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SARS-CoV-2, vaccination or
autoimmunity as causes of
cardiac inflammation. Which

form prevails?

Bernhard Maisch

Philipps University and Heart and Vessel Center Marburg, Marburg, Germany

Abstract

The causes of cardiac inflammation during the COVID-19 pandemic are manifold

and complex, and may have changed with different virus variants and vaccinations.
The underlying viral etiology is self-evident, but its role in the pathogenic process is
diverse. The view of many pathologists that myocyte necrosis and cellular infiltrates
are indispensable for myocarditis does not suffice and contradicts the clinical criteria
of myocarditis, i.e., a combination of serological evidence of necrosis based on
troponins or MRI features of necrosis, edema, and inflammation based on prolonged
T1 and T2 times and late gadolinium enhancement. The definition of myocarditis is
still debated by pathologists and clinicians. We have learned that myocarditis and
pericarditis can be induced by the virus via different pathways of action such as direct
viral damage to the myocardium through the ACE2 receptor. Indirect damage occurs
via immunological effector organs such as the innate immune system by macrophages
and cytokines, and then later the acquired immune system via T cells, overactive
proinflammatory cytokines, and cardiac autoantibodies. Cardiovascular diseases

lead to more severe courses of SARS-CoV-2 disease. Thus, heart failure patients have
adoublerisk for complicated courses and lethal outcome. So do patients with diabetes,
hypertension, and renal insufficiency. Independent of the definition, myocarditis
patients benefitted from intensive hospital care, ventilation, if needed, and cortisone
treatment. Postvaccination myocarditis and pericarditis affect primarily young male
patients after the second RNA vaccine. Both are rare events but severe enough to

available and necessary.
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In October 2019, a group of international
experts were invited to Wuhan, China, to
lecture at an international conference on
fulminant myocarditis. This particular form
of cardiac inflammation describes a spe-
cial clinical phenotype of myocarditis, the
underlying cause of which has remained
a matter of uncertainty and of discussion
[1]. It is part of the clinical spectrum of
acute myocarditis, but was neither specifi-
cally mentioned in the histologically based
Dallas criteria [2], nor the report of the
World Heart Federation (WHF)/ISFC (Inter-

national Society and Federation of Cardi-
ology) classification of cardiomyopathies
[3]. According to the WHF Consensus Clas-
sification on myocarditis [4], it falls within
the histopathological entity of acute my-
ocarditis. However, its etiology is multifold
and its pathogenesis remains unclear in all
cases that do not undergo myocardial tis-
sue analysis. Itis in fact a clinical syndrome
in “search of its etiological diagnosis but
with therapeutical options” [5].

After the world became aware of
the outbreak of the COVID-19 pandemic
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Wild type (Wuhan) of SARS-CoV-2,
different variants followed

Variant Alpha (B.1.1.7) — the British
variant. Discovered in September 2020

Variant Beta (B.1.351) — the South African
mutant. Known since May 2020

Variant Gamma (P.1) — the Brazilian
variant. Known since November 2020

Variant Delta (B.1.617.2) — the Indian
variant. Known since October 2020

Variant Omicron (B.1.1.529, BA 2, 4,5
& other VOC) — the South African
mutant. Known since November 2021

Fig. 1 A Epidemiologically relevant mutants and variants of SARS-Cov-2: from the wild type to Omi-

cron

2 montbhs later, which probably originated
from a food market in Wuhan, we in-
vited the organizers of this symposium,
professors Dao Wang and Chen Chen, to
report their first observations [6]. Conse-
quently, we also asked the coeditors of
HERZ/Cardiovascular Diseases and ex-
pert scientists in Germany to summarize
in viewpoint contributions their initial
experience and their assessment of the
evolving pandemic [7]. Of particular inter-
est were at that time public health issues
[8-10], early comments on the patho-
genetic aspects of pulmonary and cardiac
involvement [11-13], and the manage-
ment of patients during emergencies and
in intensive care units [14-16].

Meanwhile, national and international
medical societies have developed guide-
lines on COVID-19, which also include car-
diological aspects. The European Society
of Cardiology (ESC) has developed what
was named “not a guideline but a guid-
ance” [17, 18], which was designed as an
orientation aid for physicians in the coron-
avirus disease 2019 (COVID-19) pandemic.
A total of 62 European cardiologists as
authors and 29 further experts as review-
ers have contributed to this document.
The German College of General Practition-
ers and Family Physicians (DEGAM) issued
a guideline directed to the general prac-
titioner [19].
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Similar guidelines or guidance docu-
ments have been commented on both in
the United States [20] and Europe [21].

Three years later, it is appropriate to
take stock of our experience. We realize
that some questions posed 3 years ago
have been cleared, but others remain un-
resolved.

This review focusses on different forms
of myocarditis and pericarditis associated
with SARS-CoV-2 infection and vaccination
as well as on the impact on management
and outcome.

