
Copyright © 2022 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.

166 | www.pidj.com The Pediatric Infectious Disease Journal • Volume 42, Number 2, February 2023

Higher Troponin Levels on Admission are associated With 
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Background: Acute pericarditis/myocarditis is a rare complication of the 
mRNA-based vaccines and although mostly self-limiting, long-term seque-
lae remain unclear.
Methods: We enrolled all patients admitted to the emergency department 
between September 2021 and February 2022 meeting the CDC work case 
definition, with symptoms onset after mRNA-based COVID-19 vaccine. 
Alternative virologic causes were excluded. Clinical data, laboratory val-
ues, cardiologic evaluation, electrocardiogram (ECG), and echocardiogram 
(ECHO) were collected on admission, at discharge, and during follow-up 
in all patients. Cardiac Magnetic Resonance (CMR) was performed only in 
those with signs consistent with myocarditis.
Results: We observed 13 patients (11M and 2F), median age 15 years, 
affected by acute pericarditis/myocarditis after COVID-19 mRNA vac-
cination (11 after Comirnaty® and 2 after Spikevax®). Symptoms’onset 
occurred at a median of 5 days (range, 1 to 41 days) after receiving mRNA 
vaccine (13 Prizer 2 Moderna): 4 patients (31%) after the 1st dose, 6 (46%) 
after the 2nd, and 3 (23%) after 3rd dose. Increased levels of high-sensitive 
troponin T (hsTnT) (median 519,5 ng/mL) and N-terminal-pro hormone 
BNP (NT-proBNP) (median 268 pg/mL) and pathognomonic ECG and 
ECHO abnormalities were detected. On admission, 7 of 13 (54%) presented 
with myopericarditis, 3 (23%) with myocarditis, and 3 (23%) with pericar-
ditis; CMR was performed in 5 patients upon pediatric cardiologist pre-

scription and findings were consistent with myocarditis. At 12 weeks of fol-
low-up, all but one patient (92%), still presenting mild pericardial effusion 
at ECHO, were asymptomatic with normal hsTnT and NT-proBNP levels 
and ECG. On CMR 6 of 9 patients showed persistent, although decreased, 
myocardial injury. Higher hsTnT levels on admission significantly corre-
lated with persistent CMR lesions.
Conclusion: Evidence of persistent CMR lesions highlights the need for a 
close and standardized follow-up for those patients who present high hsTnT 
levels on admission.
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INTRODUCTION
Safe and effective COVID-19 vaccines are a powerful tool 

for ensuring public health and controlling the SARS-CoV-2 infec-
tion. The global vaccine campaigns have indeed drastically changed 
the course of the pandemic.1

In May 2021, the European Medicines Agency (EMA) rec-
ommended an extension of indication for the BNT162b2 mRNA 
vaccine (Comirnaty®) to include use in adolescents between 12 
and 15 years of age. Subsequently, in July 2021, EMA extended 
the indication for the mRNA-1273 vaccine (Spikevax®) for use in 
children 12 to 17 years old.2

Both Comirnaty® and Spikevax® vaccines are mRNA 
vaccines encoding the stabilized prefusion spike glycoprotein of 
SARS-CoV-2.

A study in adolescents demonstrated as the BNT162b2 
mRNA vaccine was highly effective against COVID-19 hospitali-
zation and critical illness, including among patients with under-
lying risk factors for severe disease, regardless of SARS-CoV-2 
variants.3

Despite the undeniable public health benefits of COVID-19 
vaccines, they also could result in potential adverse events. Peri-
carditis and myocarditis have been reported as rare complications 
after mRNA-based COVID-19 vaccination in adolescents and 
young adults.4 A recent study on 411 myocarditis after COVID-19 
mRNA vaccines, showed an increased risk in men 18–25 years of 
age, especially after the second dose.5

Although cardiologic symptoms are self-limiting or non-
steroidal anti-inflammatory drugs (NSAID) controlled, long-term 
cardiologic outcomes have not yet been fully investigated

