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Incident Myocarditis in Patients Recovered From COVID-19:
Is There a Cause for Concern?
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See article by Zuin et al., pages 839-844 of this issue.
In this issue of the Canadian Journal of Cardiology, Zuin et al.1

completed a systematic review and meta-analysis to assess the
risk of incident acute myocarditis (AM) in novel coronavirus
disease 2019 (COVID-19) survivors within 1 year following
their index infection. Data from 4 studies reporting cases of
AM in the post-acute phase of infection (4-12 months) were
identified in searches of Medline and Scopus (up to
September 1, 2022). Mean age, sex, preexisting comorbid
conditions, including presence of hypertension, diabetes
mellitus, chronic obstructive pulmonary disease, chronic
kidney disease, heart failure, and stroke, and length of follow-
up were recorded. Each study compared their patients
recovered from COVID-19 with contemporary cohorts
without a confirmed COVID-19 infection. More than 20
million patients were followed over a mean follow-up period
of 9.5 months. COVID-19 infection was identified in 1.25
million patients. During the follow-up period, the authors
report that AM occurred in 0.21 (95% CI 0.13-0.42) of 1000
patients who survived their COVID-19 infection, compared
with 0.09 (95% CI 0.07-012) of 1000 control subjects. The
results show an increased risk of incident AM (hazard ratio
5.16, 95% CI 3.87-6.89; P < 0.0001; I2 ¼ 7.9%) in previ-
ously infected COVID 19 patients 1 year after index
infection. Though AM has been well reported in the acute
infective period and after mRNA therapy, this manuscript
highlights the development of AM in patients recovered from
COVID-19.
COVID-19 InfectioneRelated Myocarditis
First identified in Wuhan, China, in December 2019,

COVID-19 caused by severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) leads to mild-moderate respi-
ratory symptoms in a majority of cases. Multiple series have
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documented the variety of cardiac complications that can
manifest during the acute infection phase, including acute
cardiac injury seen with elevated troponins, acute coronary
syndrome, heart failure with reduced ejection fraction, peri-
cardial effusion, and, most rarely, AM. Definite or probable
AM during the acute phase of illness has been estimated to
occur at a rate of 2.4 per 1000 hospitalisations.2,3 Early
recognition is of importance given the younger population it
tends to afflict (< 40 years) and the fulminant presentation
with need for intensive care in 70% of cases. In 39% of pa-
tients, inotropic/vasopressor support or temporary mechanical
circulatory support is required.3 Prognosis is favourable in
those with isolated AM, compared with those with concom-
itant respiratory involvement, where mortality has been re-
ported to be 15%.3

It is well established that AM is a consequence of a
“trigger,” which includes infectious (viral, bacterial, or fungal)
or immune disturbance (autoimmunity or hypersensitivity),
leading to a cascade of secondary autoimmunity.4 The path-
ophysiology in acute COVID-19 infection is likely related to
both viral and host immune factors, but the exact mechanisms
are not yet clear. Proposed viral-mediated mechanisms include
direct myocardial injury via angiotensin-converting enzyme 2
(ACE2) receptors, which may indirectly cause myocardial
inflammation, cytokine storm mediated by immune
dysregulation, and finally, ongoing hypoxia from oxygen
supply-demand mismatch.5-8 Direct myocardial injury by
SARS-Cov-2 has been thought to occur by the virus binding
on the spike protein of the ACE2 receptor. Entry into the cell
triggers decreased myocardial ACE2 protein expression and
causes macrophage infiltration and myocardial damage.5 In a
subset of individuals, immune dysregulation occurs following
COVID-19 infection, leading to a rise in proinflammatory
cytokines such as interleukins 2, 6, and 7, tumour necrosis
factor alpha, C-X-C motif cytokine 10, and C motif ligand 2.
The rapid rise in circulating cytokines leads to activation of T
lymphocytes that cause myocardial injury resulting in a pro-
found hyperinflammatory reaction.6,7 Though gene sequences
of the SARS-CoV-2 have been found in endomyocardial bi-
opsy specimens, there is a paucity of data that supports that
the virus can cause direct cardiomyocyte death.9
ll rights reserved.
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Figure 1. Potential areas for future research in incident acute myocarditis (AM) based on stage of illness (index illness, after recovery from acute
illness, and at time of AM). Figure created with the use of Wepik.com.
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COVID-19 VaccineeRelated Myocarditis
With the development of mRNA therapy for SARS-CoV-

2, cases of AM have been reported as a rare complication, with
a reported rate of 12.6 cases per million of second mRNA
dose administered. Afflicted individuals are predominately
< 40 years of age and present with a variety of symptoms,
including chest pain, dyspnea, and palpitations, usually within
1 week after mRNA administration.10 The inclusion of
modified mRNA within the vaccine, which serves as a delivery
medium to transport the viral spike glycoprotein of SARS-
CoV-2 into cells is believed to be the “trigger.” Despite
nucleoside modifications of the mRNA, which is meant to
reduce its immunogenicity, a subset of the general population
with a genetic predisposition develops an aberrant response
causing an up-regulation of the innate and acquired immune
system that leads to circulation of heart-reactive antibodies.11

