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Abstract

The human immune system relies on the dynamic, complex integration of
various cells, proteins, tissues, and organs which work together in concert
with the nervous system to recognize, adapt to, and neutralize pathogens. In
parallel, there is a neurobiological network of systems which function to react
and adapt to changes in the environment to restore and maintain homeostasis
in the service of survival. Our dependency on the stability and resilience of
this collective ecosystem of responses is amplified during times of heightened
risk for illness and when healthcare systems are in fluctuating states of exces-
sive strain, such as in the time of the COVID-19 pandemic of 2020. The na-
ture of the adaptability of these systems is called into question when con-
fronted with novel viruses that humans have no natural immunity against,
and likewise when interfacing with future variants in transition through and
into the endemic phase of such outbreaks. Nuanced multidisciplinary inves-
tigations of the pathways in which positive changes can be affected and sub-
sequent advantages conferred are warranted for consideration in virtually all
domains of healthcare, especially at times when a viral outbreak is uncon-
tained. The following is a series of biological considerations with implications
that warrant further discussion and potential extrapolation for individualized
employment by healthcare and public health professionals in efforts to com-
bat both current and future crises as they may arise.
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1. Introduction

Since the beginning of recorded history, humankind has faced transformative ad-
versity in the form of widespread viral contagions, leading to well-documented
global pandemics and even civilizational catastrophe, with unique features and
characteristics relative to their respective pathoetiology and course of action.
These events have amounted to enormous physical, psychological, economic,
organizational, and societal influences distinct in their time, summating as tre-
mendous adversity. Such crises have had an incalculable impact on the course of
history, with some of the most alarming statistics arising in the form of mortality
rates, disability, and gross economic disturbances which disrupt food security,
financial stability, and psychological equilibrium for innumerable individuals
and families. Such events have coalesced into monumental burdens on human
civilizations across our known history. So too, now humanity has encountered
the novel coronavirus SARS-COVID-19 (abbreviated as COVID-19) as a viral
contagion against which no prior natural immunity has existed, erupting in
Wuhan, China in late 2019. The virus was recognized thereafter by the World
Health Organization (WHO) as a Public Health Emergency of International
Concern on January 30%, 2020, and was formally declared a global pandemic as
of March 11, 2020 [1] [2]. This development constitutes a threat civilization fac-
es indefinitely, with heightened precautionary measures warranted until a time
when the spread of the virus is sufficiently controlled. The successful develop-
ment and deployment of preventative and interventional measures for wide-
spread utilization to combat the pathogen worldwide is essential for mitigating
adverse outcomes while transitioning into the endemic phase of the current
pandemic and beyond.

Over time, we have learned invaluable lessons from previous such emergen-
cies in the form of prevention strategies for inhibiting viral spread, the necessity
of effective educational public outreach, risk mitigation practices, managing the
condition of positive diagnoses as they have arisen, and preserving life where
possible. This notwithstanding, never in recorded history has a crisis the magni-
tude of the COVID-19 pandemic occurred in a time when the world is so inex-
tricably interconnected, and wherein beliefs about which pathways of action to
pursue are so intensely divided. To date, the scale and magnitude of the current
crisis have been well documented on various platforms, with a staggering impact
observed in many cities, states, and countries—perhaps most alarmingly in the
United States [3]. However, we still are only glimpsing at the long-term toll and

consequences that this pandemic will ultimately take on the world, and there is a
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tremendous amount of work that needs to be done to effectively respond to ad-
verse realities arising in every conceivable manner as they relate to the challenges
we continue to confront.

As of April 2, 2022, the COVID-19 pandemic has resulted in 79,342,899 con-
firmed cases and 972,830 deaths in the United States alone [4]. As of the same
date, 486,761,597 confirmed cases of COVID-19 have been reported globally to
the WHO, including 6,142,735 deaths [4]. Compounding the complexity and
gravity of the situation, the peak of the first wave occurring in the summer of
2020 in the United States specifically coincided with record unemployment
rates, civil protests, widely distributed misinformation, and political posturing
that have collectively imposed substantive stress on human physiology both
physically and psychologically, and to society more broadly.

The COVID-19 pathophysiology has been recognized to be highly variable,
with some individuals contracting the virus without expressing symptoms of any
kind, and others presenting on a continuum of mild to severe symptom devel-
opment with inconsistent speeds in the length of recovery which appear to be
correlated with severity and comorbidities. One study of 142 patients who had
recovered from COVID-19 found that only 12.6% were completely free of any
COVID-19-related symptom, while 32% had 1 or 2 symptoms and 55% had 3 or
more, with fatigue and dyspnea most commonly reported [5]. Similarly, a
medRxiv preprint analyzing a group of hospitalized COVID-19 patients with no
prior history of neurologic disease identified 37.4% of those patients with ab-
normalities on neurologic exam six months later [6]. In addition to the respira-
tory symptoms most often highlighted in various analyses, it is now recognized
that a significant proportion of COVID-19 patients experience neurological
symptoms and syndromes on various time scales following diagnosis [7]. While
ultimate projections vary widely, this outbreak has been already understood to
result in the loss of millions of lives globally, adversely affecting many sectors of
business and commerce, and directly or indirectly contributing to incalculable
levels of psychological duress and suffering. These events have amounted to ar-
guably the greatest public health crisis in a century, resulting in the deepest eco-
nomic crash since World War II and the greatest health insurance losses in

American history [8].

