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Latest statements from European and American societies recommend to rule out viral presence in endomyocardial biopsy (EMB) via
polymerase chain reaction (PCR) analysis before starting immunosuppression or immunomodulation in acute lymphocytic myocarditis
presenting with life-threatening scenarios. However, recommendations in myocarditis are mostly based on heterogeneous studies enrolling
patients with inflammatory cardiomyopathies and established heart failure rather than acute myocarditis. Thus, definitive evidence of a
survival benefit from immunomodulation guided by viral presence is currently lacking. Finally, distinguishing innocent bystanders from
causative agents among EMB-detected viruses remain challenging and a major goal to achieve in the near future. Therefore, considerable
divergence remains between official recommendations and clinical practice, including the possibility of starting immunosuppressive therapy
empirically, without knowing viral PCR results. This review systematically discusses the unsolved issues of immunomodulation guided by viral
presence in acute lymphocytic myocarditis, namely (i) virus epidemiology and prognosis, (ii) variability of viral presence rates, (iii) the role of
potential viral bystander findings, and (iv) the main results of immunosuppression controlled trials in lymphocytic myocarditis. Furthermore,
a practical approach for the critical use of viral presence analysis in guiding immunomodulation is provided, highlighting its importance before
starting immunosuppression or immunomodulation. Future, multicentre studies are needed to address specific scenarios such as fulminant
lymphocytic myocarditis and a virus-tailored management as for parvovirus B19.
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Viral presence: a recommended
investigation before
immunosuppressive therapy
Myocarditis is an inflammatory disease of the myocardium char-
acterized by great heterogeneity in clinical presentation and nat-
ural history, ranging from asymptomatic to rapidly progressive
syndromes.1 Three main clinical scenarios can be encountered: (i)
acute clinically unstable or fulminant myocarditis; (ii) acute clini-
cally stable myocarditis; and (iii) chronic myocarditis (i.e. symptoms
lasting>6 months). Endomyocardial biopsy (EMB) remains the diag-
nostic gold standard for myocarditis, due to its definitive diagnosis
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.. capacity, particularly in patients presenting challenging clinical sce-
narios (i.e. acute clinically unstable or fulminant myocarditis). In
patients with lymphocytic myocarditis and heart failure (HF) with
severe left ventricular dysfunction or life-threatening ventricular
arrhythmias who do not respond to conventional treatments in the
short term (i.e. 7–10 days), EMB may guide more advanced medical
therapy, including immunosuppression and immunomodulation.1

Histopathological and immunohistochemical analyses, combined
with viral genome presence research via polymerase chain reaction
(PCR) analysis, represent the cornerstones in addressing diagnosis
and immunomodulation strategies.

Endomyocardial biopsy recommendations are heterogeneous
and have changed significantly over the years, especially regarding
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the evaluation of viral presence in the cardiomyocytes via PCR
analysis to guide immunosuppressive treatment. In the past, offi-
cial Japanese guidelines2 and a 2013 statement from the Ameri-
can College of Cardiology Foundation/American Heart Association
(ACCF/AHA)3 did not recommend routine search for viral genome
presence in the myocardium of patients with clinically suspected
acute myocarditis. Conversely, the latest myocarditis guidelines
from European and American societies specifically define the role
of viral search in patients with lymphocytic myocarditis. Indeed,
current recommendations by the European Society of Cardiol-
ogy Working Group on Myocardial and Pericardial Diseases clearly
state that ‘immunosuppression should be started only after ruling
out active infection on EMB by PCR,’ and, ‘immunosuppression may
be considered, on an individual basis, in infection-negative lympho-
cytic myocarditis refractory to standard therapy in patients with no
contraindications to immunosuppression.’4 Accordingly, the latest
version of the Cochrane bank analysis reports that ‘corticosteroids
may have a role in treating myocarditis without viral evidence.’5 The
same recommendations have been reaffirmed in recent reviews,
where different international experts highlight the need for rul-
ing out viral presence in EMB via PCR analysis before starting
immunosuppression or immunomodulation in clinically suspected
acute myocarditis patients presenting life-threatening scenarios.1,6,7

These indications have been further confirmed in the latest state-
ment from the AHA, which recommends viral search in clinically
suspected acute and fulminant myocarditis.8 Therefore, viral pres-
ence appears relevant in the clinical management of high-risk lym-
phocytic myocarditis.

