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Abstract: Since the initiation of immunization against SARS-CoV-2, the adverse reactions of vaccines
have remained a major contributor to vaccine hesitancy. Their occurrence has been attributed to the
immune response against the administered antigen, which is affected by different factors including the
age of the vaccine recipient. The trends of the adverse reactions of COVID-19 vaccines have shown a
higher frequency in younger adults (18-64 years old) than in the older population (>65 years). One of
the potential reasons is the healthy and efficient immune systems of younger individuals, which
provide a robust pro-inflammatory response upon antigen encounter. Their adaptive immune system
has a diverse array of nawe T and B lymphocytes, which aids in antigen elimination with the
development of a long-lasting immunological memory. Age-related changes in the immune system of
the elderly are referred to as immunosenescence, which reduces its efficiency. The phenomenon of
cellular senescence and inflammageing can lower the vaccine responses of older recipients. Thymic
involution and ageing of the bone marrow can lead to decreased levels of na'we T-cells and memory
B-cells. This could compromise the ability to either fight new infections or effectively respond to vaccines
and develop a lasting immune memory. Along with clinical trials of senolytic drugs, lifestyle interventions
are being studied to mitigate such age-related changes. Further insights into vaccine responses in the elderly
population and the means to alleviate the hallmarks of immunosenescence are required.
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1. Introduction

Coronaviruses have been a threat to both animals and humans for nearly 90 years [1]. The most
recent pandemic of severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2), which causes
coronavirus disease 2019 (COVID-19), serves as a vivid example. The first case of COVID-19 was
reported in Wuhan, China in December 2019 [2,3], which resulted in a rapid surge in cases and
fatalities. Consequently, on March 11, 2020, the World Health Organization (WHO) declared it a public
health emergency of international concern. As of March 2023, COVID-19 has afflicted 676 million
individuals and claimed nearly seven million lives, making it one of the deadliest pandemics [3,4].

Vaccines are considered the most promising approach to control pandemics [5]. Vaccines against
COVID-19 have been developed using technologies such as inactivated, viral vectors, nucleic acid,
and subunit vaccines [2]. They have unique mechanisms of action based on their respective ingredients
and technologies. A study of the Real-World Effectiveness (RWE) of these vaccines showed high
protection against COVID-19 [6]. This can be demonstrated by the fact that the WHO declared
COVID-19 to be over as a global health emergency on 5% of May 2023. While this indicates the success
of our immense immunization efforts, we cannot overlook the limitations of our disease control
strategies, which lead to a high number of cases and deaths. This is crucial to prepare for any future
infection outbreaks [7].

Strategies such as vaccine optimization are among the primary measures of intervention responses. It
involves giving priority to people who are more at risk of becoming seriously ill and potentially dying from
the disease. These measures are key to effective prevention through vaccination against infections such as
COVID-19. Elderly people have been given priority for vaccination against SARS-CoV-2 because younger
people have been shown to have a significantly lower proportion of severe infections [8,9]. Additionally,
the disease mortality rate is higher in older individuals [10]. This can be attributed to the ageing process,
which alters the structural and functional capabilities of the elderly. The process of immune system ageing,
known as immunosenescence, is a potential reason for the increased susceptibility to infections [11].

Immunosenescence not only increases the chance of severe infections, but can also make the
development of long-term immunity through vaccination difficult [12]. This indicates the significance
of evaluating the immune system response of the vulnerable aged population to administered vaccines.
This will help to understand the issue of the reduced vaccine efficacy among the immunocompromised
elderly population and is also necessary to identify the need for any subsequent vaccination strategies.
In this review, we discuss the adverse reactions and safety of SARS-CoV-2 vaccines in young and
elderly populations, highlighting the relationship between immune ageing and vaccine responses and
its impact on developing and maintaining immunological memory, with the need for safer and more
effective vaccines for frail elderly people.

