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Introduction

Abstract

Background: The diagnosis of myocarditis is challenging, and
typically relies on clinical presentation, non-invasive imaging, and
serum biomarkers. While myocarditis generally has a generally
good prognosis, it may be complicated by heart failure and malig-
nant arrythmias. Despite reported recurrences, the overall recur-
rence rate of acute myocarditis is undisclosed. This study aims to
uncover long-term prognosis and recurrence rates in myocarditis
diagnoses using hsTnT, and whether the implementation of hsTnT
has affected recognition of myocarditis

Methods: A retrospective analysis was conducted on patients
aged 18 and above diagnosed with myocarditis at Meir Medical
Center from January 2000 to the end of April 2020. Patients were
categorized based on their diagnosis date: up to January 2014, with
a regular troponin test (REG group), and from February 2014 on-
ward, with a hsTnT test (HS group). An extended follow-up was con-
ducted on patients diagnosed with acute myocarditis using hsTnT
to assess mortality and recurrence events.

Results: We identified 262 patients who were diagnosed with
myocarditis. There were no significant differences between the
groups. After the implementation of hsTnT there was a two-fold
increase in the diagnosis rate (0.0366 vs. 0.0625 cases per day;
P<0.0001). There was no significant difference in mortality (8
deaths in the HS group vs. 7; p=0.62). Myocarditis recurred in 8.4%
of patients during long-term follow-up.

Conclusions: Employing hsTnT testing in suspected myocarditis
cases can improve diagnostic acuity and detect milder cases. Ex-
tended follow-up findings suggest a generally favourable prognosis
for myocarditis recovery, with a relatively higher recurrence rate.

Keywords: Myocarditis; Troponin; Diagnosis; Prognosis; Long-
term; Recurrence

Myocarditis is an inflammatory condition of the myocardi-
um, most often secondary to a viral infection, but it can also
be immune-mediated due to eosinophilic reaction, exposure
to chemotherapy or to toxic substances. Myocarditis is an un-
common and likely underdiagnosed potentially life threatening
condition which may present with a wide range of cardiac and
extra-cardiac symptoms [1,2]. The incidence of myocarditis is
difficult to determine as the diagnostic gold standard, endo-
myocardial biopsy, is seldom used [3,4]. The Global Burden of
Disease study reported an incidence of 22 cases of myocardi-
tis per 100,000 patients based on International Classification of
Diseases (ICD) codes on hospital discharge documentation be-
tween 1990 and 2013 [5].

Cardiac troponins are sensitive biomarkers for myocyte injury
in patients with clinically suspected myocarditis. However, they
are non-specific and when normal do not exclude myocarditis
[6,7]. In the past few years, highly sensitive troponin tests allow
detection of minimal increase in serum troponin levels and can
possibly identify more patients with myocarditis. A small study
demonstrated that high sensitive troponin-T (hsTnT) is a predic-
tive marker for the diagnosis of acute myocarditis with a sensi-
tivity of 83% and specificity of 80% using a cutoff of 50 ng/L [8].

Prognosis is generally good with recovery of most cases.
However, when complicated by left ventricular (LV) dysfunction,
Heart Failure (HF) or arrhythmia it is associated with up to a
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12% rate of either in-hospital mortality or need for heart trans-
plant [9,10]. While literature has reported occurrence of myo-
carditis recurrences in significant proportion of patients [11,12],
the overall recurrence rate of acute myocarditis has remained
undisclosed.

The aims of this study were to uncover the long-term prog-
nosis of myocarditis and the recurrence rate in a diagnosis with
the use of hsTnT.

Methods
Study Design

This is an extended follow-up of a retrospective single cen-
ter cohort study consisting of patients recently diagnosed with
acute myocarditis at Meir Medical Center between January 1,
2000 and April 30, 2020. Data was sourced from Meir Medi-
cal Center’s electronic medical records, including imaging stud-
ies, ER visits, hospital admissions, and outpatient follow-up at
cardiology clinics. Eligible participants were identified based on
ICD-9 diagnoses or myocarditis imaging reports. Inclusion cri-
teria were age 18 or older and a newly diagnosed myocarditis
confirmed by a positive troponin test.

