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The role of exercise in health is well 
known; here we discuss the specific 

role of exercise in vaccination responses. 
Chronic exercise or high levels of physical 
activity have been shown to be related to 
improved vaccination responses in older 
adults, illustrating improved immune 
function, and conferring potentially 
significant public health benefit. Acute 
exercise has recently been examined as 
a potential adjuvant to vaccination; its 
promise for clinical use warrants further 
investigation, given current data.

Regular exercise is one of the most well-
known behavioral public health targets 
which is easily explained by the litany 
of disease conditions which can be ame-
liorated by exercise. The interaction of 
inflammation and immune function 
have been linked to exercise effects on 
metabolic syndrome, insulin sensitivity, 
cardiovascular disease, breast and colon 
cancer, dementia and depression, as well as 
all-cause mortality.1 The pathway for asso-
ciation with inflammation clearly includes 
obesity, in particular abdominal adiposity, 
but it is not surprising that there may also 
be a direct role for exercise in maintaining 
immune function. However, the effects of 
exercise on immune function are far from 
simple. In addition to the immune conse-
quences of regular exercise, an acute bout 
of exercise can elicit profound changes in 
the immune system, including circulating 
cell numbers, with specific increases in cer-
tain subsets, and the release of cytokines 
by the working myoctes themselves.2,3

Vaccination responses can be under-
stood as a measure of integrated immune 
function, elicited by antigen exposure 
and measured by antibody titer and/or 
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cell-mediated response. Research which 
examines alterations in vaccine responses 
is simultaneously assessing the integrated 
immune functionality alongside the pub-
lic health outcomes of disease prevention. 
The clinical and public health impor-
tance of understanding the factors which 
elicit changes in vaccination responses is 
evident when the impact of vaccination 
programs is considered; for example, it 
was recently estimated that in the first 
decade of the 21st century, an extraordi-
narily large number of deaths of children 
aged < 5 y—2.5 million—were prevented 
by vaccinations.4 This commentary will 
discuss the role of exercise as a factor in 
the vaccination response, and consider 
the future directions for research.

The effects of chronic exercise (amount 
of physical activity or level of cardiovas-
cular fitness) on vaccination function 
have been evaluated in both cross-sec-
tional studies and more importantly in 
randomized controlled trials (RCTs). 
Observational studies, which classify 
participants according to physical fitness 
(e.g., VO

2
max test) or physical activity 

(e.g., self report/physical activity ques-
tionnaire), have been conducted in both 
young and older adults. In young adults, 
Shuler et al.5 examined antibody titers in 
response to influenza vaccination in col-
lege students. Measures of both physical 
fitness and physical activity were taken, 
but neither was found to be associated 
with magnitude of antibody response. In 
contrast, several cross-sectional studies of 
older adult populations have all reported 
greater antibody responses to vaccinations 
in participants with high levels of physi-
cal fitness6 or physical activity.7-9 This 
contrast of significant effects of chronic 
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studies led to the suggestion that exercise 
acted to enhance responses only when 
the control response was relatively poor. 
Subsequent studies investigated effects of 
a muscle damaging exercise task on influ-
enza vaccination responses. Interestingly, 
responses to a full dose vaccine in young 
healthy adults did not show any significant 
differences,20 however, when a reduced 
dose of vaccine was used enhancements 
were found to 2 of 3 influenza strains (but 
not to the most immunogenic strain).21 
These findings supported the hypothesis 
that sub-optimal responses (represented 
by responses to a reduced dose of vaccine), 
are susceptible to enhancement by acute 
exercise.

Most recently, this hypothesis was 
directly tested using a study design com-
paring exercise vs. rest prior to receipt of a 
full or half dose pneumococcal vaccine.22 
Young healthy adults either rested or com-
pleted an upper-body resistance-band 
based task (15 min). Half of each group 
received a full dose vaccine expected to 
elicit a strong response in this cohort, the 
other half received 50% of the full dose, 
expected to produce a weaker response. 
When collapsed across doses, exercise 
groups were found to show stronger 
responses than control groups. However, 
when examining only the groups receiv-
ing the full dose, both control and exercise 
groups showed similar antibody responses. 
While in the groups that received the 
half dose of vaccine, 5 of 11 strains mea-
sured showed greater responses in the 
exercise compared with control groups. 
Interestingly, when examining the strains 
that revealed differences, it was the strains 
with larges difference in full vs. half dose 
control responses that were enhanced by 
exercise (see Fig. 1).

The data for acute exercise as an 
adjuvant to vaccination is encouraging, 
and deserves further attention for devel-
opment. Of primary interest are two 
questions: (1) is exercise an appropriate 
and effective adjuvant in at-risk popula-
tions; and (2) what is the most effective 
task in terms of type, intensity, duration 
and timing. Several populations are of 
immediate interest for potential use of 
exercise as a behavioral adjuvant. A pre-
dictable accompaniment of aging is the 
decline in immune function known as 

to still be well above that found in older 
adults.

Encouraging physical activity on a 
population wide basis for improved health 
has been a priority for a number of years. 
Yet, the continuing decline in the propor-
tion of the population meeting physical 
activity goals describes the lack of success 
and is of major public health concern. 
Thus, although regular exercise is a desir-
able intervention, for immune function as 
well as other health benefits, it is one that 
is hard to implement on a population level.

