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The coronavirus disease 2019 (COVID-19) pandemic
heightened worldwide attention on the influence of exercise on
the immune system. Questions were raised about whether
regular moderate-to-vigorous physical activity (MVPA) could
help prevent COVID-19 or mitigate symptoms when ill.
Could MVPA bolster immunity among those most prone to
COVID-19 including the elderly, obese, and immunocompro-
mised patients? Does regular MVPA dampen systemic inflam-
mation, thereby lessening the COVID-19 cytokine storm?
Clinicians inquired whether MVPA enhanced the antibody
response to COVID-19 vaccinations. Athletes and coaches
sought guidance on whether it was safe to train when sick.
What nutritional strategies can help the athlete counter
immune dysfunction during periods of intensive training?
What role does MVPA play in the rehabilitation of individuals
with post-acute sequelae of COVID-19 (PASC), also called
long COVID? Other questions were focused on basic science
issues. Does MVPA augment immune function and surveil-
lance against pathogens including the severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) and other viruses?
What specific types of immune cells are mobilized during
acute exercise bouts? In response to these questions, the
Journal of Sport and Health Science (JSHS) and other journals
published several impactful papers and reviews on exercise-
immunology.' '* This special topic was organized by JSHS to
highlight emerging and novel insights in exercise immunology
and to strengthen scientific understanding in this rapidly
growing area of scientific endeavor.

In the paper by Synders et al., a cohort of 84 athletes with
confirmed SARS-CoV-2 infection were followed to identify
factors associated with a prolonged time to return to full
performance (RTFP). Symptomatic compared to asymptom-
atic athletes took more than twice the days (64 days vs.
30 days on average) to RTFP, and predictive factors including
being a female or endurance athlete and having whole body/
systemic symptoms. The issue of RTFP following COVID-19
and other similar respiratory illnesses is of high importance to
athletes and the medical staff and has been addressed previ-
ously by the American College of Sports Medicine and the
International Olympic Committee.''"'” In this study, 1 in 7
athletes reported COVID-19-related symptoms after a period
of 3 months. The authors cautioned that athletes with persistent
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symptoms or PASC should receive appropriate support and
surveillance. Emerging data indicate that a distinctive
symptom of PASC is post-exertional malaise that is associated
with extensive muscle abnormalities including compromised
mitochondrial function, muscle damage, immune dysfunction,
and microclots.” RTFP can be extended for athletes
experiencing PASC.

The narrative review by Burtscher et al. examined the
combined stressors of intensive training and hypoxia on
immune responses. This is an important consideration for
athletes that engage in high volumes of altitude training. One
systematic review identified high altitude training as a risk
factor for acute respiratory illness in athletes.'” Living at a
very high altitude has been linked through transcriptomics to a
downregulation of innate immune system-related genes
including those involved in myeloblast differentiation and
neutrophil activation.'* Depending on the total stress work-
load, exercise and hypoxia can either stimulate or impair
immune system functions. The authors recommended appro-
priate acclimatization, training volumes, and nutritional strate-
gies to mitigate the potential negative immune consequences
of high-altitude training or exercising in a hypoxic state.

The cross-sectional study of 79 older healthy adults
conducted by Bottrich et al. investigated immune, lifestyle,
and metabolic factors related to subclinical atherosclerotic
plaque (SAP). Innate and adaptive immune responses play a
role in the development of atherosclerosis, and this study
focused on regulatory T cells (Tregs) and 2 subsets including
resting Tregs and memory Tregs (mTregs). Tregs comprise
2%—4% of all peripheral CD4" T-cells (T-helper) and limited
evidence suggests that Tregs exert anti-inflammatory effects
and promote heart muscle regeneration and vascular repair.'’
In this study, 37% of adults were classified as having mild
SAP. Older age, higher blood pressure, and a proportional
shift from resting Tregs to mTregs were associated with SAP.
Additionally, serum low-density lipoprotein cholesterol and
cardiopulmonary fitness were linked with this shift in Tregs
subsets. The authors suggested that mTregs could be consid-
ered as a biomarker for SAP.

The systematic review by Kotewitsch et al. identified non-
coding RNAs (ncRNAs) and microRNAs (miRNAs) that were
linked to exercise-induced immune responses. ncRNAs exert
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regulatory effects on gene expression and some are involved in
hormonal and metabolic regulatory effects on the immune
system during exercise. ncRNAs are classified as miRNAs,
long ncRNAs, and circular RNAs. miRNAs are short ncRNA
molecules that regulate gene expression at multiple levels and
some are involved in post-transcriptional regulation and
immune cell development, inflammation, and immune
responses.'® Circulating extracellular vesicles carry miRNAs
and facilitate intercellular crosstalk and the regulation of
inflammation and other immune responses. This review
described 15 endurance exercise miRNAs with immune
system targets, and two related to resistance exercise. Pathway
analysis of these miRNAs showed a linkage to Toll-like
receptor cascades. Key miRNAs included miR-15, miR-29c,
miR-30a, miR-142/3, miR-181a, and miR-338. In general, this
novel review showed that miRNAs are involved in exercise-
induced effects on the immune system including immune cell
distribution and function, and the production of anti-inflamma-
tory cytokines.

About 1 in 3 blood leukocytes are lymphocytes, and of
these, one in ten are B cells. Despite this low frequency, B
cells (CD19") play a critical role in the humoral component of
the adaptive immune system.'”'® This systematic review of 67
studies by Walzik et al. evaluated the effects of acute (22
studies) and chronic exercise (45 studies) on B cells, immuno-
globulins, and markers of secretory immunity. In general,
these authors determined that acute exercise has a significant
impact on B cell counts and secretory and plasma immunoglo-
bulins. Blood B cell concentrations decrease after prolonged
and intensive exercise and complement the egress of most
lymphocyte subsets from the blood compartment due to
increases in stress hormones.'” Most B cell-related outcomes
do not change in response to chronic exercise training. The
process of establishing evidence-based conclusions was
limited due to the large heterogeneity in study populations and
designs, exercise workloads, and the lack of proper control
conditions.

The 20-year systematic review by Luo et al. focused on the
role of exercise training in alleviating inflammation in adoles-
cents and adults with autoimmune diseases. About 4% of the
world’s population is affected by autoimmune diseases, and
this proportion rises to 10% in some countries such as the
United Kingdom.”” Most autoimmune disorders are more
common in women than in men and can develop at any age
depending on the individual autoimmune disease. Common
autoimmune diseases include rheumatoid arthritis, type 1
diabetes, psoriasis, multiple sclerosis, systemic lupus erythe-
matosus, myasthenia gravis, inflammatory bowel disease,
Graves’ disease, Sjogren’s syndrome, and Hashimoto’s
thyroiditis. Inflammation undergirds most autoimmune
diseases as the immune system attacks the healthy cells of
tissues and organs by mistake.”' This systematic review of 87
papers showed that moderate training protocols using both
aerobic and resistance exercises tended to exert anti-inflam-
matory effects in individuals with autoimmune disorders.
More clinically meaningful improvements in inflammation
biomarkers may require greater exercise workloads and weight
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loss, but this may exceed the capabilities of most patients.
Acute exercise, generally of moderate intensity due to patient
limitations, had a modest and transient effect in increasing
some inflammation biomarkers. The authors concluded that
most patients with autoimmune disorders can safely adopt
moderate exercise training protocols but changes in inflamma-
tion biomarkers will be modest at best.

The papers included in this special topic support the
profound effects that exercise has on the immune system.”**
Appropriate exercise training workloads support the immune
system in its varied roles and mediate multiple health
benefits.”
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