1.1. Pathogenesis

COVID-19 is caused by the pathogen severe acute respiratory syndrome coro-
navirus 2 (SARS-CoV-2), a novel RNA betacoronavirus that acts as an infecting
agent by the binding of a spike protein on the viral surface to an ACE2 receptor,
where the virus is then internalized and propagated with viral replication [9]
[10] [11]. Although the ACE2 receptor can be found in high levels in various
tissues throughout the human body including in the heart, kidneys, arteries, in-
testines, and on type 2 pneumocytes in the lungs, the anatomical orientation of
the lungs as they interface with the external environment leaves them dispropor-

tionately vulnerable; the lungs therefore have subsequently been recognized as
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the primary route of infection [12]. When bound to ACE2, SARS-CoV-2 leads to
a host of deleterious physiological responses including increased pulmonary
vascular permeability, together which often progresses to the clinical state of
acute respiratory distress syndrome (ARDS) [13]. ARDS with a history of expo-
sure to COVID-19 is routinely reclassified as SARS. These developments result-
ing in respiratory compromise, as seen with high frequency in COVID-19 pa-
tients requiring hospitalization, have created enormous demand for ventilators
as in the late stages of ARDS/SARS, life often cannot be sustained without one.

A salient point of consideration here forward must be the fact that the over-
whelming majority of SARS-CoV-2 infected patients requiring intensive care
support (and as of May 1, 2020, 299% of patients who have subsequently lost
their lives) have presented with one or more comorbidities including cardiovas-
cular, cerebrovascular, endocrine, digestive, and respiratory disease [1]. Among
1590 laboratory-confirmed cases of COVID-19 in China, patients with any
comorbidity were found to yield poorer clinical outcomes than those without,
and a greater number of comorbidities also correlated with poorer clinical out-
comes [14]. A recent meta-analysis of 30 studies including 53,000 patients with
COVID-19 found hypertension (HTN), diabetes mellitus (DM), and cardiovas-
cular disease (CVD) as the most common comorbidities respectively, and that
each of these conditions were significantly more common in severe cases as
compared with nonsevere cases [15]. Furthermore, HTN, DM, and CVD were
each found to be independent prognostic factors for COVID-19-related death
[15], and CVD specifically is hypothesized to leave humans more vulnerable to
infection or disease progression [12]. Furthermore, COVID-19 infection causes
a myriad of acute cardiac complications, with myocardial injury recognized as a
key prognostic factor which is significantly associated with mortality in patients
with COVID-19. A recent study of 400 patients hospitalized with COVID-19 in
Wuhan, China, found that 20% of patients had cardiac injury, and that these pa-
tients were more likely than those without cardiac injury to require noninvasive
ventilation (46% vs. 4%), more likely to require invasive ventilation (22% vs. 4%)
and had a higher mortality rate (51% vs. 5%) [16]. In this same investigation,
those with cardiac injury were more likely to experience ARDS (59% vs. 15%).
While there are a number of tissues that may become involved or compromised
following infection with COVID-19, the pulmonary and cardiovascular systems
subsequently remain areas of exceptional concern for these reasons.

Acknowledging in full these realities that confront us, the author of this ma-
nuscript submits the notion that there is a great deal of productive work and
therapeutic potential to be reached collectively as all disciplines in the medical
establishment adapt their practices to best support the world at large in various
capacities. The consequences of poor preparation and insufficient preventative
action have become all too clear in light of the reality that many hospitals and
inpatient facilities were operating at or beyond their full capacity for extended
periods of time, on many occasions without sufficient personal protective equip-

ment available to medical personnel to ensure the implementation of adequate
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preventative measures while interacting with each patient in need. Worse still,
because of the well-documented inadequate supply of life-supporting ventilators
in high-volume facilities to combat the respiratory compromise occurring with
the onset of ARDS and/or bilateral interstitial pneumonia as seen with high in-
cidence for many in late stages of the novel coronavirus infection, many doctors
with insufficient resources have been forced to make extraordinarily difficult
ethical decisions in determining who will live and who will die. It has become
abundantly clear that amongst the most critical things to be achieved amidst
such crises is to limit the number of people ultimately requiring hospitalization
to the greatest degree possible.

Perhaps the most pressing discussion point to preface any investigation of the
therapeutic potential of interventions to influence the human immune system
within light of the COVID-19 pandemic is the reality that, prior to exposure,
human beings have no natural immunity to the virus. This fact of the matter is
not to be lost, and clear language must be used in context to communicate that
there are no scientifically supported interventional strategies to guarantee im-
munity when initially exposed. This reality then begs the question, why ought
one make any effort at all to build the efficiency and resilience of their immune
system function in any capacity? Anticipating such healthy skepticism, the fol-
lowing hypotheses are submitted to weigh independently and collectively with
respect to individual health practices as well as inflection points to consider
when making formal medical recommendations to those in need at various
stages of care and consultation, each of which warranting further research:

1) All measures taken that may minimize the incidence of sickness or disease
of any kind will help alleviate the burden on the global healthcare system, and
therefore represent a benefit to all.

2) As an extension, all measures taken which effectively enhance health in
manners which confer resilience in individuals who acquire the virus represent a
similar attenuation of the burden to the healthcare system as well and decrease
the likelihood of developing severe complications.

3) Reducing the number and/or minimizing the severity of co-morbidities
presenting with COVID-19 contraction may help to minimize the loss of life in
those diagnosed and accelerate the recovery in those who survive.

4) Building cardiovascular and respiratory capacity prior to infection of
COVID-19 may help reduce the mortality rate especially of those who develop
ARDS or acute interstitial pneumonia, when the respiratory system may other-
wise become fatally compromised.

5) Developing and supporting multiple dimensions of health in a holistic
sense may confer additional prognostic advantages including a more rapid re-
turn to premorbid level of function and diminished psychological adversity.

6) Enhancing various aspects of immune and nervous system function may
improve viral exposure tolerance thresholds as determinants of a pathological
state developing, in relation to a given volume of particles interfacing with hu-

man biology over a period of time.
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7) There is plausibility that enhancing certain aspects of innate or adaptive
immunity may help facilitate a more efficient, effective response in recovery
from infection given the high correlation between pre-existing comorbidities
and severe adverse outcomes as well as the disorganized immune response often
characterized in the recovery from COVID-19.

8) Non-pharmacological interventions known previously to enhance vaccine
response efficacy may similarly be implemented advantageously as adjuvants in
concert with administration of novel COVID-19 vaccines as they become available.

