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Abstract

Coronavirus disease 2019 is a severe communicable pulmonary medical problem that has been a challenging disease for
everyone in the globe, but vaccines development and administration against this severe acute respiratory syndrome-
inducing disease (coronavirus disease 2019) are currently yielding fabulous results. The mean duration of the coronavirus
disease 2019 pandemic for this study spanned from 2020 until 2022. These manifestations are accompanied by symptoms of
respiratory tract illnesses such as non-productive cough, sore throat, and nasal discharge. Relevant reviews on coronavirus
disease 2019 manifestations and outcomes, consisting mainly of the infections/outbreaks, experimental information, and
pre- and post-serovaccination details that occurred, were described. After a typical vaccination course, the study aims
to summarize and understand more about the effectiveness of exercise on the pre-and post-coronavirus disease 2019
vaccination and its implementations. Physical activity is an immunological function adjuvant to decrease communicable
disease risk and enhance immunity post-viral infection vaccination. Moderate-intensity resistance exercisesession directly
before getting the influenza vaccine decreases vaccine responses in older adults, such as redness, pain, or inflammation
at the injection spot or other adverse consequences compared to the inactive circumstance. However, it was reported
that exercise after a shot is generally safe as long as vaccinated people feel well enough. Though exercise before or after
vaccination has no negative impact on the protection afforded by the vaccine, people can exercise immediately after
receiving the vaccine, as any changes in blood flow will not affect the vaccine's response. One episode of light-to-moderate-
intensifying exercise after vaccination may improve the antibody reactions to influenza or the coronavirus disease 2019
vaccine. Vaccination administered pre- and post-regular exercise is an effective approach for boosting antibody responses
due to its immunostimulant effects. Future research should investigate how different vaccine antibodies respond to low,
moderate, and high physical activity levels.
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Introduction

The fatality rate from coronavirus disease 2019 (COVID-19)
and the occurrence of recent cases in America illustrated
both the ineffective federal responsiveness to the pandemic
and the critical demand for an organized and explicitly rec-
ognized COVID-19 vaccine push.""? In the United States,
COVID-19 is increasing exponentially, reaching catastrophic
proportions, threatening to overwhelm the healthcare sys-
tem, and causing significant loss of life.> As well as its debil-
itating effects on the incidence and outcome of comorbidities
such as diabetes mellitus.* Only 1year after its emergence,
the COVID-19 outbreak had surpassed 97 million cases and
2 million deaths worldwide.® Being one of the most severe
communicable pulmonary diseases, COVID-19 has made
2020/2021 a difficult year for everyone,® but 58 vaccines
against severe acute respiratory syndrome COVID-19 have
been developed and are currently being used with significant
results. In clinical trials, some vaccines were described to
have over 90% efficiency against COVID-19.” Moreover,
numerous vaccine applicants have demonstrated encourag-
ing efficacy and protection profiles, with some of the vac-
cines previously being approved and rolled out worldwide.®

Presently, The “Pfizer—BioNTech vaccine,” the “Moderna
vaccine,” and the “Johnson & Johnson—Janssen vaccine” were
all shown in trials to be highly effective against moderate-to-
severe disease in adults, with an efficacy of 95% for the Pfizer—
BioNTech vaccine, 94% for the “Moderna” and of 72% for the
“Johnson & Johnson—Janssen vaccine.”

Due to an enhanced age-dependent infectious fatality
rate,'®!" immunization of the elderly was prioritized ahead of
the young which was a global practice.!? A clear exception to
this has been the preferred immunization of medical profes-
sionals who deal with COVID-19 patients directly. The plan
to vaccinate more individuals by postponing the second dos-
age seems natural at first look given the restricted availabil-
ity of vaccinations. Hence the idea of a “dose-sparing”
strategy was considered because it would prevent surging
cases of COVID-19 and reduce fatalities caused by COVID-
19. But after the availability of more vaccines, populace
were encouraged to receive their second dose for better
immunity coverage.!>!*

On the other hand, physical activity (PA) is having a vital
role against severe and critical COVID-19; Rahmati and
Shamsi'® reported that PA is associated with lower hospitali-
zation, intensive care unit admissions, and mortality rates in
patients with COVID-19. Immune responses to vaccination
may be boosted by PA at the time of immunization. Several
studies had shown that exercising before vaccination
improved antibody responses.!®!” According to one interpre-
tation of these findings, exercise may work efficiently as a
serious insult. Evidence showed that stress might boost anti-
body responses when pre-vaccination is used.'®!” Eccentric
exercise has also been linked to a local inflammatory

response, which might lead to increased antigen-presenting
cell activation. Some studies have shown excessive activity
before vaccination to boost antibody response.?’

