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Abstract

Background: Severe Acute Respiratory Syndrome Coro-
navirus 2 (SARS-CoV-2), which causes Coronavirus Disease
2019 (COVID-19) has rapidly grown into a pandemic. SARS-
CoV-2 is known to affect the multi-organ systems including
myocardial injury. Acute cardiac injury determined by el-
evated serum troponin levels has been observed in severe
cases and is strongly associated with mortality. This study
is a retrospective review to investigate the association be-
tween myocardial injury, systemic inflammation and pro-
thrombotic response in COVID-19 patients.

Methods: This retrospective study analyzed hospitalized
patients with COVID-19 at the Ohio State University Wexner
Medical Center, in March-April 2020. A total of 81 hospital-
ized patients were included in the study. Demographic data,
medical history, comorbidities, and laboratory findings were
collected and analyzed.

Results: The survival rate was significantly associated
with pre-existing Cardiovascular Diseases (CVD), hyperlip-
idemia, and Acute Respiratory Distress Syndrome (ARDS).
Dynamic elevation of cardiac troponin | (cTnl), CRP, Interleu-
kin 6 (IL-6), ferritin, Procalcitonin (PCT) and D-Dimer were
found to be associated with the prognosis of patients. The
peak levels of cTnl, CRP, IL-6, ferritin, PCT and D-Dimer was
significantly elevated, while lymphocytes counts were dra-
matically reduced in non-survival patients during hospital-
ization (p<0.05).

Conclusions: COVID-19 should be considered as an in-
flammatory disease. The pro-inflammatory cytokines or
acute phase proteins induced by SARS-CoV-2 might initiate a
cascade of signaling pathways which leads to cardiomyocyte
apoptosis and troponin releasing.
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Introduction

Coronavirus Disease 2019 (COVID-19), a novel disease caused
by coronavirus SARS-CoV-2, has sickened millions and continues
to affect large numbers of people worldwide. Cardiac Troponins
(cTns) are sensitive biomarkers of acute myocardial infarction,
and nonischemic myocardial injury [1]. Myocardial injury is evi-
denced by elevated serum troponins above the 99" percentile
upper reference limit, according to the Fourth Universal Defini-
tion of Myocardial Infarction [2]. Myocardial injury is common
in COVID-19 patients, presenting with increase of cardiac tropo-
nins, especially in patients with underlying Cardiovascular Dis-
eases (CVDs) who have an increased risk of death [3-8]. Patients
with comorbidities such as obesity, hyperlipidemia or diabetes
are more likely to have severe disease and higher mortality [9].

Cytokine Release Syndrome (CRS) is a severe immune reac-
tion in which the body releases substantial amounts of cyto-
kines such as Interferon (INF)-y, Interleukin (IL)-1 and IL-6 in a
short amount of time. Although cytokines play a vital role in the
normal immune response, extensive release can be life-threat-
ening, leading to multiple organ failure. Preliminary studies
have shown increased levels of these cytokines in patients for
at least two weeks following the onset of COVID-19 symptoms
suggesting their role in poor patient outcomes [4,10].

Inflammatory markers are a useful way to measure the pro-
gression and response to treatment of infectious and/or inflam-
matory processes. C-Reactive Protein (CRP) is an acute-phase
protein produced by the liver during bacterial infections and
inflammation. Ferritin is another pro-inflammatory cytokine,
correlating with inflammatory activity. It has been postulated
that cytokines and ongoing inflammation might be associated
with COVID-19 disease severity. In a retrospective study, with
150 confirmed COVID-19 patients, ferritin and CRP were dra-
matically elevated in non-survivals [10], suggesting the high
mortality might be due to virally driven hyper-inflammation. D-
Dimer concentrations were much higher in patients with critical
COVID-19 [11], suggesting the significant associations between
D-Dimer and severity in COVID-19. Elevated Procalcitonin (PCT)
levels not only indicate bacterial infection but also the systemic
inflammatory reaction [12,13]. In patients with COVID-19, PCT,
IL-6 and CRP are elevated very early in blood and remains in a
high level [14]. It has been also reported that PCT, IL-6 and CRP
are released in Acute Myocardial Infarction (AMI) as a response
to the ensuing inflammatory process or/and to the tissue in-
jury [15,16]. Therefore, myocardial injury in COVID-19 patients
might be caused by inflammation, which needs to be investi-
gated.