Because the clinical trajectory of those who develop COVID-
19 mRNAerelated myocarditis is often mild and self-
limiting,12-17 clear guidelines from public health authorities
had recommended the therapy in all age groups.10
Incident Myocarditis After COVID-19 Infection
What is of interest in the meta-analysis by Zuin et al. is the

development of AM outside of the acute phase of illness or
after an mRNA dose. As the pandemic has evolved, it is well
recognised that these two previously discussed scenarios are
quite rare. What is unclear from a mechanistic point of view
is the “trigger” that causes the immune system to become
“re”-activated in the post-acute phase of illness in incident
AM. Given what is known about COVID-19 infection and
the host immune response, it could be surmised that incident
AM may occur in an individual with a predisposed
immunogenetic background or a history of autoimmune
disease, with a “trigger” that reactivates the immune system
and its subsequent hyperinflammatory response.

Although one could postulate that a COVID-19 mRNA
dose may been the “trigger” for an AM presentation after
COVID-19 recovery, 2 of the included studies would suggest
otherwise. Wang et al.18 evaluated non vaccinated patients
with COVID-19 infection, and found the rate of AM was
higher than those without previous infection (HR 4.406
[2.89-6.720]. And Xie et al.19 found that the incidence of AM
in patients recovered from COVID-19 was higher than in
those without previous infection (HR 5.38, 95% CI 3.8-7.6).
To eliminate a potential COVID-19 mRNA treatment
exposure as a potential “trigger” for AM, they completed 2
different analyses. Incident rates for AM were still higher even
when the authors censored patients at time of receiving first
dose of any COVID-19 mRNA treatment (HR 5.31, 95% CI
3.75-7.53) and after adjustment for vaccination as a time
varying covariate (HR 5.34, 95% CI 3.76-7.6), compared
with those without previous COVID-19 infection..

An alternative hypothesis that has been proposed concerns
whether incidence AM is a result of a persistent chronic in-
flammatory response that results from persistent viral load in
myocardial cells.20 As the cases of recovered COVID-19 pa-
tients rise, it has become apparent that some patients have
persistent symptoms well beyond infection onset. In some
series, 20% of patients report symptoms beyond 4 weeks and
10% have ongoing symptoms beyond 12 weeks.21 Termed
“posteCOVID-19 syndrome” by the World Health Orga-
nisation, ongoing cardiac, respiratory, and neurologic symp-
toms beyond 3 months without an alternative diagnosis22 has
now become a common diagnosis seen in the offices of sub-
specialty providers. It is not apparent if incident myocarditis is
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part of the posteCOVID-19 syndrome, as suggested in one
review,23 or is a consequence of a second inciting agent or
“trigger” in an immune-susceptible individual after symptom
resolution. Further studies are needed to fully understand the
pathophysiology of this “rare” event, as well as the clinical
outcomes in this group of patients.
Future Directions
Along with the limitations already described within this

study, one major limitation is the lack of further clinical in-
formation about the patients who develop incident AM.
Given the unknown patient profile for this at-risk population,
it remains challenging to know how we should best manage
recovered patients. Clinicians might wonder if identification
and subsequent risk assessment can be undertaken at time of
index infection. Can providers identify these patients at risk
up front and follow them more closely clinically? If so, how?
Are there clinical parameters that could predict those at higher
risk? Are there novel biomarkers which can be used? Does the
risk vary with COVID-19 variant? In those that are at higher
risk, how does one monitor them, and for how long after their
infection and how frequently? If screening is done, which
diagnostic tools should be used? The latter is of utmost
importance given the lack of data supporting routine cardiac
testing after COVID-19 infection and the utility as well as
cost benefit of widespread screening in an event that is
infrequent. In addition, in those deemed to be at higher risk,
are there prophylactic medications that can reduce inflam-
matory burden and risk? If so, how long do they need to be
given? In those who develop incident AM, how best do we
treat them aside from vasopressors/inotropes in the critical
care setting along with foundational therapy for heart func-
tion? Which immunosuppressive therapies do we use and for
how long do the need to be given? (Fig. 1).

What is expected as we continue to gain experience with
this disease is further understanding of the projected large
proportion of patients with residual cardiac symptoms,
including those with incident AM. The epidemiologic find-
ings presented in this study presents yet another “rare”
myocarditis event associated with COVID-19 infection.
Prospective registries such as CV COVID-19 Registry In-
vestigators and the American Heart Association’s COVID-19
CVD Registry powered by Get With The Guidelines24,25 as
well as case series will be valuable in our understanding of the
clinical outcomes of these patients. Perhaps, it is still too early
to sound the alarm bells.
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