Clinical diagnosis of acute myocarditis relied on the combina-
tion of clinical symptoms, ECG finding, and cardiac biomarkers
typically of myocarditis, excluding acute coronary syndrome.
Relevant cases were manually retrieved, collecting baseline
demographics, laboratory data (baseline troponin levels), and
cardiovascular risk factors (table 1). Positive troponin results
were defined as >0.1 mg/L (or 100 ng/L) for “regular” test (REG
group) and >14 ng/L (or 0.014 mg/L) for hsTnt test (HS group).
ECG recordings were assessed for ST segment deviation and
T-wave abnormalities, while echocardiography evaluated for
presence of left ventricular dysfunction. Radiological features
of myocarditis were determined from cardiac MRI reports. Both
groups were followed up for up to six years for heart-failure
hospitalizations and all-cause mortality. In this study, patients
were followed-up for long-term mortality and the recurrence of
myocarditis events until October 31, 2023.

Study Groups and Intervention
The Patients were grouped by date of admission and type

Table 1: Baseline characteristics.

Troponin REG Troponin HS
=121 N=141 Prvalue

Age (mean, sd) 37.2+13.06 36.5+14.6 0.685
Gender
Male (100)83% (117)83% 0.916
Female (41)17% (24)17% 0.916
N. of Cardiovascular risk factors*
0 (100)83% (116)82% 0.687
1 (13)11% (18)13% 0.503
2 (7)6% (3)2% 0.138
3 (0)0% (4)3% 0.045
Smoking (15)12% (20)14% 0.672
Normal LVEF (%) (83)69% (111)79% 0.048
Peak troponin (ng/L) 1053.49 999.68 0.701
ECG N=85 N=75
ST - Changes (44)51% (22)29% 0.006
T- Wave Inversion (29)34% (34)45% 0.151

"Cardiovascular risk factors: Diabetes, Hypertension, Dyslipidaemia
LVEF= Left Ventricular Ejection Fraction

of troponin test used upon diagnosis. The first group was com-
posed of patients diagnosed with myocarditis between January
1%, 2000, and January 31st, 2014, in the REG group and the sec-
ond group was composed of patients diagnosed with myocardi-
tis from February 1%, 2014, to April 30™, 2020, in the HS group.
Patients were further followed- up for another 3.5 years period.

Outcomes

The primary outcome was long-term mortality and acute
myocarditis recurrence rates. Secondary outcomes were com-
posed of diagnosis rate after HS-troponin test application in the
emergency-room setting, mild myocarditis cases diagnosed (de-
fined as normal LV function and no cardiac sequela), hospital-
ization for heart failure and overall mortality.

Statistical Analysis

Data are presented as median (inter-quartile range [IQR])
for continuous variables and frequency (%) for categorical vari-
ables. Baseline characteristics between patients were com-
pared using two-sample t-test was used for continuous data
and a X2 test, for categorical data. The cumulative incidence of
the primary outcome over follow-up period and correspond-
ing 95% Confidence Intervals (Cl) was calculated for each group
with death as competing risk and comparison of the two groups
using log rank test. Clinically statistical significance was deter-
mined as P<0.005. Statistical analysis was performed using the
SPSS software (version 25, SPSS Inc., Chicago IL). The study was
approved by the Institutional Ethics Committees in accordance
with the Declaration of Helsinki.

Results

The study cohort included 262 consecutive patients newly
diagnosed with acute myocarditis. The REG group included 121
patients; HS group included 141 patients. Clinical characteris-
tics, cardiovascular risk factors and demographic features are
presented in Table 1. Mean age was 37.2+13.6 years in the REG
group and 36.5+14.62 in HS group (p=0.685), most of patients
were male (83% in both groups). Mean troponin values were
1053.49+944.78 in REG group and 999.68+1264.23 ng/L in HS
group (p=0.701).

Clinical Features

Only 50% of patients in each group had complete ECG data.
Higher degree of ST segment changes was observed in REG
group, 51% vs. 29% (44/87 patients and 22/75 patients respec-
tively), p=0.006, as presented in figure 1. No significant differ-
ence was found in T wave abnormalities between the groups
(P=0.151).

60

Percent petients with ST changes

REG HS

Figure 1: ECG Changes.
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Figure 2: LV Function.
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Figure 3: Kaplan-Meier curve for mortality.