The possibilities implied by these considerations should not be understated, as
the duration of antibodies produced following infection which confer protection
(natural immunity) against COVID-19 and its variants appears highly variable,
dropping precipitously over the course of months in some studies, and in just
weeks according to others. An early study by Ibarrondo and colleagues pre-
sented data conveying that these antibody levels may decrease by approximately
half every 73 days in mild cases of COVID-19, which represented the majority of
cases documented up until its publication [17]. Intriguingly, some authors have
argued that natural immunity is superior to vaccination while antibodies are still
produced, but it appears that natural immunity may fade more quickly than vac-
cine-induced immunity. A 2021 systematic review and pooled analysis investi-
gating the equivalency of protection from naturally acquired immunity versus
fully vaccinated persons found that all of the 9 clinical studies included yielded
at least statistical equivalence between the protection of full vaccination and
natural immunity, and three studies found superiority of natural immunity [18].
In any event, protection afforded by vaccination also has a finite duration, and
there is uncertainty as to the degree to which antibodies generated from en-
countering one strain of COVID-19 or administering any individual vaccine
protect against variant strains as they continue to evolve. Further still, a signifi-
cant number of COVID-19 naive persons exist who for various reasons elect not
to vaccinate. With such wide-ranging potential vulnerability, it is essential to
maximize effectiveness of all complementary strategies to support immune func-
tion for all individuals in the current climate as this virus continues to circulate

and evolve into the future.

1.2. Moving Forward

While the scale and complexity of the challenges we are confronted with is stag-
gering, there too exists enormous potential for meaningful work in multiple di-
mensions to contribute to the betterment of health around the world and more
broadly to society on the whole. There is real responsibility for healthcare practi-
tioners of every discipline to broaden their knowledge, seek innovative solutions,
and otherwise endeavor to facilitate the transformation of an informed medical
system that will take the lessons of the present to meet the evolving demands in
the future for each domain of healthcare. A fundamentally sound, enhanced col-

laborative approach to research and translation of scientific findings efficiently
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into a means of effective action is needed. This review is a call to action for all
sectors of the medical field to rise to the occasion in this pursuit.

The encouragement to adopt widespread practices of standard precautionary
measures including hand sanitation, droplet precautions, wearing effectively
preventative masks where possible, and behavioral strategies of social isolation
when necessary to minimize the spread of COVID-19 have already been widely
discussed and disseminated since the earliest months of the pandemic [19] [20].
For a period, additional behavioral considerations including avoidance of travel
to high-risk geographical areas and the consumption of meat from regions with
a known COVID-19 outbreak were also recommended [1] [19] [20]. The validity
and effectiveness of each of these strategies is beyond the scope of this review,
but it remains important to acknowledge these practices for a time were collec-
tively agreed upon widely, with social isolation protocols and masking precau-
tions maintaining the highest degree of durability in circulation by public health
and medical professionals around the world through the first two years of the
pandemic.

A key consideration amidst all of this is the surprising absence of narrative
surrounding the tremendous degree to which the immune system can be influ-
enced and enhanced with non-pharmacological measures, a phenomenon with
profound implications even in the face of novel viruses. While establishing rea-
listic expectations as to the extent of possible outcomes anticipated in this con-
text is warranted, the lack of emphasis on these measures in public health mes-
saging is disconcerting. The remainder of this manuscript, therefore, will focus
on the non-pharmacological means by which healthcare professionals across
multiple disciplines may be able to generate positive influences in supporting the
functional resilience of the immune system and the nervous system more broad-
ly in their patients in light of these conditions. Likewise, patients can advocate
for themselves and others by introducing questions to their providers inquiring
as to whether they stand to benefit from any given intervention. These efforts
may be best employed in parallel with other measures promoting compliance
and adherence to effective safety precautions where they do indeed exist to the
full extent possible during times of such uncertainty, forced constraints, and
continuously evolving challenges in the world at large.

The organizational structure of this series contains multiple cornerstones which
arguably constitute distinctly different yet complementary pathways through
which such positive influences may be possible. This first installment portrays
the foundational biological architecture and landscape upon which these path-
ways may be leveraged and highlights the key dimension of structured exercise
as a critical point of leverage in this domain. Subsequent installments thereafter
will build upon this initial entry point, expanding with parallel practices of stress
mitigation, pain management, sleep hygiene, nutritional intake, social connec-
tion, emotional regulation, and remaining alternative pathways which together

orchestrate an interdependent ecosystem of strategies which may be employed
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and adopted in an individualized manner in efforts to optimize the biology of
those choosing to engage with this pursuit.

An important assumption herein is that individuals vary in their affinity, rela-
tive expertise, and skill level in actively supporting each dimension, both as pa-
tients and practitioners. A unifying aim of this review is to expand the reader’s
awareness of the breadth, depth, and interconnectedness of these pathways, and
to shed light on any blind spots that may exist in this context in ways that may ad-
vantageously be recognized and acted upon. Certain diagnoses and co-morbidities
may temporarily or indefinitely contraindicate the employment of some tech-
niques and strategies, and precautionary measures may be necessary in those
where no clear contraindication exists. In all such cases, a great deal of discretion
is warranted in implementing clinical assessments and interpreting findings
when discerning which approach is most appropriate for any given individual.
Therefore, the present author asserts the essential importance of broadening
one’s range and depth of understanding and proficiency in assessing and appro-
priately intervening within the respective boundaries of practice for all relevant

disciplines in healthcare.

2. Biological Foundations

To preface the remainder of this manuscript, it is instructive to account for sev-
eral key fundamental biological constructs which give rise to function in the
immune and nervous systems collectively, and to consider their interdependent
relationships in the service of adaptation and survival. What follows is intended
to highlight the biological architecture upon which advantageous processes
emerge and unfold under certain conditions, and to offer direction in each area

of research for future consideration.

