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ARTICLE INFO ABSTRACT
Keywords: The destructive effects of coronavirus disease 2019 (COVID-19) on the elderly and people with cardiovascular
Immunosenescence disease have been proven. New findings shed light on the role of aging pathways on life span and health age. New

Inflamm-ageing therapies that focus on aging-related pathways may positively impact the treatment of this acute respiratory

(Sjl(\)}zlsl[:k;gz infection. Using new therapies that boost the level of the immune system can support the elderly with co-
morbidities against the acute form of COVID-19. This article discusses the effect of the aging immune system
against severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) and the pathways affecting this severity
of infection.

1. Introduction effectiveness of related vaccines decreases (Goodwin et al., 2006; Hainz

et al., 2005; Kaml et al., 2006; Melegaro and Edmunds, 2004; Wolters

As people get older, their immunity to pathogens decreases, and this et al., 2003; Yoshikawa, 2000; Zinatizadeh et al., 2022). So it is clear
lack has been proven in experiments. Studies show that aging reduces that the severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
the effectiveness of the immune system against pathogens. In older has affected the most vulnerable and older people. Since the coronavirus
people, the body shows reduce tolerance to the pathogen, and the disease 2019 (COVID-19) outbreak, age has been proposed and proven
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to be the most critical factor influencing the severity of this disease (Wu
et al., 2020). The death toll from the infection of SARS-CoV-2 is high in
the elderly (Bajgain et al., 2021; Santesmasses et al., 2020; Zheng et al.,
2020c). The incidence of SARS-CoV-2 infection and mortality in the
elderly is high worldwide. In the United States alone, the incidence of
hospitalization and death from COVID-19 is about 1300 folds larger in
the 65-74 age group and 8700 folds greater in the 85-year-old than in
the 5-17 age group (Gold et al., 2020). Also, a study in Iran showed that
most cases of acute infections were in the age group of 50-60 years. And
mortality is significantly higher in the elderly (Nikpouraghdam et al.,
2020). In addition, studies in Saudi Arabia (Ibrahim et al., 2021), Iraq
(Al-Mosawi, 2021), China (Leung, 2020), and Brazil (Machado et al.,
2020) have also shown that age has a special role in mortality. Other
diseases of the elderly, such as cardiovascular problems and diabetes,
also play arole in the increasing vulnerability of this group to COVID-19.
However, it should be noted that age quantity is still the most critical
factor influencing the severity of this disease (Bajgain et al., 2021; Ho
et al., 2020).

This article has tried to investigate the role of the age factor on the
severity of COVID-19 disease, its host action and responses during
infection, and physiological and immunological mechanisms against the
pathogen.

2. Dysregulation of immune system on ageing

The main functions of the immune system in responding to a viral
infection include the following: A) Initiation of a local inflammatory
response to activate immune cells; B) Destroying the cells involved in the
virus; C) Activation of the adaptive immune response. As they grow
older, the immune system will not be able to process these functions
properly. The phenomenon of inflamm-ageing, which represents the
attendance of systemic inflammatory mediators in the body of the
elderly, causes more turbulences to the immune system and strengthens
many persistent diseases of them. This phenomenon further causes the
weakening of the immune system in people with increasing age, also
known as immunosenescence (Ferrucci and Fabbri, 2018). In response
to internal and external physiological stresses, inflammation occurs in
the body and is usually caused by aging and senescence of immune cells.
These stressors can explain the difference in inflammatory biological
ages (Alpert et al., 2019; Furman et al., 2019).

Many inflammatory intermediates are generated by immune cells
and can affect their function. Excessive release of proinflammatory cy-
tokines can make it difficult for immune cells to signal. Such problems
can be noted in the Janus kinase (JAK)-signal transducer and activator of
transcription (STAT) pathway, myeloid differentiation factor 88
(MyD88), nuclear factor kappa B (NF-kB), and inflammasomes, resulting
in high basal activation but impaired immune cell response to more
cytokine and pattern recognition receptors (PRRs) excitation (Rea et al.,
2018; Shen-Orr et al., 2016). It can be found that many immune cells
respond less to external and internal stresses as we age (Chougnet et al.,
2015; Cumberbatch et al., 2002; Manser and Uhrberg, 2016; Metcalf
et al., 2015, 2017; Rea et al., 2018; Van Duin et al., 2007; Zacca et al.,
2015). This may explain why mediated chronic systemic inflammation is
associated with optimal vaccine responses in younger and older (Fourati
et al., 2016; McDade et al., 2011; Verschoor et al., 2017). Immunose-
nescence with symptoms such as impaired antigen exposure and naive
priming of T cells, tendency to segregation myeloid lineage in the bone
marrow, delayed type I interferon (IFN) response, decreased cytotoxic
function of CD8™ T cells, reduced phagocytic function for many types of
the innate immune cell, a confined naive T cell, and B cell repertoire and
ruinous generation of highly agitated antibodies (Table 1) (Derhova-
nessian et al., 2008; Weiskopf et al., 2009). This incapability in the
immune system makes older people more defenseless to viral diseases
such as SARS-CoV and SARS-CoV-2. The effect of aging on immune
system strength has been widely investigated (Akha, 2018; Boraschi and
Italiani, 2014; Nikolich-Zugich, 2018; Nikolich-Zugich et al., 2020;
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Table 1
Immunosenescence and its negative consequences in elderly COVID-19 patients.
Immunosenescence Immune consequences References
characteristics response
Monocytes/ Innate Altered TLR (Zheng et al.,
macrophages expressionDecreased 2020b)
phagocytic
abilityDecreased antigen
presentationIncreased
cytokine production
Dendritic cells Innate Reduced of pDCs (Mérquez et al.,
2020;
Zingaropoli
et al., 2021)
Neutrophils Innate Altered TLR (Bajaj et al.,
expressionVariations in 2021b)
oxidative stress
pathwaysInflammatory
activityRaised cellular
module and
SASPDecreased autophagy
and DNA damage
NK cells Innate Prevention of upregulation ~ (Wen et al.,
HLA Class IAltered NKG2A 2020; Wilk
expression et al., 2020;
Witkowski
etal., 2022; Yoo
et al., 2021)
B cells Adaptive Decreased antibody titers (Singh et al.,
2021)
T cells Adaptive Decreased numbers of T (Cunha et al.,
cellDecreased number of 2020; Diao
regulatory T cellsScarcity et al.,, 2020;
of naive T cellsDisrupted of =~ Moderbacher
antigen-specific et al., 2020)

responsesUncoordinated
adaptive immune
responses

Weiskopf et al., 2009). This paper focuses on the effects of age on im-
mune system response to COVID-19.

