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The recently developed vaccines against infection with the SARS-
Cov-2 virus hold great promise for reducing the burden of COVID-19
and achieving herd immunity, which will hopefully restore normal life
in the near future. Yet, there are several unresolved issues regarding
actual vaccination efficacy in real life scenarios, especially in the mid to
long term. Potential inter-individual variability of induced immune re-
sponses is another issue, with numerous factors — whether modifiable
or not — potentially influencing vaccination efficacy (Zimmermann and
Curtis, 2019). One lifestyle-related (and thus modifiable) factor is
physical exercise.

Although specific studies with COVID-19 vaccines have not been
conducted, experience from previous vaccination programs (notably
influenza) suggests that regular exercise practice might be an effective
strategy for boosting antibody responses. For instance, young elite ath-
letes have a more pronounced increase in T-cells and neutralizing an-
tibodies after influenza vaccination than age-matched controls (Ledo
et al., 2020). There is also cross-sectional evidence for a beneficial effect
of sustaining high physical activity levels in older adults, with very
active older Chinese women (>65 years) who walked more (over 18,509
steps/day on average) in the weeks following vaccination showing a
better immunological response (i.e., greater expansion of monocytes and
plasmablasts in peripheral blood, and higher induction of antibodies at
18-month follow-up) than their less active peers (less than 10,927 steps/
day) (Wong et al., 2019). Similarly, older adults who had trained in
sports for 17 or more years on average had a higher antibody response to
influenza vaccination than age-matched untrained individuals (de
Aratjo et al., 2015). There is also evidence from intervention studies
supporting a beneficial role of regular exercise. Notably, a study with
participants aged ~70 years who were previously sedentary and had
poor influenza vaccine responses found that those randomized to a
moderate-intensity cardiovascular exercise (3 sessions per week of up to
60 min per day) showed marked improvements in influenza

seroprotection throughout the entire influenza season compared with
the control group (Woods et al., 2009).

A more controversial issue is the effects of acute exercise in-
terventions (i.e., a single exercise bout) on vaccine responses. The
rationale for studying acute exercise effects comes from data in animal
studies showing that an acute stressor in close temporal proximity to
immune challenge can enhance the response to delayed-type hyper-
sensitivity and antibody response to vaccination (Millan et al., 1996;
Silberman et al., 2003). In young adults, acute stress through either a
mental task or an exercise bout (four 4-minute cycling steps at
increasing workloads up to ~80% of peak power output) before vacci-
nation induced a stronger antibody response — albeit only statistically
significant in women — as compared with a control condition, with this
effect seemingly mediated by exercise-induced increases in the release of
the myokine interleukin-6 (Edwards et al., 2006). A later study by the
same group showed that performing eccentric contractions of the deltoid
and biceps brachii muscles of the non-dominant arm 6 h before influenza
vaccination (also in the non-dominant arm) improved cell-mediated
response (as reflected by enhanced interferon-y responses) in men and
increased antibody responses in women (Edwards et al., 2007). Other
studies have, however, failed to find a beneficial effect of acute exercise
on the antibody response to vaccination. A recent study in older adults
(mean age 73 years) reported no effects of a resistance exercise bout
performed before influenza vaccination on antibody titers or influenza-
like symptoms during a 6-month follow-up, although exercise did reduce
vaccination reactions (Bohn-Goldbaum et al., 2020). Some authors have
reported no consistent immunostimulatory effects of acute bouts of low-
to-moderate-intensity endurance exercise (40-45 min at ~55-65% of
maximum heart rate) before influenza or pneumococcal vaccination in
either young or old adults, although greater exercise benefits on immune
responses were observed in women (Long et al., 2012; Ranadive et al.,
2014).
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Fig. 1. Potential mechanisms explaining the benefits of regular — and potentially acute — exercise performed before vaccination to enhance immune response.

Abbreviation: IL, interleukin.

