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Abstract

Elderly patients with cardiovascular diseases account for a large proportion of Corona virus Disease 2019(COVID-
19)related deaths. COVID-19, as a new coronavirus, mainly targets the patient’s lung triggering a cascade of innate and
adaptive immune responses in the host. The principal causes of death among COVID-19 patients, especially elderly
subjects with cardiovascular diseases, are acute respiratory distress syndrome(ARDS), multiple organ dysfunction
syndrome (MODS), and microvascular thrombosis. All prompted by an excessive uncontrolled systemic inflammatory
response. Immunosenescence, characterized by systemic and chronic inflammation as well as innate/adaptive immune
imbalance, presents both in the elderly and cardiovascular patients. COVID-19 infection further aggravates the existing
inflammatory process and lymphocyte depletion leading to uncontrollable systemic inflammatory responses, which is
the primary cause of death. Based on the higher mortality, this study attempts to elucidate the pathophysiological
mechanisms of COVID-19 in elderly subjects with cardiovascular diseases as well as the cause of the high mortality
result from COVID-19.
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Background
COVID-19 is a pneumonia caused by SARS-CoV-2 infection.
SARS-CoV-2, as a novel coronavirus, that has not been
found in human before, which can make a strong strike to
human immune system. Although the most patients with in-
fection have a good prognosis, death from respiratory and
circulatory failure due to COVID-19 is more likely in the eld-
erly and those with chronic underlying diseases, especially in
elderly patients with cardiovascular disease (CVD). This
paper intends to elaborate the pathogenesis of high mortality

of elderly CVD patients caused by COVID-19 from the per-
spective of immunosenescence.

Advanced age and associated cardiovascular
disease are independent risk factors of high
mortality in COVID-19 patients
Previous studies have shown higher mortality rates among
COVID-19 patients with CVD. For example, research involv-
ing 191 COVID-19 patients from Wuhan JinYinTan hospital
and Wuhan Pulmonary Hospital has indicated a positive cor-
relation between age and in-hospital mortality [1]. Two other
studies on a total of 541 and 83 COVID-19 patients also
showed a higher mortality rate among CVD patients (22.2 %
vs. 9.8 % for the first study with 541 subjects) compared to
the total or non-CVD population mortality rates [2, 3]. Add-
itionally, another study with a total of 996 COVID-19
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patients further indicated that hypertension is independently
associated with all-cause mortality in elderly COVID-19 sub-
jects [4]. Autopsies performed on 80 COVID-19 infected de-
ceased patients (Germany) showed that all subjects belonged
to an age range of 52 to 96 years (mean 79.2 years, median
82.4 years) and had underlying comorbidities, with condi-
tions of the cardiovascular system being the first risk factors
of mortality [5]. This connection between chronic diseases
and COVID-19 related mortality among elderly patients was
further supported by a Chinese study on 100 COVID-19
deaths, establishing a clear relationship,especially with cardio-
vascular diseases as well as diabetes [6]. It can be seen that
old age and combined cardiovascular diseases are independ-
ent risk factors for high mortality of COVID-19 patients [7,
8], and the specific reasons are worth further discussion.

Uncontrolled systemic inflammatory response and
the multi-organ microvascular endothelial
damage caused by it is the pathological basis of
death in COVID-19 patients
Basic research has found that,It has been demonstrated
that SARS-CoV-2 accesses the lungs through the ACE2
receptor, a most abundantly expressed receptor in the
type II lung cell subgroup [9]. The subsequent viral in-
fection can induce innate and adaptive immune re-
sponses leading to severe consequences [10]. Severe
cases of COVID-19 exhibit a high concentration of acti-
vated immune cells,excessive production of inflamma-
tory cytokines and chemical mediators, leading to
uncontrolled innate and impaired adaptive immune
responses [11]. SARS-CoV-2 can cause lung and sys-
temic inflammation leading to ARDS or MODS, further
aggravating the patient’s condition and increasing
COVID-19 deaths [12–14].
ARDS, as a severe acute lung injury, is characterized by