3. How immunosenescence and inflamm-ageing may contribute
to severity of COVID-19

3.1. Age-related alterations in ACE2 receptor

The angiotensin-converting enzyme 2 (ACE2) cellular receptor plays
an essential role in primary inflammatory procedures through the renin-
angiotensin-aldosterone signaling pathway. It is involved in processing
the functions of the innate immune system. As mentioned earlier, the
onset of an inflammatory response leads to the activation of immune
cells and the recruitment of these cells. Angiotensin II is converted by
ACE2 to angiotensin 1-7. Signaling of the angiotensin II in vascular cells
causes a proinflammatory condition (Wang et al., 2014; Zarandi et al.,
2021). Animal examines performed on mice suffering from acute res-
piratory distress syndrome (ARDS) have shown that ACE2 has an
anti-inflammatory effect and prevents critical lung damage (Imai et al.,
2005). On the other hand, angiotensin 1-7 has been shown to reduce the
generation of proinflammatory cytokines such as interleukin 6 (IL-6),
tumor necrosis factor-alpha (TNF-a), and IL-8 by inhibiting the signaling
pathway of P38 mitogen-activated protein kinase (MAPK)-NF-kB. In
addition, it upregulates the expression of the anti-inflammatory cyto-
kine IL-10 (Yu et al., 2018). During the initial response to SARS-CoV-2,
the raised presence of angiotensin II, possibly due to overproduction of
TNF-a and activation of local macrophages, has a significant effect on
the promotion of severe COVID-19 related cytokine release (Banu et al.,
2020). Animal studies have shown a decrease in ACE2 expression in the
lungs of older mice contrasted to younger mice (Xudong et al., 2006). In
addition, a study found a reduction in ACE2 mRNA in several tissues in
older humans (Chen et al., 2020a). Downregulation of ACE2 levels has
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been observed in people with cardiovascular diseases and diabetics,
which is also associated with the severity of COVID-19 (Tikellis and
Thomas, 2012). Indeed, ACE2 expression is inversely correlated with the
severity of COVID-19 (Chen et al., 2020a), which can be attributed to
reduced disease tolerance (Wanhella and Fernandez-Patron, 2022).
Disease tolerance declines with increased age and as a result of deteri-
orated immunity and may affect older individuals infected by
SARS-CoV-2. Tolerance may become impaired with age due to declining
tissue maintenance and capacity to repair damaged cells (Medzhitov
et al., 2012). Although decreased ACE2 levels may be due to minor
SARS-CoV-2 attack on host cells, excessive reduced levels of ACE2 may
intensify proinflammatory response that leads to cytokine storm, severe
lung damage, and ARDS (Fig. 1). The high levels of angiotensin II shown
in the plasma of patients with severe COVID-19 also support this hy-
pothesis (Liu et al., 2020b). It should be noted that in studies on old and
young rhesus macaques with SARS-CoV-2 infection, proinflammatory
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cytokines levels were higher in older macaques and emphasized the
hypothesis that disease tolerance in older individuals is reduced (Rosa
et al., 2021).

3.2. Uninhibited inflammatory responses with age

Lung tissue damage results from uninhibited inflammatory responses
to SARS-CoV-2 infection (Fig. 1). In patients with severe COVID-19, high
levels of pro-inflammatory cytokines and chemokines, including IL-6, IL-
1p, IL-2, IL-8, IL-17, granulocyte colony-stimulating factor (G-CSF),
granulocyte-macrophage (GM)-CSF, C-X-C motif chemokine ligand 10
(CXCL10), CCL2, CCL3, and TNF is observed (Dinnon et al., 2020; Qin
et al., 2020; Xu et al., 2020b; Zarandi et al., 2021). Similar cytokines,
such as IL-6, IL-1a, IL-1B, TNF-a, and the chemokine CCL2, were also
related to the senescent host response to SARS-CoV-2 in experiments on
mice (Dinnon et al., 2020; Leist et al., 2020). Many levels of these
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Fig. 1. The presumptive pattern of immunosenescence and inflamm-ageing in COVID-19.
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cytokines have been shown to rise in the elderly due to inflamm-ageing.
Research has shown that an increase in IL-6 is a negative consequence of
COVID-19, a parameter of aging (Johnson, 2006). The IL-6 transcription
factor activates the NF-kB pathway. This transcription factor has a sig-
nificant role in regulating many pro-inflammatory genes (Brasier, 2010).
Aging, NF-kB signaling, and inflammation are closely related (Salminen
et al., 2008; Zinatizadeh et al., 2021). On the other hand, an anti-IL-6
receptor antibody has been shown to reduce the severity of COVID-19
in a group of elderly patients and points to the role of some cytokines
in disease intensity (Guaraldi et al., 2020). Although IL-6 may play an
important role in both local and systemic inflammation, it is unlikely to
be the primary cause of inflamm-ageing.