Controversial issues
Immunosuppression appears mandatory in specific non-infectious
myocarditis settings, such as giant cell myocarditis, necrotiz-
ing eosinophilic myocarditis and cardiac sarcoidosis.7 Approxi-
mately 90% of the myocarditis cases encountered in clinical prac-
tice are lymphocytic, mostly caused by viruses and subsequent
immune response. The maladaptive immune response following
cardiotropic virus infection has been characterized best in ani-
mal models of myocarditis sustained by enteroviruses.6 Coxsack-
ievirus groups A and B, belonging to the enteroviruses, were
shown to enter within cardiomyocytes via the transmembrane cox-
sackievirus and adenovirus receptor and to induce rapid cytolysis
due to pronounced viral replication.9 The potential mechanisms
of direct cardiac damage induced by other non-enteroviruses are
less defined.9 In recent genome-wide association studies, specific
genetic loci and innate and acquired immune response pathways
have been associated with human host responses against infectious
diseases,10 especially HLA variants. These findings were not con-
firmed in the study by Belkaya et al.,11 where genetic mutations
in interferon-mediated immunity investigated in human-induced
pluripotent stem cell-derived cardiomyocytes did not result in
increased susceptibility to viral myocarditis, though the study did
note a potential association between myocarditis and defects in
cardiac structural proteins. Available evidence is clearly heteroge-
neous and further research on the pathophysiological mechanisms ..
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.. of viral heart damage is required, mostly regarding autoimmune
reactions and genetically defined host factors. Furthermore, dis-
tinguishing innocent bystanders from causative myocarditis agents,
among EMB-detected viruses, is of utmost importance to address
tailored therapy. However, this is a challenging task to pursue and a
major goal to achieve in the near future. Currently, viral presence
in the myocardium is a pathological finding; the only exception is
parvovirus B19 (PVB19), which, particularly at low viral burden,
has been reported in non-inflammatory cardiac disease as well,12

and also requires further research.
In myocarditis, recommendations are mostly based on small and

heterogeneous studies that enrolled patients with inflammatory
cardiomyopathies and established HF; any definitive evidence of a
survival benefit from immunomodulation is currently lacking.13–18

Particularly in the minority of patients with clinically suspected
acute myocarditis and positive viral presence upon PCR analysis,
antiviral drugs19,20 and intravenous immunoglobulins (IVIG)21

were shown to be well-tolerated and increase viral clearance.4

However, controlled adult IVIG therapy experiences are
limited.8

Immunosuppression guided by comprehensive EMB analysis may
be considered in myocarditis with high-risk presentation, such
as fulminant myocarditis, acute HF, electrical instability due to
life-threatening ventricular arrhythmias and, rarely, patients with
recurrent acute myocarditis and persistently elevated serum tro-
ponin. Still, the value of immunosuppression in these scenarios has
never been investigated in dedicated trials.

Therefore, considerable divergence remains between official
recommendations and clinical practice, and some Centres start
immunosuppressive therapy empirically, without knowing the PCR
results on viral presence in the myocardium.22 This practice
is mainly supported by data from a retrospective Italian reg-
istry, including a highly selected population of patients with
clinically acute myocarditis. EMB was performed for most of
the patients with fulminant myocarditis and only a minority
of them were treated without knowing EMB results. Further-
more, molecular virus search via PCR analysis was not system-
atically performed and the implications of the presence of spe-
cific viruses for clinical management and prognosis could not be
investigated.22

The following are the main observations to consider when
conducting molecular analysis in EMB samples.