excessive and uncontrolled systemic inflammation and
multiple organ microvascular endothelial cell damage. It
was not just limited to pulmonary inflammation but can
also caused systemic inflammation in severe cases [15]. It
is further demonstrated by studies conducted on intensive
care unit (ICU) patients in January 2020. The results
showed that when compared to their non-ICU counter-
parts, COVID-19 patients in the ICU (n = 41) exhibited
higher serum levels of interleukin-2, interleukin-7,
interleukin-10, monocyte chemotactic protein 1, tumor
necrosis factor-alpha [16, 17]. The increase of proinflam-
matory factors in the lung can lead to a local activation
and damage of the pulmonary alveolus and its proximal
vascular endothelial cells [9]. Moreover, SARS-CoV-2 can
directly damage lung epithelial cells, therefore destroying
their tight junction and changing their morphology [18].
Autopsy performed on COVID-19 victims showed diffuse
alveolar damages due to acute interstitial pneumonia,
microvascular fibrin deposition, perivascular T

lymphocytes infiltration, and intravascular neutrophil re-
tention [19, 20]. Excessive neutrophil retention can lead to
bronchial obstruction, endothelial damage, and abnormal
gas exchange, therefore promoting the occurrence of
ARDS [21]. Additionally,changes such as neutrophil acti-
vation or delayed apoptosis and clearance are closely asso-
ciated with ARDS [22]. Indeed, neutrophils can produce
granin and chromatin, when associated with the pathogen,
they can form neutrophil-derived extracellular traps
(NETs), providing a pathway for platelet aggregation and
fibrin deposition, significantly contributing to the forma-
tion of venous thrombosis [23]. The number of circulating
neutrophils was increased in COVID-19 patients with se-
vere disease, and NETs concentrations in plasma, tracheal
inhalation, and lung tissue were increased in COVID-19
patients at autopsy. Covid-19 virus activates neutrophils
to release NETs through the ACE2/TMPRSS2 pathway,
promoting lung epithelial cell apoptosis and lung injur-
y.One study showed that neutrophils in the lungs of pa-
tients with COVID-19 may enhance thrombosis by
activating platelets[24]. COVID-19 can also induce hypox-
emia, activation of the coagulation cascade, endothelial
cell destruction, and activation of tissue factor expression,
leading to extensive microvascular thrombosis [9]. Indeed,
a preliminary report has shown that the majority of fatal-
ities are due to a combination of hypoxic respiratory fail-
ure and acute respiratory distress [25].
A study on 91 COVID-19 related deaths performed by

the people’s Hospital of Wuhan University has indicated
that 73 subjects suffered from ARDS and 14 of MODS
[26]. A study of autopsy reports from 23 COVID-19
cases (United States of America) also confirmed that
thrombosis often occurred in small arteries of such pa-
tients, including 5 instances of pulmonary embolism
coupled with pulmonary infarction or hemorrhage [20].
Another investigation of autopsy reports from 10 elderly
African American patients found that the principal cause
of death was thrombosis in small pulmonary vessels and
capillaries [27]. A separate autopsy study of 7 patients
who died from COVID-19 confirmed that, COVID-19
patients also have a higher incidence of microthrombi in
the alveolar-capillary [19]. In conclusion, uncontrolled
systemic inflammatory response and multi-organ micro-
vascular endothelial damage is the pathological basis for
death of COVID-19 patients.

