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ePublished: September 23, 2023 Design: A review study.

Participants: People over 60 years old with neurological disorders were included in this study.
Outcome measures: Review of immunological and neurological aspects of COVID-19 in the
elderly.

Results: The novel coronavirus, an acute respiratory syndrome caused by coronavirus 2, has
caused an epidemic of the coronavirus disease 2019 (COVID-19) that has infected millions
and killed many people worldwide. Moreover, studies showed that mortality is high in the
elderly, especially those with comorbidities. Studies have indicated that biological changes
in the immune system are a major contributor to the spread of various diseases, especially
infectious diseases in the elderly. Therefore, all data and immunological outcomes should be
disaggregated and analyzed by age to better understand the heterogeneity between disease
incidence and aging.

Conclusions: Indeed, understanding the pathogenesis of novel coronavirus disease (i.e.,
COVID-19) and subsequent vaccine development requires prospective studies on the impact
of a novel coronavirus, especially on its long-term effects on aging populations in each country.
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Introduction
In December 2019, an outbreak of a new infectious
respiratory syndrome of unknown etiology was
confirmed in Wuhan, China.>? As a result of many
experiences and studies of the outbreak of severe acute
respiratory syndrome (SARS) in 2003, scientists and
clinicians around the world organized to identify a
new coronavirus. Finally, the severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) was introduced
as the causative agent of the disease."* Although this
epidemic was dramatically dominant in China, according
to the information recorded first in Italy and then in
other European countries, the United States of America,
and Brazil, the virus spread rapidly around the world and
caused significant deaths.*® In this regard, governments
took urgent measures to prevent further spread of the
disease; for example, on March 13, the United States
government declared a national emergency, and on
March 11, 2020, the World Health Organization (WHO)
declared the coronavirus disease 2019 (COVID-19) a
global pandemic.®

On March 31, 2020 similar to March 31, 2020, 33%

of the population was infected although a large portion
of them had no clinical symptoms, according to records
filed in New York State. In heterogeneous infections
such as COVID-19, host factors are key in determining
disease severity and progression.”® Studies indicated that
many factors such as obesity, smoking, gender, and age
are major risk factors for severe disease of COVID-19,
and underlying diseases such as type 2 diabetes and high
blood pressure are considered aggravating factors.®>* A
wide range of confirmed global data indicated that age is
the most important risk factor for severe COVID-19 and
its adverse health effects.” This review includes increased
vulnerability in older adults when exposed to COVID-19.
In addition, associations between exposure to COVID-19
in older adults and immunological and neurological
factors such as psychological and social-environmental
changes due to COVID-19 were examined. Furthermore,
relevant pathophysiological features that underlie the
psychiatric setting and may be exacerbated by SARS-
CoV-2 infection were examined. In this study, biological
mechanisms such as immune system alterations and
inflammation were described appropriately. The focus
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was on the involvement of mechanisms in aging-related
diseases, psychiatric disorders, stress, and infectious
diseases such as COVID-19. This review described the
increasing vulnerability of older adults to COVID-19
exposure. In addition, the link between exposure to
COVID-19 in older adults and the immunological,
neurological, psychological, environmental, and social
changes caused by COVID-19 was also investigated.
Moreover, the pathophysiological features underlying
psychiatric attitudes that may be exacerbated by SARS-
CoV-2 infection were also considered. Furthermore,
biological mechanisms such as changes in the immune
system and inflammation were described.

Methods
For our review, we searched PubMed, Google Scholar,
and medRxiv for the following keywords: “SARS-CoV-2,”

“Pandemic,” “COVID-19,” “Fragile People,” “Mild
Cognitive Impairment,” “Psychology,” “Psychiatry,”
“Mental Health,” “Elderly “Alzheimer’s Disease,” and

“Dementia”. Recently, several new reports related to
COVID-19 and its psychosocial impact on vulnerable
populations, particularly older adults in general have been
critically added.

Results

The Coronavirus Disease 2019 and Aging

Age and age-related diseases are completely dependent
on each other, so the number and severity of diseases are
directly related to aging. For example, the obtained results
suggested that the age-related diseases of 60-year-olds are
more and more severe than those of 50-year-olds, and
men were twice more likely to die than women of the same
age.' This is because men age faster than women, and men
are biologically older than women at any chronological
age.'> ! Overall, studies in different countries showed
that mortality from COVID-19 increases exponentially
with age.'” The exact death rate varies across hundreds
of studies because it depends on the test and treatment
intervention, but as far as we know, mortality increases

hospitalizations (A), ICU admissions (B), and deaths (C)
of COVID-19 patients by age group and sex were reported
up to May 7, 2020 in France.