2. Vaccine adverse events

Adverse events refer to a series of reactions that can occur after vaccination and are physical
manifestations of the immune response to the administered pathogen [13]. The safety profile of any
vaccine is determined by the intensity of the adverse events (AEs) that can potentially occur after
vaccination. These signs and symptoms include local and systemic responses. They are often mild and
self-limiting and do not cause serious medical complications [14].
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The most frequently reported AEs associated with SARS-CoV-2 vaccines involve localized
reactions of redness or soreness at the injection site and systemic reactions such as malaise, lethargy,
headache, fever, chills, myalgia, and diarrhea [15,16]. Some rare cases of cardiovascular AEs, such as
blood clotting in multiple vessels and anaphylaxis, were observed [17]. Along with certain host
biological factors including age, sex, and the presence of any comorbidities, the previous COVID-19
infection profile, vaccine types, and doses have also been found to be associated with the occurrence
of such severe adverse reactions [13,18-20]. Moreover, several lifestyle factors of vaccinees, including
physical activity, non-smokers/smokers, demographics, and ethnicities were also found to significantly
impact the prevalence of vaccine side effects [19-22]. These studies have concluded the role of
increasing age in decreasing the vaccine AEs frequency [23,24]. Table 1 describes the different types
of available SARS-CoV-2 vaccines along with their reported adverse reactions.

The clinical trial results of all available COVID-19 vaccines have found them to be extremely
safe and effective [18]. However, in real-world settings, no vaccine has been claimed to be completely
free of side effects. Therefore, understanding the immune responses to these vaccines among a range of
individuals is helpful to identify effective policies for infection prevention through immunization [13,25].

3. Mechanism of vaccine adverse reactions

As the prevalence of vaccine-related adverse events exacerbates the issue of vaccine hesitancy, there
is a dire need to better understand the mechanism of vaccines and the resultant reactions (Figure 1) to
scientifically combat this issue. Vaccines contain antigens to stimulate the immune response and to
provide protection against a specific disease [26,27]. Upon entering the body, vaccine antigens are
recognized as a potential threat through specific pathogen-associated molecular patterns (PAMPS) on
their surface by pattern recognition receptors (PRRs), including the Toll-like receptors of antigen
presenting cells (APCs) of innate immunity [28].

This induces the transcription of certain genes in these cells, thus leading to the production of
specific proteins including pro-inflammatory cytokines, chemokines, and other soluble factors, such
as vasodilators, as a result of their interaction with a viral pathogen [29]. Among cytokines, type 1
interferons (IFN-I) play a primary role in empowering the initial immune response against the
administered viral antigen. IFN-I mainly includes IFN-B and IFN-a, which are secreted by APCs,
including the dendritic cells (conventional and plasmacytoid DCs) and macrophages. This IFN-1 is the
main link between innate immunity and the activation of the adaptive immune response. Additionally,
IFN-y is involved in the activation of adaptive immunity [30].

This interferon signaling induces the process of antigen presentation by activated APCs to CD4*
nawe T-cells and CD8" nawe T-cells by both major histocompatibility complex (MHC) class | and Il
embedded in the surface of APCs [14,30]. Additionally, the presence of pro-inflammatory mediators
in the bloodstream rapidly increases the levels of various systemic factors including C-reactive and
other acute-phase proteins of hepatic origin after vaccine administration [31].

These inflammatory mediators produced following antigen exposure are responsible for vaccine-
associated local and systemic adverse reactions. Local AEs are thought to occur because of the
activation of local resident immune cells including DCs and macrophages. Systemic reactions are the
result of the presence of inflammatory mediators in the circulation, which initiate signals at the blood-
brain barrier level and stimulate pyrogenic and flu-like symptoms [13,32].
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The resultant SARS-CoV-2 specific cytotoxic CD8" T-cells produce IFN-y with some expression
of tumor necrosis factor (TNF) and interleukin-2 to directly kill infected cells [33,34]. The surviving
T-cells produce memory cells [27]. The virus specific helper CD4"* T-cells help to induce B-cells and
humoral immune response. This initiates the formation of plasma cells through the production of
antigen-specific neutralizing antibodies. After a few days, this process is followed by the apoptosis of
short-lived plasma cells and long-lived plasma cells, make the effector memory cells [35]. Moreover,
memory B-cells with B-cell receptors on their surface contribute to immune memory generation after
antigen encounter [35]. These memory cells travel to reside in the bone marrow niches [27], while the
memory T-cells reside in tissues and lymph nodes [27]. This leads to the development of an effective
long-term immunological memory [34,36,37]. This immune memory is the source of protective
immunity against specific pathogens in future encounters [27].
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Figure 1. After administration the vaccine antigens are recognized by PRRs of innate
immune cells which induce the transcription of Interferon-signaling genes. This signaling
initiates the production of pro-inflammatory cytokines, including interferons and
interleukins. The presence of these pyrogenic mediators locally at the injection site or in
the bloodstream may trigger adverse vaccine reactions. The APCs then activate nawe T-
cells through antigen presentation, which further initiates the cytotoxic T-cell response and
antibody production by the proliferation of activated B-cells into plasma cells.
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Table 1. Summary of the available different types of COVID-19 vaccines with relative
prescribed efficacies and reported adverse reactions [38—42].

