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he dramatic appearance of a novel coro-
navirus (severe acute respiratory syn-
drome coronavirus 2 [SARS-CoV2])
associated with a febrile illness rapidly
leading to acute respiratory distress syn-
drome (ARDS) and with a high mortality
burden, shook the entire world in the first
half of 2020. The definition of a new disease, named
COVID-19, quickly was followed by the outbreak of a
pandemic. Combined efforts from many groups unveiled
the transmission routes of the new virus and its genetic
and antigenic constitution. Rapid advances were made
for diagnosis, using molecular biology techniques, and
several types of vaccines were developed, clinically test-
ed, approved, made available in an amazing record time,
by the end of the same year. Looking back to the past
34 months, we realize that this success could not have
been achieved at such speed without the worldwide co-
operation of scientists and institutions, both in the public
and private sectors. However, several aspects of this new
infection remain obscure and need further investigation.

Age and COVID-19

In recent months, several studies have focused on
why mortality from COVID-19 is so much higher in
aged people compared to young subjects, and why, in
symptomatic cases, elderly patients show more severe
manifestations. This disproportionate distribution was
observed since the reports of the first cases from Wuhan
(China) and confirmed in all published series [1-11], giv-
ing at first sight, the (false) impression that COVID-19
should be regarded as a disease of the elderly [12-14].
This seemed to represent a different feature from the
great influenza pandemic of the previous century and
other more recent pandemics [15-18].

Several hypotheses raised at the beginning of the pan-
demic were soon abandoned, but it took another year
before a clearer view of this new pathogen and the dis-
ease it caused emerged from thousands of studies, the
early ones coming from Chinese scientists [1, 4, 9-11,
19] who had the opportunity to gather information on the
first cases, while tight measures of public health adopted
there brought the pandemic under control. The debate is
still open and ongoing on some aspects, and new issues
have emerged, such as the multisystem inflammatory
syndrome in children (MIS-C), cardiomyopathy, auto-
immunity, and long COVID-19 [20-23]; however, the
main points have been ascertained. Remarkably, a very
early publication from Italian scientists [24] described

many characteristics of the pathogenesis of COVID-19
pneumonia, and the role of dysregulated innate immu-
nity in causing hyper response with the following “cyto-
kine storm”. Other studies, some of which were written
by Iranian scientists [13], described disease severity, risk
factors, laboratory, and immune parameters altered in the
various stages of the disease [7, 8, 10, 12, 25-30], al-
though at first, it was difficult to relate all these and build
a general picture of the pathogenesis of COVID-19.

As pointed out in a recent Nature Review [31], age is a
major determinant of COVID-19 severity, and represents
the single crucial risk factor for mortality. Therefore the
view has changed, to the point that COVID-19 is not a dis-
ease of the elderly, but being older puts the individuals at
risk of worse outcomes [32]. The information provided on-
line by the United States centers for disease control and
prevention (accessed on Sept.1, 2022) compares rates of
COVID-19-associated hospitalizations and deaths in vari-
ous age groups with 18-29 years old as a reference group
because it has accounted for the largest cumulative num-
ber of COVID-19 cases compared to other age groups.
Although no difference was observed for the prevalence
of infected subjects in all age groups, hospitalization rates
doubled for those aged 30 and 49 years, to five times the
reference for ages 65-74 years, and 8 or more times for
those aged 75 years. The increase was more striking and
steeper when considering the death rate from COVID-19
compared to the reference group, the rate was already ten-
fold in people aged 40-49, rising to 25 times for ages 50-64
and 60 times at age 65-74. This rate soared up to 330 times
in subjects aged 85 years and above. According to these fig-
ures, it is estimated that 80% of all deaths related to SARS-
CoV-2 infection occur in individuals older than 65 years,
at least in the United States [32]; the same trend is evident
also in Europe and other parts of the world. Therefore older
age greatly impacts the severity of symptoms and the mor-
tality of COVID-19. While elderly subjects have a higher
prevalence of comorbidities independently associated with
increased risk of severe COVID-19, including type 2 dia-
betes, cardiovascular disease, hypertension, chronic pulmo-
nary or kidney disease, tumors, and other ailments causing
frailty [33], chronological age is still the single greatest risk
factor for COVID-19 mortality [31, 32].