The virus, its mutants and variants

The SARS-CoV-2 pandemic started with the
original Wuhan virus. The original virus
was used for the first mRNA vaccines from
BioNTech and Moderna. Numerous mu-
tants and variants have been discovered
since then. Several of them were named
according to the countries in which they
were first found. @ Figure 1 sums up the
variant that were of epidemic relevance.
Today, the most frequent variant is Omi-
cron, which appears to be more infective
but less severe than the earlier variants.

From the pandemic to the
endemic: declining incidence

By 15 March 2023 the Robert Koch Institute
reported for Germany that 38,276,190 indi-
viduals have been infected over the 3-year
period by SARS-CoV-2. Only 69,345 pa-
tients tested positive on that day. The
7-day incidence of COVID-19 was 47.4 per
100,000 inhabitants (@ Fig. 2a); the re-
ported fatal cases were 169,345 [22]. This
trend was interpreted as the transition
from the global pandemic to an endemic
situation.

The declining severity of the Omicron
variant is reflected by the decrease in the
number of occupied beds in intensive care
units in Germany despite the obvious in-
crease in infectivity of the Omicron vari-
ant, when compared to previous variants
(B Fig. 2b).

The coronavirus pandemic struck all
countries in the world, even those that fol-
lowed a strict non-COVID policy like China.
Worldwide 759,407,939 individuals were
reported to have suffered from SARS-
CoV-2, 6,866,421 patients died. Many
countries are now on the way back to
normality. Consequently, the rule to wear
face masks in public was abandoned after
3 years of the pandemic, even in China,
except for hospitals and medical practices.

Myocarditis vs. cardiac
inflammation or myocardial injury

In the first 2 years of the pandemic, infor-
mation on cardiac involvement was pri-
marily based on case reports.
Kawakamietal. [24] reviewed 201 cases
from different pathological institutions
and summarized: From 192 autopsy and
nine biopsy cases, only nine (4.5%) had
active myocarditis (infiltrate plus myocyte
necrosis according to the Dallas criteria;
[3, 4, 25]). Their report deliberately ex-
cluded necropsy cases with borderline
myocarditis, which was defined as sparse
infiltrate, no necrosis. They counted these
cases as non-myocarditis. In his own
series with 16 patients from Bergamo
(Italy), which was the Italian region hit
hardest during the early phase of the
pandemic, they could not identify any
patient with active myocarditis. His final
assessment attributed death in 13 pa-
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Fig. 2 A a Declining number of reported infections. The 7-day incidence: number of infected per-
sons with SARS-CoV-2 per 100,000 inhabitants from 2020 to 2023 (© Robert Koch Institute, https://
experience.arcgis.com/experience/478220a4c454480e823b17327b2bf1d4).b Occupation of inten-
sive care beds in Germany by number from March 2020 to 2023 (light blue). On top is the occupancy
with non-COVID patients with critical illness or postoperative intensive care (© Statista 2023 [23])

tients only to diffuse alveolar damage
(pulmonary failure), and in three cases
to acute myocardial infarction. The as-
sociation with a pulmonary thrombus
was frequent (50%). When looking closer
into their data, however, the inclusion of
borderline myocarditis (infiltrate without
overt necrosis) would have changed their
insight into cardiac inflammation dramat-
ically. Epicardial infiltration was present
in 10 patients, lymphocytes and mono-
cytes in the myocardial tissue samples
were seen in five of the 16 patients, and,
most remarkably, pericardial effusions
(>50ml) were noted in 15 patients (94%).
Thus, myocarditis (= lymphocyte and/or
macrophage infiltrations with necrosis)
and cardiac inflammation without necro-

sis (cellular infiltrate without myocyte
necrosis, but with epicarditis and pericar-
dial effusion) classified as no myocarditis
remain a hardly understandable defini-
tion and, as such, a matter of debate. By
applying the WHF criteria of myocarditis,
which emphasize the quantitative aspect
of the cellular infiltrate as more than
14 lymphocytes+ macrophages/mm? [4,
5], their review should have included the
borderline type within the spectrum of
myocarditis (8 Table 1; [26]). These quan-
titative WHF criteria have been part of
the ESC position statement of myocarditis
[27]1 and a recent review on inflammatory
cardiomyopathy (@ Fig. 3; [28]).

To examine some of Kawakami and col-
leagues’ 201 cases in more detail is infor-
mative (@ Table 2).

Sala et al. [29] identified active my-
ocarditis in a patient with the phenotype
of a reverse takotsubo cardiomyopathy
during the pandemic with heart failure,
but could not detect viral DNA or RNA.
This depicts a diagnostic dilemma even in
a pandemic, in which the assumption of
coronaviral etiology determined the line
of thinking. Tavazzi et al. [30] reported on
a patient with only a sparse infiltrate and
demonstrated by electron microscopy that
the virus was primarily in interstitial and
endothelial cells as well as in macrophages
(B Fig. 4). The budding of the virus from
an interstitial cell is impressive.