The critical role of cytokines IL-1p and IL-18 in inflamm-ageing has
also been proven (Rodrigues et al., 2020). These cytokines, which
belong to the nucleotide-binding oligomerization domain (NOD)-like
receptors (NLRs)-pyrin domain-containing protein 3 (NLRP3), are
involved in the pathology of aging-related diseases (Youm et al., 2013).
SARS-CoV-2 activates the NLRP3 inflammasome and IL-1p and IL-18
levels in the elderly patient and increases inflammation and the
severity of COVID-19 by potentiating pyroptosis and releasing
damage-associated molecular patterns (DAMPs) (Junqueira et al., 2021;
Rodrigues et al., 2021). Increasing reactive oxygen species (ROS) levels
in the aging process leads to the activation of NLRP3 inflammation and
intensifies the COVID-19 process in the elderly patient (Mishra et al.,
2021; Tay et al., 2020; Zheng et al., 2020b). It should be noted that
metformin reduces the severity of the disease by reducing the levels of
adenosine triphosphate (ATP) and mitochondrial ROS levels that can
stimulate NLRP3-mediated IL-1f generation (Xian et al., 2021). On the
other hand, results using anti-IL-1 receptor agents have been shown to
reduce COVID-19 fatalities and suggest NLRP3 inflammasome as the
target of COVID-19 (Barkas et al., 2021; Shah, 2020).

On the other hand, an increase in NF-kB signaling has been shown in
aging. Immune cells derived from an inflamm-ageing conditions have
decreased response to severe ex vivo stimuli. However, monocytes
emerge to be having an abnormal degree of responsiveness (Sayed et al.,
2021). In a clinical study, analysis of monocytes in elderly COVID-19
patients cleared that they were enhanced for the IFN-y response and
TNF-a, IL-1f, and CXCL8 expression (Zheng et al., 2020b). Senescent
monocytes were also enhanced for wide pathways related to toll-like
receptor (TLR) signaling, oxidative stress, MAPK, and NF-xB, as well
as the cyclin-dependent kinase inhibitor (p21), made this hypothesis
that the existence of inflammatory aged or senescent cells with a
senescence-associated secretory phenotype (SASP) was one activity for
severe inflammatory in these cells in COVID-19 (Zheng et al., 2020b).
Aging cells remain and cumulate in aging, indicating an extraordinary
secretory phenotype defined by the existence of inflammatory cytokines.
This SASP is defined by generating cytokines, chemokines, growth fac-
tors (GFs), matrix metalloproteinases (MMPs), fibronectin, and ROS
(Coppé et al., 2010). A recent study found that exposure of senescent cell
lines to pathogen-associated molecular patterns (PAMPs) and the
SARS-CoV-2 spike glycoprotein results in considerably higher SASP
synthesis and expression of the viral entrance genes ACE2 and trans-
membrane protease serine 2 (TMPRSS2) (Camell et al., 2021).

Some reduced responses are seen in the neutrophils of older people,
including reduced bactericidal activity, reduced respiratory burst, and
reduced neutrophil extracellular trap formation (Ortmann and Kolacz-
kowska, 2018). However, aberrant colonization and increased degran-
ulation are also seen in the neutrophils of these people, which shows the
defect of the neutrophils of the elderly in fighting pathogens and pro-
ducing much inflammatory (Sapey et al., 2014). On the other hand, high
levels of IL-6, which is caused by a pathogen or inflamm-ageing, lead to
the long-term duration of neutrophils by decreasing apoptosis and
indicate poor clinical outputs (Asensi et al., 2004; Liu et al., 2020a).

Therefore, the function of innate immune cells and inflammatory
response to SARS-CoV-2 are not regulated in the elderly. Studies have
shown a relationship between neutrophils and monocytes in the blood
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and severe COVID-19 (Kuri-Cervantes et al., 2020; Lucas et al., 2020).
Based on the information, it can be concluded that these changes are
partly due to the activation of age-related vital TLR, variations in
oxidative stress pathways, inflammatory activity, raised cellular module
and SASP, as well as other pathways like decreased autophagy and DNA
damage with age (Bajaj et al., 2021a). Therefore, it can be concluded
that SARS-CoV-2 infection, along with inflammation, worsens the con-
sequences of COVID-19, and further studies are needed to eliminate the
relationship between these two options.

3.3. Metabolites reprogramming

Numerous investigations have shown the point of creating between
intracellular metabolism and inflammation. The field of immunome-
tabolism concentrates on the shifts in intracellular metabolism that
follow immune cell activation and regulate immune cell activities. Im-
mune cells undergo substantial metabolite reprogramming during acti-
vation to meet the dramatic demand for energy and sustain immune cell
capabilities such as strong cytokine generation, fast proliferation, and
migratory processes (O’Neill et al., 2016). The information required to
establish the metabolic effects of COVID-19 infection is currently being
compiled. A number of studies have investigated the metabolic profiles
of COVID-19 patients (Gardinassi et al., 2020).

Based on the most recent studies conducted on the effect of COVID-
19 on metabolism, infected patients may have elevated blood glucose
and fatty acid levels, as well as aberrations in amino acid (AA) meta-
bolism. The gene expression encoding tryptophan metabolic enzymes,
such as kynurenine and indoleamine 2, 3 dioxygenase (IDO), has been
shown to have increased. (Blasco et al., 2020; Thomas et al., 2020b). The
elevated amount of these metabolites in the circulation of severe
COVID-19 patients has been linked to a reduction in tryptophan (Chen
and Guillemin, 2009; Guillemin et al., 2003). Due to the decreased
supply of this essential AA that activates general control
non-derepressible-2 (GCN-2) or eukaryotic initiation factor-2 (eIF-2)
stress kinase, tryptophan catabolism inhibits T cell proliferation and
stimulates their anergy in severe COVID-19 patients, as illustrated by the
reduces in various circulating T cells (Mellor and Munn, 2003; Moffett
and Namboodiri, 2003; Munn et al., 2005). The elevated levels of
kynurenic acid or kynurenate in the circulating suppress the
pro-inflammatory action of monocytes and macrophages (Moroni et al.,
2007; Sekkai et al., 1997). For instance, in patients with severe
COVID-19, circulating monocytes and macrophages do not contribute to
the formation of the cytokine storm. Furthermore, tryptophan depletion
in circulating DCs, monocytes, and macrophages increases GCN-2 acti-
vation, which boosts the production of anti-inflammatory cytokines
(IL-10 and TGF-B) by phosphorylating elF-2 at serine 51 and rendering it
passive (Munn et al., 2005; Ravishankar et al., 2015; Sorgdrager et al.,
2019). As a consequence of modified immunometabolism, circulating
tryptophan metabolites inhibit circulating monocytes/macrophages,
DCs, and T cells in severe COVID-19 patients.