Even a single acute bout of exercise is 
well known to elicit significant changes 
in the immune system.3 Also referred to 
as a stress response, the increases in epi-
nephrine, cortisol, heart rate and blood 
pressure are all part of our response to 
exercise. Related to these changes are the 
well-known leukocytosis response, and a 
transient increase in cytokines. In addi-
tion, exercise that causes muscle damage 
results in increase in “danger signals” 
such as heat-shock proteins, and induces 
trafficking of leukocytes to the tissue. 
Finally, muscle contractions are also 
known to increase flow in lymphatic ves-
sels to secondary lymphoid organs. All 
these changes evoked by acute stress/exer-
cise have been hypothesized to be part of 
an activation of immune surveillance in 
anticipation of antigen entry.13,14 Recent 
animal data supports this hypothesis, with 
acute stressors being shown to enhance 
cellular and humoral immune responses to 
antigen exposure.15,16 The development of 
the acute stress-induced immunoenhance-
ment hypothesis has now been extended 
to human studies, with particular refer-
ence to vaccination.17

A series of studies have been published 
examining the effect of a bout of exercise 
prior to vaccination on immune response 
in young healthy adults. The initial study 
compared an exercise task (cycling) and a 
psychological stress task prior to influenza 
and meningococcal vaccination. Antibody 
responses were not uniformly enhanced, 
with women showing increased responses 
in both the exercise and stress groups to 
influenza vaccine compared with the con-
trol group,18 contrasting with an increased 
response to meningococcal vaccine in men 
in exercise and stress groups.19 Similar 
non-uniform responses in subsequent 

exercise on vaccination responses being 
elicited in older adult populations but not 
in younger populations is exemplified by 
Smith et al.8 who compared the immune 
response to a novel antigen (Keyhole lim-
pet hemocyanin, KLH) in both young 
and older men. They showed that older 
active men demonstrated stronger anti-
body and cell-mediated responses to KLH 
than sedentary older men, while responses 
were similar regardless of activity habits 
in younger men. In RCTs, similar posi-
tive effects of exercise can be seen. Woods 
et al.10 demonstrated that 10 mo of car-
diovascular exercise (60–70% maximal 
oxygen uptake, 45–60 min, 3 × week) in 
previously sedentary older adults resulted 
in increased seroprotection maintenance 
(at 24 weeks post-influenza vaccination) 
compared with participants who took 
part in flexibility training over the same 
period. Responses to novel antigens have 
also been observed to be increased by 
chronic exercise. After KLH vaccina-
tion IgG1 and IgM concentrations were 
greater in participants who had com-
pleted 10 mo cardiovascular training 
(VO

2
max increase 11%) than in con-

trol participants (flexibility exercise, 1% 
VO

2
max improvement).11 The literature 

supports the hypothesis that regular 
exercise improves immune function, 
which is reflected in greater antibody 
or cell-mediated responses to vaccina-
tion, especially in older adults. Although 
clinical benefit is only inferred from the 
quantified antibody or cell-mediated 
responses, a recent population-based 
cohort study supports the finding. Siu et 
al.12 reported that moderately active and 
highly active individuals as defined by 
survey responses were less likely to expe-
rience an influenza-coded visit to a phy-
sician’s office or emergency department 
than inactive individuals. Younger adults 
appear to show less effect of chronic exer-
cise on immune function when exam-
ining vaccine responses, but it is worth 
noting that the robust response to most 
vaccinations in young healthy adults may 
well mask any more subtle effects of exer-
cise, whereas in older adults with weaker 
immune function and greater variability, 
the immune-enhancement effects are 
notable. Finally, even with low activity 
levels, fitness in younger adults is likely 
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response to exercise such as blood flow 
and inflammatory markers have been 
included to a limited extent with associa-
tions with immune response reported.18,25 
However, it holds that for clinical reli-
ability, significant further investigation 
of mechanisms to inform the exercise task 
design is required. If a simple and appro-
priate exercise task could be effectively 
combined with vaccine administration to 
enhance responses in at risk populations, 
the public health implications would sup-
port implementation.

Exercise elicits many responses, 
including cardiovascular, nervous, 
immune, endocrine and psychological; 
these do not operate in isolation but 
interact, their proper balance intrinsic 
to health. We argue that the changes 
induced by acute exercise prepare us for 
challenge, including antigen challenge 
such as vaccination, producing a state of 
improved readiness. A holistic view of 
homeostasis involves a consideration of 
complexity. In order to comprehend the 
potential for benefit under various condi-
tions, it is important that we explore the 
complete picture while indeed consider-
ing the minutiae.
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immunosenescence. This results not only 
in higher rates of inflammation related dis-
ease but also the severity and frequency of 
infectious disease, which can be inferred 
from the well known reduced responses to 
vaccination in older adults. Many devel-
oped nations include routine vaccination 
against influenza and pneumococcus for 
adults aged over 65 y, reflecting the fact 
that deaths related to pneumonia and 
influenza are the 6th leading cause of death 
in older adults.23 Because of the reduced 
immune responses in the elderly, interven-
tions to improve their vaccine responses 
warrant investigation. Similarly, benefit 
may accrue for other populations with 
known reduced immune function such as 
HIV+ patients, or with increased risk of 
infection such as pregnant women, using a 
simple, cheap and safe intervention.

The question of the best task for such 
an intervention has received little atten-
tion. One study reported no difference in 
magnitude of enhancement when muscle-
damaging exercise of different intensities 
was used,21 however, other studies have 
cited insufficient exercise intensity as an 
explanation for the lack of effect when a 
walking protocol was used.24 Currently 
no study has compared different forms of 
exercise (such as aerobic vs. muscle dam-
aging weights exercise), or duration of 
exercise. Measurements of aspects of the 

Figure 1. Change scores for pneumococcal strains from baseline to 28 d for all groups. ‡, significant effect of exercise over both full and half dose; 
*significant effect of exercise within half dose groups.
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