Escher et al. [30] nicely showed the ac-
tion of natural killer (NK) cells by positive
perforin staining in the vicinity of a small
vessel. Basso et al. [32] impressed us with
numerous tissue sections showing dense
infiltrates and necrosis characteristic of ac-
tive myocarditis in three patients and sam-
ples with scars afterinfection (B Fig. 5). But
the other 18 samples had only infiltrates
and no obvious necrosis, and thus did
not qualify for myocarditis. Instead, they
would have qualified for chronic or bor-
derline myocarditis according to the Dallas
criteria or the WHF definition. Remarkably,
infiltrates were also identified in the epi-
cardial layer (B Fig. 6) and the pericardium.
When analyzing 100 German patients im-
mediately after recovery from coronavirus
infection, sparse infiltrates, some with lit-
tle necrosis, were reported. Their cardiac
magnetic resonance imaging (MRI) had
demonstrated myocarditis and pericardi-
tis in most cases [35].

Necropsy data from alarge study of 277
COVID-19 patients by Halushka et al. gave
similar results: Myocarditis and pericarditis
were ascertained in 7.2% and in 6.9%,
respectively, of their pathoanatomical data
set [36].

The data above together show the di-
vergence in the pathologists’ interpreta-
tions of active myocarditis, on the one
hand, and the use of wording such as “my-
ocardial injury” or “inflammatory changes”
to avoid the term “myocarditis,” on the
other hand, by clinicians. This divergence
becomes even more obvious when clinical
definitions of myocarditis are used with
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Table 1 Conventional histological criteria for the diagnosis of myocarditis according to the Dallas classification and the new WHF classification (with
permission from [ 1)
Diagnosis Dallas classification WHF classification
Infiltrate Myocytolysis Edema
1st biopsy Active myocarditis + + + > 14 cells/mm?
Borderline myocarditis + - - > 14 cells/mm?
2nd biopsy Ongoing myocarditis + + + > 14 cells/mm?
Healing myocarditis + - - > 14 cells/mm?
Chronic myocarditis + - - > 14 cells/mm?
Resolved myocarditis - - - <14 cells/mm?

WHF World Heart Federation

Table 2 Published cases of COVID-19 with examination of the heart at autopsy or biopsy for the presence of myocarditis (modified from [ 1)

Author No of cases Myocarditis type (Dallas Phenotype Virus in heart tissue
m/f criteria)

Sala et al. 2020 [29] 1 (EMB) Active Reverse takotsubo No
Tavazzi et al. 2020 [30] 1 (EMB) Borderline Sparse infiltrate, no necrosis Interstitial + Macrophages +
Escher et al. 2020 [31] 5 (EMB) Activein 1 Perforin staining 5yes

borderline in 4
Wenzel et al. 2020 [32] 2 (EMB) Borderline in 2 - 2
Basso et al. 2020 [33] 21 (Aut) Activein 3 Intense infiltrates NA

borderline in 18
Fox et al. 2020 [34] 22 (Aut) Some necrosis No significant infiltrates NA

Aut autopsy, EMB endomyocardial biopsy, f female, m male, NA not available

Table 3  From symptoms to a clinical syndrome in cardiac inflammation

Clinical phenotype Grading of symptoms Diagnostic features Etiological diagnosis by EMB

Acute life-threatening heart
failure, “fulminant myocardi-
tis,” severe rhythm distur-
bance

Shock, NYHA 1lI-1V, syn-
cope, pericardial effusion
(Horowitz classification)

Elevated troponin | or T, and natriuretic
peptides, abnormalities in EKG, Echo or
MRI, possibly pericardial involvement

Eosinophilic or toxic or giant cell myocardi-
tis, borreliosis, > 50 infiltrating cells/mm?
by WHF?, PCR on viral etiology including
SARS-CoV-2 in lymphocytic myocarditis
with variable degree

Acute heart failure (AHF) Dyspnea, edema, HFrEF.

HFpEF, no CAD

Intermittent elevations of troponins and
natriuretic peptides, abnormalities in
EKG, Echo or MRI, pericarditis in addition,
anticardiac antibodies

Viral or autoreactive acute myocarditis
or DCMi. PCR on viral etiology including
SARS-CoV-2 is variable

Acute chest wall syndrome Angina-like symptoms, EKG with variable ST-T alterations, possi- Parvovirus B19 in EMB or other virus, with

but no CAD but possibly
MINOCA, or pericarditis

bly pericardial involvement

or without pericarditis, including SARS-
CoV-2, optional inflammation

Chronic heart failure

Heart failure symptoms,
HFEF. HFpEF

Intermittent elevations of troponins and
natriuretic peptides, abnormal EKG with
LBBB, RBBB, AV block, abnormal echo or
MRI, possibly pericardial involvement,
anticardiac antibodies

Focal viral or non-viral (autoreactive) my-
ocarditis with > 14 cells/mm??
long COVID