In the present work, we aim to depict the cardiologic find-
ings after COVID-19 vaccination in a pediatric population and to 
evaluate the short follow-up sequalae.
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METHODS

Population
We performed a prospective evaluation of all patients admit-

ted at the pediatric emergency department of the Children’s Hospi-
tal “Bambino Gesù” between September 2021 and February 2022 
with chest pain, shortness of breath, or palpitations after COVID-19 
vaccines who meeting the CDC work case definition for myocar-
dial injuries. Accordingly, clinical cases have been categorized as 
probable myocarditis, confirmed myocarditis, or acute pericarditis.6 
Only confirmed cases were enrolled in this study. The Institutional 
Ethical Committee approved the present study named “CACTUS” 
(2083_OPBG_2020 amendment). All patients’ parents or legal 
guardians enrolled in the study signed the informed consent.

Data Collection and Definitions
Clinical data including demographic characteristics, type 

of vaccination, previous SARS-CoV2 history, past cardiologic his-
tory, laboratory values, cardiologic evaluation, imaging, and a full 
range of clinical symptoms and signs were collected.

Pericarditis was defined as chest pain in association with 
electrocardiographic (ECG) abnormalities and/or positive ultra-
sound showing pericardial effusion. Myocarditis was defined as 
chest pain in association with elevated troponin levels above the 
upper limit of normal.6 The evidence of characteristics of both 
manifestations was defined as myopericarditis.7 ECG criteria to 
define pericarditis including widespread concave ST elevation and 
PR depression, reciprocal ST depression and PR elevation in lead 
aVR (±V1), sinus tachycardia and low voltages. ECG abnormali-
ties to identify myocarditis were nonspecific ST-T–wave changes, 
T-wave inversion, low-voltage QRS complexes in the limb leads, 
and atrioventricular conduction delays.8

Echocardiography findings related to myocarditis included 
changes in global left ventricular (LV) or right ventricular systolic 
function, variable degrees of LV enlargement, thickened myocar-
dium from wall edema, pericardial effusion, intracardiac thrombus, 
functional valvar regurgitation.9

Echocardiographic examination was performed with 
standard echocardiographic machines (Epic cVx model Philips 
Medical System, Andover, MA), and images were captured with 
a 2/3-dimensional probe X-5. Images were digitized, and meas-
urements were taken offline according to the guidelines of the 
American Society of Echocardiography. We detected conventional 
parameters from the parasternal long-axis window over three 
consecutive M-mode cycles. The presence of pericardial effusion 
was analyzed as a categorical variable, while quantification of PE 
(mild, moderate, and severe) was performed in a semi-quantitative 
fashion by the mean diastolic dimension measured in diastole in 
parasternal views.

The 99th percentile cut-off point for high-sensitive tro-
ponin T (hsTnT) detectable through ECLIA method is defined as 
0.014 ng/mL (14 pg/ml).10 hsTnT was measured on admission, at 
discharge, and during outpatient follow-up. Cardiac evaluation for 
all patients included an electrocardiogram (ECG) and echocardio-
gram (ECHO) that were performed on admission, at discharge, and 
during outpatient follow-up.

For patients who met the criteria for myocarditis or myo-
pericarditis6 cardiac magnetic resonance (CMR) 1.5 Tesla was per-
formed on admission upon pediatric cardiologist prescription and 
planned during outpatient follow-up on week 12.

The contrast agent used was gadoterate meglumine 0.3 mL/
kg (0.15 mmol/kg). We used the pre and postcontrast Modified 
Look-Locker Inversion Recovery 5(3)3 (MOLLI) sequence to 
calculate Native T1 myocardial values and extracellular volume 
(ECV). The CMR study included cine images of LV/RV long-axis 

views and a cine short-axis stack covering the entire heart to cal-
culate ventricular volumes and global systolic function. The same 
planes have been applied to T2 weighted images and postcontrast 
late gadolinium enhancement images.

Ventricular systolic dysfunction was defined as a left ven-
tricular (LV) ejection fraction equal to or lower than 50% on 
echocardiogram and/or CMR results.