Further intermediates involved in the metabolism of arginine,
aspartate, tyrosine, and lysine may be changed in infected people
(Blasco et al., 2020; Moolamalla et al., 2021; Thomas et al., 2020b).
Serum from severe COVID-19 individuals demonstrates a reduction in
apolipoprotein A1 (APOA1) and apolipoprotein M (APOM) (Shen et al.,
2020). Patients with COVID-19 experience downregulation of sphingo-
lipids as well. Glycerophospholipid levels in the serum are continuously
reduced by SARS-CoV-2 infection and reach dangerously low levels in
COVID-19 patients. In individuals with severe COVID-19, choline and its
derivatives declined as well, although phosphocholine levels increased
(Shen et al., 2020). These case studies demonstrate that many aspects of
healthy metabolism can be disturbed as a result of sickness, making it
difficult for any therapy used to restore metabolic equilibrium.

Sphingosine-1-phosphate (S1P) levels in plasma drop in COVID-19
patients but the rise in those who are convalescing (Song et al., 2020).
The largest concentrations of S1P are seen in human red blood cells and
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platelets because these cells lack the pyridoxal phosphate-dependent
S1P lyase (S1PL) needed to break down S1P into 2 hexadecenal and
ethanolamine phosphate (Ito et al., 2007; Saba and Hla, 2004). So,
under typical circumstances, hematopoietic and vascular endothelial
cells expressing the ABC and spinster homolog 2 (Spns2) transporters
carry S1P out of these cells and into the circulation (Fukuhara et al.,
2012; Kim et al., 2009; Venkataraman et al., 2008). Under homeostasis,
the mature T cell and B cell egress from the thymus and bone marrow to
the circulation and the secondary lymphoid organs (SLOs) is promoted
by the circulating S1P produced from vascular endothelial cells (Fuku-
hara et al., 2012; Nijnik et al., 2012). Although animals missing the
Spns2 transporter exhibit a significant reduction in S1P in the lymph, the
loss of circulating lymphocytes is caused by a slight reduction in S1P in
the plasma (Mendoza et al., 2012). Therefore, a decline in the level of
circulating S1P in COVID-19 patients reflects a reduction in the number
of T cells in the blood, but an increase in the inflamed organ, which is
more pronounced in patients with severe COVID-19. SARS-CoV2 infec-
tion reduces the level of circulating S1P in COVID-19 patients by
infecting RBCs, platelets (thrombocytopenia), and vascular endothelial
cells (Cavezzi et al., 2020; Lippi et al., 2020; Thomas et al., 2020a; Xu
et al., 2020a).

In COVID-19 patients, levels of several acylcarnitines, including
palmitoylcarnitine, stearoylcarnitine, and oleoylcarnitine, fell. Reduced
levels of acylcarnitines in the blood may signify that the entry of fatty
acids into the mitochondria for p-oxidation or fatty acid oxidation (FAO)
has been reduced (Song et al., 2020). Citrate, succinate, and other
tricarboxylic acids (TCAs) cycle metabolites typically decline in
COVID-19 patients, and this decline increases with infection severity.
Therefore, a diminished metabolic response to the decreased lung
functions and blood oxygen to a lower dependency on oxygen for
cellular energy production may be indicated by decreased TCA cycle
metabolites in the circulation in severe COVID-19 patients (Song et al.,
2020).

Increased cytosolic phospholipase A2 (cPLA2) activity in severe
COVID-19 may worsen lung inflammation (Bhowmick et al., 2017; Song
et al., 2020). The increase in PLA2 results in an increase in the levels of
circulating glycerophospholipids (Song et al., 2020). In severe
COVID-19 patients, there is a strong correlation between the rise in
plasma sphingolipid GM3 enriched exosomes and the fall in T cell and
CD4* T cell counts (Song et al., 2020).

Inflammatory cytokines and chemokines are produced when acute
macrophage activation occurs under inflammatory conditions (IFN- y or
lipopolysaccharide (LPS) stimulation). This is done by starting glyco-
genesis (glycogen synthesis), which produces glucose-6-phosphate for
glycolysis to aggravate it further (Ma et al., 2020). In macrophages
isolated from the lungs of severe COVID-19 patients, high glucose levels
promote the multiplication of the SARS-CoV-2 and the production of
pro-inflammatory cytokines, leading to cytokine storms (Codo et al.,
2020). This happens as a result of the SARS-CoV-2 infection’s over-
expression of several glycolysis-related genes in these macrophages
(Codo et al., 2020). Thus, only SARS-CoV-2 infection causes elevated
glycolysis in human macrophages isolated from COVID-19 patients with
severe lung disease. Compared to OXPHOS, which provides frequent
energy for macrophages during homeostasis to transcribe and translate
pro-inflammatory  genes, glycolysis is induced in SPP1”"
monocyte-derived macrophages that have become infiltrated in the
lungs of severe COVID-19 patients. Additionally, these included
increased transcriptional activity for enzymes such as lactate dehydro-
genase A (LDH-A), pyruvate kinase M2, glucose transporter 1 (GLUT-1),
6-phosphofructo-2-kinase/fructose-2,6-biphosphatase 3 (PFKFB3) (Bost
et al., 2020; Codo et al., 2020). The elevation of the pro-inflammatory
macrophage transcriptome for different cytokines and chemokines
(TNF-, IL-6, IL-12A, IL-23A, and CCL3, CCL4, CCL5, CCL20, CCL23,
CXCL2, CXCL11) isolated from sepsis patients is attributed to the HIF-1a
overexpression (Kumar, 2018; Shalova et al., 2015). Immune cells’
levels of LDH rise as COVID-19 severity increases. Even so, there is no
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discernible difference between COVID-19 patients and controls in the
plasma lactate level (Song et al., 2020). The Krebs or TCA cycle in-
termediates (succinate and citrate) and the TCA cycle-derived itaconate
accumulate as a result of enhanced glycolysis in pro-inflammatory
macrophages, which also controls the expression of inflammatory
genes (Ryan and O’Neill, 2020; Seim et al., 2019). The direct inhibition
of prolyl hydroxylase domain (PHD) activity by succinate transfer to the
cytosol stabilizes the HIF-1a and increases glycolysis (Codo et al., 2020;
Ryan and O’Neill, 2020; Tannahill et al., 2013). Complex II, also known
as succinate dehydrogenase (SDH), oxidizes succinate in the mito-
chondria, triggering reverse electron transport (RET), which encourages
the production of mitochondrial ROS (mtROS), which suppresses PHD
and stabilizes HIF-1a and glycolysis (Codo et al., 2020; Ryan and
O’Neill, 2020; Tannahill et al., 2013). Thus, SARS-CoV-2 replication in
infected macrophages depends critically on succinate oxidation.