Name Type Mode of action Doses Efficacy Reported adverse events

Pfizer- Nucleic acid Contains mMRNA X2 89% Non-serious common vaccine related AEs were

BioNTech sequence that codes reported with some rare incidences of cardiac

(BNT162b2) for viral spike protein inflammation and anaphylactic reactions [43,44].

Moderna Nucleic acid RNA segment X2 92% Reported greater common vaccine AEs compared to

(mMRNA-1273) coding for viral BNT162b2 vaccine particularly after both doses. The
spike protein reports of severe vaccine reactions were lower than

BNT162b2 vaccinees [43,44].

AstraZeneca Contains genetically X2 62%— Mild and short-term common vaccine local and

(ChAdOx1)  Viral Vector modified adenovirus 90% systemic adverse reactions were reported. Some severe
that cannot replicate adverse reactions including venous thromboembolic
but can code for events and Guillain—-Barrésyndrome (GBS) were also
SARS-CoV-2 found to be the potential safety signals for ChAdOx1
proteins particularly after first dose [45,46].

Janssen Viral Vector A non-replicating XL  66% Minor vaccine adverse events of local to general
virus transports the systemic reactions were reported with paresthesia or
genetic material of hypoesthesia, tinnitus and swollen lymph nodes. Rare
SARS-CoV-2 virus incidences of blood clotting with thrombocytopenia

and anaphylactic reactions were also reported but at a
lower rate than ChAdOx1 vaccinees [47,48].

Sputnik V Viral Vector A non-replicating X2 91% Mild to moderate injection site and systemic reactions
virus transports the were reported. No severe post-administration
genetic material of complications were observed [49,50].

SARS-CoV-2 virus

CanSino Viral Vector Non-replicating Xl  65%  Common vaccine adverse reactions were reported with
adenovirus  delivers a greater prevalence of systemic reactions of fever and
the genetic material fatigue than local adverse events. Some serious events
of SARS-CoV-2 of pneumonia were reported but found to be
virus coincidental [51,52].

Sinopharm Inactivated Contains Killed virus X2 79% Mild general vaccine adverse reactions were reported
particles mostly after the first dose. Some rare incidences of

cardiac arrest and GBS were also reported. Overall
shows a lower prevalence of AEs than mRNA and
ChAdOx1 vaccines [52-54].
Sinovac Inactivated Have Killed virus>2  51% Non-serious AEs were observed at a lower rate than
particles most of the other COVID-19 vaccines. Some severe
incidences of myocardial infarction and allergic
reactions were reported [52,55].
Novavax Protein Contains  Isolated X2  90% Moderate adverse reactions with a higher prevalence of
Subunit virus particles local symptoms were observed after both doses. Some

cases of myocarditis/pericarditis were reported [56].
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4. SARS-CoV-2 vaccines adverse reactions in younger adults

Individuals belonging to this age group are regarded as high sources of viral transmission.
Therefore, to reduce disease morbidity with a higher vaccine coverage, immunization of this
population is recommended [8]. While evaluating the occurrence of the available SARS-CoV-2
vaccine related AEs among individuals aged between 18-64 years, studies have indicated that they
were more likely to experience such reactions than the older population [57].

