AM remains largely
empiric as definite evidence of efficacy of any of the currently
available treatment approaches is lacking. Regardless, the
prevailing treatment strategy for COVID-19–associated myo-
carditis is similar to that used for other viral related myocar-
ditis. Supportive care, corticosteroids, antiviral drugs, and im-
munoglobulins may be used when needed. Given the
complex aetiology of COVID-19–associated AM involving mul-
tiple immune mechanisms, corticosteroids may be somewhat
beneficial. Previous studies have shown that corticosteroids
improved left ventricular systolic function in patients with se-
vere myocarditis, but did not reduce mortality.19,20 Similar to
previous studies, we observed no significant correlations be-
tween corticosteroid use and mortality of patients. The
EPIC-HR study showed that Paxlovid significantly reduced
the risk of severe illness,21 but whether this drug improves
the long-term prognosis of COVID-19–associated AM is still
unknown. In this study, Paxlovid use was relatively low, and
there were no significant associations with patient outcomes.

In the future, randomized trials of these and other therapies
are needed to determine whether their use is beneficial in
patients with COVID-19–associated AM.

Limitations

This study has several limitations that should be noted. First,
it lacks data regarding the prevalence of AM caused by Omi-
cron variants of SARS-CoV-2 in China and in the populations
served by the centres that contributed data to the study.
Also, not all patients with AM were tested for other potential
viruses besides SARS-CoV-2 that can cause myocarditis.
Among nine patients tested for other virus, only two had ev-
idence of EB virus infection and one patient tested positive
for Enterovirus 71. Additionally, not all patients had testing
done to rule out autoimmune disease that might cause AM.
Finally, not all patients suspected for AM would receive
CMR examination or endomyocardial biopsy in clinical prac-
tice, so there may have some selection bias in the patients
that did undergo these procedures, which may influence
the results reported in this study.

Conclusions

Although AM is an uncommon manifestation of COVID-19 in-
fection, it may be overlooked when it occurs. Our results in-
dicated that patients who develop Omicron variant of SARS-
CoV-2–associated AM usually manifest this condition within
2 weeks of infection. More definitive evidence comes from
cardiac imaging, particularly CMR examination. Although ste-
roids appear helpful in alleviating symptoms, there is uncer-
tainty about the impact on long-term outcome. Fulminant
myocarditis that was often complicated with hemodynamic
instability and needed temporary mechanical circulatory sup-
port was not unusual. However, most COVID-19–associated
AM patients recovered well and had a favourable prognosis.
In short, this study presents the characteristics of a type of
coronavirus-mediated myocarditis in detail, which may be
of a certain significance for understanding the pathophysio-
logical mechanisms and prognosis of virus-mediated myocar-
ditis and providing novel data to support future research on
the treatment of this disease. As the COVID-19 pandemic ap-
pears to be evolving into a chronic situation, better under-
standing of factors predisposing to AM with COVID-19 infec-
tion, optimal means of diagnosis, risk of deterioration,
long-term consequence and, in particular, identifying effec-
tive treatment is needed. Prospective registries which collect
data over an extended period are encouraged.
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