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COVID-19 caused by a novel coronavirus named SARS-CoV-2, can elites severe acute respiratory syndrome,
severe lung injury, cardiac injury, and even death and became a worldwide pandemic. SARS-CoV-2 infection may
result in cardiac injury via several mechanisms, including the expression of angiotensin-converting enzyme 2
(ACE2) receptor and leading to a cytokine storm, can elicit an exaggerated host immune response. This response

contributes to multi-organ dysfunction. As an emerging infectious disease, there are limited data on the effects of
this infection on patients with underlying cardiovascular comorbidities. In this review, we summarize the early-
stage clinical experiences with COVID-19, with particular focus on patients with cardiovascular diseases and
cardiopulmonary injuries, and explores potential available evidence regarding the association between COVID-
19, and cardiovascular complications.

1. Introduction

COVID-19, a novel betacoronavirus, causes severe acute respiratory
syndrome. It was first isolated from some patients with pneumonia in
Wuhan of China in December of 2019. Since it causes similar symptoms
to the previous SARS virus, it was originally called SARS-CoV-2. The
novel coronavirus is a coronavirus of the beta genus, characterized by a
capsule and round or oval shape. The incubation period in the patients
ranges from 1 to 14 days, with most around 3 to 7 days (Huang et al.,
2020). In the following months, COVID-19 had become a worldwide
pandemic, with about 78,326,033 documented cases globally as of Dec
23, 2020. It quickly became a major threat to global public health and no
very effective treatment exists currently due to the novel nature of
COVID-19. Extensive public-health measures to reduce person-to-person
transmission of COVID-19 have been implemented globally to curb the
spread of disease, reduce the burden on healthcare systems, and protect
vulnerable populations, including the elderly and those with underlying
medical comorbidities, especially associated with cardiovascular dis-
eases, and the myocardial damage caused by SARS-CoV-2 has received
great attention in clinic.

According to the novel coronavirus pneumonia diagnosis and treat-
ment plan, the main clinical manifestations of COVID-19 are fever, dry
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cough, and fatigue. Some patients present with nasal congestion, runny
nose, sore throat, myalgia, diarrhea, and other symptoms. Patients with
mild disease only showed low fever, mild fatigue, and no pneumonia. In
the course of the disease, severely affected patients may have moderate
or low fever, or even no obvious fever (Wang et al., 2020); whose pa-
tients usually have dyspnea and/or hypoxemia one week after the onset
of the disease. These patients can rapidly progress to acute respiratory
distress syndrome (ARDS), septic shock, refractory metabolic acidosis,
coagulation dysfunction, and multiple organ failure. COVID-19 causes
viral pneumonia with additional extrapulmonary manifestations and
major complications, including acute myocardial injury, acute myo-
pericarditis, arrhythmia and shock. It is revealed that global cardio-
vascular disease, hypertension and diabetes mellitus are the most
prevalent comorbidities associated with the severity of COVID-19, from
a meta-analysis of 46,248 cases. ARDS and acute cardiac injury may
represent the main complications for the recovery of patients (Hu et al.,
2020; Su et al., 2020). Fifteen percent of patients developed cardio-
vascular disease, who became infected have cardiovascular disease
previously (Lake, 2020). Patients with COVID-19 are highly susceptible
to death due to endothelial dysfunction and endogenous heart failure
(Del Turco et al., 2020). Global cardiovascular disease were significantly
associated with mortality in COVID-19 patients (Shamshirian et al.,
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2020).

At the time of this review, data on the effects of this infection on
patients with cardiovascular disease were limited. We focused on car-
diovascular risk factors such as ACE2 and cytokine storm so as to un-
derstand the role of SARS-CoV-2 on the cardiovascular system (Su et al.,
2020). We also summarized the early experience of COVID-19 with
particular focus on patients with cardiovascular disease. We provided
evidence for further understanding of the pathogenesis of COVID-19 so
as to provide a basis for designing cardiac-protective strategies.

2. Virological characteristic of novel coronavirus pneumonia
patients with various clinical classifications

The clinical classification of novel coronavirus infection is mainly
light, normal, heavy and severe. There may be various manifestations of
cardiac injuries in different clinical types. Mild and ordinary patients
usually have a lower probability of cardiac injury (Angeli et al., 2020).
ECG changes occur in individual cases. 2%-4% of mild patients have
myocardial necrosis markers damage, while severe patients have a
higher risk of cardiac injury, which is 22.2%-31%. The risk of cardiac
injury in dead patients is higher than that in survivors, which is 28%—
88.9% (Bhatla et al., 2020). In addition, the follow-up chronic damage
caused by virus infection is also worthy of attention. Many cases
including high-grade artioventricular block, artial filbrillation, poly-
morphic ventricular trachycardia, cardiogenic shock and pulseless
electrical activity arrest were highlight the spectrum of arrhythmias
observed in patients with COVID-19 infection (Bhatla et al., 2020). The
prognosis of covid-19 patients should be followed up in time. When
making decisions regarding choice of antiarrhythmics, ionotropes, and
vasopressors, clinicians need to keep in mind potential proarrhythmic
effects of antimalarial and antibiotic therapies currently being investi-
gated as therapeutic agents against COVID-19 (Jeremic et al., 2015). We
classified and summarized the cardiac manifestations of patients with
different clinical types after infection. Shown in Table 1.

2.1. Initial diagnosis method

Early diagnosis and treatment are critical to prevent the spread of the
disease and to improve the cure rate. These includes nucleic acid
detection and serological diagnosis technologies (Huang et al., 2020).
The SARS-CoV-2 infection in suspected cases is currently confirmed
according to the following evidence: 1) real-time fluorescence RT-PCR
detection of SARS-CoV-2 nucleic acid, with clinical symptoms and
epidemiological features (Hirotsu et al., 2020), including oral swabs,
throat swabs, nasal swabs, saliva, bronchoalveolar lavage fluid, blood,
urine and fecal or rectal swabs. The SARS-CoV-2 nucleic acid diagnostic
kit include a fluorescent PCR method, a joint probe anchoring poly-
merization sequencing method and an isothermal amplification method
(Perng et al., 2020); 2) viral gene sequencing, highly homologous with
the new coronavirus; 3) serological positivity of specific IgM antibody
and IgG antibody to SARS-CoV-2. Common methods include immuno-
assay, colloidal gold strip, indirect immunofluorescence and pathogen
isolation, electrochemiluminescence ELISA (Kourilov and Steinitz,
2002),4) SARS-CoV-2 specific IgG antibody turned increased from
negative to 4-fold acute phase levels. 5) High-resolution computed to-
mography (CT) of the chest has been considered a complementary
diagnostic modality (Pan et al., 2020). Thin-slice CT of the is simple and
fast; combined with epidemiological history and clinical manifestations,
it aids early isolation and intervention of suspected or confirmed cases.
CT also evaluate the severity of the disease and dynamically monitor the
disease process, so as to guide timely decision-making and provide
prognostic information. The appearance of lungs on CT are described in
various stages: stage I (04 d), stage II (5-9 d), stage III (10-14 d), and
stage IV (>14 d). In patients with COVID-19, bilateral lung involvement
occurs in all stages (I, III, IV: 100.00%, II: 87.50%); the lesions are
mainly peripherally distributed (subpleural distribution) (stage I:
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50.00%, stage II: 62.50%, stage III: 60.00%, and stage IV: 90.00%), most
commonly among those with stage IV.

2.2. Pathophysiology

According to the limited autopsy and biopsy histopathological
findings, the following pathophysiology is a summary.

Pathophysiology on the heart and blood vessels: Degeneration and
necrosis were seen in myocardial cells, and a few mononuclear cells,
lymphocytes and/or neutrophils were seen in the stroma. There was
some vascular endothelium exfoliation, intimal inflammation and
thrombosis. It is reported that patients with congenital heart disease
could be considered at higher risk for complications from COVID-19
(Fang et al., 2020). Certain congenital heart disease patients in adults
are likely at higher risk than others; includes the following conditions:
double-outlet ventricle cyanotic heart defects, double-outlet ventricle,
Fontan procedure, interrupted aortic arch, mitral atresia, single
ventricle, pulmonary stresia, transposition of the great arteries, truncus
arteriosus, other abnormalities of atrioventricular and ventriculoarterial
connection. These symptoms could be considered high risk for compli-
cations related to COVID-19 infection on the basis of decreased func-
tional reserve.

Pathophysiology on the lung: The lung shows consolidation to
varying degrees. Serous, fibrinous exudate and hyaline membrane were
found in alveolar cavities. Focal hemorrhage and necrosis of lung tissue
have been found, and hemorrhagic infarctions. Some alveolar exudates
appear organized, associated with interstitial fibrosis (Jin et al., 2020).
Under electron microscope, coronavirus particles were found in the
cytoplasm of bronchial mucosa epithelium and type II alveolar epithelial
cells. The novel coronavirus antigen novel coronavirus antigen was
positive in some alveolar epithelial cells and macrophages, and RT-PCR
detected positive for new coronavirus DNA.

Pathophysiology on other organs including spleen, hilar lymph
nodes and bone marrow, kidney, brain etc. The spleen was obviously
reduced. The number of lymphocytes was significantly reduced, focal
hemorrhage and necrosis, macrophages proliferation and phagocytosis
were observed in spleen, while the number of lymphocytes in lymph
nodes was less and necrosis was seen. The number of three lineage cells
in bone marrow decreased. The liver might dark red, the gallbladder is
highly filled. Liver cell degeneration, focal necrosis with neutrophil
infiltration, congestion of hepatic sinuses, infiltration of lymphocytes
and monocytes in portal area, and microthrombosis. With the kidney,
protein exudate was found in the glomerular balloon cavity, and the
renal tubular epithelium degenerated and fell off, and transparent
tubular type was seen. Interstitial congestion, microthrombosis and
focal fibrosis were observed. The brain tissue was congested and
edematous, and some neurons degenerated. Focal necrosis of adrenal
gland was found. The mucosal epithelium of esophagus, stomach and
intestine was denatured, necrotic and exfoliated.

2.3. Transmission routes (human-to-human transmission)

Respiratory droplets and close contact are currently the known
transmission routes. In relatively closed environments, the virus prop-
agates through aerosols at high concentrations for long periods of time
(Patel et al., 2020). Because SARS-CoV-2 can be isolated from feces and
urine, attention should be paid to the spread of aerosols or contacts
caused by environmental pollution by feces and urine. The transmission
of tears and mother-to-child transmission remains to be confirmed
(Vivanti et al., 2020). There are no effective drugs and vaccines, and
active participation of the entire population in self-protection and self-
isolation has become the key to cutting off transmission routes and
effectively controlling the epidemic.



Table 1
Viral effects on the heart and on patients with cardiovascular conditions.
Type Clinical features Incidence of heart injury/control strategies Reference
Clinical Light The clinical symptoms were mild and no pneumoniawas  2%-4% (Huang et al., 2019; Angeli et al., 2020)

classification
Common type

Heavy

Dangerous and heavy

Types of heart
damage

Acute myocardial injury

Underlying cardiovascular disease
complicated with COVID-19 infection
aggravates the injury

Chronic myocardial injury

found on imaging.

With fever, respiratory tract and other symptoms,
imaging showed pneumonia.

Shortness of breath, RR > 30 times /min;

Under resting state, oxygen saturation < 93%;

PaO, / FiO, < 300 mmHg(1 mmHg = 0.133 kPa);
Significantly progressed from lung imaging within
24-48 h(>50% patients:severe cases).

Respiratory failure and need mechanical ventilation;2.
Shock;3. Patients with other organ failure need ICU
monitoring and treatment.

Acute right or left heart failure or total heart failure
Cardiogenic shock

Various types of arrhythmias, serious ventricular
tachycardia, ventricular fibrillation

Fulminant myocarditis

Acute myocardial infarction

Acute Myopericarditis

Acute aortic dissection

Blood pressure

Acute myocardial infarction, coronary heart disease
Myocarditis

Heart failure

Palpitation

Stage A (no abnormal cardiac structure and no clinical
symptoms of heart failure, high risk of heart failure in
the future);

Stage B (with abnormal cardiac structure, but no clinical
symptoms of heart failure);

Stage C and Stage D (with clinical stage, abnormal
cardiac structure and clinical heart failure symptoms)

22.2% — 31%

28% — 88.9%

Vasoactive drugs or mechanical circulation support;ECMO
IABP and ECMO

Depending on the type of arrhythmia and the hemodynamic
status of patients with fulminant myocarditis

Vasoactive drugs and invasive mechanical ventilation.

STEMI isolated ward on the spot.

Thrombolytic therapy (without thrombolytic contraindications);
PCI or CABG (with thrombolytic contraindications).
Pericardiocentesis, Surgery

Surgery, control blood pressure

Control blood pressure

STEMI; PCI or CABG.

Early use of steroid drugs, immunoglobulin, antiviral treatment
(suspected myocarditis), breathing apparatus and circulatory
support system

Diuretics, vasodilators etc, the use of guideline-recommended
medications be maintained in patients with preserved
hemodynamics and blood pressure.

Myocardial protective and nutritional drugs:coenzyme Q10,
creatine phosphate, vitamin C, polarizing liquid and deep sea fish
oil.