Both commonly reported local and systemic AEs have shown a higher prevalence in this age
group [58-63]. Among these side effects, local reactions including pain and soreness at the injection
site are more frequently reported in these individuals than systemic reactions. On the other hand, they
are at a lower risk of severe adverse reactions such as side effects leading to hospitalization, any
permanent disability, or death compared to older adults [57]. There were certain cases of vaccine-
related heart inflammation which led to myocarditis and pericarditis, specifically post-mRNA vaccine
administration among younger or adolescent individuals. However, these side effects were found to be
self-limiting and were more associated with the gender and age of the vaccine recipients [64,65]. Other
rare cases of thromboembolic events and liver injuries after the administration of different COVID-19
vaccines were also mostly observed among individuals of this age group [41,66-69]. Regardless of the
vaccine type and dosage frequency, individuals who belong to younger age groups are at a higher risk
of experiencing SARS-CoV-2 vaccines adverse reactions [70].

Along with many extrinsic and intrinsic factors, one of the potential reasons for such vaccine
responses is the efficient and active immune system of younger individuals, which vigorously reacts
against the antigens of the vaccines [13]. In addition to the high number of circulating monocytic and
dendritic cells of the innate immune system, the adaptive immune system of younger individuals with
a prodigiously active thymus also has higher inactivated/na'we T-cells (i.e., the T-cells that have not
yet encountered any antigen). Thus, with a large repertoire of T-cell receptors (TCR), the younger
population produces a varied set of memory T-cells after exposure to a new antigen. Similarly, the
intact functional ability of nawe B-cells to differentiate into plasmablasts and produce neutralizing
antibodies aids in the development of a long-lasting immune memory [71,72]. Therefore, prompt
antigen detection induces an effective immune response. The resultant production of higher levels of
acute inflammatory mediators as a result of this antigen encounter in younger vaccinees increases their
risk of experiencing vaccine side effects [13,73,74].

Similarly, the unusual post-vaccination manifestations of myocarditis and pericarditis in this age
group involve genetic predispositions and a more intense pro-inflammatory response, mainly IFN-y
signaling, which is found to activate the cardiac inflammation pathway [75-77]. The AE of SARS-CoV-2
vaccine-induced immune thrombotic thrombocytopenia (VITT) is an autoimmune condition
characterized by higher titers of antibodies (IgG) that activate platelets, which leads to thrombosis in
arterial and venous circulation [78]. Platelet activation releases platelet factor 4 (PF4), which helps to
neutralize the antigen by binding and opsonizing the antigens, which facilitates the binding of anti-PF4
antibodies to it. In the case of VITT, antibodies bind to platelets and induce the release of procoagulant
platelet microparticles [78]. Such side effects can be mitigated by early testing for anti-PF4 antibodies
and treatment targeting autoimmune processes [78].

Additionally, these adverse reactions have been reported in younger adults and follow the same
underlying mechanism of increased levels of pro-inflammatory cytokines, leading to a high grade
inflammatory state [79,80]. On the other hand, certain reports of immune-mediated liver injuries post-
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vaccination are found to be more associated with the presence of any comorbidity, usage of certain
drugs, and the genetic susceptibility of the vaccinee [81-83]. For such AEs, therapeutic management,
including corticosteroid treatment, is found to be effective [84].

5. SARS-CoV-2 vaccines adverse reactions in older adults

Older people are more vulnerable to severe infections and mortality and are considered a high-
risk category in the event of an outbreak. Thus, these individuals are recommended to be prioritized
during the early stages of immunization efforts [8]. We reviewed the reported AEs of the COVID-19
vaccines in individuals aged > 65 years. Although they are more susceptible to serious illnesses, they
are less likely to experience vaccine side effects.

The individuals belonging to this age group reported reduced trends of adverse reactions to all the
available SARS-CoV-2 vaccines [58-63]. In contrast, the elderly population was found to be at a
higher risk of serious post-vaccination AEs, which led to hospitalization or even death [57]. There are
reports of vaccine-related deaths in frail elderly persons in Norway and Germany [85,86]. On
evaluation of these events, it has been determined that the common adverse reactions associated with the
available SARS-CoV-2 vaccines may aggravate the underlying illnesses of older populations [86,87].