Vaccination post regular exercise has been reported to be
an effective strategy for increasing antibody response, after
influenza vaccination; for example, eclite athletes have a
more remarkable rise in the vaccine-reactive CD4 T cell lev-
els, which attain climax a week following being vaccinated.?!
Regular exercise has also been shown to positively affect
intervention studies. In particular, a study of 70-year-old sed-
entary older adults with poor influenza vaccine responses
noticed that acrobic exercise (AE) (three times a week last-
ing up to 60 min/day) demonstrated a significant improve-
ment in “influenza seroprotection” during the whole
influenza season in comparison to control group.?* To date,
there is no data on the extent of the vaccine’s adverse side
effects have been published; as a result, the consequence of
the negative impact to engage in PA is unknown.>?
Furthermore, the COVID-19 vaccine’s effects on physical
exercise are also unidentified.?* Currently, no studies have
investigated the effectiveness of PA pre- and post-COVID-19
vaccination. Therefore, the purpose of the study is to sum-
marize and understand more about the effect of PA pre- and
post-COVID-19 vaccination on the immunological response
and its implementation.

Materials and methods

This is a narrative review that included studies that were
independently chosen based on the freely available COVID-
19 data. The studies were chosen by identifying all relevant
investigations by searching through the various databases,
including PubMed, Cochrane, Web of Science, and Google
Scholar, using the keywords “Vaccines,” “COVID-19,”
“Exercise,” and “physical activity” to screen carefully from
2020 until 2022. Boolean logic and wildcards were used to
create an electronic search strategy that maximizes data out-
put by allowing the same search words to be used across all
databases without needing modifications. The type of studies
selected includes systematic review and meta-analysis,
review articles, and original studies. Also, studies with full
texts were considered, and the participants included were all
COVID-19 patients. Studies outside the aforementioned cri-
terions, and non-peer-reviewed or non-original research, edi-
torials, opinion, and discussions were excluded.

Mechanism and effects of PA on side effects of
the vaccine

Vaccination trials on older adults have documented PA as a
strong immune adjuvant. Single sessions of exercise before
vaccination, as well as maintaining high rates of habitual PA
in older adults, had been reported to enhance immune
responses to influenza and pneumococcal vaccinations; the
trained groups showed higher antibody titers against B and
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Figure 1. Diagrammatic presentation of post-vaccination exercise.

HINI strains following vaccination.?> In addition, experi-
mental vaccines containing novel antigens, including key-
hole limpet hemocyanin, have been noted by researchers to
boost immune responses among the elderly.?® The mecha-
nism is likely due to a combination of localized inflamma-
tion, phagocytosis, and antigen-presenting cell infiltration at
the spot of vaccination, which eventually leads to coating T
cell responses, elevating the “naive T cell” incidence, and
causing enhancements in “B cell” activity.?’” Regular physi-
cal activities could prevent immunosenescence through vari-
ous mechanisms, which include the natural killer (NK) and T
cell redistribution by allowing catecholamine mediation to
rise in lymphocytes $2-adrenergic receptors, between the tis-
sues and the blood with each bout of exertion. Subsequently
lowering the latent virus load and increasing immune sur-
veillance. Hence, the antigen load on T cells reduces the
buildup of fatigued T cells although sustaining the propor-
tion and variety of peripheral naive T cells. The NK cells are
mostly accountable for decreasing the risk of infection.?® In
addition, the release of IL-7 and IL-15 (muscle-derived
cytokines) is an essential factor for immunity following
exercise because IL-7 helps to sustain thymic mass (which
otherwise withers with age) and boost lymphoid organs to
generate antigen virgin (i.e., “naive”) T cells; meanwhile,
IL-15 aids in the maintenance of NK-cell compartments by
ensuring their adequate proliferation and optimal function.?
Hence, by boosting the capacity of T cells to react to anti-
gens, frequent exercise may enhance the immunological
response to vaccination.