Longer hospital stays led to more nosocomial
infections, putting patients at a potential risk of further
complications.”® In general, elderly patients with
COVID-19 have distinctive features. The atypical clinical
presentation without fever and the most common
features of delirium or neurological symptoms may delay
diagnosis and increase the risk of mortality. The mortality
rate in elderly patients with COVID-19 is thought to
be extremely high."”> ¥ Several factors contribute to
this mortality excess, including comorbidities, atypical
symptoms, and exclusion from ICU care.’* ' Although
age alone is often cited as a significant factor in excluding
the elderly from acute care, there is evidence that infirmity
is more likely than age to predict risk for poor prognosis
in this category.”

Elderly Immune Response to the Coronavirus Disease
2019

Aging brings about several important alterations in the
adaptive and innate domains of immunity. This process,
known as immunosenescence, significantly weakens the
immune defenses against infections, negatively affecting
the health and well-being of a significant portion of older
adults. On the other hand, aging is a biological process
related to disease and death. This process is reflected in
molecular properties such as epigenetic changes and
telomere attrition.”>?' Although the biological basis for
the susceptibility of long-term care facility residents to
patients with severe COVID-19 is unclear, age alone is
an extremely strong clinical factor that has a significant
effect on the immune system.”> # Immunosenescence
is the age-related decline in immune function that
may be an important factor leading to severe disease.
Antibody levels and quality as well as cellular responses
to pathogens decline with age, which may contribute to
the increased infection rate of COVID-19 infection in the
elderly.?*  These factors also strengthen the suboptimal

exponentially with age.'> " immune responses perceived in response to vaccines such
In Figure 1, nationwide data on the number of as influenza and shingles vaccines.”®* Additionally, many
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Figure 1. COVID-19 Hospitalizations and Deaths in France. Note. Growing number of overall ward and ICU hospitalizations, ICU admissions, and deaths from
COVID-19 in France. (A) Hospitalizations, (B) ICU Admissions, and (C) Deaths by age group and sex in France. ICU: Intensive care unit. Source Salje et al'®
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residents suffer from multiple comorbidities, making them
morelikelyto haveserious consequencesafterinfection.””?
In response to viral replication, macrophages and hyper-
functional monocytes infiltrate the lung, causing hyper-
inflammation and hyper-secretion of cytokines such as
interferon-y inducible protein-10, interleukin (IL)-2,
IL-6, IL-7, IL-1ra, monocyte chemoattractant protein-1,
tumor necrosis factor-a, ferritin, C-reactive protein,
macrophage inflammatory protein 1-a, granulocyte-
colony stimulating factor, and procalcitonin.?-!

Age is now recognized as a major risk factor for
COVID-19 complications. COVID-19 complications in
the elderly are known and extensively studied due to the
dysregulation of immune function, vaccination response,
and inflammation, and it has been speculated that
immunosenescence is a critical factor in the outcome of
SARS-CoV-2 infection.”” On the other hand, the relative
impact of immune system dysregulation on virulence
during COVID-19 in the elderly (or indeed anyone) is still
poorly understood.”** Some important immunological
variations in old adults are summarized in Table 1.

In sum, for severe COVID-19, five key points of attention
in the immune response may be affected by the aging
immune system: (A) Increased underlying inflammation
(inflammation) at the SARS-CoV-2 vaccination site may
expose older adults to a previously inflammatory local
environment. (B) Aging-associated innate immune cell
dysfunction may impair primary immune response.
(C) Late and/or impaired adaptive responses are due to
reduced clonal diversity, preexisting weak or ineffectual
immunity, and deprived T-cell priming. (D) The decline
in T-cell function and antibody response may be due to the
immune aging process, and (E) The potential for reduced
memory reactivity and potentially long-term effects on
the immune system may promote immunodeficiency
phenotypes.

The Coronavirus Disease 2019 Clinical Manifestation in
Older Adults

About 50% of patients over 60 years of age suffer
from the classic triad of symptoms associated with
SARS-CoV-2, including fever, cough, and shortness
of breath.* * Although fever and cough are the most
common symptoms among the elderly, young people

Table 1. Some Important Immunological Variation in Old Adult

with healthy immune systems may also have the triad of
symptoms.* Hypothermia in some patients can have many
causes, including thermoregulatory disturbances, low
basal body temperature, and certain medications in older
people.* In addition, phlegm production and shortness
of breath are more common in older people than in
other age groups. Elderly patients are less likely to exhibit
typical COVID-19 symptoms and more likely to exhibit
unusual SARS-CoV-2 symptoms such as confusion, falls,
and significant gastrointestinal symptoms.*"

Accordingly, a retrospective study on 141 people
aged 50 years and older with SARS-CoV-2 infection
confirmed that the most common clinical presentation
of COVID-19 disease in older adults includes typical
symptoms, especially cough (61.4%), fever (79.5%), and
shortness of breath (31.8%) at the age of 65-79 as well
as shortness of breath (25.5%), fever (75.0%), cough
(43.8%), and fatigue (25.5%) for people aged 80 years and
older.* Indeed, with advanced age, the inconsistency in
clinical demonstration of COVID-19 is greater due to a
higher incidence of atypical symptoms and signs such as
gastrointestinal disturbances (e.g., nausea, diarrhea, and
vomiting), hypotension, delirium, and falls.**