Primary Outcomes

Mortality: Overall, fifteen patients have died during follow-
up. During the follow up in the preliminary study, five patients
have died during the follow-up in both groups. In the extended
follow-up, we revealed 2 more mortality cases in the REG group
and 3 more cases in the HS group. Death of cardiovascular
causes was evident in 4 of 7 cases in the REG group and in 4
of 8 in the HS group. There was no significant difference in all-
cause mortality rate between the groups (8/141 patients in the
HS group vs. 7/121 patients; p= 0.62), figure 3.

Myocarditis recurrence rate: During the extended follow-up,
we identified 22 cases (8.4%) of acute myocarditis recurrence,
among them, 3 patients had multiple episodes (3). Recurrence
of myocarditis was not associated with increased mortality.

Secondary Outcomes

Myocarditis diagnosis rate: Using hsTnT, there was a nearly
two-fold increase in the incidence rate of myocarditis (0.063 pa-
tients per day, a patient every 16 days and 0.037 patients per
day- a patient every 27 days, respectively), with statistically sig-
nificance of p<0.001 (95% Cl 0.014%-0.038%). Patients in the
REG group had higher rates of echocardiography confirmed re-
duced LV function. Of 141 patients in HS group, 111 patients
(79%) had normal LV function compared to 83 of 121 patients
(69%) in REG group, p=0.048 (Figure 2).

Recurrent hospitalizations: Only 3 patients were subjected
to recurrent hospitalization due to exacerbation of heart failure,
of which 1 was in REG group and 2 in HS group, with no statisti-
cal significance.

Discussion

In our extended follow-up study of myocarditis patients,

the overall survival did not significantly change in either group.
however, compared to the general population, there were rela-
tively high cardiovascular mortality rates. The recurrence rate
was 8.4% for the entire cohort and did not imply worse prog-
nosis.

Myocarditis is an inflammatory disease of the myocardium
caused by different infectious and non-infectious triggers. In
1995, myocarditis was defined by the World Health Organiza-
tion (WHO)/International Society and Federation of Cardiology
(ISFC) as an inflammatory disease of the heart muscle, diag-
nosed by established histological, immunological, and immu-
nohistochemical criteria [13]. Myocarditis often results from
common viral infections and post-viral immune-mediated re-
sponses.

Myocarditis may present with a wide range of symptoms,
ranging from mild dyspnea or chest pain that resolves without
specific therapy to cardiogenic shock and death, due to malig-
nant ventricular arrhythmias and/or fulminant heart failure. The
progression of myocarditis exhibits significant heterogeneity in
its natural course, ranging from complete recovery to prolonged
development of cardiomyopathy or mortality attributed to ven-
tricular arrhythmias and/or severe systolic dysfunction [14]. Di-
lated cardiomyopathy (DCM) with chronic heart failure is the
major long-term sequela of myocarditis. Yet, most individuals
with myocarditis presenting as acute dilated cardiomyopathy
generally experience a mild form of the disease that resolves
spontaneously with no sequels [15,16]. Howeuver, it is notable
that up to 30% of patients with biopsy-proven myocarditis may
experience progression to DCM, and such cases are associated
with an unfavourable prognosis [4].

In our cohort there was no noticeable difference in mortality
rates between the groups (8/140 vs. 7/121 patients), although
th patients diagnosed in the REG group were with more severe
manifestations, including heart failure. This could be partially
explained by underdiagnosed patients that were not included
in the REG group.

The gold standard for the diagnosis of myocarditis is the EMB.
According to the Dallas criteria, acute myocarditis is defined as
the histologic evidence of lymphocytic infiltrates in association
with myocyte necrosis [17]. However, subjected to sampling
error, variation in expert interpretation, alteration with other
markers of viral infection and immune activation in the heart,
EBM seldom is used in clinical routine, and is usually reserved
for selected cases with severe or rapidly progressive symptoms,
and in specific clinical scenarios, such as myocarditis in the set-
ting of immune checkpoint inhibitor therapy, acute myocar-
ditis or chronic inflammatory cardiomyopathy with persistent
or relapsing release of biomarkers of myocardial necrosis, par-
ticularly if associated to an autoimmune disorder or ventricular
arrhythmias or high-degree atrioventricular block or suspected
chronic inflammatory cardiomyopathy associated with periph-
eral eosinophilia [1,18].