Chronic heart failure

Heart failure symptoms,
HFEF. HFpEF

Intermittent elevations of troponins and
natriuretic peptides, abnormal EKG with
LBBB, RBBB, AV block, abnormal echo or
MRI, possibly pericardial involvement,
anticardiac antibodies

No myocarditis (< 14 cells/mm?), but per-
sistence of Parvo B19 genome or defect
healing after SARS-CoV-2 infection, long
CcoviD

CAD coronary artery disease, DCMi inflammatory dilated cardiomyopathy, HFpEF heart failure with preserved ejection fraction, HFrEF heart failure with
reduced ejection fraction, LBBB left bundle branch block, NYHA New York Heart Association, RBBB right bundle branch block
°* WHF World Heart Federation criteria 1999 [4] and 2000 [26]
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Borderline myocarditis:

Infiltrating cells (macrophages>lymphocytes)

No necrosis

COVID-19 Hearts without Myocarditis

Active myocarditis:
Infiltrating cells (macrophages<lymphocytes)
Myocyte necrosis

Myocarditis (non-COVID-19 Related)

Fig. 3 <« Patterns of my-
ocardial inflammation in

Macrophage Tcell

positive biomarker for necrosis, e.g., hs-
troponins, and heart failure, such as N-ter-
minal pro-B-type natriuretic peptide (NT-
proBNP) and cardiac MRI. Ammirati et al.
[37] calculated the prevalence of 112 pa-
tients with suspected acute myocarditis
(AM) from 56,963 patients hospitalized for
COVID-19 to be 2.4 per 1000 hospitaliza-
tions when considering definite/probable
myocarditis cases and 4.1 per 1000 when
considering also possible acute myocardi-
tis patients. Their diagnosis of myocarditis
was based on endomyocardial biopsies or
increased troponin levels plus typical signs
of acute myocarditis (AM) on cardiac MRI.

Endothelial cell

S -

Necrotic myocyte

Myocyte

With this composite view they identified
97 patients with possible AM, and among
them, 54 patients with definite/probable
AM supported by endomyocardial biopsy
in 17 (31.5%) or magnetic resonance imag-
ing in 50 patients (92.6%).

When summarizing 48 case reports of
56 patients with pericarditis, the diagnosis
was made mostly on the basis of clinical
criteria: It showed a preponderance of
men in 59% of cases with a mean age of
53+ 18 years. Pneumonia was diagnosed
in 41%, pleuritis in 21% of cases. Symp-
toms compatible with pericarditis such
as precordial chest pain or typical EKG

patients with SARS-CoV-2
infection (with permission
from [24], modified accord-
ing to the Word Heart Fed-
eration criteria [4, 5])

Fig. 4 <« Borderline my-
ocarditis in cardiogenic
shockin a 69-year-old male
patient. a Sparse infiltrate
by CD45R0-positive cells
(brown spots), no myocy-
tolysis, X 200. b Budding
virus from an interstitial cell
(red arrow) at electron mi-
croscopy. Scale bar: 50 nm
(with permission from [30])

changes were detected in 66% of cases.
Echocardiography demonstrated pericar-
dial effusion in 86%, whereby tamponade
was seen in 28 of the 56 patients. When
the pericardial fluid was tested for SARS-
CoV-2 by polymerase chain reaction (PCR),
nine patients were positive.

In Germany, 176,137 hospitalizations
(52.3% males, 53.6% aged =70 years) with
confirmed COVID-19 infection were coded
in 2020. Only 226 of them (0.01%) were
coded to have myocarditis, which corre-
sponds to an incidence of 1.28 per 1000
hospitalization cases [24]. Remarkably,
the absolute numbers of myocarditis pa-
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Fig. 5 A Lymphocytic myocarditis in SARS-CoV-2-positive necropsy cases. a Multifocal lymphocytic myocarditis in a 64-year-
old male patient; arrow shows infiltrate + myocytolysis. H&E, x 200. b Focal myocardial lymphocyticinfiltration with myocyte
injury (arrow) in a 70-year-old man. H&E, x 400. ¢ Biventricular multifocal lymphocytic myocarditis (arrows) with myocyte
injury in a 64-year-old man, who developed atrial fibrillation 2 days before death. Double immunostaining CD4 brown/CD8

red, x 400 (with permission from [33])

Fig. 6 A Infiltrating cells at the epicardium and the adjacent myocardial tissue. Focal lymphocytic epi-
and pericarditis (arrows) in a 66-year-old man with focal myocardial inflammation, but without my-
ocyte injury (arrowheads). a H&E, x 400; b CD8 immunostaining, x 400 (with permission from [33])

tients increased for those with SARS-CoV-2,
whereas the relative number decreased
with the age of the patients. This con-
verse relationship points to the fact that
COVID-19 patients with myocarditis were
younger. Case fatality from myocarditis
in hospital was 1.3-fold higher in COVID-
19 patients with or without myocarditis
(24.3% vs. 18.9%, p=0.012). Risk fac-
tors for myocarditis in COVID-19 were age
< 70years, male sex, pneumonia, and mul-
tisystemic inflammatory COVID-19 infec-
tion. Myocarditis was independently as-
sociated with increased case fatality.