The severity of COVID-19 may be hidden by an initial mild
presentation of SARS-CoV-2 infection, with less patients experi-
encing fever, chills, chest tightness and shortness of breath. This
may cause a life-threatening delay in providing the needed care,
resulting in a poorer prognosis. Therefore, underestimation of
COVID-19 severity in patients needs further attention. In this
retrospective study, we aimed to understand the connection
between myocardial injury, inflammation, prothrombotic re-
sponse and the prognosis in COVID-19 patients. We have looked
at the effects of cardiac injury and cytokine levels on overall pa-
tient mortality. A total of 81 hospitalized COVID-19 patients at
the Ohio State University Wexner Medical Center were included
in the retrospective study. By understanding the damage caused
by SARS-CoV-2 to the cardiovascular system and the underlying
mechanisms of injury, effective treatment of these patients can
be given in an appropriate and timely manner while reducing

overall mortality.
Methods
Clinical subjects

This is a single-center, retrospective, observational study
conducted at the Ohio State University Wexner Medical Center,
approved by the Institutional Review Board at the Ohio State
University. A total of 81 hospitalized COVID-19 patients from
Mar-Apr 2020, who were either treated and discharged or died
during hospitalization, were included. COVID-19 was confirmed
by molecular testing from of nasopharyngeal specimens. Only
laboratory confirmed cases were included in the study. The
electronic medical records of these patients were reviewed,
and patient data including demographics, diagnosis, medical
history, and laboratory results were collected. Laboratory stud-
ies included serum Cardiac Troponin | (cTnl), CRP, PCT, ferritin,
D-Dimer, lymphocytes counts and IL-6.

Statistical analysis

Ages were expressed as medium and interquartile ranges.
Categorical variables were summarized as counts and percent-
ages. Comparisons between two groups were performed by
Chi square test. One-way ANOVA was performed by SPSS 22. A
p<0.05 was considered statistically significant.

Results

Data, summarized in Table 1, were collected on hospitalized
patients with COVID-19, including 64 patients who were suc-
cessfully treated and discharged and 17 patients who died. Six
discharged patients were excluded because of incomplete data
of serum cTnl and cytokines. As shown in Table.1, patients in
non-survival group were older than the survival group [69 years
(IQR, 42-93) vs. 56 years (IQR, 23-87)]. Of the 81 patients, 48
(60%) had pre-existing CVDs including Coronary Heart Disease
(CAD), Myocardial Infarction (M), cardiac hypertrophy, arrhyth-
mia, Chronic Heart Failure (CHF) and 33 (40%) did not. The 81
patients were divided into two groups according to the serum
level of cTnl, the specific biomarker of myocardial injury, cTnl
negative group (cTnl £0.04 ng/mL, n=43) and cTnl positive group
(>0.04 ng/mL, n=20). Of the cTnl positive patients, 50% were
non-survival, whereas 5% in cTnl negative group (p<0.0001)
(Table 1). Data in (Figure 1A), show that the cTnl levels in the
non-survivals were dynamically elevated, compared with the
survival group. Of the 20 patients with elevated cTnl, 75% had
pre-existing CVDs, whereas 51% in patients with negative cTnl
results (p= 0.1). Of the survival patients, 53% had pre-existing
CVDs, and in non-survival group, 83% had (p= 0.05) (Table 1).