Common Diseases Related to the Coronavirus Disease
2019 in the Elderly

Comorbidities are the main challenge in the control
and treatment of COVID-19 in the elderly. The novel
coronavirus primarily causes pulmonary infections and
increases the strain on the heart.* * At the same time,
high blood sugar levels make the control of infections
difficult (see Figure 2). The coexisting multisystem
disease features create a complex disease in the elderly
that is more difficult to treat.** ** Additionally, elderly
patients are prone to multisystem organ failure that
develops other systemic complications such as renal
failure, gastrointestinal bleeding, delirium, disseminated
intravascular coagulation, and deep vein thrombosis.*
Frequent infectious diseases have led to an increase
in the death rate among the elderly and are the main
challenges in implementing appropriate preventive
measures and future strategies to protect the elderly.
These include worsening conditions, weakened immune
function, reduced organ function, and increased

Immunological Factor Variations Ref
Thymic involution Thymic output|, Adiposity in thymus?, Thymic epithelial cells|, IL-7 production| 3
T lymphocytes Native T cell pool], Memory T cellf, TCR diversity|, CD8t, CD4| 35,36
B lymphocytes Native B cell pool|, Memory B cellst, IgM, IgD serum level|, IgG, IgA serum levelt 3
Hematological biomarkers LDH?, ALT|, AST?

Inflamm-aging Inflammatory mediators?, IL-61, CRP?, Tissue dysfunctiont 37
Cytokine (IFN)-y |, TH1 |, IL-4 and IL-101, CD45RO+/CD8+T cells | 3

Overall changes L
to vaccination]

Telomerase activity|, Tomur incidence?, Infection susceptibility?, Auto immune/inflammatory reactiont, Immune response

37

Note. IL: Interleukin; TNF: Tumor necrosis factor; CRP: C-reactive protein; LDH: Lactate dehydrogenase; ALT: Alanine aminotransferase; AST: Aspartate

aminotransferase; IFN-y: Interferon-gamma.
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susceptibility to multiple underlying diseases. Illness
and the lack of attention to personal health make older
people vulnerable to a variety of illnesses.*”* In addition,
immunodeficiency decreases receptor expression, and
severe pathophysiological reactions in the elderly can lead
to functional impairment. Despite many ailments, mental
health is one of the most important pillars of public health
for older people. Regular telephone counseling, contact
with family members, the provision of appropriate and
timely information on the epidemic, continued supply
of generic drugs, addressing psychological needs, and
instilling respect are essential. On the other hand, respect
and dignity are considered highly valuable in maintaining
the mental health of older adults.*

The COVID-19, risk factors and challenges are
illustrated in Figure 3.

As illustrated in Figure 3, in addition to increased

viral susceptibility/virulence or infection rate, immune
response  dysregulation and  hyper-inflammation
significantly increased COVID-19 pathophysiology,
resulting in increased disease severity.’® * Preventive
interventions should focus on the unique health as well as
nutritional, psychological, and spiritual well-being needs
of older people. Physical isolation, social distancing, and
proper hand and respiratory hygiene must be supported
by the provision of personal protective equipment,
environmental disinfection, and nutritious meals.*>*

Additionally, mechanisms and risk factors associated
with the exacerbation of COVID-19 in older adults are
illustrated in Figure 4.

Discussion
In many countries, isolation was considered an essential
solution. However, some studies have found that social

<I'hymus involution: Decreased thymic output of mature T cell
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increased adiposity of bone marrow
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Figure 2. Immune System in Aging. Note. The degeneration of the main lymphoid organs reduces the assembly of naive T and B cells, resulting in decreased
migration to secondary lymphoid organs and locates of antigen exposure. In addition, the lungs and extrapulmonary organs are vulnerable to the buildup of

pro-inflammatory cells and mediators, adapted from Bajaj et al®

elderly.