Statins, beta blockers, angiotensin-converting enzyme inhibitors,
aspirin and other drugs

(Zaninotto et al., 2020; Ama et al., 2020;
Eastin and Eastin, 2020; Zunyou and
McGogan, 2020)

(Franco et al., 2020; Abbasifard and
Khorramdelazad, 2020; Chousterman et al.,
2017)

(Vivanti et al., 2020; Wrapp et al., 2020;
Zayet et al., 2020)

(Shi et al., 2020; Perrotta et al., 2020)

Notes: PCI:Percutaneous coronary intervention; CABG:coronary artery bypass grafting
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3. SARS-CoV-2 caused cardiopulmonary injuries and strategies
for prevention and treatment

Novel coronavirus infection is typically characterized by respiratory
symptoms, and some patients have viral infection related heart injuries.
Cardiac function may be the decisive factor affecting the development of
severe infection with cardiovascular disease. At the same time, it was
found that the prognosis of patients with cardiovascular disease was
more serious than that of common patients. We divided SARS-CoV-2
caused cardiopulmonary injuries into two situations: 1) The cardiovas-
cular injuries caused by COVID-19; 2)underlying cardiovascular disease
complicated with COVID-19 infection aggravates the injury. One is
cardiovascular injuries caused by SARS-CoV-2. It might cause cardio-
vascular injures in COVID-19 patients by targeting many genes specific
to endothelium in the heart, lungs and vessels, which can increase
vulnerability to cardiac injury via inhibition of cardioprotective proteins
or activate pathways for systemic immune-mediated cardiovascular in-
juries. One of the proposed mechanisms might direct injury to
myocardial cells due to viral invasion of the vascular endothelium and
myocardium. The second presumption is the impact of tissue hypoxia,
destabilization of coronary plaque, and micro-thrombogenesis caused
by the systematic inflammation associated with cytokine storm. The
other situation is that cardiovascular basic diseases may accelerate the
progress of COVID-19 disease. Case fatality rate of COVID-19 patients
without associated disease is relatively low. While if the COVID-19 pa-
tients are underlying cardiovascular disease complicated, it can be
classified as high risk patients, and the clinical prognosis of these pa-
tients is worse than that of ordinary patients. The gross mortality of
patients with underlying diseases is much higher, with crude fatality
rate was 10.5%.The fatality is even higher than those with cancer, those
with diabetes, chronic respiratory diseases, and hypertension.

Zhong Nanshan team sampled 1099 patients with covid-19 from 30
provinces and cities in China, of which 14.9% were complicated with
hypertension, and hypertension patients were more likely to develop
into severe cases, with a high incidence of composite endpoint events.
2.5% of patients with coronary heart disease were also more likely to
develop into severe cases. 5 (12%) of the 41 patients with covid-19 were
diagnosed with virus-related heart injury, mainly manifested as the in-
crease of high-sensitivity troponin (>28 ng/L) (Chen et al., 2020). Four
of the five patients were admitted to intensive care unit (ICU), ac-
counting for 31% of the total number of ICU patients. 2 patients had no
cardiovascular basic diseases, but obvious cardiac injury occurred in the
process of disease progression. One case showed persistent abnormal
myocardial enzyme spectrum and ST segment change of ECG, and one
case showed sudden progressive decrease of heart rate and no heart
sound was heard. It was also reported that 2% of patients had chest pain
during hospitalization.

The levels of serum myocardial necrosis markers were increased in
both mild and severe patients, but the risk of cardiac injury was higher in
severe patients (22.2%-31%) and mild patients (2%-4%). The risk of
cardiac injury in dead patients was higher than that in survivors (28%—
88.9%). In addition, chronic damage is worthy of attention. The prog-
nosis of covid-19 patients should be followed up in time. The novel
coronavirus infection induced acute myocardial injury, and chronic
myocardial damage caused by new coronavirus infection., and the
covid-19 patients whose combined with underlying cardiovascular dis-
eases usually aggravated intrinsic myocardial injury, which might get-
ting worse. In addition to active antiviral therapy, attention should be
paid to the control and treatment of cardiovascular disease for such
patients.

3.1. SARS-CoV-2 and myocardial injury
Many studies have found abnormal myocardial enzymes and

myocardial injury markers in patients with COVID-19. Myocardial
infarction is more common in these patients. This outcome is closely
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related to the severity of the disease and the increased risk of death in
the hospital (Liu et al., 2020). The abnormal degree of myocardial injury
markers is related to the severity of the patient’s condition. In 22%-
58.1% of severe SARS-CoV-2 patients, the myocardial damage markers
are elevated (Driggin et al., 2020). Studies also found that the levels of
troponin, C-reactive protein, and procalcitonin in patients with COVID-
19 were also significantly elevated (Shi et al., 2020). It is suggested that
for older patients with COVID-19 (especially men) with abnormal
myocardial enzymes, myocardial injury markers and imaging indicators,
caregivers should pay more attention to heart injury, so as to make
interventional treatment decisions and improve outcomes (Chen et al.,
2020; Guo et al., 2020). However, there remain many problems and
bottlenecks in the current understanding, research, and treatment of
COVID-19, including whether abnormal increases in levels of myocar-
dial enzyme and myocardial damage markers are caused by viral
infection, by septic shock, liver Injury, kidney injury, or by other
comorbidities; more basic research and autopsy studies are needed.

3.2. SARS-CoV-2 and myocarditis

Myocarditis is increasingly recognized as a complication of COVID-
19 and may result from direct viral injury or from exaggerated host
immune response. Myocardial injury in patients with COVID-19 can be
diagnosed by increasing the number of dynamic or routine ECG exam-
inations and the examination of myocardial enzymes and inflammatory
factors. For patients with suspected myocarditis, there should be early
use of sufficient doses of steroids and intravenous immunoglobulin, and
antiviral therapy, as well as ventilatory and circulatory support. It
showed that C-reactive protein and procalcitonin increased in all chil-
dren, which were higher than 94 mg/L and 1.6 ng/mL, respectively..
Patients with COVID-19 and acute myocarditis need to be diagnosed
early after infection and be referred to expert centers for treatment.

In April 2020, of four children and adolescents who were admitted to
the intensive care due to multiple system inflammatory syndrome and
Kawasaki disease-like features associated with the SARS-CoV-2 were
found to have acute myocarditis symptoms within one week of admis-
sion (Blondiaux et al., 2020). SARS-CoV-2 was negative for qPCR in
nasopharyngeal, respiratory tract and fecal specimens; however, there
was positive serology. Cardiac MRI showed symptoms of diffuse
myocardial edema.Endomyocardial biopsy may be performed if the
diagnosis remains uncertain. These modalities are helpful for the diag-
nosis of myocarditis after SARS-CoV-2 infection in children and ado-
lescents (Blondiaux et al., 2020). Vasoactive drugs and invasive
mechanical ventilation are current management. In the setting of
cardiogenic shock and refractory, life-threatening arrhythmias that
persist despite medical therapy, advanced mechanical circulatory sup-
port devices should be considered. Besides, it is mainly supportive with
the potential addition of interventions recommended for severe COVID-
19 disease, such as remdesivir, steroids, and convalescent plasma.

3.3. SARS-CoV-2 and heart failure

Studies found that heart failure was one of the main causes of death
in patients with COVID-19. A wide range of factors can result in HF
including coronary artery disease (CAD), hypertension, cardiomyopa-
thy, atrial fifibrillation, or HF due to obesity. It is possibly related to
renin-angiotensin-system (RAS) and ACE2 receptors (Zhang et al,
2020); besides in patients who are more susceptible to heart failure, such
as obese patients, the systemic inflflammation that results from COVID-
19 infection may further increase the risk for heart failure. RAS is closely
related to the occurrence and development of cardiovascular diseases; it
plays an important role in regulating and maintaining the balance of
blood pressure, water and electrolyte balance, and homeostasis (Min
et al., 2017). ACE2 has high homology to ACE. ACE2 converts extra-
cellular Ang I and Ang II into Ang-(1-7). Both ACE2 and Ang-(1-7)
inhibit cardiomyocyte hypertrophy, inflammatory reactions, and
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oxidative stress caused by Ang II (Mercure et al., 2008). Relevant animal
studies showed that ACE2 and Ang-(1-7) inhibited ventricular remod-
eling (Huentelman et al., 2005; Grobe et al., 2007). Crackower et al.
reported that ACE2 gene knockout mice had elevated levels of Ang II,
decreased levels of Ang-(1-7) expression, and severe heart failure
(Kassiri et al., 2009; Verdecchia et al., 2020). The results of these animal
experiments show that, after knocking out the expression of ACE2 in rat
myocardium, the response of inflammatory factors and oxidative stress
was enhanced, resulting in enhanced myocardial damage. It is specu-
lated that the pathogenic mechanism in patients with COVID-19 may
involve the binding of SARS-CoV-2 virus to ACE2, resulting in decreased
ACE2 expression and increased Ang II expression in plasma and
myocardial tissues. Decreased expression levels of Ang-(1-7), inflam-
matory responses and oxidative stress induce myocardial damage that
turn leads to decreased myocardial contractility and heart failure (Chen
et al.,, 2020). SARS-CoV-2 infection can result in oxidative stress,
fibrosis, diastolic dysfunction, and subsequent systolic heart failure,
mainly due to increased ROS production, low baseline levels of cyto-
protective autocoids, uncoupling of mitochondrial enzymes etc.

3.4. The cardiovascular burden of COVID-19 with a focus on congenital
heart disease

Currently, there are emerging data of the effect of COVID-19 on
patients with congenital heart disease, Adults with congenital heart
disease represent a growing and complex population of patients who
requires protection from SARS CoV-2 and a proactive, tailored treatment
in case of COVID-19 infection. Many patients with CHD are also afflicted
with residual haemodynamic lesions, such as valve dysfunction,
diminished ventricular function, arrhythmias, or cyanosis, have
extracardiac comorbidities, and face additional challenges regarding
pregnancy. Patients with residual pulmonary hypertension, central
cyanosis, and the absence of a sub pulmonary ventricle were considered
at the greatest risk of adverse COVID-19 outcomes. However, many
aspects including risk stratification and treatment considerations,
remain unclear. In another group, many studies on COVID-19 in chil-
dren with congenital heart disease have been reported. Children are
usually less prone to acquiring COVID-19, if infected often exhibit mild
disease ranging from flu-like to no symptoms. However, Children with
CHD, may develop serious COVID-19 related cardiovascular complica-
tion, which are more likely to require ICU admission and artificial res-
piratory support, especially those with cyanotic defects. Additionally,
pediatric COVID-19 patients with complex cardiac comorbid conditions
may likely develop severe and critical, for example depressed myocar-
dial contractility, pulmonary hypertension. Experts should provide
meticulous care to this at-risk population. All current management
strategies for children are extrapolated from what is known about the
effect of COVID-19 on adult patients with cardiovascular disease (Tan
and Aboulhosn, 2020).

3.5. The effect of SARS-CoV-2 on lung and treatment

The clinical manifestations of patients with COVID-19 are primarily
fever and cough. From CT imaging, the lesions in each stage with
different types of lung injuries are characterized by ground glass opac-
ities, consolidation, and mixed density lesions (paving stone-like
changes). Of these, the mixed density lesions at each stage are more
common. Compared with stages II-IV, ground glass opacities in stage I is
more common (50.00%). Compared with stage I, the lesions showed
consolidations more often in stages II-IV, of which the third stage had
the largest proportion (50.00%). Striated lesions appeared more often in
stages II-IV, of which stages III and IV had the largest proportions
(100.00%). No patients had pleural effusions or mediastinal lymph-
adenopathy (Xie et al., 2020; Xiang et al., 2020). Once a patient with
underlying disease is more easier to be infected, the lungs show obvious
signs, and the proportion of cough symptoms increases (Fu et al., 2020a,
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2020b). Patients with underlying diseases are more likely to evolve
critical illness. The proportion of symptoms of chest tightness and
shortness of breath was 32.14%, which is higher than that of the group
without underlying diseases (Wang et al., 2020).The pathophysiology of
SARS-CoV-2 causing lung injury includes its binding to ACE2, resulting
in a series of lung injuries. This also includes cytokine storms. The cy-
tokines involved to “cytokine storms” include interferons, interleukins,
chemokines, and tumor necrosis factors. The virus may activate nuclear
transcription factor, activator protein-1 and activator-2 (Marazuela and
Giustina, 2020). It can cause the recruitment of specific inflammatory
cytokines and neutrophils, and it can also lead to the excessive pro-
duction of chemokines, all of which ultimately lead to respiratory failure
and death.

All patients with COVID-19 should be treated with various antiviral
drugs (such as a-interferon, lopinavir/ritonavir, ribavirin, chloroquine
phosphate, and ridacive) to improve lung function. Simultaneously,
attention should be paid to the adverse reactions of drugs, contraindi-
cations, and interactions with other drugs. There should be treatments
with appropriate combinations of antibacterial drugs (Wu et al., 2006).
For patients with ARDS, more in-depth treatment plans should be
adopted. Many hospitals regard noninvasive positive pressure ventila-
tion (NPPV) as the main treatment for patients with ARDS. Nevertheless,
the effect is not ideal, and some patients die of respiratory failure;
therefore, NPPV should be used with caution. In addition, we must pay
close attention to the patient’s respiratory rate, tidal volume, oxygen
saturation and other indicators (Tuffet et al., 2020; Rocker et al., 1999).
If the patient’s respiratory distress does not improve after NPPV treat-
ment, then regardless of oxygen saturation, noninvasive ventilation
should be terminated and changed to endotracheal intubation. NPPV
should also be monitored in terms of patient tolerance. If the patient
develops anxiety, abdominal distension, difficulty sleeping, or even
consciousness disturbances during the treatment, failure of NPPV should
be considered, and tracheal intubation may be an option (Chawla et al.,
2020). Extracorporeal membrane oxygenation is often used as a rescue
measure to treat critically ill patients and is regarded as a guarantee for
lung-protective ventilation (Lotz et al., 2016).