Elderly COVID-19 patients with cardiovascular
disease have a higher risk of uncontrolled
systemic inflammatory response and multi-organ
microvascular endothelial damage
A previous study on 83 COVID-19 subjects showed a
higher mortality rate of those with CVD, with severe
lung tissue damages [28]. They are more likely to de-
velop respiratory failure and develop into severe cases
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[29]. In a retrospective study of 200 Chinese patients
with COVID-19, the authors showed that COVID-19
patients in the ICU are usually older and more prone
to dyspnea and other complications such as ARDS
[30]. More than half (80.5 %) of COVID-19 related
deaths are over 60 years old, with a median age of
72.5 years old. Most deceased patients had a preexist-
ing condition (76.8 %), with the top three comorbidi-
ties being hypertension, heart disease, and diabetes
[31]. Another study on 100 cases of COVID-19
deaths (China) has demonstrated that elderly patients
with chronic diseases, especially cardiovascular dis-
eases and diabetes, accounted for the majority of
COVID-19 related deaths. The main and most com-
monly seen direct cause of death among this sub-
group are ARDS and MODS [32]. In the autopsy
study of 7 COVID-2019 patients aged 68 to 80 years,
indicating extensive thrombosis with microvascular le-
sions [19]. Additionally, autopsies of 23 COVID-19
cases in the United States of America also confirmed
that thrombosis often occurred in small arteries of in-
fected chronic heart disease patients [20].

Possible mechanisms leading to high mortality in
elderly COVID-19 patients with cardiovascular
disease
COVID-19 aggravated the imbalance of immune function
of the elderly
Previous findings have also indicated that compared with
younger subjects, the number of T lymphocytes and B
lymphocytes, macrophages, granulocytes, periarterial
lymphatic sheath proliferative cells, marginal zone, and
lymphatic follicles were significantly decreased in the
elderly. On the other hand, with the growth of age, the
maturity rate of newly generated T lymphocytes in the
body decreases, the number of aging macrophages, mast
cells and apoptotic cells is increasing [33, 34]. The in-
crease in the Th17/Treg cell ratio of the elderly may
cause changes in the basic levels of pro-inflammatory
cells [35]. Aging macrophages and granulocytes show
enhanced pro-inflammatory state and are prone to tran-
sition to inflammatory phenotype,secret a large number
of atypical pro-inflammatory cytokines, resulting in im-
paired phagocytosis, migration and clearance; further
resulting in persistent inflammatory state of lung tissue,
which is incapable of fighting respiratory pathogens and
prone to acute lung injury [36].
Experimental studies in animals found that with

the change of age, the function of mouse T lymph-
oid follicular regulatory cells was inhibited, the func-
tion of T lymphoid follicular helper cells was
impaired, and macrophages had inherent defects in
anti-inflammatory response [37, 38]. These changes
not only resulted in a lower response to lymphocytes

to activation and proliferation signals [39], but also
reduced sensitivity to injury-induced apoptosis, lead-
ing to the accumulation of dysfunctional cells [40].
In this regard, studies have found that oxidative
stress and chronic antigen load decrease the suscep-
tibility of lymphocytes to injurious cell death with
the increase of age, and enhance the pro-
inflammatory state, leading to uncontrolled immune
inflammatory response [35].
The storm of inflammatory mediators caused by