With evaluation of cardiac injury risks, 44% of total 81 pa-
tients had HTN. Of the positive cTnl patients, 60% had HTN,
while 37% had HTN in the group with negative cTnl. Similarly, in
the survival group, 45% had HTN while 47% in the group of non-
survival had HTN, and there is no statistic significances noticed
between these two groups (Table 1). Of the total patients, 33%
had Hyperlipidemia (HLD). However, 65% of cTnl positive had
hyperlipidemia, while only 28% of cTnl negative patients had
hyperlipidemia. This difference was statistically significance (p=
0.007). The statistical significance of hyperlipidemia was also
observed in survival and non-survival groups. Of the patients
who survived, 19% had hyperlipidemia, whereas in those who
died, 88% had hyperlipidemia (p<0.0001) (Table 1).

We further investigated the comorbidities in patients. Our
findings showed no statistical significance in CAD, cardiac hy-
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pertrophy, arrhythmia, MI, CHF, obesity, and pneumonia caused
by COVID-19 in either cTnl positive or negative groups, suggest-
ing these comorbidities might not be risk factors for cardiac in-
jury in COVID-19 patients. As described above, ARDS is one of
the leading causes of mortality in COVID-19 patients. Of cTnl
positive patients, 55% had ARDS, compared with 21% of cTnl
negative group (p= 0.009), indicating that ARDS might be a
potential cause of cardiac injury. Moreover, in these patients,
65% of the non-survival group vs. 27% of the survival group had
ARDS (p= 0.008).

To investigate the role of inflammation and prothrombotic
response in COVID-19 patients, patients were divided into sur-
vival and non-survival groups. The medians for CRP, IL-6, fer-
ritin, PCT and D-Dimer were displayed separately (Figure 1B-F).
The graph illustrates the large variations of the different bio-
markers and the patterns of change within each group. In the
non-survival group, the changes of CRP, IL-6, ferritin, PCT and
D-Dimer were notably elevated (Figure 1B-F).

Demonstrates the changes of cTnl and CRP, IL-6, ferritin, PCT,
D-Dimer, lymphocytes counts at the peak levels during hos-
pitalization in the survival and non-survival group (Figure 2).
Comparison analysis of peak cTnl, CRP, IL-6, ferritin, PCT and
D-Dimer in the survival and non-survival patients showed sig-
nificantly elevation in the non-survival patients (Figure 2A-F).
However, the lymphocytes counts showed dramatically reduc-
tion in the non-survival patients (p=0.0008) (Figure 2G).
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Figure 1: Patterns of variations described by medians overt
time for the outcome cTnl, D-Dimer and biomarkers of inflamma-
tion in COVID-19 patients. The daily median values of cTnl, CRP, IL-
6, Ferritin, PCT and D-Dimer in their original units were graphically
displayed to illustrate the variations of each biomarker over time
in the groups of survivals and non-survivals.
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Figure 2: Peak levels of cTnl, the acute-phase proteins CRP,
ferritin, PCT and cytokines IL-6 in the survival and non-survival
patients during the hospitalization.
(A) Peak levels of cTnl in the survival and non-survival patients,
(B) Peak levels of CRP in the survival and non-survival patients,
(C) Peak levels of IL-6 in the survival and non-survival patients,
(D) Peak levels of ferritin in the survival and non-survival patients,
(E) Peak levels of PCT in the survival and non-survival patients,
(F) Peak levels of D-Dimer in the survival and non-survival pa-
tients,
(G) Peak levels of lymphocytes counts in the survival and non-
survival patients.
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Figure 3: Hypothesis of the potential mechanism contributing to cardio-
myocyte apoptosis/remodeling in COVID-19 patients. The cytokines such as
IL-6 affected striated muscle mass through activation of mitogen-activated
protein kinase (MAPK) caspases or activation of the IkB Kinases (IKK) to pro-
mote the phosphorylation and subsequent degradation of IkB, enabling nu-
clear translocation of the transcription factor Nuclear Factor (NF)-kB and the
subsequent expression of genes involved in protein degradation to induce the
apoptosis of cardiomyocytes. PCT plays an important role in either sepsis in-
ducing or inflammatory mediators in the signaling pathways in cardiomyocytes
apoptosis. The cytokines are known potent stimulators of the oxidative stress.
And there is the crosstalk between cytokines and oxidative stress. Oxidative
stress also could be induced directly by SARS-CoV-2. The Reactive Oxygen Spe-
cies (ROS) induced in oxidative stress leads to mitochondrial dysfunction in
cardiomyocytes, resulting in myocardial apoptosis. The oxidative stress in CO-
VID-19 patients triggers venous thrombosis and thereby D-Dimer increased.