Markers of heart inflammation by CMR were defined 
according to the Lake Louise criteria11 and included high signal 
intensity on T2-weighted imaging, increased T2 and T times denot-
ing extracellular volume (ECV) fraction, and myocardial thick-
ening attributable to edema as a sign of hyperemia. Measures of 
necrosis included contrast retention 10 to 15 minutes after injection 
of gadolinium (late gadolinium enhancement, LGE), indicating 
either acute myocardial injury or scar formation.12

Statistical Analysis
Quantitative variables shown in the clinical table were 

described as median, range, and percentages. To compare the 
hsTnT, NT-proBNP, and CRP values between CMR positive and 
CMR negative, we performed statistical analyses using the non-
parametric Wilcoxon-Mann-Whitney test with a significance 
threshold set at P < 0.05. Statistical analyses were performed 
using GraphPad Prism 9 (GraphPad Software, Inc., San Diego, 
CA).

RESULTS
Thirteen patients were admitted to the Bambino Gesù 

Children Hospital in Rome for the management of acute pericar-
ditis and/or myocarditis after mRNA-based COVID-19 vaccines 
between September 2021 and February 2022. The median age 
was 15 years (range, 12 to 17 years) and 85% of them were male 
(Table 1). All patients but one had no history of cardiac disease. 
Indeed, one patient was previously followed for asymptomatic ven-
tricular monomorphic extrasystoles occasionally observed during 
a stress test and he was out of therapy. The majority of patients 
received the BNT162b2 vaccine (85%) and most of the symptoms 
occurred after the second dose of this vaccine (Table 1).

All patients but one, who experienced SARS-CoV-2 infec-
tion with molecular positive swab 8 months before the vaccination, 
had no history of infection and resulted negative for SARS-CoV2 
nucleocapsid protein antibodies on admission. Alternative viro-
logic causes were ruled out through serology and PCR for HHV6, 
HHV7, HHV8, adenovirus, parvovirus-B19, enterovirus, EBV, and 
CMV.

Symptoms’ onset occurred at median of 5 days (range, 1 
to 41 days) after receiving any dose of vaccine and lasted 1 to 22 
days. Four patients (31%) presented symptoms after any first dose 
vaccination and the symptoms onset was at median of 16 days. 6 
patients (46%) showed symptoms after any second dose vaccina-
tion with the onset of symptoms at median of 3 days. 3 patients 
(23%) reported symptoms the day after the Comirnaty®’s vaccine 
III dose. All patients presented with chest pain. Other symptoms 
included fever (38%), headache (15%), syncope (8%), and palpita-
tion (8%). Most patients (85%) were treated with ibuprofen 10 mg/
kg and none of them received immunomodulatory treatments. No 
patients required intensive care. The hospital length of stay was at 
median 9 days (range, 2–27 days) (Table 1).

On admission, C-Reactive Protein (CRP) was mild elevated 
(median 1.16 mg/mL), hsTnT levels were elevated in 10 patients 
(77%) (median 51 9,5 pg/mL) as well as the levels of N-termi-
nal-pro hormone BNP (NT-proBNP) (median 268 pg/mL). ECG 
records presented ST-segment elevation in 6 of 13 patients (46%), 
2 patients (15%) had ST-segment depression and 1 patient (8%) 
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showed T-wave inversion, while nonspecific ST-segment changes 
were observed in the remaining group of patients.

The most frequent finding at echocardiogram was pericar-
dial effusion present in nine patients (69%). Three patients (23%) 
had pericardial hyperechogenicity and one patient (8%) showed 
global LV systolic ventricular dysfunction (EF 45%).

In those patients where CMR was available (n=5), hyperin-
tensity on T2-weighted imaging and LGE were always evident in 
the inferior and inferolateral regions. In one patient was found an 
extensive involvement of the left ventricle (mid-ventricular septum, 
infero- and inferolateral mid-basal wall, and apex). The LV systolic 
function was normal in all patients (100%) with median ejection 
fraction of 70,6 % (Table 1, Figure 1).