According to exercise immunology studies, PA is an
immunological function adjuvant to decreasing communica-
ble disease risk and enhancing immunity post-viral infection

vaccination.? In older persons, moderate-intensity aerobic
exercise (MIAE) may reduce the risk of influenza-related ill-
ness and boost immune reactions to influenza and pneumo-
nia vaccinations.’® The experience of side effects, like pain,
and swelling on the arm where the jab was given, and head-
ache, muscle pain, fever, and nausea, determine whether
vaccinated people feel well enough to exercise after receiv-
ing the COVID-19 vaccine (Figure 1). However, it was
stated that exercise after a shot is generally safe as long as
vaccinated people feel well enough, but, at the same time,
people should be aware of some of the common vaccine side
effects, such as headache, tiredness, chills, and nausea that
may interfere with exercise plans.’! Yet, people are still
debating whether exercise is safe after the COVID-19 immu-
nization, with some claiming that exercise may affect the
vaccine bioavailability in the body. However, exercise before
or after vaccination has no life-threatening effects on the
protection afforded by the vaccine. PA lowers the threat of
community-acquired communicable diseases and death,
boosts the immune system’s first line of defense, and boosts
vaccination potency.3?

It is suggested that people should exercise regularly
before and after receiving the COVID-19 vaccine. However,
overtraining syndrome could occur when participating in
high exercise workloads, resulting in impaired sports perfor-
mance, immune dysfunction, and an elevated acute respira-
tory risk.’*3* Moreover, there are no proofs that exercise
immediately before or after receiving the COVID-19 vacci-
nation decreases the effectiveness of the vaccine; PA may be
linked to a better favorable reaction to vaccination, suggest-
ing that acquired immunity may be higher in a physically
energetic population.”® The only limitations are the
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Figure 2. Physical activity and vaccination choice.

possibility of adverse effects from the COVID-19 vaccine
itself (Figure 2). A previous study reported no difference in
vaccine efficacy with exercise anytime from 2 to 26h after
inoculation against COVID-19.%

Mechanism of PA and support of the
immune system

The input of age-linked falls in PA to immunosenescence has
attracted healthcare providers’ interest and the populace to
explore the omics science of physical fitness because the sig-
nificance of being physically active in human on immune
aging remained largely under-explored. This is probably
because most research on the “long-term” effects of higher
PA has only been carried out for less duration (6—12) months.
Finding the mechanism of immune cells in active individuals
with a prolonged period of elevated level of PA for many
parts of the livelihood showed satisfactory changes in physi-
ological function, including sarcopenia, decreased sensitiv-
ity of insulin, normal cholesterol, and high immunity.>
During exercise, exerting muscles produce and distribute
immune cells, like IL-6, and IL-7.>7 IL-6 promotes mono-
cytes and macrophages to produce regulatory mediators (like
IL-10).%® It also causes the adrenal glands to release cortisol,
which produces a secondary anti-inflammatory response.
IL-7 is required for thymocyte production, and it, along with
IL-15, are lymphocyte proliferation factors (particularly for
naive T cells). However, the serum concentration of both
cytokines decreases with age.”’” Through these myokines,
regular exercise exerts a constructive stimulation on thymic
outcome and T cells by ensuring their secretion. Myokines
explain the relationship between active muscle and a better
lifestyle in humans, particularly during aging, when a lack of
activity and age-linked sarcopenia restrict the immunologi-
cally regulating muscle’s role. With the success of omics sci-
ence, other proteins such as RNA or micro RNA distributed

from the muscle that has been investigated might also offer
an additional understanding of the exercise—immune system
interaction mechanism® (Figure 3).

Exercise as an immune adjuvant

The use of the COVID-19 vaccine may support PA in miti-
gating the effects of the pandemic facilitating PA during a
pandemic, and reducing the seriousness of strict public rules,
which aim to increase PA for the population. It’s also impor-
tant to note the side effect of the vaccine.?* The most fre-
quent post-vaccination complications, such as headaches,
and fever, were in people under 60 years old, while injection
site pain was found to be more common in people over 60.4

It was reported that the effect of AE on elderly women
who engaged in aerobic walking greater than 18,509 steps
per day for 14 days after receiving an influenza virus immu-
nization had significantly higher innate immune activation
2 days after vaccination, greater adaptive immune responses
1 week following the vaccination, and increased antibody
responses after a second vaccination than those who walked
less than 10,927 steps per day.*! Hallam and Jones*? investi-
gated the impact of a 90-min cycle ergometer or outdoor AE
conducted once after vaccination on serum antibody response
to three distinct vaccines (“2009 pandemic influenza HINT1,
seasonal influenza, and COVID-19”). In a mouse model,
exercise for 90 min enhanced serum antibodies to each vac-
cine 4 weeks after vaccination, suggesting that IFNa might
have a part in the exercise-related effect. After receiving the
COVID-19 vaccine, exercise had no influence on adverse
effects.*?