4. COVID-19 may result in cardiac injury via several
mechanisms

As described above, the cardiac injuries associated with COVID-19
includes a variety of clinical presentations of acute cardiac injury, car-
diomyopathy, and hemodynamic instability etc. Myocardial injury, ar-
rhythmias, cardiac arrests, heart failure, and coagulation abnormality
were reported with COVID-19 in China. We summarized the proposed
mechanisms of cardiovascular injury in COVID-19 are as follows: The
most frequently mentioned mechanism is related to angiotensin-
converting enzyme 2(ACE-2) receptors. It is reported that SARS-CoV-2
has high affinity for ACE2 and infects cells by binding with the ACE2
receptor, the affinity between S protein and ACE2 of SARS-CoV-2 was
10-20 times higher than that of SARS-CoV, suggesting that the virus was
more infectious (Wrapp et al., 2020). The ACE-2 receptors are used for
cellular entry by SARS-CoV-2 are expressed in the lung as well as in
various organs, including the heart and endothelial cells. SARS-CoV-2
has been shown to trigger an exaggerated systemic inflammatory
response that, in addition to acute lung injury and ARDS, may ultimately
lead to multiple cardiovascular complications, including acute
myocardial infarction, unstable angina, tachycardia, heart failure, and
stroke (Zayet et al., 2020). SARS-CoV-2 promoted an aberrant release of
pro-inflammatory cytokines and chemokines by alveolar epithelial cells,
vascular endothelial cells, activated monocytes and lymphocytes, all of
which express ACE2 on their surfaces. Secondly, another mechanism
was related to cytokine storm, which is associated with vascular leakage,
activation of the coagulation cascade, and cardiomyopathy. The cyto-
kine storm and profound inflammation seen in patients with severe
COVID-19 are associated with macrophage and endothelial activation
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and surges in the levels of IL-6, IL-1, IL-8, and TNF-a. The most reliable
hypothetical pathogenetic mechanism for cardiovascular complications
and cardiac injury in severe COVID-19 patients appears to be a sustained
endothelial dysfunction, caused by the interplay of inflammation and
coagulation (Serena et al., 2020).Direct SARS-CoV-2 infection of the
endothelial cells along with diffuse endothelial inflammation has been
reported (Serena et al., 2020).In addition, it is also reported that a hy-
percoagulable state in a cluster of patients with COVID-19 with a high
incidence of venous thromboembolism (VTE) despite the use of pro-
phylactic anticoagulants. Furthermore, SARS-CoV-2 induced lympho-
cyte death through pyroptosis, which could explain why patients
COVID-19 are often lymphopenic, thereby further contributing to
organ injury. We summarized detailedly the most important mecha-
nisms of novel coronavirus-related pathology below.

4.1. Myocardial injury mediated by downregulation of ACE2

ACE2 is expressed in lung, heart, kidney, and the gastrointestinal
tract, localized in cardiomyocytes, cardiac fibroblasts, pericytes,
vascular endothelium, and vascular smooth cells (Zaninotto et al.,
2020). Zou et al. analyzed the distribution of ACE2 in human respira-
tory, cardiovascular, digestive and urinary systems using single cell RNA
sequencing data (Zou et al., 2020). They found that ACE2 was expressed
not only in type II alveolar epithelial cells and lower respiratory tract
epithelial cells, but also in cardiac muscle, vascular endothelium,
esophageal epithelium, renal proximal convoluted tubule, and bladder
epithelial cells. These findings suggest that these organs should be
regarded as high-risk organs for SARS-CoV-2 infection. The cardiovas-
cular system is a potential target organ of cardiovascular SARS-CoV-2
(Oudit and Pfeffer, 2020; Guo et al., 2019). The ACE2-related
signaling pathway may play a key role in myocardial injury. SARS-
CoV-2 can affect the regulation of the renin angiotensin system (RAS)
system by downregulating the expression of ACE2, thereby causing or
aggravating cardiac damage (Ganatra et al., 2020; Oudit et al., 2007).
RAS is one of the most important body fluid regulation systems. It can
regulate blood pressure, water and electrolyte balance, and maintain
homeostasis, playing important roles in the regulation of cardiovascular
activities. Under physiological conditions, the ACE angiotensin II and
ACE2 ang (1-7) axes maintain dynamic balance (Santos et al., 2018,
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2003). However, in COVID-19 patients, expression of ACE2 is down-
regulated, leading to decreased Ang (1-7) levels, thereby weakening
vasodilation and blood pressure reduction, as well as anti-inflammatory,
anti-proliferation, anti-fibrotic, and anti-apoptotic effects in alveolar
epithelial cells. The abnormal increase of AnglI levels aggravates vaso-
constriction, blood pressure, inflammatory reactions, apoptosis and
pathogen proliferation, resulting in de novo heart damage or aggrava-
tion of pre-existing chronic cardiovascular disease (Fig. 1).

As for the treatment plan for this mechanism, the key to prevention
and improvement of cardiac injury is to inhibit the damage of cardiac
myocytes and microenvironment induced by SARS-CoV-2. Viral spindles
bind to ACE2 via their receptor binding domain; therefore, these regions
are considered to be the main targets for prevention of viral entry. As
ACE2 is expressed in many tissues including vascular endothelium and
cardiac tissue, there have been some suggestions that ACE-inhibitors and
angiotensin receptor 1 blockers may have an effect on the course of
COVID-19. Novel vaccines are also hot topics in the control of COVID-
19.

4.2. Cytokine storm

Over-production of inflammatory cytokines and chemokines was
common in COVID-19 patients, when acute heart and lung injury was
diagnosed. Further investigations are required to elucidate the potential
role of the cytokine storm in the pathogenesis of cardiovascular com-
plications following SARS CoV-2 infection and to understand the po-
tential mechanistic relationships between cardiovascular diseases and
COVID-19 outcomes. Cytokine storm is an important cause of
morbidity and mortality, caused by imbalances of T-helper 1 and T-
helper 2 cells that lead to disease progression and myocardial damage,
which were associated with the severity of COVID-19, ranging from mild
to severe and multiple organ failure. In the context of severe infection
caused by SARS-CoV-2 infection, negative and positive feedback regu-
lation of this system is accelerated, and the immune regulation network
becomes unbalanced, resulting in sharp increases in levels of various
cytokines, leading to stronger immune responses. Cytokine storm can
aggravate diffuse damage of pulmonary capillary endothelial cells and
alveolar epithelial cells, resulting in a large amount of lung exudation; it
can also act on vascular endothelial cells, thereby producing platelet

Fig. 1. The role of renin-angiotensin system and
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aggregation factor, prostaglandins, and leukotrienes, damaging the
arterial intima, causing high cardiac output and resulting low micro-
circulatory resistance. The end results are myocardial ischemia, hyp-
oxia, and necrosis (Wu et al., 2020; Panigrahy et al., 2020). Below, we
discuss the role of cytokine storm induced by SARS-CoV-2, the included
cytokines are small proteins synthesized and secreted by immune cells,
including interleukins (IL), interferons (IFN), and tumor necrosis factor
(TNF), all which are widely involved in immune responses and inflam-
matory response regulation. The specific mechanisms and processes are
shown in Fig. 2.

The “cytokine hypothesis” for cardiac damage states that the dele-
terious effects of chronic cytokine release on myocardium and vascular
endothelium may facilitate the onset of acute myocardial infarction or
heart failure. For example, the proinflammatory cytokines interleukin-1
(IL-1), IL-6, and TNFa exert negative inotropic effects on cardiac
contractility. Likewise, the sustained activation of inflammatory
signaling through TNFa and IL-1f may induce massive cardiomyocyte
apoptosis and lead to pathological left ventricular remodeling, which
favors the onset of acute heart failure. Furthermore, cytokine storm
stimulates monocytes/macrophages to release matrix metal-
loproteinases that boost atherosclerotic plaque growth and rupture, fa-
voring the secretion of pro-coagulant factors and inducing
hemodynamic changes, thereby increasing the probability of AMI.
Huang et al. reported that plasma levels of inflammatory mediators,
including IL-1f, IFNy, IP10 (CXCL10), and MCP1 (CCL2), were upre-
gulated in patients with COVID-19. The authors showed that cytokine
levels were remarkably higher in critically ill patients. In particular,
serum levels of granulocyte-colony stimulating factor (G-CSF), IP10,
MCP1, MIP1A (CCL3), and TNFa were higher in patients who were
admitted to the intensive care unit than in those who were not, sug-
gesting that the cytokine storm is a clinical predictor of mortality. Zhu
et al. reported that levels of hyper-sensitive ¢TnT and inflammatory
biomarkers were significantly higher in non-surviving patients with
COVID-19. The high inflammatory burden in severe COVID-19 has been
further confirmed by another independent study, which reported higher
levels of serum ferritin, IL-6 and C-reactive protein in patients who did
not survive, likely because of fulminant myocarditis.
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cytokine storms. It is worth mentioning that chloroquine should not be
used together with moxifloxacin. The combination of macrolides and
fluoroquinolones can prolong QT interval. Cytokine Storm Induced by
SARS-CoV-2 and the Drug Therapy methods are shown in Table 2 (Alvi
et al., 2019; Shi et al., 2013; Yang et al., 2020; Oliviero et al., 2020;
Dashti-Khavidaki and Khalili, 2020; Kong et al., 2020; Yin et al., 2020;
Mangalmurti and Hunter, 2020; Franco et al., 2020; Abbasifard and
Khorramdelazad, 2020; Chousterman et al., 2017; Conti et al., 2020;
Rawson et al., 2020; Jamwal et al., 2020; Kai and Kai, 2020; Braga et al.,
2020; Ma et al., 2019; Wen et al., 2020; Menk et al., 2015; C. China
Association Of Integrative Medicine Emergency Medicine, 2019; Eliezer
and Eloit, 2020; Remy et al., 2020; Kale et al., 2020; Yi et al., 2020).

4.3. Endothelial dysfunction

The underlying cause of respiratory failure and organ dysfunction is
essentially thrombosis, inflammation and endothelial dysfunction in
COVID-19 patients. Disfunction of the endothelium turns into a disas-
trous battlefield of the complex interaction between “cytokine and
coagulative storms” can be irreparably compromised and result in sys-
temic inflammatory complications. The molecular mechanisms of
myocardial injury during COVID-19 infection are usually be summed up
in several aspects:Direct injury through connection to ACE2 receptors
that are expressed in the myocardium; Indirect injury due to the sys-
temic inflammatory response syndrome (SIRS) and the cytokine storm
that the infection provoke; Infection-induced vasculitis attributed either
to contamination of the endothelial cells or to immunological response.

4.4. Oxidative stress

Severe hypoxia from acute respiratory damage caused by the virus
may result in oxidative stress and myocardial injury from increased
myocardial oxygen demand in the presence of severe hypoxia due to
ARDS. Persistent spasm of pulmonary capillaries can cause pulmonary
hypertension, in turn leading to left ventricular ejection dysfunction
(Sengupta and Dutta, 2020). Myocardial cell damage and necrosis may
occur in the context of long-term hypoxia, and the function of the center
of gravity will be damaged. Patients with severe COVID-19 may suffer
from embolism due to long-term bedrest, malnutrition, and abnormal

Fig. 2. The mechanism of cytokine storm caused by
SARS-CoV-2. After human immune cells are infected
with SARS-CoV-2, the immune system releases cyto-
kines such as interferons, interleukins, and chemo-
kines. Excessive cytokines bind to receptors on cell
membranes and activate the JAK signaling pathway.
The JAK signaling pathway activates the downstream
STAT signaling pathway. STAT and phosphorylated

STAT family members are combined with specific
l DNA elements in the nucleus after polymerization,

and cytokine-related genes are activated. Eventually
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Table 2
Cytokine Storm Induced by SARS-CoV-2 and the Drug Therapy.
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Cytokine Storm
Types

Drug Therapy

Mechanism

Reference

IL-1p, IL-1RA,IL-2,
1L-6, IL-7, IL-8,

1) IL-6 receptor antagonists:Trazumab2) IL-1
receptor antagonist:Anakinra3) JAK/STAT

1L-9, IL-10, IL- inhibitors:Fedratinib is a specific JAK2 inhibitor able
18, IL-33 to reduce IL-17 expression, as well as to repress GM-
CSF biological actions.4)Else:Hydroxychloroquine,
azithromycin,Glycyrrhizic acid
TNF o TNF-o antagonist:Enbrel,Adalimumab,Etanercept
IP10(CXCL10) Nrf2 Activator PB125®

GCSF, GM-CSF, Anti-VEGF agents:

PDGF, FGF, Bevacizumab
VEGF
MCP-1(CCL2),, Inhibition of NF-kB activation
MIP1a(CCL3), Glycyrrhizic acid
MIP1p,
IFN-y IFN-y antibody therapy

Others methods In vitro blood purification technology (Seraph® 100

Microbind® Affinity Blood Filter)

Recovered plasma

Trazumab: reducing neutrophil infiltration,
inhibiting the activation of NF - k B and IL-6 pro-
duction, inhibiting complement system, hepatocyte
apoptosis and necrosis.

IL-6 targeted drugs: control CRS without affecting the
efficacy of car-t cells.

Fedratinib:JAK2 inhibitor able to reduce IL-17
expression, as well as to repress GM-CSF biological
actions.

The therapeutic action of hydroxychloroquine can be
potentiated by azithromycin, capable of reducing the
proinflammatory activity of IL-6 and TNF-a.

Reduce the infiltration of inflammatory cells
(macrophages,neutrophils).

The secretion of inflammatory cytokines such as
TNF-q, IL-6, IFN-y and the expression of Toll like
receptors (TLR3, TLR4 and TLR7)

Down regulate and inhibit the cascade proteins of
nuclear factor kappa B (NF-kB, such as MyD88, trif,
NF-k B and p65),

Enhance the host’s control over virus replication
Inhibitor cytokine production,induces antioxidant
and repair genes

Inhibition of vascular leakage

Reducing neutrophil infiltration, inhibiting NF-xB
activation and IL-6 formation; inhibiting hepatocyte
apoptosis and necrosis.

Control cytokine storm.