2.1. Human Immunity

Two principal systems classically described within the immune system are re-
sponsible for protecting vertebrate species against viral contagions: the innate
and adaptive immune systems. All effector responses generated by these systems
can be considered on a spectrum defined by the costs associated with their
maximal deployment, wherein excessive cost accumulation (uncontrolled sum-
mation) represents immunopathology [21]. The innate immune system is the
body’s immediate, nonspecific response to combat foreign invaders, acting as a
first line of defense to rapidly impede pathogens, preventing their spread and
movement throughout the body. This system consists of physical, chemical, and
cellular defenses against pathogens including skin, mucous membranes, phago-
cytes, granulocytes, macrophages, neutrophils, dendritic cells, mast cells, baso-
phils, and eosinophils. The adaptive (acquired) immune response is conversely
much more complex by comparison and is effective towards neutralizing specific
pathogens as they are encountered. This system is considered the second line of
defense however, because it is slower in nature to be deployed into action upon
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interfacing with a perceived threat. This notwithstanding, the effect of the adap-
tive response is long-lasting, highly specific, and is sustained long-term by lym-
phocytes integrally for future utilization. Lymphocytes are a type of white blood
cell (WBC) that can be subclassified into T and B cells based on their distinctive
features and adaptive function. Both cell types originate from stem cells in the
bone marrow and can be found in the circulating blood and lymph tissue
throughout the body in quantities that dynamically adjust and vary dramatically
in certain conditions. B cells produce protein antibodies which are highly specif-
ic to individual antigens, whereas T cells destroy foreign substances and cells in
the body which have already been taken over by viruses or have become cancer-
ous. Another class of WBCs known as natural killer (NK) cells have been tradi-
tionally grouped with innate immunity that express cytolytic function against
stressed cells such as virus-infected and tumor cells, exhibiting a broad array of
tissue distribution and phenotypic variability [22]. However, some researchers
have come to categorize at least some subsets of NK cells as part of adaptive
immunity due to the high degree of antigen specificity exhibited and their ca-
pacity to be retained in long-term memory [23]. Similarly, astrocytes have been
recognized for their role in some aspects of both innate and adaptive immune
modulation [24]. The distinction between classes of lymphocytes has been ele-
vated as a matter of increasing importance as some scientists orient their focus
towards how T cells combat COVID-19 in the absence of matched specific anti-
bodies, provided the variable rates of antibody production following infection
and the widely variable limits in duration of their lifespan known to date. Given
the pathogenesis and highly contagious nature of SARS-COVID-19 in its evolv-
ing array of variants, identifying and supporting the pathways through which an
effective defense can be mounted may be of paramount importance for the mi-
tigation and/or avoidance of adverse outcomes in this pandemic and through
beyond into its endemic phase hereforward. Arguably, the adaptive immune
system offers the greatest potential to provide an effective defense in the current
conditions, at very least in mounting a response following infection, if not offer-
ing initial protection of any kind upon viral exposure. Intriguingly, there are da-
ta suggesting that some patients who had recovered from COVID-19 infection
and tested negative for coronavirus antibodies did develop T cells in their re-
sponse. While such studies are small, the findings have led some to speculate
that individuals who experience little to no symptoms following COVID-19 in-
fection may be eliminating the infection through this T cell response. Therefore,
it is important to recognize the plausibility that aspects of innate immunity may
still have a role to play, at least indirectly, in contributing to human defense against
COVID-19, as the innate control of adaptive immunity is now a well-established
paradigm [21].

2.2. The Interrelations of Stress, Immunity, and the
Nervous System

Stress in principle is advantageously studied from both a biological perspective
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as well as a psychological construct [25] [26], and foreign invaders such as a viral
contagion may be considered as a stressor in this context. The physiological
response of the human body under stressful conditions is mediated by way of
multiple systems of various complexity harmoniously functioning as an inte-
grated ecosystem, including the autocrine, paracrine, and immunomodulatory
signaling capacities of chemokines (chemotactic cytokines) as well as a vast
range of neural and autonomic mechanisms in the nervous system [27]. Chemo-
kine-mediated innate immune cell trafficking, including the direction of effector
cells to sites of tissue injury, forms an essential role in linking together the innate
and adaptive immune responses [27]. Cytokines regulate the maturation,
growth, and responsiveness of specific cell populations, serve to modulate the
balance between cell-based and humoral immune responses, and help to mediate
the inflammatory response [27] [28]. While there exists overlapping terminolo-
gy, chemokines and cytokines are understood to be structurally and functionally
distinct from hormones and growth factors as they coordinate different immune
cells and the regulation of their activity to support the mounting of an effective
immune defense [27]. However, cytokines have been functionally described by
some as the “hormones of the immune system” due to their behavioral proper-
ties specific to immunity. A remarkable event observed is that a minority of
SARS-CoV-2 patients have presented in severe conditions with a form of im-
munopathology called a cytokine storm, defined broadly as an excessive immune
response to external stimuli, and the rapid deterioration of some patients has
been closely related to this maladaptive phenomenon arising [29]. The cytokine
storm is acknowledged as one of the major causes of ARDS and multiple-organ
failure which have each been associated with mortality in these patients [29]
[30].