Pathogenesis of SARS-CoV2
infection

In vitro studies indicate that SARS-CoV-2
can infect isolated human iPS-cardiomy-
ocytes, cardiospheres, human heart slices,
and a human heart biopsy directly in an
angiotensin-converting enzyme 2 (ACE2)-

200 Herz3-2023

and cathepsin-dependent manner [38].
SARS-CoV-2 infection of cardiomyocytes
was inhibited in this in vitro setting by
the antiviral drug remdesivir.

In patients the pathogenetic process
starts with surface adherence of the sin-
gle-stranded RNA virus SARS-CoV-2 in the
respiratory tract. During viremia, the virus
can also enter other organs and cells ex-
pressing an ACE2 receptor [39], whereby
coactivation by transmembrane protease
serine subtype 2 (TMPRSS) enables the un-
coating of the virus and its incorporation
into the target cell [40]. The following
steps of viral replication can be appreci-
ated best in @Fig. 7, which also depicts
the junctions to interventions by medical
therapy.

The pivotal role of ACE2 in the patho-
genesis of COVID-19-induced myocardial
inflammation has been underlined re-
cently [41, 42]. ACE2 plays a well-known
role as an antifibrotic, antihypertrophic,

and vasodilatory mediator of the cardio-
vascular hormone system. It also acts
as an entry receptor for SAR-CoV-2 and
serves as a link between the virus and
the immune response with inflammation
attributed to proinflammatory cytokines.
SARS-CoV-2 can upregulate a disintegrin
and metalloprotease 17, which in turn is
involved in myocardial injury.

In addition to direct damage to the
myocardium, SARS-CoV-2 exerts indirect
effects on the immune system. Antigen-
presenting cells (APCs) process and deliver
viral antigens to naive T cells, which then
become activated, cytotoxic CD8* T cells.
They amplify the inflammatory response,
known as a cytokine storm, which is the re-
sult of the overproduction of proinflamma-
tory mediators, such as interleukin (IL)-6,
interferon (IFN)-gamma and tumor necro-
sis factor (TNF)-alpha. Within the innate
immune system, toll-like receptors (TLRs)
may be activated and permit further entry
of the virus into ACE-receptor positive cells
(B Fig. 8; [11]).

Clinical phenotype and outcome

The patient with inflammatory cardiomy-
opathy or perimyocarditis can present
with various symptoms. To those listed in
@ Table 3, patients with COVID-19 can be
added in all five categories.

Ammirati et al. [37] found in 112 pa-
tients with all forms of acute myocarditis,
from possible to definite cases, amean age
of 38 years and a male preponderance of
61.2%. On admission, chest pain and dys-
pnea were the most frequent symptoms
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Fig. 9 A COVID-19 and perimyocardial inflammation in COVID-19 patients: MRI results. Design: 100 patients after recovery
from COVID-19 with previous positive swab test./nclusion criteria: (1) virus positivity in original swab, (2) clinical myocardi-
tis with elevated troponin. Results: (1) Elevated hs-troponin (>3 pg/mLin 71 patients). (2) MRI: late gadolinium enhance-
ment (LGE) at epi- (yellow arrowheads) and pericardium (white arrowheads) in 32 patients (a).(3) MRI with prolonged na-
tive T1 (edema) in 71 patients (b) and prolonged native T2 (necrosis) in 60 patients (c). (4) Biopsy: sparse infiltrate (CD45R0-
positive cells, brown spots, d). No virus found in myocytes (from [35] published under the terms of the CC-BY License. © 2020

Puntmann VO et al. JAMA Cardiology)

(55.5% and 53.7%, respectively). Over-
all, 31 cases (57.4%) occurred in the ab-
sence of COVID-19-associated pneumo-
nia. A total of 21 (38.9%) had a ful-
minant presentation requiring inotropic
support or temporary mechanical circu-
latory support. The composite of in-hos-
pital mortality or temporary mechanical
circulatory support occurred in 20.4%. At
120 days, the estimated mortality was
6.6%, 15.1% in patients with associated
pneumonia versus 0% in patients without
pneumonia (p=0.044). During hospital-
ization, left ventricular ejection fraction,
assessed by echocardiography, improved
from a median of 40% on admission to
55% at discharge (n= 47; p < 0.0001). Cor-
ticosteroids were frequently administered
(55.5%) and contributed to improvement.

Imaging for COVID-19 cardiac
inflammation

Echocardiography

It is possible to show sequelae during and
after COVID-19infectionsuchas cardiacen-
largement, dyssynchrony in wall motion,
pulmonary hypertension (TAPSE), pump
failure, or pericardial effusion. This is im-
portant but only indirect evidence of car-
diac involvement of SARS-CoV-2-induced
cardiac inflammation.