COVID-19 infection can impair the innate and adap-
tive immune responses [41]. However,due to the tis-
sue damage caused by this, the human body lacks
effective immune memory, so it cannot effectively
eliminate the virus [42]. SARS-CoV-2 triggered
significant proinflammatory cytokine/chemokine ex-
pression of macrophages [43]. Plasmacytoid dendritic
cells(pDCs )decreased in severe patients infected with
SARS-CoV-2, the response to promoting macrophage
clearance was impaired. The number of proinflamma-
tory monocyte derived dendritic cells increased
significantly. SARS-CoV-2 can infect pulmonary inter-
stitial dendritic cells through ACE2 and express of
dendritic cell-specific intracellular adhesion molecule-
grabbing nonintegrin (DC-SIGN), which significantly
promotes the binding of the virus to the receptor.
The elderly (> 60 years old) reduced the number of
pDCs, the level of proinflammatory cytokines secret
by dendritic cells increased, the expression of DC-
SIGN gene was higher in dendritic cells infected with
SARS-CoV-2. So older people are more severely in-
fected with SARS-CoV-2 [44]. It has been found that
the total number of circulating lymphocytes, CD4 + T
cells, CD8 + T cells and B lymphocytes are decreased
in patients with ARDS or death of COVID-19 [42,
45]. The change in the number of cells was more
pronounced in older patients. A possible explanation
is COVID-19 causes spleen and lymph node atrophy,
as well as a depletion of lymphocytic organ cells [46].
Another possible reason might be the release of cyto-
kines (especially interleukin-6 and tumor necrosis
factor-alpha) [45]. It causes dendritic cells to
recognize viral antigens from the alveoli, therefore
leading to a massive CD4 + T and CD8 + T cells re-
cruitment to lung tissues [42]. While the activation of
CD8 + T cells is delayed or damaged [45]. This state
leads to ineffective activation of CD8 + T cells and
natural killer T lymphocytes, which in turn prevents
the body from producing enough antibodies to clear
the virus effectively. These mediators, in turn, further
stimulate macrophage activation, triggering inflamma-
tory storms. Prolonged inflammatory storms can des-
troy lung epithelial cells, leading to severe lung
damage and even multiple organ failure [42].
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The impact of COVID-19 on cardiovascular disease
Risk factors such as hypertension and hyperlipidemia
stimulate the endothelial cells from anti-inflammatory to
pro-inflammatory phenotypes causing endothelial cell
damage [47, 48]. Endothelial injury overexpressed vascular
cell adhesion molecule-1, intercellular adhesion molecule-
1,recruited T lymphocytes, macrophages and dendritic
cells. Dendritic cells drift into the lymph nodes to the focal
drainage lymph nodes and/or the spleen, where primitive
T cells develop into effector T cells and re-enter the
bloodstream, resulting in atherosclerotic lesion instability
[49]. This is a failed immune response that cannot solve
inflammation and repair endothelial injury [50]. Most of
the intima was proinflammatory monocyte phenotype
dendritic cells. In atherosclerotic plaques in patients with
coronary heart disease, the number of plasmacytoid DCs
(pDCs) with anti-AS are reduced [51, 52]. In severe pa-
tients infected with SARS-CoV-2, pDCs decreased, and
the secretion of inflammatory cytokines in monocyte de-
rived dendritic cells and macrophages increased [53, 54],
which promoted atherosclerotic plaque inflammation and
led to plaque instability. COVID-19 infects vascular endo-
thelial cells, microvascular pericytes by ACE2 receptors,
aggravating endothelial injury to patients with CVD [55].
Atherosclerotic plaque is accompanied by chronic inflam-
mation [56, 57]. Inflammatory cytokines such as C-
reactive protein, erythrocyte sedimentation rate in blood
of patients with COVID-19 infection with CVD were sig-
nificantly higher than those without CVD [28]. A large
number of inflammatory cytokines in the blood circula-
tion can aggravate endothelial injury, activate platelets, ag-
gravate blood coagulation state, then cause thrombosis
among coronary blood vessels and microvascular are simi-
lar to acute coronary syndromes [58–60]. In summary, pa-
tients with COVID-19 infection with CVD have more
severe inflammatory factors, increase vascular, micro-
vascular endothelial injury and thrombosis. At the same
time, through autopsy of COVID-19 infected patients, ex-
tensive infiltration of neutrophils, macrophages and
CD4 +T lymphocytes were found in their cardiomyocytes
[55]. Most reports report that COVID-19 caused immune
inflammation in the interstitial of the heart, while a few re-
port that COVID-19 virus directly infiltrated the myocar-
dium causing cardiac function damage, similar to viral
myocarditis [61–63]. A large number of inflammatory cy-
tokines caused by COVID-19 infection leading to micro-
vascular damage and thrombosis, myocardial damage is
one of the main causes of death [64, 65].
A hyperinflammatory syndrome reminiscent of toxic

shock syndrome (TSS) is observed in severe COVID-19
patients, including Pediatric Inflammatory Multisystem
Syndrome temporally related to COVID-19 (PIMS-
TS).TSS are characterized, by fever, systemicinflamma-
tion, abdominal pain and cardiac involvement [66, 67].