Ensuring vaccination efficacy and safety is critical, particularly for
the most vulnerable population segments such as frail older adults. Even
though these individuals will likely be among the first to be vaccinated
and evidence to date suggests a high efficacy of most COVID-19 vaccines
in both old and young individuals (Soiza et al., 2021), scarcer evidence is
available for very old frail adults with multiple comorbidities, a popu-
lation segment sparingly included in clinical trials (Soiza et al., 2021;
van Marum, 2020). Although at this point there is not enough evidence
to discern whether older adults might present a lower antibody response
to COVID-19 vaccination (Soiza et al., 2021), previous data suggests a
negative influence of age on the effectiveness of influenza vaccination (i.
e., 11% among individuals aged >65 years vs 52% in those aged 50-54)
(McLean et al., 2015). In this regard, gradual impairment of the immune
system with age (‘immunosenescence’) is a substantial contributor to
increased risk or morbidity and mortality (including from viral in-
fections) in older individuals, with this phenomenon potentially atten-
uated by the boosting effect that regular exercise has on immune
function (Duggal et al., 2019).

A physically active lifestyle prevents immunosenescence through
several mechanisms [as reviewed in depth elsewhere (Duggal et al.,
2019)] (Fig. 1). These include an increase in lymphocyte p2-adrenergic
receptors, allowing for the catecholamine-mediated redistribution of
natural killer (NK) cells and viral-specific T-cells between the blood and
tissues with each bout of exertion. The frequent redistribution of NK
cells and viral-specific T cells with each exercise bout enhances immune
surveillance, diminishing the frequency of latent viral reactivation. In
turn, this reduces the antigenic load placed on the T-cell compartment
and prevents the accumulation of exhausted T cells while maintaining
the number and diversity of peripheral naive T cells. Indeed, physically
active older adults are known to have fewer of so called ‘senescent’” T
cells and more naive T cells compared to their sedentary counterparts.

Importantly, preserving a diverse pool of naive T-cells and functional
NK-cells is likely to reduce infection risk, and the regular release of
muscle-derived cytokines such as IL-7 and IL-15 has been purported to
play important roles in the beneficial effects of exercise on immunity
(Duggal et al., 2019). Specifically, IL-7 can help maintain thymic mass
(which otherwise atrophies with age) and increase the ability of this
lymphoid organ to produce antigen virgin (i.e., ‘naive’) T-cells that are
essential in mounting immune responses to novel antigens and differ-
entiating into ‘memory’ T-cells for long-lasting immunity. Moreover, IL-
15 plays a critical role in the maintenance of the peripheral T-cell and
NK-cell compartments, ensuring that they proliferate and function
optimally when encountering virus-infected cells. Thus, exercise-
induced attenuation of immunosenescence might help to improve im-
mune responses to vaccination by maintaining the peripheral T-cell pool
and their ability to respond to novel vaccine antigens.

Further research is needed to confirm whether apart from regular
exercise practice in the previous weeks or months, acute exercise per-
formed in the hours prior to COVID-19 vaccination might improve im-
mune responses. Particularly, evidence is warranted regarding exercise
effects on the immune responses to vaccination of immunocompromised
individuals (e.g., cancer patients, frail older adults), as most available
evidence in the field comes from data on healthy adults. The specific
characteristics (mode, duration and intensity) of chronic or acute exer-
cise that induce the greatest immunostimulatory effects also remain to
be identified, as well as the potential confounding effect of important
lifestyle factors such as psychosocial stress, nutrition, or sleeping habits.
There is also a critical need to understand how exercise training affects
the function of antigen-presenting cells (e.g., dendritic cells), which are
paramount in the acquisition of antigen ‘memory’ after vaccination.
Notwithstanding, growing evidence supports the role of regular exercise
for maximizing overall vaccination efficacy and safety, and preliminary
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evidence with a robust physiological basis suggests that acute exercise-
induced stress before influenza vaccination (preferably if the exercise
stimulus is sufficiently high, e.g. whole body exercise at >70% of peak
power output or local resistance exercise at >70% of one-repetition
maximum) might enhance antibody responses. In the current COVID-
19 vaccination program, it would also be interesting to determine
whether a single bout of exercise performed immediately prior to
administering the first vaccine dose could be advantageous, particularly
if found to increase anti-body titers to levels that are comparable with a
second dose in non-exercised individuals. This could save a large num-
ber of vaccine vials so that they may be given to many more people
without delay.

Finally, it must be noted that leading COVID-19 vaccine candidates
are using different strategies (e.g., lipid-encapsulated mRNA or adeno-
virus vectors) from those used in previous influenza vaccines (made of
inactivated, attenuated, or recombinant viruses), and therefore the
benefits observed for exercise on previous vaccination programs might
not be generalizable to the recently developed COVID-19 vaccines. In
those countries where vaccination programs are being especially fast
and efficacious (e.g., Israel) it might be possible to gather epidemio-
logical data on the possible effect of an active (vs an inactive) lifestyle on
vaccination efficacy.