The observed higher risk of severe infections and lower rates of common vaccine AEs in the
elderly population can be attributed to immunosenescence, which is the gradual decrease in the
functional ability of one’s immune system with increasing age [88]. This senescence of immune cells
is characterized by permanent cell growth arrest, prevents the proliferation of damaged cells and
autophagy, and results in the accumulation of impaired immune cells [89]. The key feature of cellular
senescence is the release of numerous inflammatory mediators with growth factors and proteases that
affect inter-cellular communication [89]. Consequently, it alters antigen sensing, antigen presentation,
and pro-inflammatory responses of immune cells post-antigen encounter. Moreover, the expression
and function of TLRs in the innate immune system has been found to be imbalanced in elderly
individuals [90]. Therefore, this process contributes to the reduced capabilities of the innate and adaptive
immune systems and increases the incidence of infections with a decreased response to vaccination [91].

This phenomenon of cell-cycle arrest leads to thymic atrophy, reduces the levels of nawe T-cells,
and promotes the accumulation of memory T-cells in the elderly population. Age related changes in
the bone marrow include the accumulation of old hematopoietic stem cells (HSCs), which have a
decreased reconstitution potential [92]. This ultimately affects the production of na'we B-cells and
decreases the efficiency and diversity of the antibody response [91,93]. A comparison of the vaccine
response of an adult’s efficient immune system with that of immunocompromised elderly individuals
is presented in Figure 2. Additionally, cellular senescence contributes to the process of inflammageing.
This term is referred to as chronic low-grade inflammation associated with ageing. Constant
inflammation signaling as a result of senescent cells produces a senescence-associated secretory
phenotype (SASP), which continuously releases cytokines and chemokines; the prompt of leukocyte
recruitment exhausts the immune system, which resultantly affects its response to any new antigen [71].
This leads to an impaired vaccine response and a reduced risk of vaccine reactions in the elderly population.
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Figure 2. Difference of the immune response in adults and elderly population to the
administered vaccines. The reduced efficiency of the immune system in the elderly leads
to negative vaccine response and lowers the risk of vaccine adverse reactions.

6. Vaccine adverse events and immunological memory

It is important to understand the relationship between AEs and immunological memory induced
by administered vaccines to prevent vaccine hesitancy and promote vaccine uptake. Immunological
memory is the ability of the immune system to remember a pathogen and to initiate a rapid and
effective response upon subsequent exposure. This allows vaccines to provide protection against
disease [94].

While the inflammatory response of innate immunity is rapid and non-specific, the adaptive
immune response is highly specific and is responsible for the development of a long-lasting immune
memory by the production of specific antibodies and by maintaining memory B and T-cells [95]. Upon
pathogen encounter, pro-inflammatory cytokines produced by the natural immune system initiate a
more specific adaptive immune response, which is considered to be the perpetrator of vaccine adverse
reactions [14]. Additionally, along with taking part in the activation of nawe T-cells of adaptive
immunity, the inflammatory cytokines are involved in the regulation of antigen sensitivity,
proliferation, and trafficking of both effector and memory T-cells [96,97].
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Most pathogen specific CD8" T-cells are eliminated through apoptosis upon pathogen destruction,
while some effector T-cells survive. Similarly, inflammatory mediators also induce the activation of
nawe CD4" T-cells [98,99]. These CD4" and CD8" T-cells make durable epitope specific memory
cells that are found to be stable following 3—6 months after vaccination [100]. Similarly, the antibodies
produced as a result of a humoral response are found to be considerably effective after 6-months of
COVID-19 vaccination [101].

Therefore, considering the different extrinsic and intrinsic factors that affect immune dynamics,
several studies have concluded that those who reported higher rates of adverse reactions had higher
peak values of humoral and cellular immunity post-administration [102-105]. Specifically, compared
to local adverse reactions, individuals who experienced multiple systemic side effects including fever,
fatigue, and muscle and joint pain achieved higher antibody titers. One of the attributions of these
events could be that the severity of systemic adverse reactions post-vaccination enhances the ability to
maintain higher antibody titers against the virus [105].

From our current understanding, in the prevention of infection by pathogens such as SARS-CoV-2,
a key role is played by the presence of higher titers of neutralizing antibodies. However, the evasion
of the severity of infection is found to play a role in both virus binding specific antibodies and
pathogens targeting T and B-cells [106]. Thus, a higher frequency of post-immunization adverse
reactions indicates a stronger inflammatory response, which can be the triggering factor for antibody
induction and the development of a long-term immune memory [107]. On the other hand, the absence
of such side effects does not necessarily mean decreased protection, since their occurrence is
influenced by a number of different biological and environmental factors [13,108-110].