Physically fit older men who had conducted AE three
times a week for at least 2years had higher antibody
responses to a new immunological challenge than their con-
temporaries who had not exercised for at least the preceding
2 years.®} In addition, compared to active or sedentary older
persons, adults aged 62 who participated in 20 min of intense
exercise three times a week exhibited enhanced immuno-
logical responses to an influenza virus vaccination.*

A 45-min moderate-intensity resistance exercise session
directly before having the influenza vaccine decreases vac-
cine response in older adults, such as pain, redness, swelling
at the spot of injection, or other side effects contrasted to the
resting circumstance.*> Aerobic cardiovascular training for
24 weeks demonstrated a significant increase in the seropro-
tective level of the immune system as well as improved fit-
ness assessment indices such as maximal oxygen uptake and
degree of fitness parameters following influenza vaccina-
tion. However, flexibility and balance training for the same
duration demonstrated no significant improvement in the
seroprotective levels following influenza vaccination.?
Thus, these findings suggest that PA plays a role in vaccine
responses to both novel and well-known antigens. However,
there is no evidence that exercising immediately after the
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Figure 3. Mechanism of physical activity and support of the immune system.

COVID-19 vaccination is harmful but vaccinated people
might need to wait a few days if their side effects are severe,
such as fever, chills, or headache.* If they only have sore-
ness or fatigue at the injection site, exercise may help allevi-
ate the immunization symptoms. It was stated that physically
active individuals are more prone to be resistant to infection
due to improved immunosurveillance against pathogens.*” It
is recommended that 150 min of MIAE or 75 min of vigor-
ous-intensity AE per week, with a couple of days of resist-
ance training, improve the quality of life and immune
systems such as reducing the risk, duration, or severity of
viral infections, particularly in vulnerable people with com-
promised immune systems.*® Whereas other studies have
found that heightened exercise on the antibody response to
vaccination during 6 months of follow-up did not affect the
antibody responses.** Endurance exercise for 40-45min
before influenza or pneumococcal vaccination had no con-
sistent immunostimulatory effects in young or old adults,
though women benefited more from exercise compared to
their corresponding men.!”* The effectiveness of vaccina-
tions as a public health strategy varies depending on the
population. Adjuvants boost the effectiveness of vaccines
but often raise reactogenicity. PA at the time of vaccination
is a novel behavioral “adjuvant.” Hallam et al.** investi-
gated the impact of a single 90-min bout of mild to moderate
intensity aerobic activity on a cycle ergometer or walking
on antibody response to three different vaccinations (2009
pandemic influenza HIN1, seasonal influenza, and COVID-
19). After receiving the influenza vaccine or the first dose of
the Pfizer BioNTech COVID-19 vaccine, exercise increases
serum antibody without an increase in side effects. An influ-
enza mouse model Anti-IFN antibody was administered to

mice as part of an immunization to study the impact of exer-
cise on antibody response and the possible function of IFN
as a mechanism. The findings demonstrated that 4 weeks
after vaccination, 90 min of exercise consistently boosted
serum antibody levels for each vaccine, and that IFN may be
partly responsible for this effect. These results indicate that
a single session of exercise after vaccination may improve
antibody response to the influenza or COVID-19 vaccine in
persons who routinely exercise.*?