Figure 1: Demographic and Laboratory examinations in COVID-19 patients.

COVID-19 Cases cTnl positive cTnl negative Survival Non-survival p Value
All patients (n) 81 20 43 64 17
Age (y) 58 (23-93) 65 (43-93) 58 (23-87) 56 (23-87) 69 (42-93)
Non-survival (%) 20.99 (17/81) 50.00 (10/20) 4.65 (2/43) 'p<0.0001
Pre-existing CVD (%) 59.26 (48/81) 75.00(15/20) | 51.16(22/43)  53.12(34/64)  82.35(14/17) ;Z:g(l)gg
HTN (%) 44.44 (36/81) 60.00 (12/20) | 37.21(16/43) | 45.31(29/64)  47.06 (8/17) "p=0.109 #p>0.999
HLD (%) 33.33 (27/81) 65.00 (13/20) | 27.91(12/43)  18.75(12/64) | 8824 (15/17)  'p=0.007 “p<0.0001
CAD (%) 14.81 (12/81) 20.00 (4/20) 16.28 (7/43) 12.50 (8/64) 23.53 (4/17) 'p=0.732 "p=0.265
MI (%) 4.94 (4/81) 15.00 (3/20) 2.33 (1/43) 3.13 (2/64) 11.76 (2/17) 'p=0.090 "p=0.192
Cardiac hypertrophy (%) 2.47 (2/81) 5.00 (1/20) 2.33 (1/43) 3.13 (2/64) 0(0/17) "p=0.538 #p>0.999
Arrhythmia (%) 13.58 (11/81) 20.00 (4/20) 11.63 (5/43) 12.50 (8/64) 17.65 (3/17) 'p=0.448 "p=0.691
CHF (%) 8.64 (7/81) 15.00 (3/20) 2.33 (1/43) 7.81 (5/64) 11.76 (2/17) "p=0.090 "p=0.634
Obesity (%) 45.68 (37/81) 35.00 (7/20) 48.84 (21/43) | 48.44(31/64) = 35.29 (6/17) 'p=0.416 "p=0.416
Pneumonia due to COVID 19 (%) 22.22 (18/81) 25.00 (5/20) 19.95 (6/43) 25.00 (16/64) | 11.76 (2/17) 'p=0.304 "p=0.335
ARDS (%) 34.57 (28/81) 55.00 (11/20) 20.93 (9/43) 2656 (17/64) | 64.71(11/17) | "p=0.009 "p=0.008

CVD: Cardiovascular Diseases; HTN: Hypertension; HLD: Hyperlipidemia; CAD: Coronary Heart Disease; MI: Myocardial Infarction; CHF: Chronic
Heart Failure; ARDS: Acute Respiratory Distress Syndrome.

*cTnl positive vs. cTnl negative
“Survival vs. non-survival.