Immunity and COVID-19

The intricate relationship between an infectious agent
and the immune response shows that a delicate balance
is needed to overcome aggression and avoid tissue and
organ damage. In immunocompromised subjects, the
pathogen has an advantage, but many organisms, par-
ticularly viruses, have developed sophisticated ways to
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disable the defenses also in immunocompetent hosts and
evade the immunological counterattack. This seems to be
the case for SARS-CoV2, which blocks the early innate
immune response, centered on type I and III Interferons,
giving time to the virus for massive replication, which
in turn it elicits a hyper-reaction with excess inflamma-
tion and lung damage, with systemic involvement and
dysregulated immunity. In a paper in the second half of
2020, Anka et al. [34] pointed out the similarity with pre-
vious coronavirus and wrote “in SARS-CoV and Middle
East respiratory syndrome-related coronavirus (MERS-
CoV) infection, delayed release of interferons (IFNs)
hampers the body’s antiviral response in the initial phas-
es of infection”, giving way to the higher response later,
with the result “type I interferon continuous activation
of infiltrating monocytes and monocyte-derived macro-
phages, oxidative stress, anti-spike protein immunoglob-
ulin G (IgG) immune complexes, and NOD-like receptor
pyrin domain containing (NLRP)3 inflammasome acti-
vation could explain the pathophysiology of COVID-19
as it does for SARS and MERS”. The importance of the
delayed IFN response in the early stage of infection has
recently been underlined by Sapir et al. [35], who clarify
three distinct phases of infection by SARS-CoV2, and
also pinpoint the role of the complement system, another
key component of the innate immune response, in the
hyperinflammatory later stage. They write “this pathway
is especially seen in the second week after disease onset,
following the decline in IFN seen in the earliest phase of
the disease. Regulation of the IFN system is then of great
importance to COVID-19 outcomes, underactivation in
the early stages, SARS-CoV-2 enters the body unde-
tected, while overactivation in later stages results in seri-
ous damage to the host”. That is why even fatality cases
show signs of a robust immune response to the virus, as
well as organ and non-organ-specific autoimmunity.

Immunosenescence

This is a scenario well known to immunologists in
geroscience, who describe immunosenescence as the
result of both an inflammatory milieu and an out-of-
control immunity [7, 8, 12, 25, 27, 30, 31, 36-42]. The
accumulation of senescent cells and the decrease of na-
ive T lymphocytes lead to the shrinkage of the repertoire
and the loss of regulatory signals, with both innate and
adaptive immunity skewed toward an inflammatory pat-
tern. In COVID-19, lymphopenia is present in severe
cases, and this has been explained as part of the PANop-
tosis sparked by hyperactivation and inflammation [31].
Recently, the infection of CD4+T cells by the SARS-
CoV2 virus has been observed, mediated by non-spike
dependent mechanisms, leading to selective depletion of

T lymphocytes with subsequent lymphopenia [32, 43].
Among immune cells, the progressive accumulation of
exhausted T lymphocytes exists, with impaired regula-
tory function, promoting the skewing of monocytes to-
wards an inflamed phenotype [12, 36, 38, 39, 41, 42, 44,
45]. This month, the role of a calcium-binding protein
secreted by adipocytes in the extracellular matrix, called
SPARC, has been revealed in causing features of aging,
by inducing tissue macrophages to promote the inflam-
matory state characteristic of older people [46, 47]. The
presence of inflammatory aged or senescent cells with
a senescence-associated secretory phenotype (SASP),
accumulated through life and persisting, is conspicuous
in aging, and they display an abnormal secretory phe-
notype characterized by the production of cytokines,
chemokines, growth factors, matrix metalloproteinases,
fibronectin and reactive oxygen species [39, 41, 45].
Senescent cells have a paracrine pro-thrombotic effect,
which together with the procoagulant activity of pro-in-
flammatory cytokines, may explain other aspects of se-
vere COVID-19 and its worse outcomes in aged subjects
[8, 12, 26, 36, 37, 48].

Several studies [7, 8, 10, 12, 25, 27, 30, 32, 34-36, 38,
39, 41, 44, 48-52] have highlighted other mechanisms
linking immune system aging (immunosenescence) to
COVID-19 severity, including e.g. natural killer (NK)
cells lower functionality, CD8+T cell dysfunction and
B lymphocyte hyporeactivity, which I shall not reiter-
ate here. The mechanism of lymphocyte aging includes
multiple changes in the signal transduction from the rel-
evant antigen receptors to the genes involved in different
aspects of the immune response, so the discussion would
be long and complicated.

Aging is both a chronological as well as a functional
phenomenon. Certain aspects of aging may begin early
in life, but at a different rate in different organs and dif-
ferent individuals. Studies on longevity have dissected
both genetic and environmental determinants of aging.

The aging of the immune system is a multifaceted pro-
cess that is thought to be the leading cause of organ and
individual aging. Confrontation with the exome shapes
immunological responses and our immune repertoire
throughout life. Among external cues, infectious agents
(especially viral ones) and local microbiota have emerged
as major factors affecting both our responses and tissue
inflammation. Since low-level inflammatory milieu has
been proposed to underliec immunosenescence (inflam
m-aging), this mechanism predisposes elderly subjects
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infected with SARS-CoV2 to a more severe course and
possibly the development of acute respiratory distress
syndrome (ARDS) and death. However, chronological
and immune aging does not always overlap, since many
factors may contribute to immune aging in an individual
including genetics, environmental factors, diet, health
behaviors, psycho-affective attitude, and allostatic load,
and we still need specific biomarkers to measure their
total contribution to immunosenescence.
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