Discussion

We found that vaccination administered pre- and post-reg-
ular exercise is an effective approach for boosting anti-
body responses due to its immunostimulant effects,
indicating that exercise decreases vaccine response, such
as pain, redness, swelling at the spot of injection, or other
adverse effects. Policymakers might employ the findings
of this study to promote vaccination and reduce the isola-
tion brought on by COVID-19, which encourages the
development of several non-communicable diseases in
many individuals. The results of this study agree with
those of a previous study that included 443 students and
found that the majority of students (about 94%) reported
no adverse effects that interfered with their daily lives,
maintaining health, or performing physical exercise.
However, fatigue, weakness, and muscular soreness were
experienced by 30-40% of the students. In addition, stu-
dents who had only received one dose of the COVID-19
vaccination and those who had received two doses reported
the same answers regarding how the vaccine affected their
daily lifestyle.*
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Previous studies have shown that the vaccine has no harm-
ful effects on health, thus individuals should be encouraged to
be vaccinated.’®*! Hallam and Jones*? reported that low-to-
moderate intensity exercise improves the immune system’s
response to the COVID-19 vaccine. Considering that the
exercise paradigm is simple to apply and does not require
specialized equipment, these findings may have immediately
applicable public health value. The exercise intervention is
feasible for individuals who frequently exercise at low inten-
sities, such as walking, and participants with various health
features were able to complete the activity. According to two
different studies, there were less adverse effects for exercisers
than for non-exercisers.*>>? In other studies, the effects of
45min of dynamic or aerobic activity were mixed, with an
increase in antibody response to one antigenic component of
the influenza vaccination but not to both influenza A antigens,
and findings by sex were inconsistent.!”> It was stated that
AE lasting 45min or less does not improve the antibody
response to influenza A vaccination.*?

In summary, our findings show that the COVID-19 vac-
cination antibody response was enhanced by exercise with-
out an increase in adverse effects. Also, longer-duration
light- to moderate-intensity exercise increases antibody
response across different vaccine formulations, and exercise-
induced alterations of IFNo may partially contribute to this
effect. Additionally, longer-duration light- to moderate-
intensity exercise boosts antibody response to various vac-
cine formulations; this effect could be attributed to
exercise-induced changes in IFNa. This study has several
strengths. It is the first study to investigate the effectiveness
of PA pre- and post-COVID-19 vaccinations. This study’s
findings may effectively mitigate COVID-19 vaccine hesi-
tancy, which would allow people to live normal lives and
minimize isolation. The limitation of this study is that we
endeavored to decrease publication bias by searching through
several databases without regard to language and examining
the reference lists of all relevant papers for extra informa-
tion. Unarguably, we cannot say with absolute certainty that
we have found all the studies in this area. The study did not
highlight the specific forms of PA that were most associated
with the high PA outcome before and after COVID-19 immu-
nizations, which would have provided critical details regard-
ing the frequently reported PA. We could not explain this due
to the limited informations we had in our review. Furthermore,
case reports, short communications, and conference papers
were also excluded. Another limitation of the current study
was the heterogeneity of included studies that reported on
different types of Vaccines, which makes it difficult to say
anything about one specific type of exercise. Apart from this,
there was no such limitation for the review process.

Recommendations

PA is regarded as a free therapy for the disease, as well as phys-
ical fitness maintenance. Exercise pre- and post-vaccination

can help to counter the negative impacts of stress-induced
immuno-vaccine response. Clinicians should be knowledgea-
ble about the vaccine types, efficacy, and side effects. Adequate
sensitization of the populace on the pandemic consequences by
adhering to health-control protocols, avoiding crowding, and
maintaining a healthy lifestyle is required. Maintaining a
healthy immune system requires regular AE, good nutrition,
sleep, and stress reduction. Mild side effects such as body
aches, fever, or chills can occur post-vaccine, which may deny
the scope for such individuals from exercising because it could
be counterproductive to attempt to perform the exercise force-
fully; hence, it is better to engage in light walking or let the
body recover for an extra day before commencing exercise.>

Conclusion

Compared to healthy persons who did not engage in exer-
cise, healthy individuals who engaged in chronic AE
raised their influenza antibodies in response to vaccina-
tion. This study implemented that vaccination pre- and
post-regular exercise is an effective strategy for increas-
ing antibody responses because it acts as an immunostim-
ulant. A single session of light- to moderate-intensity
exercise performed after vaccination may improve anti-
body response to influenza or COVID-19 vaccine in indi-
viduals who regularly exercise. The level of the CD4
count was reported to be elevated in pre-and post-vacci-
nated exercising individuals. Frequent PA should be advo-
cated in the general populace to reduce the threat of
community-acquired infections and communicable dis-
ease mortality, boost the effectiveness of immunization
plans, and assist in mitigating the effects of the COVID-
19 pandemic. Future studies should examine the effects of
acute, chronic, and high amounts of PA on various vacci-
nation antibodies. Future research should investigate the
relationship between vaccine effectiveness and levels of
exercise and PA, as well as the health state of those receiv-
ing the immunization. Future research should thus focus
on inflammatory indicators or catecholamines that affect
the effectiveness of immunization.
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