Annals of Cardiology and Vascular Medicine




MedDocs Publishers

Discussion

Our retrospective and observational study of adults, who
were hospitalized with COVID-19 at the Ohio State University
Wexner Medical Center, and assessed with the biomarkers to
identify the risk factors for mortality that are important for pa-
tient management. The mortality in COVID-19 patients with
underlying CVD reached 10.5% in a previous study evaluating
patients in China [17], whereas it was markedly higher (29%)
in COVID-19 patients with CVD in the current study (data not
shown). Our study also demonstrates that patients with severe
disease leading to fatality had elevated serum cTnl levels com-
pared to those who survived. cTnl, CRP, IL-6, ferritin, PCT and
D-Dimer were all dynamically elevated in the non-survival pa-
tients. In addition, peak levels of cTnl, CRP, IL-6, ferritin, PCT and
D-Dimer were all elevated during the hospitalization, indicating
the association of myocardial injury and systemic inflamma-
tion and hypercoagulability in COVID-19 patients. Strong asso-
ciation between ARDS and COVID-19 patients was identified in
the study. In addition, we found 55% of COVID-19 patients with
myocardial injury had ARDS, while 21% of COVID-19 patients
without myocardial injury had ARDS (p=0.009). Hypoxia due to
ARDS likely results in myocardial injury through cardiac myocyte
injury [18], leading to relatively high mortality. Hypoxia/isch-
emia and demand ischemia are well known to result in loss of
Adenosine Triphosphate (ATP), cell swelling, bleb formation and
rupture, which were identified as the first indications that se-
rum cTn, which is uniquely expressed in cardiac myocytes, could
be employed as a biomarker for Acute Myocardial Infarction
(AMI) [19,20]. It has been reported that an increase in serum
cTn may occur with induction of membrane fragility associated
with adverse “inside-out” mechanical signaling via cytoskeletal
proteins in the face of ischemic demand [1]. These are the likely
mechanism by which myocytes release cTn levels in COVID-19
patients in which there is evidence of micro-circulatory changes
inducing hypoxia [21,22].

Arole for hyperlipidemia, which was a significant co-morbidi-
ty and associated with elevated serum cTnl in the present study,
is well established in the literature to be associated with cardiac
myocyte cell death in diabetic patients [23]. Animal models of
diabetes and high fat induced obesity commonly demonstrate
pathologies leading to release of cTn into serum including el-
evated Reactive Oxygen Species (ROS), inflammation with IL-6
and Tumor Necrosis Factor Alpha (TNF-a), and inefficient gener-
ation of ATP resulting in ROS and reduced contractility, ischemia
and increased demand ischemia [24,25]. The role of hyperlipid-
emia in cell death has also been supported by studies showing
that the pathologies mentioned above and elevated serum cTn
are reversed by long term treatment of diabetic rats with simv-
astatin [24]. Reversal of the changes induced in serum cTn and
pathologies also occurred in diabetic models treated with an
AT R blocker (Azilsartan) [26] and bioactive flavonol, fisetin [27].
A study of 195 patients undergoing percutaneous coronary in-
tervention provided data in which use of high sensitivity cTn
antibodies predicted severe myocardial injury associated with
elevated serum lipids [28]. These data, which indicated a need
for aggressive treatment of the hyperlipidemia prior to the per-
cutaneous coronary intervention, suggest the same decision
possibly needed in COVID-19 patients. It is also relevant to the
present study that the decision on whether to use a statin can
be made on the basis of determination of levels of serum cTn.

CAD has been reported to be associated with acute cardiac
events and poor outcomes in influenza or other respiratory viral

infections [29-30], however, in the current study, the mortality
in CAD patients was only 24%. In the current study, in patients
with myocardial injury, 20% had CAD, suggesting its possible
minimal role in myocardial damage in patients with COVID-19.