3.4. The relationship between aging cells and thrombosis

In addition to the relationship between aging cells and the severity of
inflammation in COVID-19, there is another link between them:
thrombosis. Aging cells have a paracrine pro-coagulation effect (Wiley
et al., 2019). In experiments performed on mice, infusion of a cellular
aging reporter by doxorubicin remedy, p16-3MR, was related to notably
minor bleeding time, higher platelet numbers, more activated platelets,
and higher serum thrombopoietin (Wiley et al., 2019). The mission of
aging cells in vivo turned these pro-thrombotic phenotypes. Stable
isotope labeling by amino acids in cell culture analysis of aging cells
displayed the further activity of human platelets stimulate by aging cell
supernatants (Wiley et al., 2019).

Severe COVID-19 cases are related to agents such as venous throm-
boembolism and arterial thrombosis (Chen et al., 2020b; Cui et al., 2020;
Fox et al., 2020; Guan et al., 2020; Klok et al., 2020; Lodigiani et al.,
2020; Tang et al., 2020; Wu et al., 2020; Xu et al., 2020b; Zhou et al.,
2020a). More precisely, factor CD142 (a blood coagulation stimulant) is
expressed by proinflammatory cytokines on some of the immune cells.
Supplement activity, neutrophil extracellular traps, and lung hypoxia
further boost pro-thrombotic conditions, linking thrombosis and the
innate immune system (Price et al., 2020). Generation of viral-induced
pro-thrombotic  auto-antibodies  versus  phospholipids  and
phospholipid-binding proteins is also seen within severe SARS-CoV-2
infection (Zuo et al., 2020). Recently, a study has shown that patients
with critical COVID-19 pneumonia produce autoantibodies against type
I INF. The response of extrafollicular B cell causes the production of
these autoantibodies, which in turn cause thrombosis (Knight et al.,
2021). Therefore, it can be concluded that the uncontrolled inflamma-
tory response to SARS-CoV-2 in thrombotic-prone elderly can intensify
the coagulation resulting from COVID-19.

3.5. Delayed response of type I IFN with ageing

IFN deficiency has been seen in a patient’s serum with acute COVID-
19 (Hadjadj et al., 2020). In addition, experiments on elderly macaques
with SARS-CoV-2 infection also showed fewer type I IFN and Notch
signaling pathways in the lung contrasted to young macaques (Rosa
et al., 2021). The reduction in these responses includes a decrease in the
number of plasmacytoid dendritic cells (pDCs), potent producer of
IFN-a, that have also been seen in a patient with acute COVID-19 (Zhou
et al.,, 2020b). It is noteworthy that only ten percent of patients with
acute COVID-19 have type I anti-IFNs antibodies (Bastard et al., 2020).
Dysfunction of genes associated with the TLR3 and interferon regulatory
factor 7 (IRF7) pathways involved in inducing and amplifying type I
IFNs response has also been observed in patients with acute infection
(Zhang et al., 2020b). They can effectively prevent the spread of viral
infection. They play a vital role in the optimal activity of macrophages,
the presentation of antigens by DCs, and the growth of effective antiviral
T cell responses (McNab et al., 2015).
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Experiments have shown the critical effect of type I IFN responses on
the adjustment of monocytes and neutrophils following SARS-CoV-2
infection. In experiments on patients with mild COVID-19, more clas-
sical monocytes were observed in the blood, indicating the early and
passing effect of a type I IFN. Nevertheless, on the other hand, mono-
cytes and neutrophils in the patient with acute COVID-19 showed more
genes involved in NF-kB signaling and the generation of ROS or nitric
oxide synthase during the disease. During viral infections, non-classical
and intermediate proinflammatory subsets of monocytes develop (Wong
et al., 2012). Therefore, they also spread during SARS-CoV-2 infection
(Zhang et al., 2020a; Zhou et al., 2020c). Of course, the dysregulated
strong response of these cells also helps the inflammatory conditions
seen in the severe pathophysiology of COVID-19. In addition,
non-classical monocytes also generate type I IFN (IFN-a) in response to
TLR3 (Boyette et al., 2017). Therefore, the kinetics of non-classical
monocyte dysregulation should be noted as severe consequences.
Early monocyte deficiency decreases type I IFN response in patients with
acute COVID-19 (Schulte-Schrepping et al., 2020; Silvin et al., 2020).

The aging process delays type I IFN responses, which has also been
seen in the SARS-CoV infection. Although the effect of aging on sus-
ceptibility to viral infection is not well understood, it causes damage to
the early and peripheral retinoic acid-inducible gene I (RIG-I) signaling
pathways that rein the expression of many types of I IFN genes. This
reduces the generation of I IFNs in people over 65 years of age and thus
disrupts their body’s antiviral responses (Molony et al., 2017). During
SARS-CoV infection, the type I IFN signaling proteins downstream of
RIG-I more decreases because of mitochondrial dysfunction associated
with the mitochondrial antiviral signaling (MAVS) (Shi et al., 2014). In
the elderly, factors such as basal mitochondrial dysfunction decreased
TNF receptor-related agent adapter protein, and phosphorylated IRF3
amount associated with RIG-I signaling increases vulnerability to RIG-I
deficiency (Feng et al., 2021; Molony et al., 2017). It should be noted
that RIG-I can inhibit the proliferation of SARS-CoV-2 in human lung
cells, although this function does not need I IFN signaling strength
(Yamada et al., 2021). On the other hand, a decrease in the sum number
of pDCs has been seen in the elderly. In addition, a decrease in TLR7 and
I IFNs production ability has been observed in these elderlies (Feng
et al., 2021; Jing et al., 2009; Pérez-Cabezas et al., 2007; Shodell and
Siegal, 2002). Although there are many similarities between reduced
IFN responses in patients with acute COVID-19 and the elderly, more
research is needed to understand their relationship clearly.