Seraph® 100: contains ultrahigh molecular weight
polyethylene beads with heparin; approvement for
the reduction of pathogens from the bloodstream.
Virus specific antibodies neutralize the antigen.
Binding to the viral spike protein to either prevent
interaction with ACE-2 receptor or block the

(Alvi et al., 2019) (Franco et al., 2020) (
Abbasifard and Khorramdelazad, 2020) (
Conti et al., 2020) (Braga et al., 2020) (Ma
et al., 2019) (Yi et al., 2020)

(Shi et al., 2013)

(Yang et al., 2020; Oliviero et al., 2020) (
Chousterman et al., 2017)
(Dashti-Khavidaki and Khalili, 2020; Kong
et al., 2020; Yin et al., 2020)

(Conti et al., 2020)

(Remy et al., 2020; Kale et al., 2020)
(Chousterman et al., 2017)

(Rawson et al., 2020; Jamwal et al., 2020;
Kai, 2020)

conformational changes in spike.

Xuebijing injection

Made from the extracts of 5 traditional Chinese
medicine, such as safflower and red peony root.
Regulate HIF-1, PI3K Akt and other signal pathways

(Wen et al., 2019; Menk et al., 2015; C.
China Association Of Integrative Medicine
Emergency Medicine, 2019)

by regulating 70 proteins that can interact with

ACE2.
Glucocorticoid:Corticosteroids

Induce or inhibit the expression of inflammation

(Wen et al., 2019)

related genes; antagonizing excessive inflammatory
reaction, retain as much as possible lung tissue with
ventilation function.

Notes: IL-1p, Interleukin 1-p; IL-1RA, Interleukin-1 receptor antagonist; IL-2, Interleukin-2; IL-6, Interleukin-6; IL-7, Interleukin-7; IL-8, Interleukin-8; IL-9, Interleukin-
9; IL-10, Interleukin-10; IL-18, Interleukin-18; IL-33, Interleukin-33; TNF «, Tumor necrosis factor o; CXCL10, CXCL10 C-X-C motif chemokine 10 or interferon gamma
induced protein 10; GCSF, Granulocyte colony stimulating factor; GM-CSF, PDGF, Platelet derived growth factor; FGF, fibroblast growth factor; VEGF, Vascular
Endothelial growth factor; MCP-1, monocyte chemoattractant protein-1(CCL2); MCP-1, macrophage inflammatory proteins 1.

coagulation function, all of which may have adverse effects on the heart.
In addition to viral infection directly causing myocardial cell damage,
virus-induced systemic inflammatory responses, and immune system
disorders, imbalance of oxygen supply and demand, including hypox-
emia, respiratory failure, shock, hypotension, persistent tachycardia,
severe bradycardia, and anemia, can cause heart damage (Nasi et al.,
2020). Drug-related myocardial injury may also occur.

5. SARS-CoV-2 and cardiovascular involvement

COVID-19 can cause heart damage, including acute heart injury,
chronic cardiovascular system damage, and aggravation of injury caused
by basic cardiovascular disease combined with SARS-CoV-2 infection. In
patients with COVID-19, severe cases can develop complications other
than respiratory syndromes. Reports suggest that 7.2-19.7% of patients
experience acute cardiac damage, up to 40% of patients with cardio-
vascular and cerebrovascular diseases (Sun et al., 2020). Guan et al.
retrospectively analyzed the clinical data of 1009 cases, and found that

14.9% of the patients had hypertension and 2.5% had coronary heart
disease (Shi et al., 2020). A study of 72,314 patients with COVID-19
showed that, in patients with cardiovascular disease, the mortality
rate was as high as 10.5% (Perrotta et al., 2020). Patients with chronic
diseases such as hypertension, coronary heart disease, diabetes, heart
failure, and those with advanced age develop COVID-19 faster and are
often develop severe disease. Among severely affected patients, the
proportions of those with hypertension and coronary heart disease were
high, as were the incidences of arrhythmia, heart failure, intensive care
unit transfer, mechanical ventilation, other adverse events, and death. It
is speculated that this was related to several factors, including inflam-
matory reaction injuries, imbalances between increased oxygen con-
sumption and hypoxic states, and unstable plaque rupture induced by
blood flow change. The mortality risk of patients with myocardial injury
is significantly elevated. We summarize various situations below
(Shown in Table 2).
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5.1. SARS-CoV-2 and adult patients with cardiovascular disease

Some patients with cardiovascular comorbidities (including coro-
nary artery disease, hypertension) often have a poor outcomes of SARS-
CoV-2 infections, and there may be complications such as ARDS (Zhou
et al., 2020). The mortality rate of patients with COVID-19 and car-
diovascular complications was also significantly elevated. Patients with
cardiovascular comorbidities have weak vascular functional reserves.
SARS-CoV-2 infection can aggravate myocardial ischemia and necrosis,
in turn worsening sequelae of myocardial infarction and leading to heart
failure (Lang et al., 2020). The exact mechanisms of heart injury in
patients with COVID-19 remain unclear. Some investigators believe that
myocardial involvement is mediated by angiotensin converting enzyme-
2 (ACE2) (Perrotta et al., 2020). A mouse model showed that lung in-
fections in patients with SARS-CoV-2 infection also caused ACE2-
dependent myocardial infection (Sun et al., 2020). Among SARS-CoV-
2 patients in Toronto, 35% of autopsy results showed the presence of
SARS coronavirus RNA in the heart (Zaninotto et al., 2020). Other
studies showed that SARS-CoV-2-related cardiac involvement was
characterized by cytokine storm mediated by an imbalance in responses
between T helper cell subtypes, as well as hypoxia-induced intracellular
calcium excess, leading to cardiomyocyte apoptosis. It may be that
cardiovascular comorbidities are more common in the elderly, those
with compromised immune systems, and those with elevated ACE2
levels, or that people with cardiovascular comorbidities are more sen-
sitive to SARS-CoV-2 infection (Shafi et al., 2020).

5.2. SARS-CoV-2 and children with cardiovascular disease

Compared with adult patients with COVID-19, children appear to
suffer milder illnesses. Most are moderate or mild, and there are also
asymptomatic patients (Eastin and Eastin, 2020). From the reported
newborns born in perinatal COVID-19 infected women, Symptoms of
abnormal heart rate and pneumothorax (Zunyou and McGogan, 2020).
Children appeared to be particularly vulnerable to other coronaviruses
that may make them at least partially immune to SARS-CoV-2 infection
(Zhu et al., 2020). The mechanisms and causes are unclear. It is specu-
lated that the function of ACE2 protein in adults is stronger than that of
children; therefore, SARS-CoV-2 is more infectious in adults (Ing et al.,
2020). Other studies reported that maternal antibodies can protect in-
fants and young children from microbes immunized by the mother, so
children are completely new to all microbes that have not been immu-
nized by the mother (van der Lubbe et al., 2017). New memory T and B
cell pools can be established in the immune system of infants and young
children, and reinfection of common pathogens can also be controlled.
For these reasons, compared with adults, children’s immune systems are
typically able to respond to new microorganisms. By contrast, these
functions may be weakened in adults and the elderly, and they may even
be ineffective in patients over 70 years old (Carsetti et al., 2020). The
team of Martin Chalumeau of the University of Paris in France analyzed
the clinical features of children’s Kawasaki-like multisystem inflam-
matory syndrome during the covid-19 pandemic in Paris (Toubiana
et al., 2020). It was found that the continuous outbreak of Kawasaki-like
multiple systemic inflammatory syndrome in children in Paris may be
related to SARS-CoV-2. And most children have gastrointestinal symp-
toms and Kawasaki disease shock syndrome, most of which are of Af-
rican descent (Chen et al., 2020).

More and more children novel coronavirus have been diagnosed
recently, and need further attention. Children in Italy and the United
Kingdom suffer from Kawasaki disease, a disease that causes swelling of
blood vessels in the heart and is related to the progression of SARS-CoV-
2. About 20% to 40% of affected people have problems with their blood
vessels or hearts, which can lead to dyspnea and chest pain. SARS-CoV-2
gPCR and serological tests were performed in 10 of 20 children. 15 were
positive, and one patient was negative for both SARS-CoV-2 qPCR and
serology, however, chest CT findings were typical of SARS-CoV-2
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symptoms (Wang et al., 2019). In the end, all children survived, and
left ventricular function was completely restored when the patients were
discharged from the pediatric intensive care unit, and there was no
fever. In children, the US Centers for Disease Control defined severe
COVID-19 disease as multisystem inflammatory syndrome in children
(MIS-C). Children with MIS-C may have acute cardiac decompensation.
Another study found that 20 children admitted to the pediatric intensive
care unit in four academic tertiary care centers in Paris suffered from
fever and symptoms of suspected SARS-CoV-2 infection. Therefore, a
child’s immune response system may have a dual function, namely to
protect and to reduce immune-mediated lung tissue damage (Chen et al.,
2020).

5.3. SARS-CoV-2 and the pregnant patient with cardiovascular disease

A study found that none of the nine pregnant women (all with
caesarean section) who were infected with viruses during the second
trimester passed the virus to their babies. Pregnancy suppresses the
immune system, all babies had health scores higher than the Apgar scale
for newborns (Chen et al., 2020). Pregnancy suppresses the immune
system (so that it does not attack the fetus). Pregnant women are
particularly susceptible to respiratory pathogens and severe pneumonia;
and the cardiovascular system of pregnant women is unbalanced during
pregnancy, in addition, pregnant women’s extra demand for oxygen and
blood at the end of pregnancy increases the pressure on the cardiovas-
cular system (Li et al., 2020). Although pregnant women are more sus-
ceptible to respiratory pathogens than non-pregnant women, none of the
nine women suffered from severe COVID-19. Some of the most severe
symptoms of COVID-19 are due to cytokine storm, which causes immune
cells and the substances they produce to spread throughout the tissue
and aggravate the condition (Carsetti et al., 2020). However, pregnancy
is a state of immunosuppression, possibly explaining why these women
did not become severely ill (Lu et al., 2020). There is no evidence of
vertical transmission in pregnant women during the third trimester. It
was found that most pregnant women admitted to the hospital for SARS-
CoV-2 infection were in the second trimester or the third trimester. Most
patients had a good prognosis, and the transmission of SARS-CoV-2 to
infants was not common. Studies have also found that there is poor
perfusion in the maternal blood vessels, but it is good in the fetus, and
there is no placental vascular disease after pregnancy (Knight et al.,
2020).

6. Summary

At present, the precise mechanisms of myocardial injury caused by
SARS-CoV-2 infection are not completely clear; nevertheless, the clinical
and basic science studies reviewed here suggest that SARS-CoV-2
infection can lead to myocardial injury, and it is closely related to the
disease progression and prognosis. We suggest that we should pay close
attention to cardiovascular related indicators in patients with COVID-
19, including myocardial markers and ECG changes. Lungs may not be
the only target organ of SARS-CoV-2. Cardiovascular system damage
should not be ignored and should be detected and treated as soon as
possible. If acute heart injury occurs during treatment, cardiac protec-
tive drugs can be used as appropriate. Appropriate myocardial protec-
tion treatment may help reduce the mortality associated with COVID-19.

Declaration of Competing Interest

The authors declare that they have no known competing financial
interests or personal relationships that could have appeared to influence
the work reported in this paper.

Acknowledgements

The manuscript was prepared in early May. During the period of



N. Li et al.

submission and revision, new data on SARS-CoV-2 continued to emerge.
The authors regret that they cannot cite those valuable work done af-
terwards. This work was supported by the grants of National Natural
Science Foundation of China (82000365), grants of basic public welfare
projects in Zhejiang province (LGD20H020001), Natural Science
Foundation of Ningbo Municipality (202003N4269, 2019C50069),
Zhejiang Province Medical and Health Project (2017RC026,
2017ZD026, 2020KY273), Ningbo Health Branding Subject Fund
(PPXK2018-01).

References

Abbasifard, M., Khorramdelazad, H., 2020. The bio-mission of interleukin-6 in the
pathogenesis of COVID-19: A brief look at potential therapeutic tactics. Life Sci. 257,
118097.

Alvi, R., Frigault, M., Fradley, M., Jain, M., Mahmood, S., Awadalla, M., Lee, D.,
Zlotoff, D., Zhang, L., Drobni, Z., Hassan, M., Bassily, E., Rhea, I., Ismail-Khan, R.,
Mulligan, C., Banerji, D., Lazaryan, A., Shah, B., Rokicki, A., Raje, N., Chavez, J.,
Abramson, J., Locke, F., Neilan, T., 2019. Cardiovascular events among adults
treated with chimeric antigen receptor T-cells (CAR-T). J. Am. Coll. Cardiol. 74,
3099-3108.

Angeli, F., Spanevello, A., De Ponti, R., Visca, D., Marazzato, J., Palmiotto, G., Feci, D.,
Reboldi, G., Fabbri, L., Verdecchia, P.J.E., 2020. Electrocardiographic features of
patients with COVID-19 pneumonia. European J. Internal Med.

Bhatla, A., Mayer, M., Adusumalli, S., Hyman, M., Oh, E., Tierney, A., Moss, J.,
Chahal, A., Anesi, G., Denduluri, S., Domenico, C., Arkles, J., Abella, B., Bullinga, J.,
Callans, D., Dixit, S., Epstein, A., Frankel, D., Garcia, F., Kumareswaram, R.,
Nazarian, S., Riley, M., Santangeli, P., Schaller, R., Supple, G., Lin, D.,
Marchlinski, F., Deo, R.J., 2020. COVID-19 and cardiac arrhythmias. Heart Rhythm.

Blondiaux, Eléonore, Parisot, Pauline, Redheuil, Alban, Tzaroukian, Lucile, Levy, Yaél,
Sileo, Chiara, Schnuriger, Aurélie, Lorrot, Mathie, Guedj, Romain, Ducou, Hubert, le
Pointe, 2020. Cardiac MRI of children with multisystem inflammatory syndrome
(MIS-C) associated with COVID-19 case series. Radiology, 202288.

Braga, C., Silva-Aguiar, R., Battaglini, D., Peruchetti, D., Robba, C., Pelosi, P., Rocco, P.,
Caruso-Neves, C., Silva, P.J.P.r., 2020, perspectives, The renin-angiotensin-
aldosterone system: Role in pathogenesis and potential therapeutic target in COVID-
19, 8 e00623.