Virus epidemiology and prognosis
In 2007, Caforio et al.23 demonstrated an association between
viral presence (mostly enteroviruses) and increased mortality at
univariate analysis of an Italian cohort. Although the researchers
found a negligible PVB19 frequency, they did not systematically
investigate this virus presence. Conversely, Kindermann et al.24 in
2008 reported a higher frequency of PVB19 and/or human herpes
virus 6 (HHV-6) detection in a consecutive German cohort, but
viral presence did not emerge as independently associated with
survival upon multivariate analysis. These studies show a temporal
shift in virus epidemiology, in particular the lower frequency of
enteroviruses in the latest cohorts and a high PVB19 frequency
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in Germany. These studies are not comparable, though, since the
two cohorts’ viral epidemiology was different. However, these
discrepancies partially derive from a more extensive search for
the PVB19 viral genome, resulting from the heightened awareness
of PVB19 as a potential viral agent in myocarditis over time;
therefore, its prevalence in the Italian cohort might have been
reasonably underestimated. The increased awareness over time of
causative viral myocarditis agents due to molecular EMB analysis
yields a more accurate characterization of virus-tailored clinical
management of patients.

Lastly, enteroviruses are established viral myocarditis causative
agents in animals and in humans9; conversely, the role of other
viruses (particularly PVB19 and HHV-6) is at present controversial
and requires further scrutiny.

Variability of viral presence rates
Genome sequences of more than 27 viruses have been detected in
hearts with myocarditis, including coxsackievirus groups A and B,
echovirus, human immunodeficiency virus 1, herpes simplex virus
and hepatitis A and C.25,26 Influenza A and B viruses can trigger
myocarditis, but their roles as direct causes of myocarditis have yet
to be assessed. Although viral infection remains the most likely first
cause of lymphocytic myocarditis in clinical practice, PCR analyses
are negative in most cases, excluding PVB19.25,27 Conversely, in
the chronic HF setting, due to dilated cardiomyopathy, a viral
presence can be found in 67% of cases (mostly PVB19) upon EMB
via PCR analysis, with 27% having dual or multiple infections in the
myocardium from different viral agents.28

The contemporary PCR analysis for viral presence in EMB
specimens and blood samples should always be investigated, as this
technique is the gold standard to rule out the possibility of tissue
contamination. The absence of a viral genome in a blood sample
greatly reduces the likelihood of passive blood contamination of
EMB specimen. The presence of a viral genome in both samples
requires further investigation through quantitative PCR analysis to
assess the viral load.4

Most currently, the coronavirus disease 2019 (COVID-19),
caused by SARS-CoV-2, has emerged as a potential cause of
myocarditis, mostly due to an important cytokine release and
immune response.29 SARS-CoV-2 particles have recently been
reported at EMB in macrophages of the interstitial space via
electromicroscopy,30 but no particles were detected in cardiomy-
ocytes and viral PCR was negative. Therefore, the evidence of
direct cardiac involvement of SARS-CoV-2 is still lacking. As a con-
sequence, the implications of viral presence upon EMB need to be
assessed in future studies and might be limited, at present, to highly
selected, life-threatening acute scenarios.

As such, viral PCR analysis in EMB samples should be performed
on a regular basis to better characterize the pathological substrate
causing myocarditis and to guide clinical decision-making.

Role of potential viral bystander findings
The operative implications of PVB19 remain uncertain.15,25 PVB19
is the most frequently detected virus in PCR analyses,23 having ..
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.. appeared in 33–64% of cases across different studies.6,25 How-
ever, similar percentages of PVB19-positive analyses have been
demonstrated in patients with non-inflammatory cardiomyopathy
(i.e. ischaemic or valvular heart disease) who were undergoing car-
diac surgery,12 bringing the role of PVB19 as a pathogenic agent
or innocent bystander into question. For this reason, PCR-based
quantification of viral genomes and replicative status is required,
mostly for PVB19, before starting immunosuppression. On the
one hand, low-copy PVB19 may enable the initiation of steroid
therapy,15 but on the other, patients with severe systemic PVB19
infections presenting with fulminant myocarditis can have a high
viral load (> 500 copies/μg DNA) that prevents immunosuppres-
sive drug administration, due to the risk of uncontrolled infection.
Therefore, the differentiation between high and low viral loads is
quite important. As reported by Bock et al.,31 the mean PVB19
viral load found in EMB specimens in clinically acute myocarditis is
substantially higher than that detected in chronic myocarditis (709
vs. 316 copies/μg DNA), thus suggesting its potential to trigger and
foster persistent infection and inflammation.