7. Immunosenescence and vaccine-induced immune memory

Immunosenescence is defined as the destruction or remodeling of the immune organ structure
along with dysfunction of the innate and adaptive immune systems, which leads to enhanced disease
susceptibility and poor vaccination or treatment outcomes [111]. Being a complex process with
multiple reorganizational and developmentally regulated changes presented in Figure 3,
immunosenescence is more than just a unidirectional decline in the immune system. The complete
mechanism of this functional decline is still unknown; however, the principle hallmark of
immunosenescence has been connected to thymic involution, which leads to the reduced generation of
nawe T-cells [111,112].

Thymic involution is referred to as a structural alteration, as well as the functional decline of the
thymus with age. Since the organ has a primary function in T-lymphocyte maturation, progressive
thymic atrophy reduces the generation of new T-cells, which leads to the accumulation of memory T-
cells [113]. This leads to a reduction in the diversity of T-lymphocytes, along with the available TCRs.
Ageing related thymic atrophy is characterized by reduced cellularity (i.e., size and thymocyte number),
with the observed accumulation of fibroblasts and adipose tissues in the thymic microstructure. In addition,
the presence of senescent cells contributes to an increased thymic inflammatory environment [114].

This age-dependent accumulation of senescent cells and their secretory products, including pro-
inflammatory cytokines and chemokines, also contributes to another age-related mechanism referred
to as inflammageing [115]. Inflammageing is a state of chronic antigen load and low-grade
inflammation, even in the absence of acute infection, and has been implicated in several age-related
inflammatory diseases [112]. Similarly, age-related changes in the bone marrow microenvironment
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reduce the levels of the pro-B-cell survival cytokine interleukin-7, which affects the production of
nawe B-cells [115,116]. Moreover, HSCs dysfunction results in lower frequencies of common
lymphoid progenitors, which also contributes to the reduced production of new T and B lymphocytes.
Innate immunity becomes aged with the reduced pro-inflammatory responses of antigen presenting
cells (dendritic cells and macrophages) to infections and vaccines [91,115]. Additionally, the antigen
uptake and antigen presenting capacity of these primary immune defense agents decline [117].
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Figure 3. The processes of tissue cellular ageing and the ageing of immune cells associated
with the immunosenescence, all lead to a reduced ability to develop and maintain a long-
term immune memory in response to the administered vaccine.

Thus, these age-related changes in the immune system make the older population vulnerable to
severe diseases and impair the development of immunological memory to the administered vaccines.
The age-related changes that occur in the innate and adaptive immune systems compromise the
response to antigens. With the diminished response of the innate immune system, activation of the
adaptive immune response also weakens. Furthermore, the reduced repertoire of TCRs to combat
newly encountered antigens and stimulate the humoral immune response makes it difficult to limit any
newly encountered foreign agent in time [111,113].
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Another concern is the maintenance of effective long-term memory in response to such
encounters for future protection against specific pathogens. The efficacy of immunological memory
depends on the primary immune response of the host. As it is diminished in elderly persons, so does
the developed immune memory with the produced antibodies to have fewer neutralizing and
opsonizing functions [117]. The bone marrow is the preferred survival niche for the produced effector
memory T cells and plasma cells to show reduced production of cytokines/chemokines necessary for
the survival of these cells. Increased adiposity due to suppressed fatty-acid oxidation and reduced amino
acid and nucleotides contribute to major changes in the metabolome of the ageing bone marrow [118].
Additionally, ageing affects the survival of developed memory immune cells in the bone marrow,
which makes the maintenance of immunological memory in older populations difficult [98].

8. Future prospects

With the ever-improving living standards of communities, human life expectancy has increased.
This leads to the ageing of the population with diminished physical and physiological functions. Hence,
the risk of infection and treatment failure increases, which further increases the possibility of disease
recurrence. Different types of SARS-CoV-2 vaccines have shown good safety and efficacy in all age
groups [38]. However, vaccines can cause different side effects because of the immune response or the
presence of any disease or other individual factors. The successful prevention of diseases such as
COVID-19 demands diligent campaigns and effective vaccination responses to prevent the incidence
of infection and to mitigate the crisis caused by such outbreaks.