C. China Association Of Integrative Medicine Emergency Medicine, E.C.0.C.J.0.L
Traditional, M.J.Z.w.z.b.j.j.y.x. Western, [Expert opinion on diagnosis and treatment
of coronavirus disease 2019 with traditional Chinese medicine based on “three
syndromes and three methods™], 32 (2020) 641-645.

Carsetti, Rita, Quintarelli, Concetta, Quinti, Isabella, Mortari, Eva Piano,

Zumla, Alimuddin, Ippolito, Giuseppe, Locatelli, Franco, 2020. The immune system
of children: the key to understanding SARS-CoV-2 susceptibility? Lancet Child
Adolesc. Health 4, 414-416.

Chawla, R., Dixit, S., Zirpe, K., Chaudhry, D., Khilnani, G., Mehta, Y., Khatib, K.,
Jagiasi, B., Chanchalani, G., Mishra, R., Samavedam, S., Govil, D., Gupta, S.,
Prayag, S., Ramasubban, S., Dobariya, J., Marwah, V., Sehgal, I., Jog, S., Kulkarni, A.
J., 2020. ISCCM guidelines for the use of non-invasive ventilation in acute
respiratory failure in adult ICUs. Indian J. Crit. Care Med. 24, S61-S81.

Chen, Tao, Di, Wu, Chen, Huilong, Yan, Weiming, Yang, Danlei, Chen, Guang, Ma, Ke,
Dong, Xu, Haijing, Yu, Wang, Hongwu, Wang, Tao, Guo, Wei, Chen, Jia, Ding, Chen,
Zhang, Xiaoping, Huang, Jiaquan, Han, Meifang, Li, Shusheng, Luo, Xiaoping,
Zhao, Jianping, Ning, Qin, 2020. Clinical characteristics of 113 deceased patients
with coronavirus disease 2019: retrospective study. BMJ 368.

Chen, L., Li, X., Chen, M., Feng, Y., Xiong, C.J., 2020, The ACE2 expression in human
heart indicates new potential mechanism of heart injury among patients infected
with SARS-CoV-2, 116 1097-1100.

Chen, Huijun, Guo, Juanjuan, Wang, Chen, Luo, Fan, Xuechen, Yu, Zhang, Wei, Li, Jiafu,
Zhao, Dongchi, Dan, Xu, Gong, Qing, Liao, Jing, Yang, Huixia, Hou, Wei,

Zhang, Yuanzhen, 2020. Clinical characteristics and intrauterine vertical
transmission potential of COVID-19 infection in nine pregnant women: a
retrospective review of medical records. Lancet 395, 809-815.

Chen, C., Zhou, Y., Wang, D., 2020. SARS-CoV-2: a potential novel etiology of fulminant
myocarditis. Herz 45, 230-232.

Chen, N., Zhou, M., Dong, X., Qu, J., Gong, F., Han, Y., Qiu, Y., Wang, J., Liu, Y., Wei, Y.,
Xia, J., Yu, T., Zhang, X., Zhang, L.J., 2020. Epidemiological and clinical
characteristics of 99 cases of 2019 novel coronavirus pneumonia in Wuhan, China: a
descriptive study. Lancet 395, 507-513.

Chousterman, B., Swirski, F., Weber, G.J.S.i.i., 2017, Cytokine storm and sepsis disease
pathogenesis, 39 517-528.

Conti, P., Ronconi, G., Caraffa, A., Gallenga, C., Ross, R., Frydas, 1., Kritas, S.J.J.0.b.r., h.
agents, Induction of pro-inflammatory cytokines (IL-1 and IL-6) and lung
inflammation by Coronavirus-19 (COVI-19 or SARS-CoV-2): anti-inflammatory
strategies, 34 (2020).

Dashti-Khavidaki, S., Khalili, H.J.P., 2020, Considerations for Statin Therapy in Patients
with COVID-19, 40 484-486.

Del Turco, Serena, Vianello, Annamaria, Ragusa, Rosetta, Caselli, Chiara,

Basta, Giuseppina, 2020. COVID-19 and cardiovascular consequences: is the
endothelial dysfunction the hardest challenge? Thromb. Res. 196, 143-151.

Driggin, Elissa, Madhavan, Mahesh V., Bikdeli, Behnood, Chuich, Taylor, Laracy, Justin,

Biondi-Zoccai, Giuseppe, Brown, Tyler S., Der Nigoghossian, Caroline, Zidar, David

10

Stem Cell Research 51 (2021) 102168

A., Haythe, Jennifer, Brodie, Daniel, Beckman, Joshua A., Kirtane, Ajay J.,
Stone, Gregg W., Krumholz, Harlan M., Parikh, Sahil A., 2020. Cardiovascular
considerations for patients, health care workers, and health systems during the
COVID-19 pandemic. J. Am. Coll. Cardiol. 75, 2352-2371.

Eastin, C., Eastin, T., 2020. Epidemiological characteristics of 2143 pediatric patients
with 2019 coronavirus disease in China. J. Emerg. Med. 58, 712-713.

Eliezer, M., Eloit, C., Hautefort, C.J.J.0.-.-h., n. surgery, Olfactory Loss of Function as a
Possible Symptom of COVID-19-Reply, (2020).

Fang, X., Zhao, M., Li, S., Yang, L., Wu, B., 2020. Dynamic changes of CT findings in
pneumonia patients with coronavirus disease 19. Sichuan Da Xue Xue Bao Yi Xue
Ban 51, 422-427.

Franco, R., Rivas-Santisteban, R., Serrano-Marin, J., Rodriguez-Pérez, A., Labandeira-
Garcia, J., Navarro, G.J.J.o.i., 2020, SARS-CoV-2 as a Factor to Disbalance the Renin-
Angiotensin System: A Suspect in the Case of Exacerbated IL-6 Production.

Fu, Leiwen, Wang, Bingyi, Yuan, Tanwei, Chen, Xiaoting, Ao, Yunlong,

Fitzpatrick, Thomas, Li, Peiyang, Zhou, Yiguo, Lin, Yi-fan, Duan, Qibin,

Luo, Ganfeng, Fan, Song, Lu, Yong, Feng, Anping, Zhan, Yuewei, Liang, Bowen,
Cai, Weiping, Zhang, Lin, Du, Xiangjun, Li, Linghua, Shu, Yuelong, Zou, Huachun,
2020. Clinical characteristics of coronavirus disease 2019 (COVID-19) in China: a
systematic review and meta-analysis. J. Infect. 80, 656-665.

Fu, L., Wang, B., Yuan, T., Chen, X., Ao, Y., Fitzpatrick, T., Li, P., Zhou, Y., Lin, Y.,
Duan, Q., Luo, G., Fan, S., Lu, Y., Feng, A, Zhan, Y., Liang, B., Cai, W., Zhang, L.,
Du, X., Li, L., Shu, Y., Zou, H.J., 2020. Clinical characteristics of coronavirus disease
2019 (COVID-19) in China: a systematic review and meta-analysis. J. Infect. 80,
656-665.

Ganatra, S., Hammond, S., Nohria, A.J.J.C., 2020, The Novel Coronavirus Disease
(COVID-19) Threat for Patients with Cardiovascular Disease and Cancer.

Grobe, Justin L., Mecca, Adam P., Lingis, Melissa, Shenoy, Vinayak, Bolton, Tonya A.,
Machado, Juline M., Speth, Robert C., Raizada, Mohan K., Katovich, Michael J..
2007, Prevention of angiotensin II-induced cardiac remodeling by angiotensin-(1-7),
292 H736-742.

Guo, J., Huang, Z., Lin, L., J.J.J.0.t.A.H.A. Lv, Coronavirus Disease 2019 (COVID-19) and
Cardiovascular Disease: A Viewpoint on the Potential Influence of Angiotensin-
Converting Enzyme Inhibitors/Angiotensin Receptor Blockers on Onset and Severity
of Severe Acute Respiratory Syndrome Coronavirus 2 Infection, 9 (2020) €016219.

Guo, Tao, Fan, Yongzhen, Chen, Ming, Xiaoyan, Wu, Zhang, Lin, He, Tao,

Wang, Hairong, Wan, Jing, Wang, Xinghuan, Zhibing, Lu, 2020. Cardiovascular
Implications of Fatal Outcomes of Patients With Coronavirus Disease 2019 (COVID-
19). JAMA Cardiol.

Hirotsu, Yosuke, Mochizuki, Hitoshi, Omata, Masao, 2020. Double-quencher probes
improve detection sensitivity toward Severe Acute Respiratory Syndrome
Coronavirus 2 (SARS-CoV-2) in a reverse-transcription polymerase chain reaction
(RT-PCR) assay. J. Virol. Methods 284.

Hu, Yong, Sun, Jiazhong, Dai, Zhe, Deng, Haohua, Li, Xin, Huang, Qi, Wu, Yuwen,
Sun, Li, Xu, Yancheng, 2020. Prevalence and severity of corona virus disease 2019
(COVID-19): a systematic review and meta-analysis. J. Clin. Virol. 127, 104371.

Huang, C., Wang, Y., Li, X., Ren, L., Zhao, J., Hu, Y., Zhang, L., Fan, G., Xu, J., Gu, X.,
Cheng, Z., Yu, T., Xia, J., Wei, Y., Wu, W, Xie, X., Yin, W., Li, H,, Liu, M., Xiao, Y.,
Gao, H., Guo, L., Xie, J., Wang, G., Jiang, R., Gao, Z., Jin, Q., Wang, J., Cao, B.J.L.,
2020, Clinical features of patients infected with 2019 novel coronavirus in Wuhan,
China, 395 497-506.

Huentelman, Matthew J., Grobe, Justin L., Vazquez, Jorge, Stewart, Jillian M.,

Mecca, Adam P., Katovich, Michael J., Ferrario, Carlos M., Raizada, Mohan K., 2005.
Protection from angiotensin II-induced cardiac hypertrophy and fibrosis by systemic
lentiviral delivery of ACE2 in rats. Exp. Physiol. 90, 783-790.

Ing, Richard J., Chatterjee, Debnath, Twite, Mark D., 2020. Resuscitating Children with
COVID-19: what the pediatric anesthesiologist needs to know. J. Cardiothorac. Vasc.
Anesth.

Jamwal, S., Gautam, A., Elsworth, J., Kumar, M., Chawla, R., Kumar, P.J.L.s., 2020, An
updated insight into the molecular pathogenesis, secondary complications and
potential therapeutics of COVID-19 pandemic, 257 118105.

Jeremic, 1., Vujasinovic-Stupar, N., Terzic, T., Damjanov, N., Nikolic, M., Bonaci-
Nikolic, B.J., 2015. Fatal sulfasalazine-induced eosinophilic myocarditis in a patient
with periodic fever syndrome. Med. Princ. Pract. 24, 195-197.

Jin, X., Lian, J., Hu, J., Gao, J., Zheng, L., Zhang, Y., Hao, S., Jia, H., Cai, H., Zhang, X.,
Yu, G., Xu, K., Wang, X., Gu, J., Zhang, S., Ye, C., Jin, C., Lu, Y., Yu, X,, Yu, X.,
Huang, J., Xu, K., Ni, Q., Yu, C., Zhu, B., Li, Y., Liu, J., Zhao, H., Zhang, X., Yu, L.,
Guo, Y., Su, J., Tao, J., Lang, G., Wu, X., Wu, W., Qv, T., Xiang, D., Yi, P., Shi, D.,
Chen, Y., Ren, Y., Qiu, Y., Li, L., Sheng, J., Yang, Y.J., 2020. Epidemiological, clinical
and virological characteristics of 74 cases of coronavirus-infected disease 2019
(COVID-19) with gastrointestinal symptoms. Gut 69, 1002-1009.

Kai, H., Kai, M., 2020, Interactions of coronaviruses with ACE2, angiotensin II, and RAS
inhibitors-lessons from available evidence and insights into COVID-19, 43 648-654.

Kale, S.D., Mehrkens, B.N., Stegman, M.M., Kastelberg, B., Carnes, H., McNeill, R.J.,
Rizzo, A., Karyala, S.V., Coutermarsh-Ott, S., Fretz, J.A., Sun, Y., Koff, J.L.,
Rajagopalan, G., 2020. “Small” intestinal immunopathology plays a “Big” Role in
lethal cytokine release syndrome, and its modulation by interferon-gamma, IL-17A,
and a Janus Kinase Inhibitor. Front. Immunol. 11, 1311.

Kassiri, Zamaneh, Zhong, Jiuchang, Guo, Danny, Basu, Ratnadeep, Wang, Xiuhua,

Liu, Peter P., Scholey, James W., Penninger, Josef M., Oudit, Gavin Y., 2009. Loss of
angiotensin-converting enzyme 2 accelerates maladaptive left ventricular
remodeling in response to myocardial infarction. Circ. Heart Fail. 2 (5), 446-455.