Although recognized as a causative viral agent, the pathophys-
iological mechanisms of HHV-6 in acute myocarditis remain to
be assessed.9 The HHV-6 genome can be found in up to 20%
of myocardial samples from subjects with myocarditis or dilated
cardiomyopathy, but it rarely causes severe myocarditis in immuno-
competent hosts.9 However, when it does, fulminant hepatitis
may be associated with it, and patients may face a fatal outcome
accordingly.32 Further, conventional treatment of HHV-6 positive
myocarditis consists of acyclovir administration, and steroid ther-
apy should be avoided due to a subsequent increase in viral load.9

Currently, there are cut-off values for the viral quantification of
PVB19 (> 500 copies/μg DNA)31,33,34 and HHV-6 (> 500 copies/μg
DNA).7 These are considered clinically relevant thresholds for
the maintenance of myocardial inflammation. Still, future research
is required to better define the virus-specific cut-off values to
distinguish innocent bystanders from real pathogenic agents and
to confirm their implications for patient management.

Immunosuppression controlled trials
in lymphocytic myocarditis
Previous studies investigating immunosuppression in patients with
lymphocytic myocarditis were often retrospective and character-
ized by great heterogeneity in inclusion criteria, immunosuppres-
sive regimens, pre-specified endpoints and follow-up time.18,35

Among prospective studies, the Myocarditis Treatment Trial16

randomized 111 patients with biopsy-proven myocarditis with
left ventricular ejection fraction (LVEF)< 45% and HF during the
2 years preceding their enrolment to receive immunosuppressive
therapy (prednisone with either cyclosporine or azathioprine)
or conventional treatment for 24 weeks. At 28 weeks, no signif-
icant changes in LVEF or survival benefits were found between
groups. However, the population was largely unselected in terms
of aetiologic substrate, grade of inflammatory activation, viral
genome presence and virus type. Indeed, the investigators enrolled
patients without knowing viral presence or absence on EMB. More
recently, the TIMIC study14 enrolled a well-selected population of
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Figure 1 Critical proposal for an operative flow-chart to guide immunosuppressive treatment in high-risk lymphocytic myocarditis.
Immunosuppression supported by current evidence (in green); knowledge gap in scientific literature about immunosuppression (in orange);
immunosuppression contraindicated because of potential harm and/or lack of evidence (in red). Viral load by quantitative polymerase chain
reaction (PCR) is measured in copies/μg DNA. AM, acute myocarditis; AV, atrio-ventricular; EMB, endomyocardial biopsy; HHV-6, human
herpesvirus 6; IFN-B, interferon beta; IVIG, intravenous immunoglobulins; LV, left ventricular; PVB19, parvovirus B19.

85 patients with histologically confirmed, virus-negative myocardi-
tis with LVEF <45% and> 6 months of chronic HF (including New
York Heart Association classes III and IV) who were unrespon-
sive to maximal tolerable doses of conventional medical therapy.
The TIMIC study implemented standard histological criteria with
positive immunohistochemical analysis and negative PCR results on
an extensive virus panel to selectively address immunosuppression
vs. placebo in patients with myocarditis. Although this study did
not report data on hard endpoints, such as mortality, at 6 months,
88% of the patients treated with immunosuppressive therapy had
significant left ventricular reverse remodelling.14 Of note, the lack
of response to immunosuppressive therapy was found in 5 (12%)
out of 43 patients, suggesting the presence of alternative mecha-
nisms of myocardial damage that are not adequately targeted by
immunosuppression.