TSS is superantigen by bacteria including Staphylococ-
cus aureus and Streptococcus pyogenes. The interaction
of superantigen with specific TCR Vβregions and may
form a ternary complex about major histocompatibility
complex class II(MHCII), activates clonal expression of
20–30 % of host T cells, release a large number of cyto-
kines led to multiple organ tissue damage [67], cardiac
involvement is the most serious. After this proliferative
phase, T cells enter a state of deep depletion, or even
cell death [68].
A study showed that the binding epitope on S harbors a

sequence motif unique to SARS-CoV-2, which is highly
similar in both sequence and structure to the bacterial
superantigen staphylococcal enterotoxin B (SEB)and may
directly bind T cell receptors. They further report a
skewed T cell receptor repertoire in COVID-19 patients
with severe hyperinflammation, in support of such a
superantigenic effect [66, 69]. It has been suggested that
Intravenous immunoglobulin (IVIG) can block in-vitro T
cells activation by Staphylococcal and streptococcal super-
antigens. IVIG used for TSS had been shown to be effect-
ive for PIMS-TS [67]. A study found that CD4 + T cells
and CD8 + T cells were significantly reduced by in pa-
tients with COVID-19 in ICU in Wuhan [70]. Activated
phenotypes of CD4 + T cells and CD8 + T cells were
found in patients with COVID-19, and markers of T cell
exhaustion both in lung and circulating were upregulated
[71]. It is inferred that in COVID-19 patients, there are a
large number of T cells activations and subsequent
exhausted, so the immune response cannot be formed
effectively.
Streptococcus is the cause of rheumatic fever, rheumatic

fever causes rheumatic heart disease is mainly streptococ-
cal antigen and human body organization (streptococcal
M protein and myocardial myoplasma globulin, bacteria
wall polysaccharide and heart valve) exist cross antigen.
Antibody produced inflammatory cytokines activate heart
valve endothelial cells and express vascular cell adhesion
factor 1. Subsequently, CD4 + T cells, CD8 + T cells infil-
trate and damage the heart valve, trigger rheumatic heart
disease that can lead to heart failure, infection and severe
arrhythmias [72, 73]. SARS-CoV-2 is not acute rheumatic
fever, although the presence of positive group A Strepto-
coccus testing, antistreptolysin O and antiDNAse B titers
ultimately remained negative. There is no obvious heart
valve inflammation, but myocardial involved [74].
Rheumatic disease receiving immunomodulatory ther-

apy was not associated with the severity of COVID-19
[69]. Poor control of rheumatic activity and higher in-
flammatory markers (such as C-reactive protein, serum
ferritin) were associated with COVID-19 severity [75].
80 % of individuals over 12 years old harbor anti-SEB
antibodies and protective SEB titers fall in older adults
after 70 years old. In Europe, it was found that the
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mutation D839Y of SARS-CoV-2 enhances the binding
affinity with the SARS-CoV-2 spike (S) glycoprotein to
the TCR. With a history of SARS-CoV-2 exposure, the
antibody mediated immunity was enhanced after re-
exposure, which may lead to uncontrolled infection and
inflammation [66]. This paper proposes a hypothesis,
older people infected COVID-19 who infection of
staphylococcus and streptococcus during childhood, will
be easier progressing to severe illness and death. The
mechanism is the excessive activation of immune in-
flammatory cytokines lead to multiple organ failure, in-
cluding myocardial injury.

Conclusions
SARS-CoV-2 is a novel coronavirus with significant im-
plications for the human immune system. Its effects are
even more apparent to elderly patients with CVD due to
their aging immune system. COVID-19 infection in this
subgroup often aggravated the existing imbalance within
their innate and adaptive immune responses, caused
lymphocyte depletion and an uncontrollable inflamma-
tory response due to cytokine storm. It’s an inadequate
sustained immune response, a lack of effective immune
memory, an inability to clear the virus. It caused injury
to the lung epithelium and microvascular endothelium
throughout the body. Therefore leading to ARDS,
MODS and microvascular thrombosis, with the outcome
being high mortality among elderly COVID-19 patients
with CVD.
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