Knight, M., Bunch, K., Vousden, N., Morris, E., Simpson, N., Gale, C., O’Brien, P.,
Quigley, M., Brocklehurst, P., Kurinczuk, J., 2020. Characteristics and outcomes of
pregnant women admitted to hospital with confirmed SARS-CoV-2 infection in UK:
national population based cohort study. BMJ 369, m2107.


http://refhub.elsevier.com/S1873-5061(21)00014-3/h0005
http://refhub.elsevier.com/S1873-5061(21)00014-3/h0005
http://refhub.elsevier.com/S1873-5061(21)00014-3/h0005
http://refhub.elsevier.com/S1873-5061(21)00014-3/h0010
http://refhub.elsevier.com/S1873-5061(21)00014-3/h0010
http://refhub.elsevier.com/S1873-5061(21)00014-3/h0010
http://refhub.elsevier.com/S1873-5061(21)00014-3/h0010
http://refhub.elsevier.com/S1873-5061(21)00014-3/h0010
http://refhub.elsevier.com/S1873-5061(21)00014-3/h0010
http://refhub.elsevier.com/S1873-5061(21)00014-3/h0015
http://refhub.elsevier.com/S1873-5061(21)00014-3/h0015
http://refhub.elsevier.com/S1873-5061(21)00014-3/h0015
http://refhub.elsevier.com/S1873-5061(21)00014-3/h0020
http://refhub.elsevier.com/S1873-5061(21)00014-3/h0020
http://refhub.elsevier.com/S1873-5061(21)00014-3/h0020
http://refhub.elsevier.com/S1873-5061(21)00014-3/h0020
http://refhub.elsevier.com/S1873-5061(21)00014-3/h0020
http://refhub.elsevier.com/S1873-5061(21)00014-3/h0025
http://refhub.elsevier.com/S1873-5061(21)00014-3/h0025
http://refhub.elsevier.com/S1873-5061(21)00014-3/h0025
http://refhub.elsevier.com/S1873-5061(21)00014-3/h0025
http://refhub.elsevier.com/S1873-5061(21)00014-3/h0040
http://refhub.elsevier.com/S1873-5061(21)00014-3/h0040
http://refhub.elsevier.com/S1873-5061(21)00014-3/h0040
http://refhub.elsevier.com/S1873-5061(21)00014-3/h0040
http://refhub.elsevier.com/S1873-5061(21)00014-3/h0045
http://refhub.elsevier.com/S1873-5061(21)00014-3/h0045
http://refhub.elsevier.com/S1873-5061(21)00014-3/h0045
http://refhub.elsevier.com/S1873-5061(21)00014-3/h0045
http://refhub.elsevier.com/S1873-5061(21)00014-3/h0045
http://refhub.elsevier.com/S1873-5061(21)00014-3/h0050
http://refhub.elsevier.com/S1873-5061(21)00014-3/h0050
http://refhub.elsevier.com/S1873-5061(21)00014-3/h0050
http://refhub.elsevier.com/S1873-5061(21)00014-3/h0050
http://refhub.elsevier.com/S1873-5061(21)00014-3/h0050
http://refhub.elsevier.com/S1873-5061(21)00014-3/h0060
http://refhub.elsevier.com/S1873-5061(21)00014-3/h0060
http://refhub.elsevier.com/S1873-5061(21)00014-3/h0060
http://refhub.elsevier.com/S1873-5061(21)00014-3/h0060
http://refhub.elsevier.com/S1873-5061(21)00014-3/h0060
http://refhub.elsevier.com/S1873-5061(21)00014-3/h0065
http://refhub.elsevier.com/S1873-5061(21)00014-3/h0065
http://refhub.elsevier.com/S1873-5061(21)00014-3/h0070
http://refhub.elsevier.com/S1873-5061(21)00014-3/h0070
http://refhub.elsevier.com/S1873-5061(21)00014-3/h0070
http://refhub.elsevier.com/S1873-5061(21)00014-3/h0070
http://refhub.elsevier.com/S1873-5061(21)00014-3/h0090
http://refhub.elsevier.com/S1873-5061(21)00014-3/h0090
http://refhub.elsevier.com/S1873-5061(21)00014-3/h0090
http://refhub.elsevier.com/S1873-5061(21)00014-3/h0095
http://refhub.elsevier.com/S1873-5061(21)00014-3/h0095
http://refhub.elsevier.com/S1873-5061(21)00014-3/h0095
http://refhub.elsevier.com/S1873-5061(21)00014-3/h0095
http://refhub.elsevier.com/S1873-5061(21)00014-3/h0095
http://refhub.elsevier.com/S1873-5061(21)00014-3/h0095
http://refhub.elsevier.com/S1873-5061(21)00014-3/h0100
http://refhub.elsevier.com/S1873-5061(21)00014-3/h0100
http://refhub.elsevier.com/S1873-5061(21)00014-3/h0110
http://refhub.elsevier.com/S1873-5061(21)00014-3/h0110
http://refhub.elsevier.com/S1873-5061(21)00014-3/h0110
http://refhub.elsevier.com/S1873-5061(21)00014-3/h0120
http://refhub.elsevier.com/S1873-5061(21)00014-3/h0120
http://refhub.elsevier.com/S1873-5061(21)00014-3/h0120
http://refhub.elsevier.com/S1873-5061(21)00014-3/h0120
http://refhub.elsevier.com/S1873-5061(21)00014-3/h0120
http://refhub.elsevier.com/S1873-5061(21)00014-3/h0120
http://refhub.elsevier.com/S1873-5061(21)00014-3/h0125
http://refhub.elsevier.com/S1873-5061(21)00014-3/h0125
http://refhub.elsevier.com/S1873-5061(21)00014-3/h0125
http://refhub.elsevier.com/S1873-5061(21)00014-3/h0125
http://refhub.elsevier.com/S1873-5061(21)00014-3/h0125
http://refhub.elsevier.com/S1873-5061(21)00014-3/h0150
http://refhub.elsevier.com/S1873-5061(21)00014-3/h0150
http://refhub.elsevier.com/S1873-5061(21)00014-3/h0150
http://refhub.elsevier.com/S1873-5061(21)00014-3/h0150
http://refhub.elsevier.com/S1873-5061(21)00014-3/h0155
http://refhub.elsevier.com/S1873-5061(21)00014-3/h0155
http://refhub.elsevier.com/S1873-5061(21)00014-3/h0155
http://refhub.elsevier.com/S1873-5061(21)00014-3/h0155
http://refhub.elsevier.com/S1873-5061(21)00014-3/h0160
http://refhub.elsevier.com/S1873-5061(21)00014-3/h0160
http://refhub.elsevier.com/S1873-5061(21)00014-3/h0160
http://refhub.elsevier.com/S1873-5061(21)00014-3/h0170
http://refhub.elsevier.com/S1873-5061(21)00014-3/h0170
http://refhub.elsevier.com/S1873-5061(21)00014-3/h0170
http://refhub.elsevier.com/S1873-5061(21)00014-3/h0170
http://refhub.elsevier.com/S1873-5061(21)00014-3/h0175
http://refhub.elsevier.com/S1873-5061(21)00014-3/h0175
http://refhub.elsevier.com/S1873-5061(21)00014-3/h0175
http://refhub.elsevier.com/S1873-5061(21)00014-3/h0185
http://refhub.elsevier.com/S1873-5061(21)00014-3/h0185
http://refhub.elsevier.com/S1873-5061(21)00014-3/h0185
http://refhub.elsevier.com/S1873-5061(21)00014-3/h0190
http://refhub.elsevier.com/S1873-5061(21)00014-3/h0190
http://refhub.elsevier.com/S1873-5061(21)00014-3/h0190
http://refhub.elsevier.com/S1873-5061(21)00014-3/h0190
http://refhub.elsevier.com/S1873-5061(21)00014-3/h0190
http://refhub.elsevier.com/S1873-5061(21)00014-3/h0190
http://refhub.elsevier.com/S1873-5061(21)00014-3/h0190
http://refhub.elsevier.com/S1873-5061(21)00014-3/h0200
http://refhub.elsevier.com/S1873-5061(21)00014-3/h0200
http://refhub.elsevier.com/S1873-5061(21)00014-3/h0200
http://refhub.elsevier.com/S1873-5061(21)00014-3/h0200
http://refhub.elsevier.com/S1873-5061(21)00014-3/h0200
http://refhub.elsevier.com/S1873-5061(21)00014-3/h0205
http://refhub.elsevier.com/S1873-5061(21)00014-3/h0205
http://refhub.elsevier.com/S1873-5061(21)00014-3/h0205
http://refhub.elsevier.com/S1873-5061(21)00014-3/h0205
http://refhub.elsevier.com/S1873-5061(21)00014-3/h0210
http://refhub.elsevier.com/S1873-5061(21)00014-3/h0210
http://refhub.elsevier.com/S1873-5061(21)00014-3/h0210
http://refhub.elsevier.com/S1873-5061(21)00014-3/h0210

N. Liet al.

Kong, Y., Han, J., Wu, X., Zeng, H., Liu, J., Zhang, H.J.C.c., 2020, VEGF-D: a novel
biomarker for detection of COVID-19 progression, 24 373.

Kourilov, V., Steinitz, M., 2002. Magnetic-bead enzyme-linked immunosorbent assay
verifies adsorption of ligand and epitope accessibility. Anal. Biochem. 311, 166-170.

Lake, M.J., 2020. What we know so far: COVID-19 current clinical knowledge and
research. Clin. Med. 20, 124-127.

Lang, Joshua P., Wang, Xiaowen, Moura, Filipe A., Siddiqi, Hasan K., Morrow, David A.,
Bohula, Erin A., 2020. A current review of COVID-19 for the cardiovascular
specialist. Am. Heart J. 226, 29-44.

Li, Qun, Guan, Xuhua, Peng, Wu, Wang, Xiaoye, Zhou, Lei, Tong, Yeqing, Ren, Ruiqi,
Leung, Kathy S.M., Lau, Eric H.Y., Wong, Jessica Y., Xing, Xuesen, Xiang, Nijuan,
Yang, Wu, Li, Chao, Chen, Qi, Li, Dan, Liu, Tian, Zhao, Jing, Liu, Man, Wenxiao, Tu,
Chen, Chuding, Jin, Lianmei, Yang, Rui, Wang, Qi, Zhou, Suhua, Wang, Rui,
Liu, Hui, Luo, Yinbo, Liu, Yuan, Shao, Ge, Li, Huan, Tao, Zhongfa, Yang, Yang,
Deng, Zhiqiang, Liu, Boxi, Ma, Zhitao, Zhang, Yanping, Shi, Guoqing, Lam, Tommy
T.Y., Wu, Joseph T., Gao, George F., Cowling, Benjamin J., Yang, Bo, Leung, Gabriel
M., Feng, Zijian, 2020. Early transmission dynamics in Wuhan, China, of novel
coronavirus-infected pneumonia. N. Engl. J. Med. 382, 1199-1207.

Liu, Kui, Fang, Yuan-Yuan, Deng, Yan, Liu, Wei, Wang, Mei-Fang, Ma, Jing-Ping,
Xiao, Wei, Wang, Ying-Nan, Zhong, Min-Hua, Li, Cheng-Hong, Li, Guang-Cai,
Liu, Hui-Guo, 2020. Clinical characteristics of novel coronavirus cases in tertiary
hospitals in Hubei Province. Chin. Med. J. (Engl). 133, 1025-1031.

Lotz, C., Roewer, N., Muellenbach, R.J.A., 2016, Intensivmedizin, Notfallmedizin,
Schmerztherapie: AINS, [Respiratory and extracorporeal lung support], 51 574-581.

Ly, R., Zhao, X., Li, J., Niu, P., Yang, B., Wu, H., Wang, W., et al., 2020. Genomic
characterisation and epidemiology of 2019 novel coronavirus: implications for virus
origins and receptor binding. Lancet 395, 565-574.

Ma, Q., Qiu, M., Zhou, H., Chen, J., Yang, X., Deng, Z., Chen, L., Zhou, J., Liao, Y., Chen,
Q., Zheng, Q., Cai, L., Shen, L., Yang, Z.J.P.r., 2020, The study on the treatment of
Xuebijing injection (XBJ) in adults with severe or critical Corona Virus Disease 2019
and the inhibitory effect of XBJ against SARS-CoV-2, 160 105073.

Mangalmurti, N., Hunter, C.J.I., 2020. Cytokine Storms: Understanding COVID-19 53,
19-25.

Marazuela, M., Giustina, A., Puig-Domingo, M.J.R.i.e., 2020, m. disorders, Endocrine and
metabolic aspects of the COVID-19 pandemic.

Menk, M., Graw, J., von Haefen, C., Sifringer, M., Schwaiberger, D., Unger, T.,
Steckelings, U., Spies, C., 2015. Stimulation of the angiotensin II AT2 receptor is
anti-inflammatory in human lipopolysaccharide-activated monocytic cells.
Inflammation 38, 1690-1699.

Mercure, Chantal, Yogi, Alvaro, Callera, Glaucia E., Aranha, Anna B., Bader, Michael,
Ferreira, Anderson J., Santos, Robson A.S., Walther, Thomas, Touyz, Rhian M.,
Reudelhuber, Timothy L., 2008. Angiotensin(1-7) blunts hypertensive cardiac
remodeling by a direct effect on the heart. Circ. Res. 103, 1319-1326.

Min, Se Hee, Kong, Sung Hye, Lee, Jie-Eun, Lee, Dong-Hwa, Tae Jung, Oh, Kim, Kyoung
Min, Park, Kyong Soo, Jang, Hak Chul, Lim, Soo, 2017. Association of angiotensin-II
levels with albuminuria in subjects with normal glucose metabolism, prediabetes,
and type 2 diabetes mellitus. J. Diabetes Complications 31, 1499-1505.

Nasi, A., McArdle, S., Gaudernack, G., Westman, G., Melief, C., Rockberg, J., Arens, R.,
Kouretas, D., Sjolin, J., Mangsbo, S., 2020. Reactive oxygen species as an initiator of
toxic innate immune responses in retort to SARS-CoV-2 in an ageing population,
consider N-acetylcysteine as early therapeutic intervention. Toxicol. Reports 7,
768-771.

Oliviero, A., de Castro, F., Coperchini, F., Chiovato, L., Rotondi, M.J.T.N.a.r.j.b.n.,
neurology, psychiatry, COVID-19 Pulmonary and Olfactory Dysfunctions: Is the
Chemokine CXCL10 the Common Denominator?, (2020) 1073858420939033.

Oudit, G., Pfeffer, M.J., 2020, Plasma angiotensin-converting enzyme 2: novel biomarker
in heart failure with implications for COVID-19, 41 1818-1820.

Oudit, G., Kassiri, Z., Patel, M., Chappell, M., Butany, J., Backx, P., Tsushima, R.,
Scholey, J., Khokha, R., Penninger, J.J.C.r., 2007, Angiotensin II-mediated oxidative
stress and inflammation mediate the age-dependent cardiomyopathy in ACE2 null
mice, 75 29-39.