A myriad of advances over the last century in neuroscience, genetics, cellular,
and molecular biology have illuminated the elaborate interdependence of the
immune and nervous systems, which were once thought to be functionally dis-
parate with independent operations. These breakthroughs have given rise to new
fields such as psychoneuroimmunology, built upon large bodies of evidence
substantiating the bidirectional communications between the neural, neuroen-
docrine, and immune systems, and shedding light on many aspects of the hu-
man’s adaptive responses to adversity [28]. Amongst the extensive communica-
tions existing therein include the following: 1) a structural ‘hardwiring’ of sym-
pathetic and parasympathetic nerves to lymphoid organs; 2) the modulation of
immune activity by neurotransmitters such as acetylcholine, norepinephrine,
vasoactive intestinal peptide, substance P, and histamine; 3) the regulation of
cytokine balance by neuroendocrine hormones such as corticotropin-releasing
factor, leptin, and a-melanocyte stimulating hormone; 4) the modulation of
brain activity resulting from stimulation of the immune system, including body
temperature, sleep, and aspects of behavioral drive; 5) the direction of T cells to
immunogenic molecules held in its cleft; and 6) the modulation of development
of neuronal connections by the major histocompatibility complex and similar
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molecules [31]. In a 2012 paper, Chiu et al. presented a comprehensive argument
outlining how the peripheral nervous system plays a direct and active role in
modulating innate and adaptive immunity, postulating that these immune and
nervous system interactions create a common integrated protective function in
host defense and the response to tissue injury [32]. Host defense herein entails
the detection of noxious stimuli and initiation of avoidance behavior, with the
response to tissue injury thereafter comprising the modulation to and combat
against the harmful stimuli [32]. Congruently, the expression of chemokines,
cytokines and their receptors have been demonstrated on both peripheral and
central nerves [33]. Thus, traditional views of immunity and nervous system be-
havior must be reconciled with current evidence, enabling further inquiry into
the nature of how and why these interactions exist and potential implications for
therapeutic utility. Inferentially, these developments create a scaffolding which
supports the notion that immune health is intimately dependent on nervous
system function. A brief summary of the classical features of the nervous system
function is offered here as a basis for building upon in subsequent discussion.
One of the principal divisions of the central nervous system (CNS) distin-
guishes the somatic motor division from the autonomic division, the latter of
which holding the focus of this review. The autonomic regulatory pathways of
the nervous system are classically described and understood through the sympa-
thetic (“fight or flight”) and parasympathetic (“rest and digest”) branches as their
functions manifest in oppositional nature, while simultaneously serving a larger
purpose of achieving safety and homeostasis in the whole organism. The sympa-
thetic adrenomedullary (SAM) system and the hypothalamic-pituitary-adrenal
(HPA) axis are the primary neural and neuroendocrine components of the stress
response [26] [28]. The sympathetic nervous system (SNS) and the parasympa-
thetic nervous system (PNS) are recognized as the two primary divisions within
the autonomic nervous system (ANS), with antagonistic, yet complementary
functions arising respectively in response to variations in stimuli from the inter-
nal and external environments. In circumstances of heightened danger, whether
real or perceived, the SNS mobilizes to meet the demands of accumulating
stressors which can be either or both physical and/or psychological in constitu-
tion. Stress by its fundamental nature is essential for life to exist, and therefore it
is prudent to qualify operationally the term as it is used in this manuscript as the
excess accumulation of stress that exceeds for any period of time normal ho-
meostatic thresholds in otherwise healthy, resting conditions. Stress interacting
with living tissues in this respect manifests in a variety of physiological ways, in-
cluding biometric measures of heart rate (HR), respiratory rate (RR), blood
pressure (BP), heart rate variability (HRV), galvanic skin response, neuroendo-
crine measures of hormonal action, as well as selective allocation and distribu-
tion of blood flow at local and systemic levels. Further, such outcomes can also
be quantified in part by various psychological scales and questionnaires which
are primarily subjective in nature. Wherein suprathreshold stressors naturally

dissipate over a reasonable time course (with differing duration and magnitude
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of regulatory responses depending on numerous variables), a healthy ANS is said
to exist. This typically manifests by at least one cycle of elevated sympathetic
system cascading effects arising rapidly to meet emerging circumstances, fol-
lowed by a gradual shift towards increased PNS activity to counterbalance the
resources exhausted during the initial response process. The PNS functions to
promote the recovery and restoration of strained tissues and depleted resources
accumulating to meet the demands of the SNS as it is employed. This subsequent
window of parasympathetic expression is characterized by decreases in HR, RR,
BP, blood concentrations of epinephrine and norepinephrine (adrenaline), redi-
rection of blood flow away from large skeletal muscles towards the internal or-
gans and viscera, and influences various measures of subjective experience re-
lated to arousal and vigilance. Over this recovery period, a broad suite of neuro-
logical activity can be recognized in transitional manners that reflect these very
characteristics and subsequent subjective states of mind, including amongst the
most distinguishable of these a diminishment of neuronal activity in the arousal
circuitry and limbic system in parallel with anterior and posterior pituitary neu-
rohormonal regulatory responses cascades to appropriately support various tis-
sues in need. The collective result of these phenomena arising in concert allows
for the recovery and replenishment of resources that were utilized or even ex-
hausted during the sympathetic state of action, and supports further sympathetic
drive when recruitment becomes once again necessary. Thus, an adaptive cycle

of stress and recovery is established.

2.3. Models of Homeostasis, Allostasis, and Hormesis

The continuous unfolding of multi-system processes subserving the preservation
of life has been recognized since the early 20™ century by a simplistic model of
homeostasis—which remains the central organizing principle of physiology.
This collective process, however, has come to be appreciated in much greater
depths of nuance, and the term allostasis was proposed by Sterling and Eyer in
1988 to depict and describe the subtleties not accounted for in the traditional
model of homeostasis. Allostasis is characterized by the process of achieving sta-
bility through change, a phenomenon recognized as essential for the survival of
any organism amidst changing environmental conditions [34] [35]. The goal in
the allostasis model of regulation is to achieve fitness under natural selection (as
opposed to restoring constancy alone). This is accomplished by using prior in-
formation to predict demands imposed and adjust all relevant parameters to
meet it, preventing errors and minimizing costs over time. In this way, physio-
logical adjustments can be produced in advance of need through anticipatory
arousal. Contained within this model are adaptive signaling, physiological,
and/or behavioral changes occurring in response to integration centers sensing
fluctuations of stimuli beyond a given set point sufficient to disturb the stability
of a system. This ability to adjust to perturbations through adaptive changes is a
universal mechanism through which organisms interface with their environ-

ment, but there is a cost associated with these fluctuating adjustments [26]. The
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term allostatic load may subsequently be used to refer to the physiological wear
and tear on tissues which accumulate as an individual is exposed to stressors
over time, and as a regulatory model is characterized by a bell-shaped curve
when plotting performance against stress level [36].