Some viruses can trigger the intracellular cascade and the
release of IL-6, which contributes to the inflammatory status.
An example of this is SARS-Cov-1 which significantly induced
the activation of IL-6 promoter in human airway epithelial cell
cultures [31]. IL-6 has been paid attention in this COVID-19 pan-
demic [32]. Early in the outbreak, IL-6 was reported as a reliable
indicator of requiring ICU admission [33], with 52% increase in
the level of IL-6 in ICU patients compared to non-ICU [34]. In ad-
dition, IL-6 also has significant association with disease severity
and works as a predictor in the ventilation support [35]. Mecha-
nisms for cTn elevations in serum also include the cytokine re-
lease storm in SARS-CoV-2 patients [36]. A cogent example is
the rise of IL-6 in disorders such as AMI and CAD [16], which
are conditions well known to correlate with elevations in serum
cTn. The in vitro or animal studies also provided evidence that
cytokines such as IL-6 affected striated muscle mass through ac-
tivation of Mitogen-Activated Protein Kinase (MAPK) caspases
[37, 38] or activation of the IkB Kinases (IKK) to promote the
phosphorylation and subsequent degradation of kB, enabling
nuclear translocation of the transcription factor Nuclear Factor
(NF)-kB [39] and the subsequent expression of genes involved in
protein degradation to induce the apoptosis of cardiomyocytes.
Here comes our hypothesis which is cytokines/inflammation
biomarkers released by SARS-CoV-2 might trigger the caspases
of signaling pathways to induce cardiomyocyte apoptosis/re-
modeling and release troponin into the circulation (Figure 3).
In the current study, we investigated the association of elevated
cytokine IL-6, as well as systemic inflammatory responses, had
a synergistic effect in myocardial injury. The association be-
tween IL-6 and cTnl were observed in non-survival patients in
the current study, indicating IL-6 might play an important role in
myocardial injury. However, interventions targeting single IL-6
to treat patients with COVID-19 [40], unfortunately, reported
failures [41], which indicates there might be other cytokines or
inflammation factors working together resulting in the myocar-
dial injury in COVID-19 patients rather than IL-6 alone.

Similarly, the elevations of several acute-phase biomarkers
were found in patients with COVID-19. High levels of CRP, and
ferritin [42] have been observed in patients with severe dis-
eases. In our study, in the non-survival patients, peak levels of
cTnl, CRP and ferritin were all significantly elevated in non-sur-
vival patients, suggesting the roles of inflammatory in resulting
in myocardial injury. These cytokines/inflammation mediators
are known potent stimulators of oxidative stress in heart fail-
ure, obesity or diabetes [43]. However, we believe there is the
crosstalk between cytokines and oxidative stress in COVID-19
patients. Several in vitro and in vivo studies have highlighted
the initiation of oxidative stress by virus infection, which plays
an important role in the activation of innate immunity by gen-
erating cytokines. For example, Reactive Oxygen Species (ROS)
production was induced by Respiratory Syncytial Virus (RSV)
infection, which induced the expression of pro-inflammatory
cytokines [44-46]. In addition, oxidative stress also could be
induced directly by virus for their replication inside the cell
[47]. Therefore, oxidative stress might be importantly involved
in the SARS-CoV-2 infection. High levels of ROS production in
cardiomyocytes might overwhelm cellular antioxidant defense
systems, resulting in adverse cardiac remodeling. Myocardial
oxidative stress impairs cardiac function probably by oxidative
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damage to cellular proteins, thereby inducing cellular apopto-
sis. Thus, oxidative stress plays a role in the myocardial injury
of COVID-19, through either direct tissue injury with ROS pro-
duction and mitochondrial dysfunction in cardiomyocytes or
by the crosstalk with the cytokines production. It is reasonable
to propose a pathogenesis model of myocardial injury caused
by SARS-CoV-2, which is supported by robust experimental evi-
dence presented by the scientific literature (Figure 3).

PCT is a diagnostic biomarker for sepsis and antibiotic ther-
apy [48]. The pathophysiology of sepsis includes inflammation,
immune dysfunction and coagulation disorders. The main in-
flammatory mediators that might contribute to the sepsis in-
duced cardiac dysfunction are Tumor Necrosis Factor (TNF)-a,
IL-1 and IL-6 [49]. In addition, PCT is positively correlated with
both IL-6 and CRP, which are inflammatory indices [16], suggest-
ing the inflammatory nature of PCT. PCT is also reported signifi-
cantly elevated in AMI [50]. We hypotheses that elevated PCT
either responses to sepsis induced by SARS-CoV-2 or acts as an
inflammatory mediator involved in myocardial injury, triggering
the caspases of signaling pathways which results in apoptosis/
remodeling and release troponin (Figure 3). In our study, peak
level of PCT were dramatically elevated, together with cTnl in
non-survival patients, indicating PCT could be a key factor which
causes myocardial injury.