Thus, the diagnosis is commonly established by clinical pre-
sentation, cardiac biomarkers, and noninvasive imaging find-
ings. Cardiac MRI is a beneficial tool for the diagnosis of myo-
carditis, with high sensitivity and specificity. This modality can
detect intracellular and interstitial edema, capillary leakage
and hyperemia that support the diagnosis of myocarditis (Lake
Louis criteria) and in severe cases cellular necrosis and intersti-
tial fibrosis. Based on the Lake Louis criteria, myocarditis can be
predicted with a diagnostic accuracy of 78% [19]. In our study,
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however, cardiac MRI was more attainable during later period,
thus most patients were diagnosed clinically and based on labo-
ratory results.

Biomarkers (such as troponins or creatine kinase) lack spe-
cificity, but may help to confirm the diagnosis of myocarditis
[20,21]. In patients with acute myocarditis, serum concentra-
tions of troponin | and T are elevated more frequently than cre-
atine kinase myocardial band fraction [7], and higher levels
of troponin T have been shown to be of prognostic value. In
patients with a history suggestive of myocarditis, an increased
cardiac troponin implies myocardial injury, particularly when
measured with an assay with high precision. Experimental and
clinical studies suggest that serum hsTnT can be a useful diag-
nostic tool early in the course of myocarditis [20,22]. Cardiac
biomarkers in fulminant myocarditis can reach levels similar to
those in patients with transmural myocardial infarctions caused
by epicardial coronary occlusions [2]. Multiple mechanisms are
causative of cardiac troponin leakage in these situations, not
solely restricted to irreversible cardiomyocyte necrosis. Po-
tential pathways also include increased left-ventricular filling
pressures with subsequent myocardial wall stress, toxicity from
inflammatory cytokines, oxidative stress, catecholamine excess
and direct cellular damage. However, an absence in hsTnT rise
does not rule out myocarditis [22]. Observational studies had
failed to prove a significant correlation between the magnitude
of troponin measured and prognosis [23-25].

Our research indicates that employing hsTnT in the emer-
gency room enhances the detection rates of myocarditis. This
improved rate of recognition resulted in the identification of
cases with relatively milder severity and preserved left ven-
tricular function. The diagnosis of myocarditis did not lead to
an increased incidence of cardiac complications in the initial
follow-up period.

In our study, the mean troponin-T peak in the REG group was
1053.49 ng/L compared with 999.68 ng/L in the HS group. Like
previous reports, we could not find a correlation with maximal
troponin levels and mortality. This points towards the signifi-
cance of troponin as a diagnostic rather than prognostic tool.

The underlying mechanism leading to the recurrence of
acute myocarditis remain unclear. In most cases, viral infection
is resolved after the acute phase with the resolution of clinically
evident illness. Nonetheless, in certain patients, viral infection
may trigger autoimmune reaction by the emergence of autore-
active T-cells and cardiac mediated antibodies [26,27]. Reactiva-
tion of a persistent viral infection is also recognized as a poten-
tial factor contributing to recurrence [28]. Like our findings of
8.4% myocarditis recurrence rate, a large registry demonstrated
that myocarditis reoccurs in a significant proportion of patients,
for 4.5 year follow up is found to be 10.3%. Prolonged initial
admission, ventricular arrhythmias, younger age, inflammatory
bowel disease and chronic pulmonary disease are associated
with recurrences at different phases after acute myocarditis
[11].

Our study had several limitations. First, it is of retrospective
nature, which is prone to selection bias. Second, the diagno-
sis of myocarditis in this study was based on clinical suspicion,
evidence of myocardial injury, and the exclusion of an acute
coronary event. It could be that events identified as myocardi-
tis were in fact atherosclerotic heart disease without significant
coronary stenosis, and vice versa, thus a more accurate diagno-
sis might have affected study results. Third, the study expands

over a period of 20 years, during this time some of the documen-
tation was manually retrieved, which may have led to emitting
of undiagnosed cases. Some patient files had only partial data,
such as a single troponin test, and that could impact peak tro-
ponin calculations. Different follow up periods could have also
affected outcomes for recurrent hospitalizations. Fourth, the
study was conducted in a single center in Israel, clinical practice
may vary from different centers in Israel and other countries.

Conclusion

The utilization of hsTnT testing in suspected myocarditis cas-
es has the potential to enhance diagnostic accuracy and identify
milder instances. Extended follow-up results indicate an overall
positive prognosis for myocarditis recovery, despite a relatively
elevated recurrence rate, which does not impact the long-term
outcomes.