A related model for understanding these concepts unified in response to nox-
ious stimuli is referred to as hormesis, a dose-response phenomenon relative to
the introduction of stressors characterized by low-dose stimulation and
high-dose inhibition. The hormetic model of loading produces a non-linear re-
sponse in the tissues stimulated wherein low input yields little to no response
and high input yields damage. Critically however, imposing a stimulus in the
non-provocative territory between these two opposing ends of the loading con-
tinuum results in enough stimulus to either maintain a baseline level of fitness at
minimum, or optimally force further advantageous adaptation(s) in the system
without causing harm at maximum. Intelligently leveraging this phenomenon
has resulted in some of the most important interventional breakthroughs known
to medicine, such as vaccine development and so-called adversity-mimetics as
they are employed in anti-aging research. Benefits from hormesis can be widely
found in more routine behaviors such as progressively exercising musculoskelet-
al tissues in the service of developing tissue capacities of strength, endurance,
and power. Further still, hormetic effects are recognized as the basis of adapta-
tion from which exposure to small amounts of bacteria, fungi, and even viral
particles educate and ultimately shape the immune system to be versatile and re-
silient over time. Such phenomena are at the heart of parenting recommenda-
tions for nurturing a safe, exploratory manner through which children encoun-
ter and interact with the world around them, affording a rich diversity of expo-

sure and subsequent adaptation.

2.4. Immune Senescence

Finally, it is helpful to consider how immunity changes over the lifespan, with
two major windows of vulnerability identified; first in the early months of life
while the immune system develops naturally in a relatively rapid manner, and
again later as the human ages in the later years of life. The latter of these is a
much slower process of decline by comparison, and the term immune senes-
cence is used to denote the gradual deterioration of the immune system due to
natural aging. To a large extent, this is a natural process that increasingly sup-
presses the immune system’s functional integrity and leaves elderly populations
more susceptible to acute and chronic infections, autoimmune diseases, and in-
flammatory diseases relative to their younger counterparts. This illuminates in
part why the present COVID-19 virus has been so threatening to geriatric popu-
lation especially, as they are unable to generate the necessary responses to com-
bat the contagion on a systemic level than otherwise young, healthy individuals
may be able to. T cells are of special recognition here as they are subject to

change over time; some T cells undergo modification in which they lose their
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advantageous qualities over time, as seen in CD4 and CD8 T cells, contributing
to an overall diminishment in the function of both the innate and adaptive im-
mune systems as well as the general effectiveness of the adaptive response [37].
These foundations shed light upon the biological architecture and organiza-
tional design amidst a vast array of pathways through which neuroimmunologi-
cal change can be affected in the human being. While the role of pharmacology
is a well-established paradigm and remains an indispensable means by which
disease and pathology can be treated, there has been a sea change over recent
decades in recognizing and appreciating the extraordinary degree to which
health can be enhanced and disease can be both prevented and treated through
non-pharmacological interventions of various nature. The first division of the
latter of these interventions we will explore further here through the lens of ex-

ercise as medicine.

3. Exercise Immunology

Epidemiological evidence indicates that regular physical activity and/or frequent
exercise participation reduces the incidence of many chronic diseases, especially
in elderly individuals, including communicable diseases such as viral and bac-
terial infections as well as non-communicable diseases such as chronic inflam-
matory disorders [38]. In most populations, regular structured exercise has been
established as a major protective factor for its role in supporting immune func-
tion, whereas a sedentary lifestyle by contrast is known to depress immunity [39]
[40]. There is now a broad consensus overall that exercise is a physiological sti-
mulus that beneficially enhances a wide range of qualities in the immune system
when it is not otherwise contraindicated [37] [39].

Research has classically been distinguished on time scales by acute (single)
bouts of exercise in contrast to chronic exercise (repeated bouts over longer in-
tervals characterized by periods of rest in between), with acute exercise investi-
gations representing the largest evidence base accumulated in this domain to
date [39]. Acute bouts of exercise have dominated in this respect for many me-
thodological and logistical reasons, perhaps most notably because confounding
variables can be most readily controlled for. Acute bouts of exercise are known
to modulate both the innate and adaptive immune responses by positively in-
fluencing immune cell numbers and their functional capacity [41] [42]. One of
the most reproduced findings in exercise physiology is observed in the peripher-
al bloodstream, wherein a profound and transient time-dependent change is ob-
served in the functional capacity and phenotypic composition of lymphocytes in
response to a single bout of exercise [42]. When spaced by adequate rest and nu-
tritional intake, consecutive bouts of exercise routinely maintained over a regu-
lar period confer additional advantages as discussed below.

There are many ways to classify and quantify exercise in terms of intensity of
the workload, mode of implementation, and overall volume, dimensions of

which are discussed in later sections of this review. Additionally, clear differenc-
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es exist between anaerobic (resistance) training and aerobic (endurance) train-
ing, including the effects they elicit as well as their ability to be safely tolerated
across different populations. Further, there is debate in the literature with re-
spect to what is more beneficial between differing exercise intensity thresholds,
and which populations stand to benefit most from specific training approaches
when comparing pre-exercise vs. during exercise vs. post-exercise states based on
the expression of relevant physiological biomarkers and related health outcomes.
For example, recent studies reveal that the behavior of the exercise-induced mobi-
lization of differentiated T cells is highly dependent on exercise intensity, training
status, and individual characteristics such as age and the presence of comorbidi-
ties [37]. However, in both moderate and vigorous acute exercise where the par-
ticipant is exposed to moderate and intense cardiovascular training respectively,
there is a trend that the immune system is mobilized to respond advantageously
as evidenced by increases in the lymphocyte pool and lymphocyte production as
they are delivered to peripheral tissues [38]. Similarly, the behavior of almost all
immune cell populations in the bloodstream is altered in some way during and
after exercise [42] [43], as such serving as a systemic stimulus to the immune
system [38].