Old age elderly

Old age, weaker immunity,
Immunosuppression, decreased organ vitality, and poor
healthcare management have increased the suffering of the

More vulnerable to Covid-19, Special care to
Minimize mortality

A

—

Heavier clinical manifestation, Greater severity
of diseases, Longer course of disease

H

and underlying diseases,

Figure 3. COVID-19 Risk Factors and Challenges. Note. A good diet, adequate nutrition, allergies, and COVID-19 vaccination are protective factors against
COVID-19 infection and development and increases anti-inflammatory cytokines; further, a decrease in ACE2 expression could contribute to the protective
effects of these factors. Moreover, the induction of antibody responses and T-cell activation by COVID-19 immunizations can also help prevent infection,
progression, and poor clinical outcomes, adapted from Niu et al** and Guo et al.** COVID-19: Coronavirus disease 2019
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Figure 4. Mechanisms and Risk Factors Associated with Exacerbation of COVID-19 in Older Adults.
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comorbidities, and reduced physical activity, leading to a pandemic. It is exacerbated by related restrictions. These effects result in increased viral replication,
cytokine storm, and reduced lung protection against viruses. Complications of COVID-19 such as ARDS, thrombosis, and renal failure are also common in
older people and ultimately lead to severe COVID-19, with permission from Farshbafnadi et al.*® COVID-19: Coronavirus disease 2019; Ace-2: angiotensin-

converting enzyme 2; ARDS: Acute respiratory distress syndrome

isolation in the elderly is a “serious public health concern”
due to the increased risk of cardiovascular disease,
autoimmune disease, neurocognitive disorders, and
mental health problems.”!

Older age is one of the predictors of poor prognosis,
so elderly patients with COVID-19 are at increased risk
of severe and fatal complications.”® Due to worsening
health conditions and comorbidities, elderly patients with
COVID-19 are more likely to be hospitalized for longer
periods and are more likely to require additional medical
resources, so improving patient care is critical.®> %
Remdesivir is currently the only available antiviral drug
that is effective against moderate to severe SARS-CoV-2,
and its mechanism of action involves the inhibition
of the viral RNA-dependent polymerase. Elevated
aminotransferase and/or serum creatinine is one of the
main side effects of remdesivir.** This requires special
attention as hepatic and renal dysfunction with remdesivir
can be severe®; therefore, caution should be exercised
when administering remdesivir to elderly patients
with reduced visceral function.”® Furthermore, elderly
patients with COVID-19 are at high risk of exacerbations
requiring treatment with remdesivir. However, the safety
of remdesivir, especially in elderly patients, is unknown in
clinical practice.® There are currently no other effective
antiviral drugs available for the treatment of moderate to

severe novel coronavirus disease (i.e., COVID-19).5 The
knowledge of remdesivir safety is therefore essential for
older patients, and extra research is needed to evaluate the
safety of remdesivir in elderly patients with COVID-19,
particularly those who are being treated in hospitals.”
Well-timed antiviral therapy primary in the disease course
is strongly recommended for patients with COVID-19,
especially older patients and those with underlying
medical conditions.”” % Researchers retrospectively
reviewed clinical data from 280 COVID-19 cases,
recommending the timely initiation of antiviral therapy
to slow disease progression and improve prognosis in
older patients. So far, Oseltamivir, which may reduce
mortality in influenza patients, and ganciclovir, which
is primarily used to treat cytomegalovirus, have been
widely used in SARS-CoV-2 patients.”® ** However, the
efficacy of neuraminidase inhibitors is now questionable
and is no longer recommended.”® Remdesivir (GS-5734)
is a monophosphoramidate prodrug of an adenosine
analog that affects viral RNA polymerase and reduces
viral RNA production.®” Remdesivir showed significant
therapeutic efficacy in a Middle East respiratory syndrome
coronavirus mouse model.®” This finding suggested that
a patient treated with Nirmatrelvir/ritonavir was more
likely to have a negative test within 10 days of his/her first
positive test.®> © This benefit of Nirmatrelvir/ritonavir
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persisted after adjusting for relevant confounding factors
such as COVID-19 immunization status and also in
specific subgroups such as immunosuppressed and
elderly patients.*" ¢

Conclusions and Recommendations

The main results of this study indicated that people who
die from COVID-19 have high levels of comorbidities
at all ages, but a minority of healthy adults without
underlying medical conditions die. due to common non-
respiratory complications. Hence, it was recommended
that respiratory disease should be combined with
strategies to prevent and reduce the impact of non-
respiratory complications; furthermore, hospitalized
patients who died from COVID-19 worldwide had a
variety of complications regardless of age. However,
the occurrence of some deaths in young adult patients
without underlying medical conditions suggests that
COVID-19 can also affect healthy people. Finally,
further research is needed to identify the contribution
of aging to other serious viral diseases and to elucidate
the mechanisms underlying age-related onset potential.
During quarantine due to COVID-19, the level of physical
activity among older people around the world decreased.
In the current pandemic scenario, fitness strategies with
age-appropriate exercise should be promoted to maintain
and improve the health of this population. Studies suggest
that older age may reduce the mental health impact of
COVID-19. Despite popular perceptions and conflicting
evidence about vulnerability, the ability of older adults
to adapt to adversity varies according to cultural, social,
economic, and other personal factors. Overall, the impacts
and long-term effects of COVID-19 are expected to vary
across countries and older populations and have yet to be
evaluated in prospective longitudinal studies.
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