3.6. Age-associated modifications to antigen presentation

With proper activation of T lymphocytes, innate immunity plays an
essential role in generating adaptive immune responses. In order to
efficiently prim T cells, innate immune cells have two functions: (1) to
present antigen through the molecules of major histocompatibility
complex (MHC) co-stimulatory receptors through a cell-cell interplay
between T cells and antigen-presenting cells (APCs) and (2) generate
appropriate cytokines to slant the separation of CD4™ T cells into a
particular responsibility for the invasive pathogen. Disruption of each
APC function has adverse effects on the adaptive immune responses.
Like DCs and monocytes, APCs showed a shortage of antigen presenta-
tion in people with severe COVID-19. COVID-19-induced DC experi-
ments showed the lowest expression of the chemokine receptors CD80,
CD86, C-C chemokine receptor 7 (CCR7), and human leukocyte antigen
(HLA)-DR (Giamarellos-Bourboulis et al., 2020; Schulte-Schrepping
et al., 2020; Silvin et al., 2020; Zhou et al., 2020c). Disorders in anti-
gen presentation occur with getting old. The number of monocytes also
changes during this process, and the accumulation of non-classical
monocytes during this period causes a downregulating of HLA-DR
(Seidler et al., 2010). In mice, one study revealed a decrease in MHC
class II, CD40, and CD86 levels in old DC subsets following activity by
TLR agonists. Of course, there are contradictory observations, and
further studies are needed (Wong and Goldstein, 2013). In infection of
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SARS-CoV, older mice lung DCs showed a ruined strength to immigrate
to the draining lymph node, which hurt following T cell priming (Zhao
et al., 2011). Raised amount of prostaglandin D2 in the lungs of older
mice causes this immigration problem, which in turn leads to a decrease
in CCR7 surface expression in DCs (Zhao et al., 2011). In turn, the aging
factor disrupts T-cell antigen and antigen presentation, so it can be
concluded that with viral infections that impair these functions, older
people are more prone to dysfunctional adaptive responses of the im-
mune system.

3.7. Dysregulation of B and T lymphocytes during ageing

3.7.1. B lymphocytes

Following the SARS-CoV-2 infection, B cells generate the amount of
immunoglobulin M (IgM), IgG, and IgA antibodies for SARS-CoV-2 up to
1 week after symptoms and up to 2 weeks, most patients seroconverted
to IgG and IgM. By identifying SARS-CoV-2-particular follicular T helper
cells in the circulation, this response begins and plays a role in gener-
ating T cell-dependent antibodies. Counteracting antibodies of the
SARS-CoV-2 receptor-binding domain (RBD) have been demonstrated in
mice and humans, and translocation of these antibodies in experiments
has decreased the severity of SARS-CoV-2 disease (Alsoussi et al., 2020;
Zost et al., 2020). However, serum samples of a patient showing
improvement have shown positive effects (Devarasetti et al., 2021).
Determining the innate role of antibodies during COVID-19 requires
further investigation.

The results of many experiments have shown a relationship between
greater IgG antibody titers and disease severity (Moderbacher et al.,
2020). The ambivalent role of antibodies within viral infections can
clear the different results: Although counteracting antibodies are
generally effective in combating and eliminating the viral agent, the
initial production or pre-existence of pre-circulating non-counteracting
antibodies can conduce to the antibody-mediated enhancement of viral
entry and infuses severe inflammatory response. Here, an
antibody-related issue exacerbates the disease. However, the exact role
of antibodies in exacerbating SARS-CoV-2 infection has not yet been
established. In addition, antibodies such as IgG with afucosylated IgG Fc
series may exacerbate SARS-CoV-2 and further damage due to
pro-inflammatory activity via FcyRIIIa (Larsen et al., 2021).

The effectiveness of the humoral immune response also decreases
with aging, and older B cells show less power to sustain with physical
mutation, which reduces the generation of counteracting antibody titers
in the elderly (Frasca et al., 2017). Experiments on animals have shown
that the IgG amount of viral S, protein-particular at the onset of acute
SARS-CoV-2 infection, is less in older macaques than in young ma-
caques; therefore, the establishment of antibody titers against viral
infection decreases with aging (Singh et al., 2021).

On the other hand, B cell accumulation acquires unique attributes
with aging. Another study in mice has shown that TLR7 responses
elevate these cells (Cancro, 2020). These cells reside in the late human
memory segment and release inflammatory mediators such as TNF-a,
IL-6, and IL-8, thus having a role in autoimmune disease and recently in
COVID-19 (Cancro, 2020; Frasca, 2018; Woodruff et al., 2020). In severe
COVID-19 patients, the development of such cells has been observed to
induce CD11c and T-bet expression in a skewed extra-follicular B cell
response (Tay et al., 2020).

