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Abstract
Background: In�ammation affecting the heart and surrounding tissues is a clinical condition recently
reported following COVID mRNA vaccination. Assessing trends of these events related to immunization
will improve vaccine safety surveillance and best practices for forthcoming vaccine campaigns. However,
the causality is unknown, and the mechanisms associated with cardiac myocarditis are not understood.

Case presentation: After the �rst dose, we reported an mRNA vaccine-induced perimyocarditis in a young
patient with a history of recurrent myocardial in�ammation episodes and progressive loss of cardiac
performance. We tested this possible in�ammatory cytokine-mediated cardiotoxicity after vaccination in
the acute phase, and we found a signi�cant elevation of MCP-1, IL-18, and IL-8 in�ammatory mediators.
Still, at the recovery phase, these cytokines decreased considerably. We used cardiomyoblast in culture to
test the effect of serum on cell viability, observing that serum from the acute phase reduced the cell
viability to 75%. We did not detect this cellular injury in the sera from the patient in the recovery phase. We
also tested serum-induced hypertrophy, a phenomenon presented in myocarditis, and heart failure. We
found that acute phase-serum has hypertrophy effects, increasing 25% of the treated cardiac cells'
surface and signi�cantly increasing B-type natriuretic peptide. However, we did not observe the
hypertrophic effect in the recovery phase or sera from healthy controls.

Conclusion: Our results opened the possibility of the in�ammatory cytokine or serum soluble mediators-
mediated toxicity associated effects. In this regard, identifying anti-in�ammatory compounds that reduce
in�ammatory cytokines could be helpful to avoid vaccine-induced myocardial in�ammation. 

Background
Safe and effective vaccines for SARS-CoV-2 are critical to ending the pandemic (1). The messenger RNA
(mRNA) vaccines against COVID-19 have demonstrated unprecedented e�cacy in preventing
symptomatic infection and severe illness (2). The mRNA technology includes a pre-fusion SARS-CoV-2
spike glycoprotein (S) antigen encoded in the mRNA and formulated in lipid nanoparticles, representing a
novel vaccination technology with ongoing surveillance for potentially unrecognized side-effects (3). Two
mRNA vaccines (BNT162b2, P�zer-BioNTech; and mRNA-1273, Moderna) were the �rst SARS-CoV-2
vaccines authorized in the US (1). Signi�cant phase 3 trials for BNT162b2 and mRNA-1273 demonstrated
that both were more than 94% effective with a low incidence of serious adverse events (1). In addition, the
Centers for Disease Control and Prevention recently reported rare cases of mRNA vaccine-induced
myocardial in�ammation (4) con�rmed on cardiac imaging, serum cardiac biomarkers, antibody
response, cytokine pro�le, and genetic �ndings (3, 5). Characteristically, there are several distinct self-
limited pericardial and myocardial in�ammatory syndromes (4). However, the causality is uncertain, and
the mechanisms are unclear (3). After the �rst dose, we reported an mRNA vaccine-induced
perimyocarditis in a young patient with a history of recurrent myocardial in�ammation episodes and
progressive loss of cardiac performance. We performed myocardium in�ammatory characterization
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through cardiac magnetic resonance (CMR). We also analyzed the systemic in�ammatory cytokines and
the immune cell phenotype compared with a healthy control group.

Case Presentation
This case involves a 29-year-old male with a past medical history of three episodes of perimyocarditis
during the last �ve years (the previous 21 months) characterized by a progressive decrease in the left
ventricular global longitudinal strain (LVGLS) since the last event (Table 1). Ten days before, he received
the �rst dose of the anti-SARS-CoV-2 vaccine (P�zer BioNTech) without immediate side effects. The
patient arrived at the ER on Apr 4, 2021, with a 48-hour history of mild abdominal pain, cramps, and
diarrhea. He presented with severe pericardial pain resembling previous perimyocarditis episodes �ve
hours before arrival. For the last 21 months, the current medication was colchicine 0.5mg OD and
metoprolol succinate 95 mg OD. Vital signs showed blood pressure 120/60 mmHg, heart rate 88 bpm,
respiratory rate 14 rpm, temperature 36.8 ºC, and O2 saturation at room air 97%. The physical
examination was unremarkable. The initial ECG revealed sinus arrhythmia, and the chest X-ray was
normal upon admission.
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Table 1
Clinical presentation, CMR �ndings, and treatment of recurrent myocarditis and pericarditis