With an efficient immune system, the younger population not only performs well against
infections compared to the elderly, but also responds more efficiently to vaccines in developing long-
term immunity. Therefore, the immune system and vaccine responses are two correlated parameters
that have a profound impact on the development of effective memory against related pathogens [119].
The differentiation of T and B lymphocytes and reduced functional capabilities of dendritic cells and
macrophages, with an emphasis on T-cell immunosenescence, are perceived to be the basic hindrance
in gaining an effective immune response against any infection and vaccines in older persons. We know
this from the experience of annual influenza vaccines, which are only 30—40% effective in this high
risk population [120]. In addition, the incidence and case fatality ratios of COVID-19 were higher in
countries with large elderly populations [121].

Vaccines should be highly effective against this age group. It requires the alleviation of
immunosenescence and age-related health issues by understanding the process of biological ageing.
This loss of physiological reserves due to processes such as cellular senescence is accompanied by the
hoarding of dysfunctional cells secreting tissue-decaying proteolytic enzymes, pro-inflammatory
cytokines (inflammageing), and chemokines, which cause local and systemic consequences. Immune
cell senescence (e.g., can be due to developmental fatigue) contributes to thymic atrophy (loss in
cellularity of the thymus), which results in the loss of naive T-cells and worsens the age-related
immunity decline to novel pathogens and vaccines [122].

The process of ageing is complex and irreversible; however, trials are ongoing to reduce its impact
on the functional capabilities of a person, including their immune systems. These include drugs called
geroprotectors. These drugs belong to the senolytic class and have been shown to counteract functional
loss in different organ systems of the elderly by selectively clearing senescent cells. In preclinical trials,
these drugs have reduced the severity and complications due to ageing in different infectious diseases
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and disorders and have also improved vaccine responses by lowering the detrimental effects of senescent
cells and maintaining an efficient immune system [123]. Trials of RTB101 and other mTOR (mechanistic
target of rapamycin that regulates different cellular growth and developmental processes) inhibitors are
ongoing to increase the effectiveness of the vaccine for the elderly and to help prevent diseases [66].

We need to add more elderly participants and people with multi-morbidities in testing trials of
drugs and vaccines against diseases such as COVID-19. Randomized controlled trials of geroprotectors
are essential as adjuvant therapies to enhance vaccine responses and to improve the immunities of
older people who are at a higher risk of contracting infections such as COVID-19 [66]. The
consideration of senolytic drug usage for short term treatments providing long term protection is also
available; however, the safety of these drugs is yet to be determined and more research with focused
efforts is required [120]. Meanwhile, we need to address other factors that influence the functioning
of the immune system, including host nutritional and behavioral factors, and encourage an active and
healthy lifestyle to keep the body systems fit to combat any ailment and to develop stronger and lasting
memories against vaccines [124].

It has been demonstrated that regular physical activity positively influences both the innate and
adaptive immune systems in older individuals [125,126]. Improvements in immune cell functioning
and a reduction in senescent cells have been observed in physically active individuals. Moreover,
exercise training seems to act as an anti-inflammatory therapy, which reduces the different
inflammatory proteins in sera, thereby alleviating inflammageing [125]. There is compelling evidence
that malnourished elderly individuals have poor innate and adaptive immune responses to infections [127].
These lifestyle interventions may help attain the desired immune responses with the least vaccine
related complications in the elderly population. More intensive research is required on these strategies.
Similarly, specific vaccine associated measures are recommended for frail immunocompromised
individuals to make vaccinations as effective as possible. These include the use of adjuvants, changing
the route of administration, and changing the vaccine composition for the immunization of elderly
individuals [128].

9. Conclusion

Vaccines are the best tools to fight diseases such as COVID-19. They have some associated
adverse reactions, which are determined by many factors including age of the recipient. Adverse
reactions to SARS-CoV-2 vaccines were found to be more common among younger than older adults
because of the efficient immune system of younger individuals. The immune system becomes less
efficient with age, which is known as immunosenescence. This affects the development and
maintenance of the immunological memory in response to the administered vaccines. Specific
strategies are required to elevate the protection provided by vaccines in older people, which is
mandatory to deal with the disease burden.
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