Author Statements
Acknowledgments

The authors declare that no funds, grants, or other support
were received during the preparation of this manuscript. The
authors have no relevant financial or non-financial interests to
disclose.

The authors affirm that human research participants provid-
ed informed consent for publication.

References

1. Blauwet LA, Cooper LT. Myocarditis. Prog Cardiovasc Dis. 2010;
52:274-88.

2. Kociol RD, Cooper LT, Fang JC, Moslehi JJ, Pang PS, et al. Recogni-
tion and initial management of fulminant myocarditis: A scientif-
ic statement from the American Heart Association. Circulation.
2020; 141: e69-92.

3. Richardson P, McKenna W, Bristow M, Maisch B, Mautner B, et
al. Report of the 1995 World Health Organization/International
Society and Federation of Cardiology Task Force on the Defini-
tion and Classification of cardiomyopathies. Circulation. 1996;
93: 841-2.

4, Kindermann |, Barth C, Mahfoud F, Ukena C, Lenski M, et al. Up-
date on myocarditis. J Am Coll Cardiol. 2012; 59: 779-92.

5. Global Burden of Disease Study 2013 Collaborators. Global, re-
gional, and national incidence, prevalence, and years lived with
disability for 301 acute and chronic diseases and injuries in 188
countries, 1990-2013: a systematic analysis for the Global Bur-
den of Disease Study 2013. Lancet. 2015; 386: 743-800.

6. Heymans S. Myocarditis and heart failure: need for better diag-
nostic, predictive, and therapeutic tools. Eur Heart J. 2007; 28:
1279-80.

7. Lauer B, Niederau C, Kiihl U, Schannwell M, Pauschinger M, et al.
Cardiac troponin T in patients with clinically suspected myocar-
ditis. J Am Coll Cardiol. 1997; 30: 1354-9.

8. Ukena C, Kindermann M, Mahfoud F, Geisel J, Lepper PM, et al.
Diagnostic and prognostic validity of different biomarkers in pa-
tients with suspected myocarditis. Clin Res Cardiol. 2014; 103:
743-51.

9. Ammirati E, Cipriani M, Moro C, Raineri C, Pini D, et al. Clinical
presentation and outcome in a contemporary cohort of patients
with acute myocarditis: multicenter Lombardy registry. Circula-
tion. 2018; 138: 1088-99.

Submit your Manuscript | www.austinpublishinggroup.com

Austin J Clin Cardiolog 9(2): id1106 (2023) - Page - 04


https://pubmed.ncbi.nlm.nih.gov/20109598/
https://pubmed.ncbi.nlm.nih.gov/20109598/
https://pubmed.ncbi.nlm.nih.gov/31902242/
https://pubmed.ncbi.nlm.nih.gov/31902242/
https://pubmed.ncbi.nlm.nih.gov/31902242/
https://pubmed.ncbi.nlm.nih.gov/31902242/
https://pubmed.ncbi.nlm.nih.gov/8598070/
https://pubmed.ncbi.nlm.nih.gov/8598070/
https://pubmed.ncbi.nlm.nih.gov/8598070/
https://pubmed.ncbi.nlm.nih.gov/8598070/
https://pubmed.ncbi.nlm.nih.gov/8598070/
https://pubmed.ncbi.nlm.nih.gov/22361396/
https://pubmed.ncbi.nlm.nih.gov/22361396/
https://pubmed.ncbi.nlm.nih.gov/26063472/
https://pubmed.ncbi.nlm.nih.gov/26063472/
https://pubmed.ncbi.nlm.nih.gov/26063472/
https://pubmed.ncbi.nlm.nih.gov/26063472/
https://pubmed.ncbi.nlm.nih.gov/26063472/
https://pubmed.ncbi.nlm.nih.gov/17493944/
https://pubmed.ncbi.nlm.nih.gov/17493944/
https://pubmed.ncbi.nlm.nih.gov/17493944/
https://pubmed.ncbi.nlm.nih.gov/9350939/
https://pubmed.ncbi.nlm.nih.gov/9350939/
https://pubmed.ncbi.nlm.nih.gov/9350939/
https://pubmed.ncbi.nlm.nih.gov/24781421/
https://pubmed.ncbi.nlm.nih.gov/24781421/
https://pubmed.ncbi.nlm.nih.gov/24781421/
https://pubmed.ncbi.nlm.nih.gov/24781421/
https://pubmed.ncbi.nlm.nih.gov/29764898/
https://pubmed.ncbi.nlm.nih.gov/29764898/
https://pubmed.ncbi.nlm.nih.gov/29764898/
https://pubmed.ncbi.nlm.nih.gov/29764898/

Austin Publishing Group

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Ammirati E, Moslehi JJ. Diagnosis and Treatment of Acute Myo-
carditis: A Review. JAMA. 2023; 329: 1098-1113.