Therefore, the rational indication to immunosuppression
is based on the presence of biopsy-proven, infection-negative
active myocarditis and its specific aetiology,8 regardless of clinical
presentation (both recent-onset and chronic HF). However,
it must be acknowledged that more data about immuno-
suppression in myocarditis with HF symptoms developed ..
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.. <6 months (acute or fulminant presentations) should be gath-
ered; as such, controlled studies in this population are strongly
advocated.

Future perspectives: a long way
to go
Patient-tailored diagnostics and therapeutic management are
required, as immunosuppression carries a non-negligible risk of
potentially major complications, including the suppression of
appropriate immunologic response and the subsequent worsening
of myocardial injury, an increase and proliferation of secondary
‘opportunistic’ infections and drug-related toxicity. Knowledge
of viral genome presence may influence therapeutic choices. In
this perspective and also considering its viable costs and rea-
sonable wait time, PCR-based viral genome quantification in
biopsy-proven lymphocytic myocarditis should not be restricted
in its application (Figure 1). At our institution, PCR results are
available within 48–72 h for the majority of viruses, with the
exception of enterovirus and PVB19, which require five working
days due to virus-specific features. Costs vary depending on the
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number of viruses being tested but all are easily affordable at
third level centres, considering that just a few hundred euros
are generally needed. Selecting the appropriate EMB timing is
crucial as viral clearance increases after the acute phase. How-
ever, this procedure is burdened by a mild yet relevant rate of
major complications (around 1%) even in experienced centres.1

Myocardial samples can be collected from different sites in the left
ventricle, right ventricle or interventricular septum with variable
diagnostic accuracy. Regardless of collection site, however, it is
crucial to obtain an adequate number (≥4) of tissue samples
and to preserve them appropriately.1 Therefore, EMB performed
early in clinical presentation usually offers the most accurate
diagnostic information.6 In addition, although very little data
are currently available, the replicative activity of viruses causing
myocarditis could be a further element to consider, along with
viral genome quantification when evaluating patients’ eligibility to
immunosuppression. Active viral replication might represent a
contraindication to immunosuppression. In this respect, viral load
quantification could prove important, mostly in PVB19-positive
patients. Although PCR analysis allows quantification of viral load
and replicative status from EMB specimens, this technique lacks
standardization, as different protocols can be adopted. In addition,
inter-laboratory variability and the absence of definite cut-off val-
ues for ‘significant’ viral load and viral replication require cautious
interpretation of results. Procedural standardization among dif-
ferent laboratories and future focused research are thus required
(Figure 1).

For the abovementioned reasons, the exclusion of viral pres-
ence before starting full immunosuppressive therapy (i.e. aza-
thioprine and corticosteroids for at least 6 months) in lympho-
cytic myocarditis is recommended. This might decrease potential
side effects, such as uncontrolled virus replication, subsequent
active infection and additional global clinical deterioration, that
are possibly life-threatening in high-risk patients with lymphocytic
myocarditis.18 Notably, in highly selected patients presenting with
severe fulminant myocarditis and who require temporary advanced
mechanical circulatory support systems,1 early immunosuppres-
sion may be crucial to survival. In this setting, a prompt EMB,
including viral search, is recommended and the initiation of par-
tial immunosuppressive treatment (e.g. pulse steroid therapy) while
obtaining PCR results might represent a reasonable approach.33

The subsequent decision of whether to implement or discon-
tinue immunosuppression may be deferred after eventual virus
detection.

The value of viral presence to guide immunosuppressive
treatment in patients with lymphocytic myocarditis requires
more evidence and remains a subject of debate among experts,
especially when considering the different clinical impact of
viruses.33 In particular, the possibility of immunosuppression
in PVB19-positive myocarditis, especially with a low replicative
status, needs to be assessed in future controlled clinical trials
(Figure 1).

Therefore, future consensus documents and, mostly, dedicated
randomized controlled trials will be pivotal in establishing the role
of viral presence in guiding immunomodulation in lymphocytic
myocarditis. ..
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