202  Herz3-2023

Cardiac MRI

From various studies, those including
a comparative analysis with biomarkers
for necrosis (hs-troponin) and for heart
failure (NT-proBNP) in the serum and
with endomyocardial biopsies are par-
ticularly informative. In their landmark
study of 100 patients after recovery from
COVID-19 with a previous positive swab
test, Puntmann et al. [35] found per-
sistent elevated hs-troponin (>3 pg/mL)
in 71 patients. The following diagnostic
criteria for myocarditis were used: late
gadolinium enhancement (LGE) codes for
scar or inflammation, prolonged native T1
time codes for edema, prolonged native

T2 time codes for necrosis. If both native

T1 and native T2 times were prolonged,

inflammation was assumed. @ Figure 9

thus demonstrates their results:

1. Elevated hs-troponin (>3 pg/mL),

a serum marker of necrosis, was found
in 71 patients.

2. In cardiac MRI, prolonged T1 time
coded for edema in 71 patients, and

3. Prolonged T2 time coded for necrosis
in 60 patients.

4. Both, T1 and T2 were prolonged
together in 60 patients, which coded
for inflammation.

5. Late gadolinium enhancement (LGE)
coding for scar or inflammation was
found in 32 patients.

6. In the endomyocardial biopsy (EMB)

a sparse infiltrate by CD45R0-positive
cells was described, which coded for

borderline or chronic myocarditis in
COVID-19 patients. Of note, no virus
was found in myocytes.

Similar observations were made by Tana-
cli R et al. in a smaller series [43].

Long COVID and post-COVID

After SARS-CoV-2 infection the acute dis-
ease may last up to 4 weeks with gen-
eral symptoms such as fatigue, dyspnea,
dysosmia (olfactory disturbance), dysgeu-
sia (taste disorder), headache, and perfor-
mance limitations. If symptoms continue
for the following weeks, the appropriate
term is “long COVID," if they still persist
beyond the 12th week, it is “post-COVID
syndrome.” About 15% of individuals af-
ter a COVID-19 infection suffer from post-
COVID symptoms. To which degree, be-
yond these neurological symptoms, car-
diac manifestations also persist and show
structural cardiac defects is not yet clear.
But an autoimmune process also against
the heart with demonstrable antiheart an-
tibodies could be a likely explanation [44].
Moreover, acute or chronic pericarditis has
been described in 22% of 180 patients
more than 12 weeks after previous infec-
tion [45]. Treatment with colchicine or
prednisolone would be appropriate [46]
and conform with current guidelines.



Table 4 Therapy studies on COVID-19 ongoingin Germany [ 1]

APNO1-COVID-19

Recombinant human angiotensin-converting enzyme 2 (rhACE2) for treatment of COVID-19 patients

CAPSID Randomized, prospective, open clinical study on treatment of patients with severe COVID-19 disease vs. best
supportive therapy
COMIHY Hydroxychloroquine for treatment in mild COVID-19 disease

COVID-19-ACE-ID-201

Randomized, open-label phase Il trial with acalabrutinib plus and vs. best supportive care in patients hospital-
ized for COVID-19

COVID-19 Hydroxy-chloroquine for
Covid-19

Hydroxychloroquine vs. placebo in acute COVID-19 disease

COVID-19 WA42380

Randomized, double-blind, placebo-controlled study on tocilizumab in severe COVID-19 pneumonia

CovidVal01 Randomized trial with Valsartan vs. placebo for SARS-CoV-2 infections
Covit Improved nutrition with nicotinamide (vitamin Bs) in COVID-19 disease
GI-HOPE GM-CSF inhalation for improvement alveolar barrier function

GS-US-540-5773

Safety and antiviral activity of remdesivir (GS-5734™) in severe COVID-19 disease

GS-US-540-5774

Phase 3 trial for safety and activity against standard treatment in moderate COVID-19 disease

ITAC Inpatient treatment with anti-coronavirus immunoglobulin: a randomized international placebo-controlled
trial in progressive COVID-19 disease

RECOVER Open-label, randomized phase Il trial on plasma infusion from patients recovered from SARS-CoV-2 infection
RuxoCoFlaM First-line treatment with ruxolitinib in COVID-19 patients at stage II/1ll of hyperinflammation
RUXOCOIL Open-label phase Il study of COVID-19 patients at risk for acute dyspnea

WHO-SOLIDARITY-GERMANY

Specific antiviral treatment for COVID-19 patients in hospital, international randomized trial

Treatment and treatment studies

Possible treatment options can be derived
from @Fig. 8. In addition, treatment of
cardiac problems should be performed
according to current guidelines on heart
failure and pericardial diseases. In post-
COVID myocarditis and pericarditis, recom-
mended options are prednisolone treat-
mentor colchicine. Immunoglobulin treat-
ment and immunoabsorption have been
undertaken, but reports on randomized
studies are missing.