Variables February 2016 December 2017 May 2019

Signs and
Symptoms

Diarrhea, abdominal pain,
fever, myalgias, joint pain, and
sudden sharp chest pain

Fever, arthralgias, and
stabbing chest pain

Recurrent stabbing chest
pain (10/10) and
myalgias

Last of
symptoms

4 3 5

ECG
�ndings

Extensive ST elevation Extensive ST-
depression and T wave
inversion V1-V2

Extensive ST-depression

CMR
�ndings

Mild LV dilation, LVEF 44%,
LVGLS − 22.19%, anterolateral
and anteroseptal myocardial
edema, and anterolateral
subepicardial LGE.

LVEF 60%, LVGLS − 
20.07%, inferolateral
and inferoseptal
myocardial edema,
same subepicardial
LGE.

LVEF 58%, LVGLS − 
17.03%, myocardial
lateral wall edema, mid-
wall lateral LV, and
inferior RV free wall LGE.

US-CRP
(mg/dL)

8.48 8.14 4.42

scTn > 
0.05
ng/mL

6.15 1.06  

hs-cTnI
(ng/L)

----- ----- 11416.8

BNP
(pg/mL)

63.8 16.1 < 10

D-dimer
(ng/mL)

192 ND ND

Treatment Aspirin 100 mg PO QD

Carvedilol 6.25 mg PO BID

Candesartan 8 mg PO QD

Colchicine 0.5 mg PO
BID

Ibuprofen 800 mg PO
TID

Morphine Sulphate 2.5
mg IV

Colchicine 0.5 mg PO QD

Indomethacin 50 mg PO
TID

Metoprolol succinate
95mg ¼ QD

Morphine Sulphate 5 mg
IV

LVEF: left ventricular ejection fraction; LVGLS: left ventricular global longitudinal strain; LGE: late
gadolinium enhancement; USCRP: ultra-sensitive C-reactive protein; scTn: standard cardiac troponin;
hs-cTnI: high sensitive cardiac troponin I; BNP: B-type natriuretic peptide

Initial laboratory and in�ammatory cytokine �ndings demonstrated ultra-sensitive C-reactive protein
(CRP) (5.51mg/dL) and high-sensitivity cardiac troponin I (hs-cTnI) abnormal measurements (805.1
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ng/L) with normal B-type natriuretic peptide (BNP) (30.1 pg/mL), and high levels of IL-18, IL-8 and MCP-1
(Table 2). The nasopharyngeal RT-PCR SARS-CoV-2 was negative. The patient was admitted, and we
started an anti-in�ammatory treatment with oral colchicine and ibuprofen. CMR with late gadolinium
enhancement (LGE) showed normal right (RVEF 54.2%) and left (LVEF 57%) ventricular systolic function
with abnormal LVGLS (-12.61%) and a normal right ventricle global longitudinal strain (RVGLS) (-21.0%).
We also detected a reduced reservoir left atrial strain (-22.25%) and conduit left atrial strain (-14.0%) (6),
with mild mitral regurgitation (regurgitation fraction 10%) without myocardial early gadolinium
enhancement (EGE) images (Fig. 1). We identi�ed multiple pericardial LGE areas (anterior, inferior, and
lateral myocardial walls) (Fig. 1). The in-hospital stay was uneventful, and we discharged the patient with
oral colchicine, ibuprofen, and metoprolol succinate. The patient was asymptomatic and in functional
class I, with signi�cant improvement on CMR �ndings in the follow-up (Fig. 2). He received the second
dose of the anti-SARS-CoV-2 vaccine four weeks after the perimyocarditis episode without any side
effects. We also obtained an in�ammatory cytokine panel six weeks later in the recovery phase (Table 2).
We tested this possible in�ammatory cytokine-mediated cardiotoxicity after vaccination in the acute
phase (performing the LEGENDplex™ Human In�ammation Panel 1 assay) and found a signi�cant
elevation of MCP-1, IL-18, and IL-8 in�ammatory mediators. On day 42, the patient returned to the
hospital for a routine observation; peripheral blood mononuclear cells (PBMC) and serum were obtained
at this visit (recovery phase). The CD4+/CD8 + T cells ratio was diminished at the acute and recovery
phase.
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Table 2
Laboratory, biomarkers and cytokine proin�ammatory panel