Pan, Y., Guan, H., Zhou, S., Wang, Y., Li, Q., Zhu, T., Hu, Q., Xia, L.J., 2020. Initial CT
findings and temporal changes in patients with the novel coronavirus pneumonia
(2019-nCoV): a study of 63 patients in Wuhan, China. Eur. Radiol. 30, 3306-3309.

Panigrahy, D., Gilligan, M., Huang, S., Gartung, A., Cortés-Puch, I., Sime, P., Phipps, R.,
Serhan, C., Hammock, B.J.C.m.r.. 2020, Inflammation resolution: a dual-pronged
approach to averting cytokine storms in COVID-19?, 39 337-340.

Patel, K., Vunnam, S., Patel, P., Krill, K., Korbitz, P., Gallagher, J., Suh, J., Vunnam, R.R.,
2020. Transmission of SARS-CoV-2: an update of current literature. Eur. J. Clin.
Microbiol. Infect. Dis.

Perng, C., Jian, M., Chang, C., Lin, J., Yeh, K., Chen, C., Chiu, S., Chung, H., Wang, Y.,
Liao, S., Li, S., Hsieh, S., Tsai, S., Chang, F., Shang, H.J., 2020. Novel rapid
identification of Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV-2) by
real-time RT-PCR using BD Max Open System in Taiwan. PeerJ. 8 e9318.

Perrotta, F., Matera, M., Cazzola, M., Bianco, A.J.R.m., 2020, Severe respiratory SARS-
CoV2 infection: Does ACE2 receptor matter? 168 105996.

Perrotta, Fabio, Matera, Maria Gabriella, Cazzola, Mario, Bianco, Andrea, 2020. Severe
respiratory SARS-CoV2 infection: Does ACE2 receptor matter? Respir. Med. 168,
105996.

Rawson, T., Ming, D., Ahmad, R., Moore, L., Holmes, A., Antimicrobial use, drug-
resistant infections and COVID-19, J.N.r.M 18 409-410.

Remy, K.E., Mazer, M., Striker, D.A., Ellebedy, A.H., Walton, A.H., Unsinger, J., Blood, T.
M., Mudd, P.A., Yi, D.J., Mannion, D.A., Osborne, D.F., Martin, R.S., Anand, N.J.,
Bosanquet, J.P., Blood, J., Drewry, A.M., Caldwell, C.C., Turnbull, L.R.,
Brakenridge, S.C., Moldawer, L.L., Hotchkiss, R.S., 2020. Severe immunosuppression
and not a cytokine storm characterize COVID-19 infections. JCI Insight.

11

Stem Cell Research 51 (2021) 102168

Rocker, G., Mackenzie, M., Williams, B., Logan, P.J.C., 1999, Noninvasive positive
pressure ventilation: successful outcome in patients with acute lung injury/ARDS,
115 173-177.

Santos, R.A., Simoes e Silva, A.C., Maric, C., Silva, D.M., Machado, R.P., de Buhr, L.,
Heringer-Walther, S., Pinheiro, S.V., Lopes, M.T., Bader, M., Mendes, E.P., Lemos, V.
S., Campagnole-Santos, M.J., Schultheiss, H.P., Speth, R., Walther, T., 2003,
Angiotensin-(1-7) is an endogenous ligand for the G protein-coupled receptor Mas,
Proceedings of the National Academy of Sciences of the United States of America,
100 8258-8263.

Santos, R., Sampaio, W., Alzamora, A., Motta-Santos, D., Alenina, N., Bader, M.,
Campagnole-Santos, M.J.P.r., 2018, The ACE2/Angiotensin-(1-7)/MAS Axis of the
Renin-Angiotensin System: Focus on Angiotensin-(1-7), 98 505-553.

Sengupta, P., Dutta, S., 2020. Contracept Reprod Health Care, Does SARS-CoV-2
infection cause sperm DNA fragmentation? Possible link with oxidative stress. Eur. J.
25 (5), 405-406.

Serena, Del Turco, Annamaria, Vianello, Rosetta, Ragusa, et al., 2020. COVID-19 and
cardisssovascular consequences: is the endothelial dysfunction the hardest
challenge? Thromb. Res. 196, 143-151.

Shafi, Ahmed M.A., Shaikh, Safwan A., Shirke, Manasi M., Iddawela, Sashini,

Harky, Amer, 2020. Cardiac manifestations in COVID-19 patients-A systematic
review. J. Card Surg.

Shamshirian, A., Heydari, K., Alizadeh-Navaei, R., Moosazadeh, M., Abrotan, S.,
Hessami, A., 2020. Cardiovascular Diseases and COVID-19 mortality and intensive
care unit admission: a systematic review and meta-analysis. medRxiv.

Shi, S., Qin, M., Shen, B., Cai, Y., Liu, T., Yang, F., Gong, W., Liu, X., Liang, J., Zhao, Q.,
Huang, H., Yang, B., Huang, C.J.J.c., 2020, Association of Cardiac Injury With
Mortality in Hospitalized Patients With COVID-19 in Wuhan, China.

Shi, Shaobo, Qin, Mu, Shen, Bo, Cai, Yuli, Liu, Tao, Yang, Fan, Wei Gong, Xu, Liu, Jinjun
Liang, Zhao, Qinyan, Huang, He, Yang, Bo, Huang, Congxin, 2020. Association of
cardiac injury with mortality in hospitalized patients with COVID-19 in Wuhan,
China. JAMA Cardiol.

Shi, Xunlong, Zhou, Wei, Huang, Hai, Zhu, Hongguang, Zhou, Pei, Zhu, Haiyan,

Ju, Dianwen, 2013. Inhibition of the inflammatory cytokine tumor necrosis factor-
alpha with etanercept provides protection against lethal HIN1 influenza infection in
mice. Crit. Care 17 (6), R301. https://doi.org/10.1186/cc13171.

Su, Hua, Yang, Ming, Wan, Cheng, Yi, Li-Xia, Tang, Fang, Zhu, Hong-Yan, Yi, Fan,
Yang, Hai-Chun, Fogo, Agnes B., Nie, Xiu, Zhang, Chun, 2020. Renal
histopathological analysis of 26 postmortem findings of patients with COVID-19 in
China. Kidney Int. 98 (1), 219-227.

Sun, S., Chen, Q., Gu, H., Yang, G., Wang, Y., Huang, X., Liu, S., Zhang, N., Li, X.,
Xiong, R., Guo, Y., Deng, Y., Huang, W., Liu, Q., Liu, Q., Shen, Y., Zhou, Y., Yang, X.,
Zhao, T., Fan, C., Zhou, Y., Qin, C., Wang, Y.J., 2020. A mouse model of SARS-CoV-2
infection and pathogenesis. Cell Host & Microbe 28, 124-133.

Sun, Shi-Hui, Chen, Qi, Hong-Jing, Gu, Yang, Guan, Wang, Yan-Xiao, Xing-Yao
Huang, Su-Su, Liu, Na-Na Zhang, Li, Xiao-Feng, Xiong, Rui, Guo, Yan, Deng, Yong-
Qiang, Huang, Wei-Jin, Liu, Quan, Liu, Quan-Ming, Shen, Yue-Lei, Zhou, Yong,
Yang, Xiao, Zhao, Tong-Yan, Fan, Chang-Fa, Zhou, Yu-Sen, Qin, Cheng-Feng,
Wang, You-Chun, 2020. A mouse model of SARS-CoV-2 infection and pathogenesis.
Cell Host & Microbe 28, 124-133.

Tan, W., Aboulhosn, J.J., 2020, The cardiovascular burden of coronavirus disease 2019
(COVID-19) with a focus on congenital heart disease, 309 70-77.

Toubiana, J., Poirault, C., Corsia, A., Bajolle, F., Fourgeaud, J., Angoulvant, F.,
Debray, A., Basmaci, R., Salvador, E., Biscardi, S., Frange, P., Chalumeau, M.,
Casanova, J., Cohen, J., Allali, S., 2020. Kawasaki-like multisystem inflammatory
syndrome in children during the covid-19 pandemic in Paris, France: prospective
observational study. BMJ 369, m2094.

Tuffet, S., Mekontso Dessap, A., Carteaux, G.J.A., 2020, c.c. medicine, de
novoNoninvasive Ventilation for Respiratory Failure: Impact of Ventilator Settings
Adjustments.

van der Lubbe, Joan E.M., Vreugdenhil, Jessica, Damman, Sarra, Vaneman, Joost,
Klap, Jaco, Goudsmit, Jaap, Radosevi¢, Katarina, Roozendaal, Ramon, 2017.
Maternal antibodies protect offspring from severe influenza infection and do not lead
to detectable interference with subsequent offspring immunization. Virol. J. 14, 123.

Verdecchia, Paolo, Cavallini, Claudio, Spanevello, Antonio, Angeli, Fabio, 2020. The
pivotal link between ACE2 deficiency and SARS-CoV-2 infection. Eur. J. Intern. Med.
76, 14-20.

Vivanti, A., Vauloup-Fellous, C., Prevot, S., Zupan, V., Suffee, C., Do Cao, J., Benachi, A.,
De Luca, D.J., 2020. Transplacental transmission of SARS-CoV-2 infection. Nature
Commun. 11, 3572.

Wang, Dawei, Bo, Hu, Chang, Hu, Zhu, Fangfang, Liu, Xing, Zhang, Jing, Wang, Binbin,
Xiang, Hui, Cheng, Zhenshun, Xiong, Yong, Zhao, Yan, Li, Yirong, Wang, Xinghuan,
Peng, Zhiyong, 2020. Clinical Characteristics of 138 Hospitalized Patients With 2019
Novel Coronavirus-Infected Pneumonia in Wuhan, China. JAMA.

Wang, D., Hu, B., Hu, C., Zhu, F., Liu, X., Zhang, J., Wang, B., Xiang, H., Cheng, Z.,
Xiong, Y., Zhao, Y., Li, Y., Wang, X., Peng, Z.J.J., 2020. Clinical Characteristics of
138 Hospitalized Patients With 2019 Novel Coronavirus-Infected Pneumonia in
Wuhan, China. JAMA.

Wang, Daowen, Li, Sheng, Jiang, Jiangang, Yan, Jiangtao, Zhao, Chunxia, Wang, Yan,
Ma, Yexin, Zeng, Hesong, Guo, Xiaomei, Wang, Hong, Tang, Jiarong, Zuo, Houjuan,
Lin, Li, Cui, Guanglin, 2019. Chinese society of cardiology expert consensus
statement on the diagnosis and treatment of adult fulminant myocarditis. Sci. China
Life Sci. 62, 187-202.

Wen, L., Zhou, Z., Jiang, D., Huang, K., 2020. Effect of Xuebijing injection on
inflammatory markers and disease outcome of coronavirus disease 2019. Zhonghua
Wei Zhong Bing Ji Jiu Yi Xue 32 (2020), 426-429.