Kyto V, Sipild J, Rautava P. Rate and patient features associated
with recurrence of acute myocarditis. Eur J Intern Med. 2014;
25: 946-50.

Tan JL, Fong HK, Birati EY, Han Y. Cardiac sarcoidosis. The Ameri-
can journal of cardiology. 2019; 123: 513-522.

Richardson P, McKenna W, Bristow M, Maisch B, Mautner B, et
al. Report of the 1995 World Health Organization/International
Society and Federation of Cardiology Task Force on the Defini-
tion and Classification of Cardiomyopathies. Circulation. 1996;
93: 841-842.

Kindermann M, Kindermann R, Kandolf R, Klingel K, Bultmann B,
et al. Predictors of outcome in patients with suspected myocar-
ditis. Circulation. 2008; 118: 639-648.

Anzini M, Merlo M, Sabbadini G, Barbati G, Finocchiaro G, et
al. Long-term evolution and prognostic stratification of biopsy-
proven active myocarditis. Circulation. 2013; 128: 2384-94.

Caforio AL, Calabrese F, Angelini A, Tona F, Vinci A, et al. A pro-
spective study of biopsy-proven myocarditis: prognostic rel-
evance of clinical and aetiopathogenetic features at diagnosis.
Eur Heart J. 2007; 28: 1326-33.

Aretz HT, Billingham ME, Edwards WD, Factor SM, Fallon JT, et al.
Myocarditis. A histopathologic definition and classification. Am J
Cardiovasc Pathol. 1987; 1: 3-14.

Ampejo T, Durkin SM, Bhatt N, Guttmann O. Acute myocarditis:
aetiology, diagnosis and management. Clin Med (Lond). 2021;
21: e505-e510.

Friedrich MG, Sechtem U, Schulz-Menger J, Holmvang G, Alakija
P, et al. Cardiovascular magnetic resonance in myocarditis: a
JACC White Paper. J Am Coll Cardiol. 2009; 53: 1475-87.

20.

21.

22.

23.

24,

25.

26.

27.

28.

Smith SC, Ladenson JH, Mason JW, Jaffe AS. Elevations of cardiac
troponin | associated with myocarditis. Experimental and clinical
correlates. Circulation. 1997; 95: 163-8.

Cooper LT. Myocarditis. NEJM. 2009; 360: 1526-1538]

Bachmaier K, Mair J, Offner F, Pummerer C, Neu N. Serum car-
diac troponin T and creatine kinase-MB elevations in murine au-
toimmune myocarditis. Circulation. 1995; 92: 1927-32.

Gilotra NA, Minkove N, Bennett MK, Tedford RJ, Steenbergen C,
et al. Lack of relationship between serum cardiac troponin | level
and giant cell myocarditis diagnosis and outcomes. J Card Fail.
2016; 22: 583-5.

Aquaro GD, Perfetti M, Camastra G, Monti L, Dellegrottaglie S,
et al. Cardiac MR with late gadolinium enhancement in acute
myocarditis with preserved systolic function: ITAMY study. J Am
Coll Cardiol. 2017; 70: 1977-87.

Eggers KM, Lindahl B. Application of cardiac troponin in car-
diovascular diseases other than acute coronary syndrome. Clin
Chem. 2017; 63: 223-35.

Gangaplara A, Massilamany C, Brown DM, Delhon G, Pattnaik
AK, Chapman N, et al. Coxsackievirus B3 infection leads to the
generation of cardiac myosin heavy chain-alpha-reactive CD4 T
cells in A/J mice. Clin Immunol. 2012; 144: 237-249.