Blood count Reference range Acute phase Recovery phase

Hemoglobin (gr/dL) 13.2–18.0 16.4 -

Hematocrit (%) 38.4–52.4 46.7 -

Platelet count (x 10^3/uL) 150.0-420.0 227 -

White-cell count (x 10^3/uL) 4.5–11.0 6.7 -

Absolute neutrophil count (x 10^3/uL) 2.5-7.0 4.1 -

Absolute lymphocyte count (x 10^3/uL) 1.0–4.0 1.3 -

Absolute monocyte count (x 10^3/uL) 0.2–1.2 1.0 -

Comprehensive Metabolic Panel  

Creatinine (mg/dL) 0.7–1.3 1.1 -

Blood urea nitrogen (mg/dl) 8.9–25.7 11.5 -

Lactate dehydrogenase (U/L) 125.0-243.0 254 -

In�ammatory biomarkers  

C-reactive protein (mg/dL) 0.0-0.5 5.51 -

Erythrocyte sedimentation rate (mm/hr) 1–20 3.0 -

Procalcitonin (ng/mL) < 0.5 < 0.05 -

Cardiac biomarkers  

High-sensitive cardiac troponin I (ng/L) 0.0-34.2 805.1 -

B-type natriuretic peptide (pg/mL) < 100 30.1 -

D-Dimer (ng/mL) < 243 54.0 -

Proin�ammatory cytokine Control group*

IL-1β 0.5 ± 1.3 < 11.88 < 11.88

IFN-α2 41.6 ± 106.5 < 9.61 < 9.61

IFN-γ 1.7 ± 2.7 < 17.33 34.43

TNF-α 1.7 ± 3 < 20.06 < 20.06

MCP-1 0.1 ± 70.5 1220.2 ↑ 764.4 ↑

IL-6 0.7 ± 0.9 < 1.37 2.61 ↑

IL-8 1.5 ± 2.3 47.23 ↑ < 5.37
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Blood count Reference range Acute phase Recovery phase

IL-10 1.0 ± 1.4 24.74 ↑ < 0.69

IL-12p70 0.6 ± 0.7 < 0.06 < 0.06

IL-17A 6.3 ± 20.2 < 113.22 < 113.22

IL-18 169.6 ± 94.2 2177.1 ↑ 1516.7 ↑

IL-23 4.3 ± 8.8 5.30 5.30

IL-33 2.5 ± 3.4 4.6 ↑ 2.6

Acute phase laboratory, in�ammatory and cardiac biomarkers �ndings. Also, proin�ammatory
cytokine determination in the acute phase at day seven and the recovery phase of myocarditis at day
42 after vaccination. * Control:   ten healthy subjects.

Interestingly, in the recovery phase, MCP-1, IL-18, IL-8, IL-10, and IL-33 decreased considerably compared
with the acute phase but were still higher than the control levels (Table 1). We used cardiomyoblast in
culture to test the effect of serum on cell viability (Fig. 3), observing that serum from the acute phase
reduced the viability to approximately 75%; this diminution was not observed in the sera from the patient
in the recovery phase, where the clinical parameters had been improved. We also tested serum-induced
hypertrophy, a phenomenon presented in some cardiotoxicities, myocarditis, and heart failure. We used
the same samples and conditions used in the viability assay. We found that acute phase-serum has
hypertrophic effects, increasing the surface of the treated cardiac cells by 25%. However, the hypertrophic
effect was not observed in the recovery phase or sera from healthy controls (Fig. <link rid="�g4">4</link>-
A and 4-B). We also determine cardiac stress and injury markers after cells' treatment with control serum,
acute-phase serum, and recovery phase-serum; only the serum in the acute phase increased BNP, a
cardiac marker of hemodynamic stress and ventricular dysfunction (Fig. 4-C). We did not observe the
effect effects of sera treatments on the hs-cTnI expression (Fig. 4-D).