In Germany, a fairly large number of
treatment studies have been initiated [47].
Ongoing studies are listed in @ Table 4.

Postvaccination myocarditis and
pericarditis

Myocarditis and pericarditis after mRNA
vaccination are rare events, but have re-
centlycometothe public’sattention. Inthe
Nordic Outcome Study myocarditis of dif-
ferent origins was compared from 2019 to
2022: 7292 myocarditis patients older than
12 years were registered in a population
of 23 million inhabitants. The incidence
of myocarditis for all etiologies was only
0.0003%. Thereby, 6653 patients suffered
from conventional myocarditis, which is
91.2%. Overall, 530 patients had myocardi-
tis after COVID vaccination, which is 7.3%,

and 109 patients suffered from myocardi-
tis due to COVID infection, which is 1.5%
[48].

A study from Israel sees vaccination-
induced myocarditis in young men after
the second vaccination as the major tar-
get [49]. Similar observations were re-
ported for BNT162b2 mRNA (Pfizer-BioN-
Tech) and mRNA-1273 (Moderna) vaccines
in the United States. These side effects
have not been reported during previous
pivotal studies of the vaccines [50].

It is no wonder that pericarditis as an
unwanted side effect occurred at the same
time and often in the same patient [51].

Conclusion

= Myocarditis and pericarditis can be in-
duced by the virus via different mecha-
nisms of action: direct viral damage to the
myocardium by using the ACE2 receptor,
indirect damage by means of pathways
of inflammation by T cells, macrophages,
cytokines, and autoantibodies.

= The definition of myocarditis is still a mat-
ter of debate between pathologists and
clinicians. Each specialty favors its own cri-
teria. There is a gap in incidence between
the different diagnostic approaches.

- Cardiovascular diseases lead to more se-
vere courses of SARS-CoV-2 disease. Thus,
heart failure patients have a double risk
for complicated courses and lethal out-
come. So do patients with diabetes, hy-
pertension, and renal insufficiency.

= We have learned a lot, but there is still
much to do in the future.

Corresponding address

Prof. Dr. Bernhard Maisch, MD, FESC, FACC
Philipps University and Heart and Vessel Center
Marburg

35043 Marburg, Germany
bermaisch@gmail.com

Declarations

Conflict of interest. B.Maisch declares that he has
no competing interests.

For this article no studies with human participants

or animals were performed by any of the authors. All
studies mentioned were in accordance with the ethical
standards indicated in each case.

References

1. Cooper LT (2009) Myocarditis. N Engl J Med
360(15):1526-1538.  https://doi.org/10.1056/
NEJMra0800028

Aretz HT, Billingham ME, Edwards WD et al (1987)
Myocarditis. A histopathologic definition and
classification. Am J Cardiovasc Pathol 1:3-14

. Richardson P, McKenna W, Bristow M et al (1996)
Report of the 1995 World Health Organization/
International Society and Federation of Cardiology
Task Force on the definition and classification of
cardiomyopathies. Circulation 93:841-842
Maisch B, Biiltmann B, Factor S et al (1999)
World Heart Federation consensus conferences's
definition of inflammatory cardiomyopathy

N

w

>

Herz3-2023 203

Main topic


https://doi.org/10.1056/NEJMra0800028
https://doi.org/10.1056/NEJMra0800028

Zusammenfassung

w

~

oo

o

—_
-

204

(myocarditis): report from two expert committees
on histology and viral cardiomyopathy. Heartbeat
4:3-4

. Maisch B, Ruppert V, Pankuweit S (2014) Man-

agement of fulminant myocarditis: a diagnosis in
search of its etiology but with therapeutic options.
CurrHeartFailRep 11:166-177. https://doi.org/10.
1007/511897-014-0196-6

Chen C, Zhou Y, Wang DW (2020) SARS-CoV-2:
a potential novel etiology of fulinant myocarditis.
Herz 45(3):230-232. https://doi.org/10.1007/
500059-020-04909-z

Maisch B, Dorr R (2020) COVID-19—What we know
and what we need to know: There are more
questionsthananswers. Herz45:311-312

. Stang A, Stand| F, Jockel K-H (2020) Characteristics

of COVID-19 pandemic and public health health
consequences. Herz45:313-315. https://doi.org/
10.1007/500059-020-04932-0

Gitt AK, BernhardtA, Zahn Retal (2020) The COVID-
19 Registry in Rhineland-Palatinate in the context
of international registry activities documenting
COVID-19 outcomes. Herz 45:316-318. https://
doi.org/10.1007/500059-020-04928-2

. Dorr R (2020) Protecting patients and healthcare

personnel from COVID-19: considerations for

practice and outpatient care in cardiology. Herz
45:319-320. https://doi.org/10.10007/s00059-
020-04922-2