Beyond vaccination, the current pandemic has taught us the impor-
tance of preventive lifestyle measures. Social distancing, good hygiene
and forced lockdowns are indeed necessary, but so too is physical ex-
ercise, which is not just safe but has also a potential preventive role,
especially for the most vulnerable groups.

References

Bohn-Goldbaum, E., Pascoe, A., Singh, M.F., Singh, N., Kok, J., Dwyer, D.E.,
Mathieson, E., Booy, R., Edwards, K.M., 2020. Acute exercise decreases vaccine
reactions following influenza vaccination among older adults. Brain, Behav. Immun.
- Heal. 1, 100009. https://doi.org/10.1016/j.bbih.2019.100009.

de Aratjo, A.L., Silva, L.C.R., Fernandes, J.R., Matias, M.d.S.T., Boas, L.S., Machado, C.
M., Garcez-Leme, L.E., Benard, G., 2015. Elderly men with moderate and intense
training lifestyle present sustained higher antibody responses to influenza vaccine.
Age (Omaha) 37 (6). https://doi.org/10.1007/s11357-015-9843-4.

Duggal, N.A., Niemiro, G., Harridge, S.D.R., Simpson, R.J., Lord, J.M., 2019. Can
physical activity ameliorate immunosenescence and thereby reduce age-related
multi-morbidity? Nat. Rev. Immunol. 19, 563-572. https://doi.org/10.1038/
s41577-019-0177-9.

Edwards, K.M., Burns, V.E., Allen, L.M., McPhee, J.S., Bosch, J.A., Carroll, D.,
Drayson, M., Ring, C., 2007. Eccentric exercise as an adjuvant to influenza

Brain Behavior and Immunity 94 (2021) 1-3

vaccination in humans. Brain Behav. Immun. 21, 209-217. https://doi.org/
10.1016/j.bbi.2006.04.158.

Edwards, K.M., Burns, V.E., Reynolds, T., Carroll, D., Drayson, M., Ring, C., 2006. Acute
stress exposure prior to influenza vaccination enhances antibody response in women.
Brain Behav. Immun. 20, 159-168. https://doi.org/10.1016/j.bbi.2005.07.001.

Ledo, A., Schub, D., Ziller, C., Enders, M., Stenger, T., Gértner, B.C., Schmidt, T.,
Meyer, T., Sester, M., 2020. Elite athletes on regular training show more pronounced
induction of vaccine-specific T-cells and antibodies after tetravalent influenza
vaccination than controls. Brain Behav. Immun. 83, 135-145. https://doi.org/
10.1016/j.bbi.2019.09.024.

Long, J.E., Ring, C., Drayson, M., Bosch, J., Campbell, J.P., Bhabra, J., Browne, D.,
Dawson, J., Harding, S., Lau, J., Burns, V.E., 2012. Vaccination response following
aerobic exercise: can a brisk walk enhance antibody response to pneumococcal and
influenza vaccinations? Brain Behav. Immun. 26, 680-687. https://doi.org/
10.1016/j.bbi.2012.02.004.

McLean, H.Q., Thompson, M.G., Sundaram, M.E., Kieke, B.A., Gaglani, M., Murthy, K.,
Piedra, P.A., Zimmerman, R.K., Nowalk, M.P., Raviotta, J.M., Jackson, M.L.,
Jackson, L., Ohmit, S.E., Petrie, J.G., Monto, A.S., Meece, J.K., Thaker, S.N.,
Clippard, J.R., Spencer, S.M., Fry, A.M., Belongia, E.A., 2015. Influenza vaccine
effectiveness in the United States during 2012-2013: Variable protection by age and
virus type. J. Infect. Dis. 211, 1529-1540. https://doi.org/10.1093/infdis/jiu647.

Millén, S., Gonzélez-Quijano, M.1., Giordano, M., Soto, L., Martin, A.L, Lopez-
Calderdn, A., 1996. Short and long restraint differentially affect humoral and cellular
immune functions. Life Sci. 59, 1431-1442. https://doi.org/10.1016/0024-3205
(96)00471-7.