http://refhub.elsevier.com/S1873-5061(21)00014-3/h0220
http://refhub.elsevier.com/S1873-5061(21)00014-3/h0220
http://refhub.elsevier.com/S1873-5061(21)00014-3/h0225
http://refhub.elsevier.com/S1873-5061(21)00014-3/h0225
http://refhub.elsevier.com/S1873-5061(21)00014-3/h0230
http://refhub.elsevier.com/S1873-5061(21)00014-3/h0230
http://refhub.elsevier.com/S1873-5061(21)00014-3/h0230
http://refhub.elsevier.com/S1873-5061(21)00014-3/h0235
http://refhub.elsevier.com/S1873-5061(21)00014-3/h0235
http://refhub.elsevier.com/S1873-5061(21)00014-3/h0235
http://refhub.elsevier.com/S1873-5061(21)00014-3/h0235
http://refhub.elsevier.com/S1873-5061(21)00014-3/h0235
http://refhub.elsevier.com/S1873-5061(21)00014-3/h0235
http://refhub.elsevier.com/S1873-5061(21)00014-3/h0235
http://refhub.elsevier.com/S1873-5061(21)00014-3/h0235
http://refhub.elsevier.com/S1873-5061(21)00014-3/h0235
http://refhub.elsevier.com/S1873-5061(21)00014-3/h0240
http://refhub.elsevier.com/S1873-5061(21)00014-3/h0240
http://refhub.elsevier.com/S1873-5061(21)00014-3/h0240
http://refhub.elsevier.com/S1873-5061(21)00014-3/h0240
http://refhub.elsevier.com/S1873-5061(21)00014-3/h0250
http://refhub.elsevier.com/S1873-5061(21)00014-3/h0250
http://refhub.elsevier.com/S1873-5061(21)00014-3/h0250
http://refhub.elsevier.com/S1873-5061(21)00014-3/h0260
http://refhub.elsevier.com/S1873-5061(21)00014-3/h0260
http://refhub.elsevier.com/S1873-5061(21)00014-3/h0270
http://refhub.elsevier.com/S1873-5061(21)00014-3/h0270
http://refhub.elsevier.com/S1873-5061(21)00014-3/h0270
http://refhub.elsevier.com/S1873-5061(21)00014-3/h0270
http://refhub.elsevier.com/S1873-5061(21)00014-3/h0275
http://refhub.elsevier.com/S1873-5061(21)00014-3/h0275
http://refhub.elsevier.com/S1873-5061(21)00014-3/h0275
http://refhub.elsevier.com/S1873-5061(21)00014-3/h0275
http://refhub.elsevier.com/S1873-5061(21)00014-3/h0280
http://refhub.elsevier.com/S1873-5061(21)00014-3/h0280
http://refhub.elsevier.com/S1873-5061(21)00014-3/h0280
http://refhub.elsevier.com/S1873-5061(21)00014-3/h0280
http://refhub.elsevier.com/S1873-5061(21)00014-3/h0285
http://refhub.elsevier.com/S1873-5061(21)00014-3/h0285
http://refhub.elsevier.com/S1873-5061(21)00014-3/h0285
http://refhub.elsevier.com/S1873-5061(21)00014-3/h0285
http://refhub.elsevier.com/S1873-5061(21)00014-3/h0285
http://refhub.elsevier.com/S1873-5061(21)00014-3/h0305
http://refhub.elsevier.com/S1873-5061(21)00014-3/h0305
http://refhub.elsevier.com/S1873-5061(21)00014-3/h0305
http://refhub.elsevier.com/S1873-5061(21)00014-3/h0315
http://refhub.elsevier.com/S1873-5061(21)00014-3/h0315
http://refhub.elsevier.com/S1873-5061(21)00014-3/h0315
http://refhub.elsevier.com/S1873-5061(21)00014-3/h0320
http://refhub.elsevier.com/S1873-5061(21)00014-3/h0320
http://refhub.elsevier.com/S1873-5061(21)00014-3/h0320
http://refhub.elsevier.com/S1873-5061(21)00014-3/h0320
http://refhub.elsevier.com/S1873-5061(21)00014-3/h0330
http://refhub.elsevier.com/S1873-5061(21)00014-3/h0330
http://refhub.elsevier.com/S1873-5061(21)00014-3/h0330
http://refhub.elsevier.com/S1873-5061(21)00014-3/h0340
http://refhub.elsevier.com/S1873-5061(21)00014-3/h0340
http://refhub.elsevier.com/S1873-5061(21)00014-3/h0340
http://refhub.elsevier.com/S1873-5061(21)00014-3/h0340
http://refhub.elsevier.com/S1873-5061(21)00014-3/h0340
http://refhub.elsevier.com/S1873-5061(21)00014-3/h0360
http://refhub.elsevier.com/S1873-5061(21)00014-3/h0360
http://refhub.elsevier.com/S1873-5061(21)00014-3/h0360
http://refhub.elsevier.com/S1873-5061(21)00014-3/h0365
http://refhub.elsevier.com/S1873-5061(21)00014-3/h0365
http://refhub.elsevier.com/S1873-5061(21)00014-3/h0365
http://refhub.elsevier.com/S1873-5061(21)00014-3/h0370
http://refhub.elsevier.com/S1873-5061(21)00014-3/h0370
http://refhub.elsevier.com/S1873-5061(21)00014-3/h0370
http://refhub.elsevier.com/S1873-5061(21)00014-3/h0375
http://refhub.elsevier.com/S1873-5061(21)00014-3/h0375
http://refhub.elsevier.com/S1873-5061(21)00014-3/h0375
http://refhub.elsevier.com/S1873-5061(21)00014-3/h0385
http://refhub.elsevier.com/S1873-5061(21)00014-3/h0385
http://refhub.elsevier.com/S1873-5061(21)00014-3/h0385
http://refhub.elsevier.com/S1873-5061(21)00014-3/h0385
https://doi.org/10.1186/cc13171
http://refhub.elsevier.com/S1873-5061(21)00014-3/h0395
http://refhub.elsevier.com/S1873-5061(21)00014-3/h0395
http://refhub.elsevier.com/S1873-5061(21)00014-3/h0395
http://refhub.elsevier.com/S1873-5061(21)00014-3/h0395
http://refhub.elsevier.com/S1873-5061(21)00014-3/h0400
http://refhub.elsevier.com/S1873-5061(21)00014-3/h0400
http://refhub.elsevier.com/S1873-5061(21)00014-3/h0400
http://refhub.elsevier.com/S1873-5061(21)00014-3/h0400
http://refhub.elsevier.com/S1873-5061(21)00014-3/h0405
http://refhub.elsevier.com/S1873-5061(21)00014-3/h0405
http://refhub.elsevier.com/S1873-5061(21)00014-3/h0405
http://refhub.elsevier.com/S1873-5061(21)00014-3/h0405
http://refhub.elsevier.com/S1873-5061(21)00014-3/h0405
http://refhub.elsevier.com/S1873-5061(21)00014-3/h0405
http://refhub.elsevier.com/S1873-5061(21)00014-3/h0415
http://refhub.elsevier.com/S1873-5061(21)00014-3/h0415
http://refhub.elsevier.com/S1873-5061(21)00014-3/h0415
http://refhub.elsevier.com/S1873-5061(21)00014-3/h0415
http://refhub.elsevier.com/S1873-5061(21)00014-3/h0415
http://refhub.elsevier.com/S1873-5061(21)00014-3/h0425
http://refhub.elsevier.com/S1873-5061(21)00014-3/h0425
http://refhub.elsevier.com/S1873-5061(21)00014-3/h0425
http://refhub.elsevier.com/S1873-5061(21)00014-3/h0425
http://refhub.elsevier.com/S1873-5061(21)00014-3/h0430
http://refhub.elsevier.com/S1873-5061(21)00014-3/h0430
http://refhub.elsevier.com/S1873-5061(21)00014-3/h0430
http://refhub.elsevier.com/S1873-5061(21)00014-3/h0435
http://refhub.elsevier.com/S1873-5061(21)00014-3/h0435
http://refhub.elsevier.com/S1873-5061(21)00014-3/h0435
http://refhub.elsevier.com/S1873-5061(21)00014-3/h0440
http://refhub.elsevier.com/S1873-5061(21)00014-3/h0440
http://refhub.elsevier.com/S1873-5061(21)00014-3/h0440
http://refhub.elsevier.com/S1873-5061(21)00014-3/h0440
http://refhub.elsevier.com/S1873-5061(21)00014-3/h0445
http://refhub.elsevier.com/S1873-5061(21)00014-3/h0445
http://refhub.elsevier.com/S1873-5061(21)00014-3/h0445
http://refhub.elsevier.com/S1873-5061(21)00014-3/h0445
http://refhub.elsevier.com/S1873-5061(21)00014-3/h0450
http://refhub.elsevier.com/S1873-5061(21)00014-3/h0450
http://refhub.elsevier.com/S1873-5061(21)00014-3/h0450
http://refhub.elsevier.com/S1873-5061(21)00014-3/h0450
http://refhub.elsevier.com/S1873-5061(21)00014-3/h0450
http://refhub.elsevier.com/S1873-5061(21)00014-3/h0455
http://refhub.elsevier.com/S1873-5061(21)00014-3/h0455
http://refhub.elsevier.com/S1873-5061(21)00014-3/h0455

N. Li et al.

Wrapp, D., Wang, N., Corbett, K., Goldsmith, J., Hsieh, C., Abiona, O., Graham, B.,
McLellan, J.J., 2020, Cryo-EM Structure of the 2019-nCoV Spike in the Prefusion
Conformation.

Wu, Y., Lin, W., Hsu, J., Hsieh, H.J.C.m.c., 2006, Antiviral drug discovery against SARS-
CoV, 13 2003-2020.

Wu, Y., Huang, X., Sun, J., Xie, T., Lei, Y., Muhammad, J., Li, X., Zeng, X., Zhou, F., Qin,
H., Shao, L., Zhang, Q.J.m., 2020, Clinical Characteristics and Immune Injury
Mechanisms in 71 Patients with COVID-19, 5.

Xiang, Y., Yang, Q., Sun, H., Qin, X., Li, X., Zhang, Q.J., 2020, [Chest CT findings and
their dynamic changes in patients with COVID-19], 40 327-332.

Xie, X., Zhong, Z., Zhao, W., Zheng, C., Wang, F., Liu, J., 2020, Chest CT for Typical
2019-nCoV Pneumonia: Relationship to Negative RT-PCR Testing, 200343.

Xu, Hao, Zhong, Liang, Deng, Jiaxin, Peng, Jiakuan, Dan, Hongxia, Zeng, Xin, 2020. High
expression of ACE2 receptor of 2019-nCoV on the epithelial cells of oral mucosa. Int.
J. Oral Sci. 12, 8.

Yang, Y., Shen, C., Li, J., Yuan, J., Wei, J., Huang, F., Wang, F., Li, G., Li, Y., Xing, L.,
Peng, L., Yang, M., Cao, M., Zheng, H., Wu, W., Zou, R., Li, D., Xu, Z., Wang, H.,
Zhang, M., Zhang, Z., Gao, G., Jiang, C., Liu, L., Liu, Y., 2020. Plasma IP-10 and
MCP-3 levels are highly associated with disease severity and predict the progression
of COVID-19. J. Allergy Clin. Immunol. 146, 119-127 el14.

Yi, C., Sun, X., Ye, J., Ding, L., Liu, M., Yang, Z., Lu, X., Zhang, Y., Ma, L., Gu, W., Qu, A.,
Xu, J., Shi, Z., Ling, Z., Sun, B., 2020. Key residues of the receptor binding motif in
the spike protein of SARS-CoV-2 that interact with ACE2 and neutralizing antibodies.
Cell Mol. Immunol. 17, 621-630.

Yin, X., Zheng, X., Peng, W., Wu, M., Mao, X.J.A.c.n., 2020, Vascular Endothelial Growth
Factor (VEGF) as a Vital Target for Brain Inflammation during the COVID-19
Outbreak, 11 1704-1705.

12

Stem Cell Research 51 (2021) 102168

Zaninotto, M., Mion, M., Cosma, C., Rinaldi, D., Plebani, M.J.C., 2020, Presepsin in risk
stratification of SARS-CoV-2 patients, 507 161-163.

Zaninotto, Martina, Mion, Monica Maria, Cosma, Chiara, Rinaldi, Daniela,

Plebani, Mario, 2020. Presepsin in risk stratification of SARS-CoV-2 patients. Clin.
Chim. Acta 507, 161-163.

Zayet, S., Kadiane-Oussou, N., Lepiller, Q., Zahra, H., Royer, P., Toko, L., Gendrin, V.,
Klopfenstein, T.J.M., 2020, infection, Clinical features of COVID-19 and influenza: a
comparative study on Nord Franche-Comte cluster.

Zhang, Hui, Li, Hong-Bao, Lyu, Jian-Rui, Lei, Xiao-Ming, Li, Wei, Gang, Wu, Lyu, Jun,
Dai, Zhi-Ming, 2020. Specific ACE2 expression in small intestinal enterocytes may
cause gastrointestinal symptoms and injury after 2019-nCoV infection. Int. J. Infect.
Dis. 96, 19-24.

Zhou, Fei, Ting, Yu, Ronghui, Du, Fan, Guohui, Liu, Ying, Liu, Zhibo, Xiang, Jie,
Wang, Yeming, Song, Bin, Xiaoying, Gu, Guan, Lulu, Wei, Yuan, Li, Hui,

Xudong, Wu, Jiuyang, Xu, Shengjin, Tu, Zhang, Yi, Chen, Hua, Cao, Bin, 2020.
Clinical course and risk factors for mortality of adult inpatients with COVID-19 in
Wuhan, China: a retrospective cohort study. Lancet 395, 1054-1062.

Zhu, H.P., Wang, L., et al., 2020. Clinical analysis of 10 neonates born to mothers with
2019-nCoV pneumonia. Transl. Pediatrics 51-60.

Zou, X., Chen, K., Zou, J., Han, P., Hao, J., Han, Z., 2020. Single-cell RNA-seq data
analysis on the receptor ACE2 expression reveals the potential risk of different
human organs vulnerable to 2019-nCoV infection. Front. Med. 14, 185-192.

Zunyou, Wu, McGoogan, Jennifer M., 2020. Characteristics of and Important Lessons
From the Coronavirus Disease 2019 (COVID-19) Outbreak in China: Summary of a
Report of 72 314 Cases From the Chinese Center for Disease Control and Prevention.
JAMA.


http://refhub.elsevier.com/S1873-5061(21)00014-3/h0485
http://refhub.elsevier.com/S1873-5061(21)00014-3/h0485
http://refhub.elsevier.com/S1873-5061(21)00014-3/h0485
http://refhub.elsevier.com/S1873-5061(21)00014-3/h0490
http://refhub.elsevier.com/S1873-5061(21)00014-3/h0490
http://refhub.elsevier.com/S1873-5061(21)00014-3/h0490
http://refhub.elsevier.com/S1873-5061(21)00014-3/h0490
http://refhub.elsevier.com/S1873-5061(21)00014-3/h0490
http://refhub.elsevier.com/S1873-5061(21)00014-3/h0495
http://refhub.elsevier.com/S1873-5061(21)00014-3/h0495
http://refhub.elsevier.com/S1873-5061(21)00014-3/h0495
http://refhub.elsevier.com/S1873-5061(21)00014-3/h0495
http://refhub.elsevier.com/S1873-5061(21)00014-3/h0510
http://refhub.elsevier.com/S1873-5061(21)00014-3/h0510
http://refhub.elsevier.com/S1873-5061(21)00014-3/h0510
http://refhub.elsevier.com/S1873-5061(21)00014-3/h0520
http://refhub.elsevier.com/S1873-5061(21)00014-3/h0520
http://refhub.elsevier.com/S1873-5061(21)00014-3/h0520
http://refhub.elsevier.com/S1873-5061(21)00014-3/h0520
http://refhub.elsevier.com/S1873-5061(21)00014-3/h0525
http://refhub.elsevier.com/S1873-5061(21)00014-3/h0525
http://refhub.elsevier.com/S1873-5061(21)00014-3/h0525
http://refhub.elsevier.com/S1873-5061(21)00014-3/h0525
http://refhub.elsevier.com/S1873-5061(21)00014-3/h0525
http://refhub.elsevier.com/S1873-5061(21)00014-3/h0530
http://refhub.elsevier.com/S1873-5061(21)00014-3/h0530
http://refhub.elsevier.com/S1873-5061(21)00014-3/h0535
http://refhub.elsevier.com/S1873-5061(21)00014-3/h0535
http://refhub.elsevier.com/S1873-5061(21)00014-3/h0535
http://refhub.elsevier.com/S1873-5061(21)00014-3/h0540
http://refhub.elsevier.com/S1873-5061(21)00014-3/h0540
http://refhub.elsevier.com/S1873-5061(21)00014-3/h0540
http://refhub.elsevier.com/S1873-5061(21)00014-3/h0540