Favorable to the predominant extra-follicular B cell response, ex-
periments have confirmed defective germinal center (GC) responses in
patients with acute SARS-CoV-2 infection in the secondary lymphatic
organs. Decreased GC establishment has also been reported in the results
of one of these experiments and occurs when there are many amounts of
TNF-a in lymph node follicles. TNF-a production also raises during aging
and may play a role in phenotype (Bruunsgaard et al., 2003; Fagiolo
et al., 1993; Penninx et al., 2004). Other aging problems also affect GC
establishment. The expression of CD40 ligand, a co-stimulatory mole-
cule essential for well T-cell and B-cell interplay, reduces with the
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increasing age of CD4" T cells. In addition, lymphopenia in the elderly
and patients with acute COVID-19 could mention by reducing access to
CD4™" T cells to employ with B cells. Since the likelihood of T-cell and
B-cell interaction is considerably decreased, the loss of a clonal diversity
of TCR and B-cell receptor (BCR) in the elderly exacerbates this problem.
Lack of longanimity and the appearance of auto-antibodies are other
difficulties associated with aging. According to research on SARS-CoV-2,
the lethality of this agent, especially in men, has been linked to the
existence of auto-antibodies particular to the type I IFNs (Bastard et al.,
2020).

Although these auto-antibodies have been found at different ages,
their existence has been seen more in those patients over 65 years old.
Based on these findings, it can be concluded that the effect of aging on
the production of these antibodies and other auto-antibodies that are
effective in exacerbating COVID-19 should be carefully investigated. On
the other hand, the production of auto-antibodies, especially in men,
requires more research.

3.7.2. T lymphocytes

One week after SARS-CoV-2 infection, adaptive responses are acti-
vated, and CD4" and CD8™" T cells appear (Moderbacher et al., 2020). T
helper 1 (TH1) cells respond to SARS-CoV-2 by producing IFN-y and
IL-2, among other cytokines, including TNF-« (Braun et al., 2020; Gri-
foni et al., 2020; Kaneko et al., 2020; Moderbacher et al., 2020; Zhou
et al., 2020c). It should be noted that raised chemokines like CXCL9 and
CXCL10 in the blood of COVID-19 patients have a role in the recruiting
and/or differentiating naive T cells into TH1 cells. Experiments have
shown that CD4" and CD8" T cells have protective effects on former
coronaviruses (CoVs) (Zhao et al., 2010). To date, the role of T cells’
response to SARS-CoV-2 infection has been demonstrated, although
cytokine storms in these cells lead to the dysfunctional activity of
monocytes (Moderbacher et al., 2020; Nelde et al., 2021; Peng et al.,
2020). Considering the role of the T cell in fighting SARS-CoV-2 infec-
tion and its changes in aging, it is necessary to investigate the effect of
biological changes of this cell to fight against this infection.

3.7.2.1. Decrease in clonal lymphocyte. To have a strong immune sys-
tem, it is necessary to have a varied set of T-cell receptors (TCRs), but
with increasing age, the diversity of CD4" and CD8" naive TCR species
decreases (Britanova et al., 2014). A detailed study of the factors
affecting TCR variability in adults is still ongoing. The process of thymic
shrinkage in old age prevents the expansion of new T cells in the elderly
and reduces the TCR set versatility. Experimental evidence has shown
that with the introduction of naive, newly produced T cells into the old T
cell set, the effectiveness of these cells decreases, and they produce
fewer efficient memory cells. Of course, the problem of these young T
cells, particularly CD8" T cells, is not the cause of all the problems.
Modified homeostatic proliferation in humans and the silencing pres-
ervation of T cell inactivity stillness are essential for a stable, naive
peripheral T cell compartment. These two agents play an essential role
in maintaining the diversity of naive T cells during aging (Goronzy and
Weyand, 2019).

On the other hand, chronic antigen motivation may lead to devel-
oping a polyclonal T cell memory repository that reduces the existence
of naive polyclonal T cells. In severe COVID-19, less TCR variability was
observed against SARS-CoV-2 epitopes (Nelde et al., 2021; Peng et al.,
2020). Compared with patients with moderate COVID-19, patients with
severe the disease have a weaker T cell response to the N-terminal
segment of the SARS-CoV-2 S protein (Braun et al., 2020). Low T cell
frequency is also directly related to the effects of severe COVID-19
(Moderbacher et al., 2020). Therefore, the relationship between
reduced TCR in the elderly and worsening consequences of SARS-CoV-2
infection can be understood.

3.7.2.2. Lymphopenia. Lymphopenia is one of the factors influencing
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the severity of COVID-19 and a decrease in the total number of pe-
ripheral T cells in the blood (Huang and Pranata, 2020). Experiments
have shown the role of blood lymphocyte percentage as a criterion for
diagnosing mild, severe disease and choosing the appropriate treatment
process for the condition (Tan et al., 2020). Lymphopenia during
COVID-19 can have a more adverse effect on the elderly and exacerbate
poor T-cell responses by reducing the number of T cells.
COVID-19-related lymphopenia resulted from increased T cell migration
to infection sites. However, experiments have shown that lymphocyte
migration is not the only factor affecting the lymphopenia related to
COVID-19. In addition, a study has shown that the whole number of
CD8™ T cells in the tissue of patients with mild COVID-19 is higher than
in patients with acute symptoms (Liao et al., 2020).

Experimental findings confirming that T-cell immigration to the
lungs alone does not cause blood lymphopenia in patients with severe
COVID-19, as showed that lung macrophages in patients with severe
COVID-19 mainly use chemokines to use inflammatory monocytes and
neutrophils express, while lung macrophages in patient of mild COVID-
19 express higher amount T cell-activating chemokines. Other factors
that may reduce T cells in SARS-CoV-2 infection include the direct
involvement of these cells in the virus or the cell death increase in
response to antigen and the release of cytokines (Merad and Martin,
2020). In these experiments, dependence on the amount of cytokines
IL-6, IL-10, or TNF-a and blood lymphopenia was seen in disease, and
IL-6 receptor antagonist tocilizumab raised the issue of lymphocytes in
the blood of COVID-19 patients (Diao et al., 2020;
Giamarellos-Bourboulis et al., 2020; Wan et al., 2020). In addition, there
is a direct relationship between lymphopenia and the age of the
COVID-19 patient. Notably, in patients over 60, the whole number of
blood T cells reaches its lowest point (Diao et al., 2020). Findings on the
influenza virus have shown a decrease in the multiplication of old
CD8 + T cells and its negative effect on the fight against the viral agent
in older patients (Gruver et al., 2007).