While examining bouts of acute exercise in isolation produces important in-
sight, it is essential to account for the cumulative advantageous effects that can
be conferred when exercise programming is safely implemented with a degree of
consistency and chronicity. Chronic exercise is defined broadly as repeated
bouts of exercise completed over a certain period of time, which can be subclas-
sified into short-term or long-term cycles based on strategical approach. Mul-
tiple studies have demonstrated that chronic exercise modulates the number and
functional capacity of immune cells [37] [38] [43]. Higher physically fit subjects
that participate in regular bouts of exercise have shown increases in memory
regulatory T cell quantities and increased mobilization of naive T cells, which
may be especially beneficial for those who are at increased risk of reactivating
latent viruses and developing new infections [37]. This is congruent with find-
ings illustrating that the immune system of regularly active individuals is gener-
ally recognized as more prepared to protect against invading pathogens in com-
parison to sedentary individuals [37]. Further, if the T cell defense hypothesis
holds for combating COVID-19 in the absence of antibodies, the elevated T cell
quantity and enhanced subsequent capacity demonstrated in conjunction with
optimal exercise exposure may be mechanisms through which immunoprotec-
tive advantages are conferred (or mediated) in the general population. It should
be recognized however that moderate intensity exercise is most consistently
identified in the literature as a reliable means to promote immunocompetency
when compared with other exercise intensities; while vigorous intensity bouts
are also associated with immune-enhancing effects, programming strategies be-
come more complex as the risk for injury and overtraining increases over time

on a continuum, factoring into risk-benefit analyses.
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In experimental trials focusing on upper respiratory tract infections (URTI),
incidence rates of URTI were consistently higher in subjects participating in
non-exercise or low-intensity exercise groups as compared to those in mod-
erate-intensity exercise groups. Moderate intensity exercise has been supported
for implementation across many populations for numerous reasons including
the adaptive regulatory responses observed such as increased production of im-
munoglobulins, neutrophils, and NK cells [43], as well as for the capacity of
these exercise doses to be routinely well tolerated. Although initially the immune
system returns to pre-exercise levels within a few hours of completing an acute
bout of exercise, the summative effect of consecutive exercise sessions spaced by
adequate recovery periods is recognized to elicit sufficient levels of adaptive res-
ponses to constitute an improvement in immune surveillance and overall en-
hancement of immune system function that reduces the risk of infection over
the long-term [43]. These findings stand upon the more traditionally recognized
benefits of physical activity including enhancements in strength, endurance,
mobility, and aspects of cognitive function, which clearly still serve their purpose
in the current climate.

These phenomena are observed in contrast to the open-window hypothesis,
which historically has controversially suggested that there is a transient window
immediately following exercise in which there is a relative drop in immune sys-
tem capacity and subsequently an increased chance of infection during this time
where the system is said to be suppressed. This notion has been near compre-
hensively overturned however, in part to begin with because very limited reliable
evidence exists to support the claim that vigorous exercise heightens risk of op-
portunistic infections [38] [42]. Conversely, the observed reductions in lympho-
cyte quantity and function 1 - 2 hours after exercise reflects a redistribution of
immune cells to peripheral tissues that is transient and time-dependent, result-
ing in an elevated state of immune surveillance and immune regulation, as op-
posed to immune suppression [38]. The activation of the HPA axis also changes
dynamically in accordance with the mode, intensity, and duration of physical
exercise that is performed [44]. A cascade of events occur when stimulated, be-
ginning with the hypothalamic release of corticotropin-releasing hormone
(CRH) which stimulates the pituitary gland to release adrenocorticotropic hor-
mone, subsequently interacting with the adrenal gland to prompt secretion of
the hormone cortisol in humans [45]. Cortisol is a principal component of the
stress response, serving as a crucial systemic mobilizing force in meeting envi-
ronmental challenges, yet is also associated with impairment, dysfunction, and
disease when chronically elevated. Physical exercise is an acute stressor which
elicits cortisol release through the HPA pathway, yet paradoxically confers stabi-
lizing and neuroprotective effects when completed routinely (chronically) and
supported by sufficient rest and recovery between each bout. One aspect of this
phenomenon can be observed in cortisol regulation itself, as illustrated by the

finding that well physically conditioned subjects have lower levels of cortisol
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both at rest and in response to a stressor compared to sedentary subjects [46].
Other research has demonstrated that exercise, particularly when performed at
moderate intensities, reduces the harmful effects of other stressors upon subse-
quent exposure [47]. In addition, exercise is known to engender a broad array of
health benefits and to decrease peripheral risk factors which converge to cause
brain dysfunction and neurodegeneration as well as hypertension, diabetes mel-
litus, and cardiovascular disease [48] [49].

With all in consideration, there is very limited evidence of any substantive
suppression of the immune system eliciting higher risk of infection post-acute
exercise, and there is an emerging consensus that the net benefits of exercise in
terms of enhancing immunity and brain health overall strongly outweigh the
potential for any harm or adverse incident to arise. Remaining concerns of po-
tential deleterious nature, therefore, are more productively directed towards in-
dividuals who are combating an active infection, injury, or illness contraindicat-
ing exercise, have a medical condition precluding the possibility of exercise to be
safely administered or otherwise warranting precautions, or to those who have
overtrained over many extended workouts across longer time periods with in-
sufficient rest and/or nutrition appropriated and consumed in context. Addi-
tionally, participants in competitive athletic events and/or extreme environmen-
tal conditions are uniquely exposed to the psychological stressors which may
amount to chronic exposure to stress hormones, increase susceptibility to the
deleterious effects of chronic stress, and/or contribute to temporary or chronic
immune system impairment in concert with the stress mechanisms explored
further in the sequel to this review. Such conditions are much more readily con-

trolled for in non-competitive exercise environments.