Discussion And Conclusions
The key �ndings, in this case, are as follows: a) the unusual three previous recurrent episodes of
perimyocarditis con�rmed by CMR and the progressive decrease in the LVGLS since the last event
(Table 1); b) the abnormal LVGLS (-12.61%), abnormal reservoir left atrial strain (-22.25%), and abnormal
conduit left atrial strain (-14.0%) (6, 7), suggesting an early left ventricular dysfunction stage; c) the
myocardial in�ammation after ten days of the �rst dose of the COVID mRNA vaccine; d) the systemic
in�ammatory cytokine increased in the acute phase; e) the elevated SARS-CoV-2 viral neutralization titer
50 (VNT50) of 1:273 after the �rst dose, which is very similar to the reported VNT50 after the second dose
of the P�zer vaccine (1:312 after seven days and 1:169 after 21 days) (8); and f) the viral panel and the
clinical data which discard a virus as a causal agent.
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Vaccination is a well-established part of preventive and public health medicine, but it is not risk-free (3).
For example, historically, rare vaccine-induced myocardial in�ammation cases were reported following a
live smallpox vaccine (incidence of 2.16–7.8 per 100,000 vaccines), with reports occurring up to 30 days
post-vaccination (2). The mRNA vaccine-induced myocardial in�ammation is mainly among males aged
12 to 39 years, with about 4.8 cases per one million and ≈ 12.6 cases per million of second doses (4, 9).
Although myocarditis and pericarditis after vaccination for COVID-19 are two distinct self-limited
syndromes (4), myocarditis develops rapidly in younger patients, mainly after the second dose of
vaccination (4) pericarditis, affects older patients later, after the �rst or second dose (4). Our patient had
proximate vaccine dose, onset symptoms period, clinical presentation, recovery, and CMR �ndings (Fig. 1)
consistent with an mRNA vaccine-induced perimyocarditis.

The underlying mechanisms of mRNA COVID-19 vaccine-induced myocarditis are not precise. However,
some hypotheses suggest that the lymphocytic in�ltration results in an immune-mediated myocardial
injury (3); molecular mimicry between the spike protein of SARS-CoV-2 and self-antigens could be
possible; mRNA vaccine could enhance preexisting dysregulated immune pathways and activates
immunologic pathways or in�ammatory cytokine expression (9). Here, we observed a possible
in�ammatory cytokine-mediated cardiotoxicity in the acute phase with a considerable decrease in the
recovery phase, but still higher than the control group (10 pre-pandemic PBMC of healthy subjects).
In�ammatory cytokines and chemokines are key soluble factors in cardiac diseases as heart failure and
myocarditis. We have demonstrated that in�ammatory cytokines as TNF-α, IL-6, and IL-1β are soluble
mediators linked with ventricular arrhythmias and contractile dysfunction in a rat model of metabolic
syndrome (10). Experimental evidence shows that IL-1β induces cardiac �brosis and hypertrophy and
depresses cardiac function. Here, we found an essential increase of the chemokine MCP-1 in the acute
phase of vaccine-induced perimyocarditis, MCP-1 increases migration of monocytes and data from
animal models and in vitro experiments suggest that MCP-1 can promote cardiac �brosis (11, 12). The
recombinant expression of MCP-1 in cardiac tissue induces myocarditis, cardiac hypertrophy, and
dilation. In addition, there is evidence that MCP-1 is critical in the induction of the experimental
autoimmune myocarditis model, and its inhibition signi�cantly reduced disease severity (13). We found
the elevation of IL-18, a cytokine, is involved in animal models of myocardial infarction with pressure
overload effects. The increased risk of cardiovascular disease correlates with high IL-18 levels (14). We
proposed that the cardiac injury triggers the in�ammatory cascades by inducing cytokines like IL-18 and
chemokines as MCP-1 and IL-8 (a critical regulator of neutrophil in�ux and activation in in�ammatory
processes (15).