At discharge PCR resulted negative in all patients; in addi-
tion, cardiac enzymes decreased to normal levels after a median 
of 6 days (range, 3–20 days). All EGCs, but one, were normal, 
whereas 2 of 13 patients (15%) still presented mild signs of cardiac 
involvement detectable by ultrasound, such as mild pericardial effu-
sion and pericardial hyperechogenicity (Table 1).

Follow-up evaluation after hospitalization was available for 
12 of 13 patients and occurred at median of 101 days (range, 88 to 
128 days). Many patients (92%) were asymptomatic with normal 
hsTnT and NT-proBNP levels. One patient was still referred persis-
tent palpitation and chest pain. Further examinations in this case, 
including endocavitary electrophysiologic study (SEE). revealed 
an atrioventricular nodal reentrant tachycardia, requiring treatment 
with Flecainide, probably present before the myocarditis episode. 
One of the two patients discharged with positive echocardiogra-
phy, still presented mild pericardial effusion on ECHO, without any 
ECG changes (Table 1).

CMR follow-up was performed in all patients with consist-
ent signs of myocarditis on admission. Nine of 10 patients with 
presenting signs of myocardial involvement received a cardio-MRI 
during the follow-up. One patient did not perform the examina-
tion since his legal guardian withdrew the consent refusing further 
investigation.

Of the nine patients, seven showed CMR imaging 
abnormalities. LGE was present in seven patients in inferior, 

TABLE 1. Characteristic of Patients With Pericarditis and/or Myocarditis After mRNA-Based COVID-19 Vaccine

Clinical characteristics, laboratory and cardiac findings On admission At discharge Outpatient follow-up 

Age, y, Median (range) 15 (12–17) 15 (12–17) 16 (13–17)
Sex, M/F, No. (%) 11/2 (85/15) 11/2 (85/15) 10/2 (84/16)
Onset of symptoms after vaccine, days in median (range) 5 (1–41) 5 (1–41) 5 (1–41)
 BNT162b2 mRNA vaccine (Comirnaty®) (%) 11 (85) 11 (85) 10 (84)
 mRNA-1273 vaccine (Spikevax®) (%) 2 (15) 2 (15) 2 (16)
 BNT162b2 mRNA vaccine (Comirnaty®) 1st dose, No. (%) 3 (23) 3 (23) 3 (23)
 BNT162b2 mRNA vaccine (Comirnaty®) 2nd dose, No. (%) 5 (38) 5 (38) 5 (38)
 BNT162b2 mRNA vaccine (Comirnaty®) 3rd dose, No. (%) 3 (23) 3 (23) 3 (23)
 mRNA-1273 vaccine (Spikevax®) 1st dose, No. (%) 1 (8) 1 (8) 1 (8)
 mRNA-1273 vaccine (Spikevax®) 2nd dose, No. (%) 1 (8) 1 (8) 1 (8)
 mRNA-1273 vaccine (Spikevax®) 3rd dose, No. (%) 0 0 0
Duration of symptoms, d. Median (range) 3 (1–22) 3 (1–22) 3 (1–22)
Chest pain, No. (%) 13 (100) 0 (0) 0 (0)
Fever, No. (%) 5 (38) 0 (0) 0 (0)
Headache, No (%) 2 (15) 0 (0) 0 (0)
Syncope, No (%) 1 (8) 0 (0) 0 (0)
Palpitation, No (%) 1 (8) 0 (0) 1 (8)
NSAID treatment, No. (%) 11 (85) 11 (85) 0 (0)
Hospital length of stay, d. Median (range) - 9 (2–27) -
Days of follow-up - - 101 (88 to128)
CRP, mg/mL (normal <0,5). Median (range) 1.16 (0,07–6,69) 0,16 (0,04–1,31) 0,1 (0,03–0,69)
Patients with elevated hsTnT and proBNP levels, No. (%) 10 (77) 0 (0) 0 (0)
 hsTnT, ng/mL (NV NV <14). Median (range) 519,5 (168–1428) 11 (6,3–26,9) 4,5 (3–9,9)
 NT-proBNP, pg/mL (NV <217). Median (range) 268 (28,12–1591) 85,33 (20,9–190) 13,15 (5–23,2)
 CRP of patients with elevated hsTNT and proBNP, mg/mL (normal <0,5). 