Several studies have shown elevated D-Dimer is strongly as-
sociated with higher mortality in COVID-19 patients [51-53],
which is supported by our study as well. D-Dimer is a degra-
dation product of cross-linked fibrin clots lysis by plasmin. D-
Dimer was first introduced into clinical practice for diagnosing
Venous Thromboembolism (VTE) or disseminated intravascular
coagulation. Later on, several clinical studies reported D-Dimer
to be associated with cardiovascular diseases. Patients with cor-
onary artery disease or with a history of myocardial infarction
having high D-Dimer levels were found at high risk of cardiovas-
cular death [54,55]. In the LIPID study (Long-Term Intervention
with Pravastatin in Ischemic Disease), patients with myocardial
infarction or unstable angina were followed up for 16 years,
a high D-Dimer was found to be an independent predictor of
cardiovascular disease mortality [56]. The endothelial cells play
a key role in triggering the prothrombotic events. With aging,
the imbalance between the generation of ROS and antioxidant
systems causes endothelial dysfunction and venous thrombo-
sis [57]. In our hypothesis model, it’s possible that the oxida-
tive stress in COVID-19 patients triggers venous thrombosis and
thereby D-Dimer increased (Figure 3). To further investigate the
association between D-Dimer and myocardial injury, peak levels
of both D-Dimer and cTnl were included. As shown in (Figure 2),
both peak D-Dimer and cTnl were significantly elevated. Since
the coagulation disorders is one of the mechanisms of sepsis
induced cardiac dysfunction, based on our finding, D-Dimer
could be an important factor for myocardial injury in COVID-19
patients.

Exaggerated systemic inflammation is correlated with lym-
phocytopenia in severe disease [58]. Lymphocytopenia is associ-
ated with a higher rate of non-survivors and critically ill patients
with COVID-19, indicating a high vulnerability of lymphocytes
by viral infection and destruction [59], which is actually critical
in prevention of excessive inflammation after infection [60-62].

The occurrence of myocarditis in COVID-19 was reported
due to systemic inflammation without evidence of direct cardi-
ac viral infiltration [63]. Myocarditis is characterized by myocar-
dial inflammatory infiltration and myocardial injury [64]. Virus

has been reported as the most commonly cause of myocarditis
[65,66]. The American Heart Association (AHA) recommends
one or more cardiac imaging methods such as echocardiogra-
phy or Cardiovascular Magnetic Resonance (CMR) as further
testing for patients suspected with myocarditis [66]. Due to the
difficulty of performing echocardiography with strict personal
protective equipment and the potential risk to staff, the diagno-
sis of myocarditis in COVID-19 patients in our study may be not
fully clear. The mechanism of viral myocarditis is hypothized as
a combination of direct and inflammation-mediated cardiomyo-
cytes injury [64]. The hypothized mechanism of inflammation-
mediated cardiomyocytes injury in COVID-19 patients was pre-
sented in (Figure 3) in this study.

In conclusion, COVID-19 should be considered as an inflam-
matory disease. The pro-inflammatory cytokines or acute phase
proteins induced by SARS-CoV-2 might initiate a cascade of sig-
naling pathways which leads to cardiomyocyte apoptosis and
troponin releasing, though SARS-CoV-2 could attack cardiomyo-
cytes directly and result in cell death. There are several limita-
tions in this study. This is a preliminary, one center assessment
of clinical characteristics of myocardial injury in COVID-19 pa-
tients. Long-term follow-up, multi-center prospective and ani-
mal studies are necessary to verify our conclusion.
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