. Maisch B (2020) SARS-CoV-2 as potential cause

of cardiac inflammation and heart failure. Is it
the virus, hyperinflammation, or MODS? Herz
45:321-322. https://doi.org/10.1007/s00059-
020-04925-z

. Kessler T, Schunkert H (2020) Inhibitors of

the renin-angiotensin system and SARS-CoV-2
infection. Herz 45:323-324. https://doi.org/10.
1007/500059-020-04920-4

. Kuck K-H (2020) Arrhythmias and sudden car-

diac death in the COVID-19 pandemic. Herz
45:325-326. https://doi.org/10.1007/500059-
020-04924-0

. Thiele H (2020) Cardiovascular emergencies in the

COVID-19 pandemic. Herz 45:327-328. https://
doi.org/10.1007/s00059-020-04931-1

. Méhlenkamp S, Thiele H (2020) Ventilation of

COVID-19 patients in intensive care-units. Herz
45:329-331. https://doi.org/10.1007/500059-
020-04923-1

. GeJ(2020) Extracorporealmembrane oxygenation

in the treatment of respiratory failure during
COVID-19. Herz 45:332-333. https://doi.org/10.
1007/500059-020-04927-x

. The Task Force for the management of COVID-

19 of the European Society of Cardiology
(2022) European Society of Cardiology guid-
ance for the diagnosis and management of
cardiovascular disease during the COVID-19
pandemic:part1—Epidemiology, pathophysiol-
ogy,and diagnosis. Eur HeartJ 43(11):1033-1058.
https://doi.org/10.1093/eurheartj/ehab696

. Task Force for the management of COVID-19 of

the European Society of Cardiology (2022) ESC
guidance for the diagnosis and management
of cardiovascular disease during the COVID-19
pandemic: part 2-care pathways, treatment, and
follow-up. Eur Heart J 43(11):1059-1103. https://
doi.org/10.1093/eurheartj/ehab697

. Deutsche Gesellschaft fiir Allgemeinmedizin

(DEGAM), Blankenfeld H, Kaduszkiewicz H,
Kochen MM et al (2020) Neues Coronavirus
(SARSCoV-2) - Informationen fiir die hausarztliche
Praxis. AWMF-Register-Nr. 053-054, 6. Version
(www.degam-leitlinien.de)

Herz 3-2023

SARS-CoV-2, Impfung oder Autoimmunitat als Ursachen fiir
Herzentziindungen. Welche Form iiberwiegt?

Die Ursachen fiir eine kardiale Entziindung wahrend der COVID-19-Pandemie

sind komplex und vielfaltig. Sie waren durch verschiedene Virusvarianten und
Impfungen Anderungen unterworfen. Die Definition einer akuten Myokarditis ist
weiterhin kontrovers zwischen Pathologen und Arzten, die sich auf unterschiedliche
diagnostische Kriterien beziehen. Fiir viele Pathologen gehdren die Myozytolyse

und Zellinfiltrate zu jeder Form von Myokarditis, Kliniker stiitzen sich hingegen auf
Serummarker wie das hochsensitive (hs-)Troponin fiir Nekrose und das NT-proBNP
fiir die Herzinsuffizienz sowie die MRT-Kriterien einer verlangerten T1- und T2-Zeit
fiir Odem, Nekrose und Entziindung sowie einer spaten Gadoliniumanreicherung.
Wir haben gelernt, dass Myokarditis und Perikarditis vom Virus (iber direkte
Viruseinwirkung und Zugang tiber den ACE2-Rezeptor Myokard zerstdren kann.
Indirekter Schaden entsteht iiber die immunologischen Effektororgane wie das
angeborene Immunsystem durch Makrophagen und Zytokine und dann spater

Uiber das erworbene Immunsystem durch die T-Lymphozyten, durch kardiale
Autoantikdrper oder ungebremste proinflammatorische Zytokine. — Herz-Kreislauf-
Erkrankungen tragen zu schwereren Verldufen, auch mit tddlichem Ausgang, bei einer
Coronaviruserkrankung bei. Das Risiko bei Herzinsuffizienz und Diabetes ist doppelt
so hoch, auch bei Hypertonie und Niereninsuffizienz. Unabhangig von der jeweiligen
Definition einer kardialen Entziindung oder Myokarditis profitieren die Patienten von
einer intensivmedizinischen Behandlung, von Beatmung bei Virusbefall der Lunge und
einer Kortisontherapie. Myokarditis und Perikarditis infolge einer Impfung betreffen
bevorzugt junge Médnner nach der 2. Impfung. Diese Nebenwirkungen sind selten, aber
dennoch schwerwiegend genug und verdienen unsere ungeteilte Aufmerksamkeit.
Denn hierfiir gibt es leitlinienkonforme therapeutische Empfehlungen, die umgesetzt
werden sollten.

Schliisselworter
Myokarditis - Perikarditis - COVID-19 - Impfinduzierte Herzentzlindung - Herzinsuffizienz
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