Median (range)
1,76 (0,07– 6,69) 0,26 (0,04–1,31) 0,1 (0,03–0,61)

Time–normalization of cardiac enzymes, d. Median (range) 6 (3–20) – –
Patients performed ECG, No. (%) 13 (100) 13 (100) 12 (92%)
 ST-segment elevation, No. (%) 6 (46) 0 (0) 0 (0)
 ST-segment depression, No. (%) 2 (15) 0 (0) 0 (0)
 Nonspecific ST-segment changes, No. (%) 1 (8) 1(8) 0 (0)
 T-wave inversion, No. (%) 1 (8) 0 (0) 0 (0)
Patients performed Echocardiogram, No. (%) 13 (100) 13 (100) 12 (92%)
 Pericardial effusion, No (%) 9 (69) 2 (15) 1 (8)
 Pericardial hyperechogenicity, No. (%) 3 (23) 1(8) 0 (0)
 Decreased LV EF, No. (%) 1 (8) 0 (0) 0 (0)
Patients performed Cardiac MRI, No. (%) (% calculated on patients with sign 

of myocarditis/myopericarditis at presentation = 10)
5 (50) – 9 (90)

 LV EF %. Median (range) 70,6 (69,2–73,1) – 58,3 (55,9–65)
 Decreased LV EF, No. (%) 0 (0) – 0 (0)
 Regional hyperintensity on T2-weighted imaging, No. (%) 5 (100) – 1 (11)
 Late gadolinium enhancement, No. (%) 5 (100) – 6 (66)

In the table the % of the clinic characteristcs, the laboratory values, the ECG, and the echocardiogram are calculated on the total of patients (13 at the time of admission and 
discharge and 12 during the outpatient follow-up). The % of the CMR are calculated on the total of patients who underwent CMR (5 at the time of admission and 9 during outpatient 
follow-up).

CMR, cardiac magnetic resonance; CRP, C-reactive protein; ECG, electrocardiogram; hsTnT, high-sensitive troponin T; NT-proBNP, N-terminal-pro hormone BNP; LVEF, left 
ventricular ejection fraction.
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inferolateral, and anterolateral regions and two patients (17%) 
had regional hyperintensity on T2-weighted imaging. LV ejec-
tion fraction was normal, with a median of 58,3% (Table 1, Fig-
ure 1).

Higher levels of hsTnT on admission significantly corre-
lated with persistent myocardial lesions, both LGE and regional 
hyperintensity on T2-weighted imaging, detectable trough CMR, 
performed at follow-up (P value < 0.05) with a log2 fold change of 
1,9 (Figure 2). Conversely, no significant correlation was observed 

between NT-proBNP values, as well as CRP levels, and the pres-
ence of myocardial lesions (Figure 2).

DISCUSSION
Myocarditis and/or pericarditis related to mRNA-based 

COVID1-9 vaccination are rare adverse events. These reactions 
occur more often in male adolescents and young adults (<30 years 
of age) and mostly after a second dose.13

FIGURE 1. Comparison between the acute phase magnetic resonance and follow-up in one patient. CMR, cardiac magnetic 
resonance; CMR-FU, cardiac magnetic resonance follow-up; LGE, late gadolinium enhancement; T2W, T2-weighted images. 

FIGURE 2. Correlation with hsTnT, NT-proBNP, and CRP values at admission and CMR results at 3-month follow-up. CMR+, 
positive cardiac magnetic resonance, CMR−, negative cardiac magnetic resonance; CRP, C-reactive protein; hsTnT, high-
sensitive troponin T; NT-proBNP, N-terminal-pro hormone BNP. 
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Since April 2021, increasing cases of myocarditis and peri-
carditis14,15 have been reported, but poorly in childhood.