We also observed abnormal distribution of immune subsets in PBMC; after the FACS analysis. The levels
of T CD8 + cells were augmented, and the CD4 + cells were diminished in the patient compared with a
control group; the ratio of CD4+/CD8 + T cells was reduced 49.08% compared with the control group,
possibly explained by the CD8 + increase. On the other hand, NK cells increased �ve-fold, and non-classic
monocytes increased 1.67-fold compared with control subjects. The abnormal immune cell subsets, the
increased in�ammatory cytokines, and the augmented CRP levels show the patient's in�ammatory state
after ten days of getting mRNA COVID-19 vaccination, which may trigger cardiac injury and dysfunction.
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COVID-19 vaccination's side effects are usually minor (pain, swelling, redness at the injection site),
systemic (fatigue, headache, muscle pain, chills, and fever), transient (16), and more common in younger
males. They also occur more often after the second dose (16). Our case's principal �ndings were the
abnormalities in the left atrial reservoir, conduit, and LVGLS as the earliest signs of myocardial
dysfunction in the setting of preserved ejection fraction myocarditis (LVEF 57%), making the diagnosis of
left ventricular dysfunction unlikely based on basic imaging parameters (6, 7). Further, we opened the
possibility of the in�ammatory cytokine or serum soluble mediators-mediated toxicity associated effects.
In this regard, identifying anti-in�ammatory compounds that reduce in�ammatory cytokines could be
helpful to avoid vaccine-induced myocardial in�ammation.

Abbreviations
BNP: B-type natriuretic peptide; CD: Cluster of differentiation; CMR: Cardiac magnetic resonance; CRP: C-
reactive protein; EGE: early gadolinium enhancement; ER: Emergency room; FACS: Fluorescence activated
cell sorting; hs-cTnI: high-sensitivity cardiac troponin I; IL: Interleukin; LGE: Late gadolinium enhancement;
LVEF: Left ventricular ejection fraction; LVGLS: Left ventricular global longitudinal strain; MCP-1:
Monocyte chemoattractant protein-1; mRNA: Messenger ribonucleic acid; NK: Natural killer; OD: Once
daily; PBMC: Peripheral blood mononuclear cells; VNT50: Viral neutralization titer 50.
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Figure 1

CMR during myocarditis episode

TIRM sequence with myocardial edema in anterior, lateral, and inferior wall. Second line: EGE without
enhancement. Third line: LGE with an enhancement of the pericardium in anterior, lateral, and inferior wall



Page 13/15

Figure 2

Cardiac magnetic resonance follow-up

First line: TIRM sequence diminishing of myocardial edema. Second line: EGE without enhancement.
Third line LGE with a remaining enhancement of the pericardium in anterior, lateral, and inferior wall
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Figure 3

Cellular viability of sera-treated groups. Cells were seed in DMEM supplemented with 10% FBS, after 24
hours medium was changed to 1% FBS, and 5% of plasma was added from a healthy human control or
myocarditis patient (during acute and recovery phases) for 48 hours. Cell viability was determined by an
Alamar blue assay. For statistical analysis, an ANOVA was calculated considering p<0.05 * and p<0.01 **.

Figure 4
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Serum from a patient with Vaccine-induced myocarditis provokes hypertrophy and increases BNP
expression.  A. Hypertrophy assay, representative confocal images of treatments are shown (Green
calcein-stained cytoplasm and Blue Draq5 stained nuclei). B. Cell-surface quanti�cation in treated
groups. C and D. mRNA expression of stress and hypertrophic markers BNP and TnC, respectively. RNA
was puri�ed by Trizol method and converted to cDNA to perform a qPCR. HPRT was used as a control
gene. For statistical analysis, an ANOVA was calculated considering p<0.05 * and p<0.01 **.