Latva-Hirveld J, Kyto V, Saraste A, Eriksson S, Vuorinen T, Pet-
tersson K, et al. Development of troponin autoantibodies
in experimental coxsackievirus B3 myocarditis. Eur J Clin In-
vest. 2009; 39: 457-462.

Chapman NM, Kim KS. Persistent coxsackievirus infection: en-
terovirus persistence in chronic myocarditis and dilated cardio-
myopathy. Curr Top Microbiol Immunol. 2008; 323: 275-292.

Submit your Manuscript | www.austinpublishinggroup.com

Austin J Clin Cardiolog 9(2): id1106 (2023) - Page - 05


https://pubmed.ncbi.nlm.nih.gov/37014337/
https://pubmed.ncbi.nlm.nih.gov/37014337/
https://pubmed.ncbi.nlm.nih.gov/25468248/
https://pubmed.ncbi.nlm.nih.gov/25468248/
https://pubmed.ncbi.nlm.nih.gov/25468248/
https://pubmed.ncbi.nlm.nih.gov/30503798/
https://pubmed.ncbi.nlm.nih.gov/30503798/
https://pubmed.ncbi.nlm.nih.gov/8598070/
https://pubmed.ncbi.nlm.nih.gov/8598070/
https://pubmed.ncbi.nlm.nih.gov/8598070/
https://pubmed.ncbi.nlm.nih.gov/8598070/
https://pubmed.ncbi.nlm.nih.gov/8598070/
https://pubmed.ncbi.nlm.nih.gov/18645053/
https://pubmed.ncbi.nlm.nih.gov/18645053/
https://pubmed.ncbi.nlm.nih.gov/18645053/
https://pubmed.ncbi.nlm.nih.gov/17493945/
https://pubmed.ncbi.nlm.nih.gov/17493945/
https://pubmed.ncbi.nlm.nih.gov/17493945/
https://pubmed.ncbi.nlm.nih.gov/17493945/
https://pubmed.ncbi.nlm.nih.gov/3455232/
https://pubmed.ncbi.nlm.nih.gov/3455232/
https://pubmed.ncbi.nlm.nih.gov/3455232/
https://pubmed.ncbi.nlm.nih.gov/34507935/
https://pubmed.ncbi.nlm.nih.gov/34507935/
https://pubmed.ncbi.nlm.nih.gov/34507935/
https://pubmed.ncbi.nlm.nih.gov/19389557/
https://pubmed.ncbi.nlm.nih.gov/19389557/
https://pubmed.ncbi.nlm.nih.gov/19389557/
https://www.ahajournals.org/doi/full/10.1161/01.cir.95.1.163
https://www.ahajournals.org/doi/full/10.1161/01.cir.95.1.163
https://www.ahajournals.org/doi/full/10.1161/01.cir.95.1.163
https://pubmed.ncbi.nlm.nih.gov/19357408/
https://pubmed.ncbi.nlm.nih.gov/7671377/
https://pubmed.ncbi.nlm.nih.gov/7671377/
https://pubmed.ncbi.nlm.nih.gov/7671377/
https://pubmed.ncbi.nlm.nih.gov/26768222/
https://pubmed.ncbi.nlm.nih.gov/26768222/
https://pubmed.ncbi.nlm.nih.gov/26768222/
https://pubmed.ncbi.nlm.nih.gov/26768222/
https://pubmed.ncbi.nlm.nih.gov/28062620/
https://pubmed.ncbi.nlm.nih.gov/28062620/
https://pubmed.ncbi.nlm.nih.gov/28062620/
https://pubmed.ncbi.nlm.nih.gov/22854287/
https://pubmed.ncbi.nlm.nih.gov/22854287/
https://pubmed.ncbi.nlm.nih.gov/22854287/
https://pubmed.ncbi.nlm.nih.gov/22854287/
https://pubmed.ncbi.nlm.nih.gov/19397694/
https://pubmed.ncbi.nlm.nih.gov/19397694/
https://pubmed.ncbi.nlm.nih.gov/19397694/
https://pubmed.ncbi.nlm.nih.gov/19397694/

	Abstract
	Introduction
	Methods
	Study Design 
	Study Groups and Intervention 
	Outcomes
	Statistical Analysis 

	Results
	Clinical Features 
	Primary Outcomes 
	Secondary Outcomes 

	Discussion
	Conclusion
	Author Statements 
	References
	Table 1
	Figure 1
	Figure 2
	Figure 3