Following these notifications, ACIP and international regula-
tory agencies rapidly arranged a regular meeting to review reported 
cases of myocarditis and pericarditis and discussed the benefits and 
risks of these kinds of vaccinations, particularly in children. It has 
been established that the benefits of using vaccines outweigh the 
risks in all populations, including adolescents and young adults and 
it has been recommended to monitor the adverse events and pos-
sible outcomes of myocardial injuries.16

However, definitive international guidelines to manage myo-
carditis due to mRNA-based COVID-19 vaccine in the acute phase 
and during the follow-up are unknown.

A very recent study describes five adolescents with myo-
carditis COVID-19-vaccine-related and subsequent three months 
follow-up. The CMR revealed persistent myocardium injury fea-
tures although clinical recovery.15 These data are consistent with 
our results reporting CMR alterations of myocardial tissue detect-
able after 12 weeks of follow-up, despite normalized hsTnT levels 
and ECG or echocardiographic abnormalities.

In addition to the above study, our data showed a correlation 
between the initial troponin values and CMR findings. Higher tro-
ponin levels have been previously associated with poor outcomes17 
in postinfective/vaccine myocarditis in pre-COVID-19-era. In adult 
patients, elevations of hsTnT and CRP were demonstrated as use-
ful tools in the diagnostic approach to detect suspected myocardial 
inflammation.18

Several theories on the mechanisms underlying the inflam-
mation induced by mRNA-based COVID-19 vaccines have been 
hypothesized. Among these, the activation of aberrant innate and 
acquired immune response to mRNA and molecular mimicry 
between the spike protein of SARS-CoV-2 and cardiac self-anti-
gens have been proposed.19

The finding of persistent cardiac lesions in a group of 
patients, albeit limited by the sample size, could suggest a role 
for a proper immunomodulatory treatment such as corticoster-
oids and/or intravenous immunoglobulin (IVIG) at symptoms’ 
onset in those patients with higher troponin levels. However, the 
most recent guidelines regarding the management of myocar-
ditis in children do not include the use of any immunotherapy 
as first-line treatment and these approaches remain center and 
practitioner-specific12. A similar pattern of myocarditis has just 
been seen in Multisystemic Inflammatory Syndrome in Children 
(MIS-C) related to SARS-CoV2 infection.20,21 The combination 
therapy with IVIG and corticosteroids has been proven successful 
in patients affected by MIS-C and data published on six months 
follow-up showed no myocardial edema or fibrosis at CMR per-
formed during recovery.22

A recent study by Dionne et al. analyzed data from outpatient 
follow-ups in adolescents with myocarditis after the BNT162b2 
mRNA vaccine.23 These findings are similar to our cases for clinical 
presentation and the benign course while the CMR data are difficult 
to compare because of the different time points of imaging execu-
tion. The patients underwent CMR after about 6–13 days from hos-
pital admission and about 50% of them experienced treatment with 
immunomodulatory drugs. To date, there are still no data available 
on follow-up for these patients.

Considering the relevance of myocarditis among mRNA 
vaccines’ related adverse events some countries started to draw up 
specific indications for the pediatric population.24,25 There are evi-
dence that a longer interval of 8 weeks between the first and second 
dose of mRNA-based COVID-19 vaccine may be appropriate to 
further reduce the risk of myocarditis or pericarditis.15,26,27 Addi-
tionally, the risk of myocarditis has been reported to be lower for 
Comirnaty® in comparison to Spikevax® and thus administration 

of the mRNA-1273 vaccine could be recommended for the primary 
vaccine series or booster in males under 30 years of age.28 A recent 
study highlighted as individualized pediatric COVID‐19 vacci-
nation strategies could led to better results in preventing adverse 
events.29

Finally, our data, along with the other published evidence, 
outline the need to carry on further investigations to depict the 
mechanistic insight of such conditions to define clear therapeutic 
indications.

Furthermore, the identification of a standardized follow-up 
is necessary to early detect myocardial injury and related compli-
cations. In this view higher levels of troponin on admission, sug-
gest a more careful follow-up and potentially different treatment 
approaches. Additional larger prospective studies are needed to 
identify the threshold level guiding such personalized strategies.
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