3.7.2.3. T cell exhaustion. The effectiveness of T cell activity reduces
with age, and on the other hand, the exhaustion of these cells also raises.
So far, conflicting observations about the activity of these cells after
SARS-CoV-2 infection have been seen. Weakness of essential activities of
CD4™ T cells, such as production of IFN-y, IL-2, and/or TNF-a, has been
observed in patients with acute conditions. However, other experiments
have not observed this weakness (Mazzoni et al., 2020; Zheng et al.,
2020a). Decreased cytotoxicity of CD8™ and production of cytokines at
CD8™ T cells activity in acute conditions have been observed, while the
inverse of that has been observed in other experiments; it should be
noted that in some experiments, no variation was seen in the function of
these cells (Moderbacher et al., 2020; Peng et al., 2020; Zheng et al.,
2020a). The variation in cytokine sampling time seems to be the reason
for these different results. Due to the negative role of aging in the
adaptive immune process, in our view, in the elderly, the effectiveness of
T cell activity decreases and leads to a decrease in cytokine production
and/or cytotoxicity, resulting in a weak fight against the virus disease.
Experiments have identified the existence of IFN-y-producing CD8" T
cells in the acute stages of the disease as a sign of the moderate
COVID-19 effects (Moderbacher et al., 2020). In addition, in acute cases
of COVID-19, higher expression of exhaustion indicators by CD4" and
CD8™ T cells has been observed (Diao et al., 2020). Recent findings have
indicated the upregulation of exhaustion indicators such as programmed
cell death protein-1 (PD-1) and T-cell immunoglobulin mucin 3 (Tim-3)
by SARS-CoV-2 infection (Diao et al., 2020; Wu et al., 2021). However,
these indicators may be signs of activation, not function exhaustion (Rha
et al., 2021).

3.7.2.4. Pre-existing SARS-CoV-2 epitopes in unexposed individuals.
CD4™ T cells that fight SARS-CoV-2 infection have already been seen in
people who did not expose to the disease (Grifoni et al., 2020). In vitro
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studies have shown that T cells that fight SARS-CoV-2 infection, which
already exists in the body, are mainly from the memory T cells (Mateus
et al., 2020). Thus, many people have memory T cells that can
cross-recognize SARS-CoV-2 epitopes (Braun et al., 2020). Other ex-
periments have suggested a role for the absence of these cells in the TCR
set in the exacerbation of COVID-19 (Nelde et al., 2021). The results of
these experiments still need further investigation. For example, it should
be investigated to what extent older adults have been at risk for CoV
infections and whether this led to memory T cell responses. The absence
of TCR diversity as we age can prevent memory T cells from proliferating
in the previous face of CoVs. It may be due to inflating memory that
memory T cells of the elderly may not be well stored in the peripheral
repertoire (Klenerman and Oxenius, 2016).

A correlation has been found between the severity of COVID-19 and
the occurrence of cytomegalovirus (CMV), an early pathogen related to
memory inflation. However, more research is needed on the impact of
formation, function, and longevity of new T cells and the CMV and other
latent viruses on each other (Shrock et al., 2020). CD8™ T cells may also
become active as aging and may be isolated without the presence of their
homogeneous antigen and in reacting to IL-15 signaling. Although the
function of CD8™" T cells has been extensively investigated in mice, it has
been proven to be directly related to the age of humans (White et al.,
2016). Cytokine-activated CD8" T cells have an instinctive function and
can induce cytotoxic effects without the presence of homogeneous an-
tigen within viral infections. Aside from the antiviral benefits of this, an
unrestrained function can cause harm to the host (Kim and Shin, 2019).
The exact role of these cells in the effects of COVID-19 requires
investigation.

4. Conclusions

Abnormal pathological inflammatory responses cause devastating
consequences of SARS-CoV-2 infection and cause uncontrolled local
tissue damage, vascular leakage, systemic cytokine storm, and throm-
bosis. NF-kB signaling causes inflammation and thus leads to an inade-
quate response to immune cells to severe activation, although monocyte
subsets are an exception to this rule. Loss of early type I IFN responses
during acute COVID-19, together with JAK-STAT hypo-responsiveness
of old immune cells, leads to rapid viral duplication and exacerbates
vulnerability to SARS-CoV-2 attack in the elderly. When the aging im-
mune system overcomes the initial signaling and peak viral attack, many
pro-inflammatory cytokines are released, which may cause tissue dam-
age and vascular permeability, leading to the continued release of innate
inflammatory pathological responses. Excess priming of TLR4 due to
secondary bacterial infections after the viral attack is also involved in
creating this peak. It should be noted that weak immune responses of the
elderly to SARS-CoV-2 can be due to ineffective T cell priming, loss of
naive T cell diversity, decreased antibody maturity, and/or impaired
memory in these individuals. With its unregulated activity and without
the aid of an antigen-specific immune response, the innate immune
system exacerbates the complications of COVID-19.

The role of aging in the worsening of SARS-CoV-2 symptoms is one of
the hottest topics. Most experiments have investigated the role of aging
in people’s blood factors, and there is still no substantiated research on
tissue information. In the information obtained from the study of the
immune system of mice and the role of aging in it, differences have been
observed from the information obtained from human experiments. In
addition, immune cell subsets are also not always fully maintained be-
tween these two experimental species. These contradictions necessitate
careful consideration from one model to another. The investigations
performed should integrate all the information obtained and provide
comprehensive results.

Platforms of mRNA COVID-19 vaccines have proven highly effective
in the elderly. The Pfizer vaccine has a success rate of 95% in people over
65 years old, and the Moderna vaccine has a success rate of 86% in this
age group. Recently, 17 days after the second dose injection, an
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experiment showed fewer anti-SARS-CoV-2 antibodies in people over 80
than in those under 60. Determining the lasting efficacy of vaccines
provided to the elderly requires further investigation. The long-term
effects of SARS-CoV-2 infection have not been studied. The develop-
ment of a strong immune system against COVID-19 is the main focus of
today’s research, which continues in the hope of increasing the health
age of individuals.
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