Ranadive, S.M., Cook, M., Kappus, R.M., Yan, H., Lane, A.D., Woods, J.A., Wilund, K.R.,
Iwamoto, G., Vanar, V., Tandon, R., Fernhall, B., 2014. Effect of acute aerobic
exercise on vaccine efficacy in older adults. Med. Sci. Sports Exerc. 46, 455-461.
https://doi.org/10.1249/MSS.0b013e3182a75ff2.

Silberman, D.M., Wald, M.R., Genaro, A.M., 2003. Acute and chronic stress exert
opposing effects on antibody responses associated with changes in stress hormone
regulation of T-lymphocyte reactivity. J. Neuroimmunol. 144, 53-60. https://doi.
org/10.1016/j.jneuroim.2003.08.031.

Soiza, R.L., Scicluna, C., Thomson, E.C., 2021. Efficacy and safety of COVID-19 vaccines
in older people. Age Ageing. https://doi.org/10.1093/ageing/afaa274.

Marum, R.J., 2020. Underrepresentation of the elderly in clinical trials, time for action.
Br. J. Clin. Pharmacol. 86, 2014-2016. https://doi.org/10.1111/bcp.14539.

Wong, G.C.L., Narang, V., Lu, Y., Camous, X., Nyunt, M.S.Z., Carre, C., Tan, C., Xian, C.
H., Chong, J., Chua, M., How, W., Mok, E., Tambyah, P., Poidinger, M., Abel, B.,
Burdin, N., Quemeneur, L., Bosco, N., Ng, T.P., Larbi, A., 2019. Hallmarks of
improved immunological responses in the vaccination of more physically active
elderly females. Exerc. Immunol. Rev. 25, 20-33.

Woods, J.A., Keylock, K.T., Lowder, T., Vieira, V.J., Zelkovich, W., Dumich, S.,
Colantuano, K., Lyons, K., Leifheit, K., Cook, M., Chapman-Novakofski, K.,
McAuley, E., 2009. Cardiovascular exercise training extends influenza vaccine
seroprotection in sedentary older adults: the immune function intervention trial.

J. Am. Geriatr. Soc. 57, 2183-2191. https://doi.org/10.1111/j.1532-
5415.2009.02563.x.

Zimmermann, P., Curtis, N., 2019. Factors that influence the immune response to
vaccination. Clin. Microbiol. Rev. 32, 1-50. https://doi.org/10.1128/CMR.00084-
18.


https://doi.org/10.1016/j.bbih.2019.100009
https://doi.org/10.1007/s11357-015-9843-4
https://doi.org/10.1038/s41577-019-0177-9
https://doi.org/10.1038/s41577-019-0177-9
https://doi.org/10.1016/j.bbi.2006.04.158
https://doi.org/10.1016/j.bbi.2006.04.158
https://doi.org/10.1016/j.bbi.2005.07.001
https://doi.org/10.1016/j.bbi.2019.09.024
https://doi.org/10.1016/j.bbi.2019.09.024
https://doi.org/10.1016/j.bbi.2012.02.004
https://doi.org/10.1016/j.bbi.2012.02.004
https://doi.org/10.1093/infdis/jiu647
https://doi.org/10.1016/0024-3205(96)00471-7
https://doi.org/10.1016/0024-3205(96)00471-7
https://doi.org/10.1249/MSS.0b013e3182a75ff2
https://doi.org/10.1016/j.jneuroim.2003.08.031
https://doi.org/10.1016/j.jneuroim.2003.08.031
https://doi.org/10.1093/ageing/afaa274
https://doi.org/10.1111/bcp.14539
http://refhub.elsevier.com/S0889-1591(21)00105-7/h0070
http://refhub.elsevier.com/S0889-1591(21)00105-7/h0070
http://refhub.elsevier.com/S0889-1591(21)00105-7/h0070
http://refhub.elsevier.com/S0889-1591(21)00105-7/h0070
http://refhub.elsevier.com/S0889-1591(21)00105-7/h0070
https://doi.org/10.1111/j.1532-5415.2009.02563.x
https://doi.org/10.1111/j.1532-5415.2009.02563.x
https://doi.org/10.1128/CMR.00084-18
https://doi.org/10.1128/CMR.00084-18

	Physical activity: A coadjuvant treatment to COVID-19 vaccination?
	References