3.1. Brain-Derived Neurotrophic Factor and the Neuroimmune
Axis

Of considerable significance, high-intensity interval training and moderate to
vigorous aerobic exercise have been demonstrated to be especially potent stimuli
for the production of brain-derived neurotrophic factor (BDNF), a critical neu-
rological growth factor that is a protein synthesized in the brain and widely dis-
tributed throughout the central and peripheral nervous systems respectively [50]
[51]. BDNF was originally celebrated for its role in enhancing neuronal health
and synaptic connectivity by promoting the survival, growth, differentiation,
development, and proliferation of dendritic branches of neurons. BDNF is part
of a family of trophic factors functioning as neuromodulators that appear to in-
crease in conjunction with exercise interventions, including vascular endothelial
growth factor (VEGF), insulin-like growth factor (IGF-1), nerve growth factor
(NGF), neurotrophin-3 (NT3), glial cell line-derived neurotrophic factor (GDNE),
fibroblast growth factor (FGF-2), and epidermal growth factor (EGF), each of
which are capable of acting as CNS modulators and may also be modulated by

neurotransmitters in turn [44] [52]. These effects are explanatory in the findings
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that exercise promotes the delayed onset of multiple neurodegenerative processes
[47] and that BDNF functions in part to facilitate fundamental aspects of the
learning process at the cellular and structural levels.

The role of BDNF specifically has since been even more expansively illumi-
nated however, and more recently has been identified as a key regulator in the
neuroimmune axis [53]. This conjunctional term arises from the anatomical
proximity of nerves and immune cells in both the central and peripheral nervous
systems, and their subsequent interrelated functions responding to threats. Their
association helps to determine whether there is a local threat that requires an
immune response, a form of employment termed the neurogenic inflammatory
response [33]. This relationship is highly advantageous as nerves are able to
propagate signals to affect outcomes on a time scale orders of magnitude more
quickly than immune cells would be able to independently. The neuroimmune
axis is characterized by the bidirectional pathways between the nervous system
and immune system, through which disturbances have been implicated in vari-
ous brain-related pathologies including depressive and neurodevelopmental dis-
orders [33].

Dopamine (DA), noradrenaline (norepinephrine), and serotonin are the three
major monoamine neurotransmitters that are known to be modulated by exer-
cise [54], and BDNF is understood to express a strong affinity as a neurotrophic
factor for dopaminergic neurons [55]. Further, recent evidence has confirmed
that DA plays a key role as an immune transmitter, and a large body of evidence
exists which indicates DA has a functional role in regulating inflammation [56].
In addition to the well-established roles of controlling movement and influen-
cing reward-related behaviors, DA is also understood to be involved in mod-
ulating the expression of several plasticity-associated molecular substrates [56].
In parallel, a substantial body of evidence indicates a critical role for norepi-
nephrine in the regulation of innate immunity, in the CNS as well as in peri-
pheral tissues [57]. Such features may hold explanatory power for the learning
and memory-sustaining capacities of the immune system as it responds to
threats over time in dynamic conjunction with the nervous system.

There is overwhelming evidence present to date indicating that exercise sup-
ports successful brain functioning, a paradigm which may be implicated in a
broad array of pathologies and arguably is now integral in promoting immune
health specifically [47]. In addition to previously outlined benefits, regular phys-
ical exercise is also known to augment vital aspects of nervous system function
including inducement of increased cerebral blood flow, neurogenesis, and angi-
ogenesis [44] [47]. Due to the aforementioned relationships and the intimate
role of neurotrophic factors such as BDNF evident in supporting the balance and
regulation of neuroimmune phenomena, structured exercise prescription has
become an area of heightened focus for interventional purposes in a wide array
of both nervous and immune related pathologies. Unfortunately, exercise is still

infrequently recognized by mainstream health services as an effective interven-
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tion in the care and treatment of brain and immune-related disease and illness
[58].

3.1.1. Exercise and Immune Senescence

Relative to the long-term longevity of the immune system, one study conducted
on adults 65 years and older assessing the relationship of exercise and immune
function concluded that exercise promotes a reversal of immune senescence, as
evidenced by the subsequent behavior of immune related biomarkers. Endur-
ance exercises such as walking and running specifically have been shown to ben-
efit both young and older adults (65 years and older) by increasing T cell proli-
feration, NK cell cytotoxicity, and neutrophil phagocytic activity [37]. While
immune senescence is a natural occurrence that is to some degree unavoidable,
such investigations offer evidence that sufficient doses of routine physical activi-
ty can limit the amount of degradation that occurs in the immune system with
aging and elicit significant prophylactic effects across the lifespan.

An important consideration in the larger inquiry into the advantageous quali-
ties exercise confers on immune function is its effectiveness demonstrated in
combating some forms of cancer, as exercise oncology has emerged as a highly
productive field in recent years. In one investigation of tumor onset in rodents,
an increase in NK cell quantity was observed at the tumor sites initiating change
and tumor elimination following exercise, an effect that was not observed in se-
dentary controls [38]. Naturally, implicit in animal study outcomes is the recog-
nition of the relatively limited generalizability of such findings to humans. Hu-
man trials however have since supported the efficacy of exercise in various
classes of oncology patients when appropriate precautions are adhered to, such
as recently described in vitro observations in which NK cells with a highly ma-
ture effector phenotype were shown to exhibit a capacity to exert augmented cy-
totoxicity against lymphoma and myeloma cells, and to be preferentially redi-
stributed after exercise [38] [59] [60]. It must be acknowledged however that
programming strategies specifically designed for purposes in exercise oncology
can vary greatly with respect to diagnosis and course of development, and that
indications and contraindications can vary likewise in this population as a high

degree of individualization is most often required.

3.1.2. Structured Exercise as a Clinical Adjuvant

Finally, results from various research trials have also indicated that risk of infec-
tion decreases while response to vaccines improves in parallel following an exer-
cise intervention [37] [61]. A 2013 systematic review of randomized control tri-
als, cross-sectional, and observational studies investigating the vaccine response
of subjects following exposure to acute or chronic exercise indicated that the vast
majority of trials identified significant augmentations in the immune response to
vaccination, supporting the immunogenic action of exercise as an adjuvant [62].
An important consideration from the aforementioned review is the range in

mode, intensity, and across age groups in which these effects emerged, and the
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qualifier that not all studies produced significant outcomes. Campbell et al. pro-
vide additional depth and perspective to this subject in their impressive review
of the exercise immunology field more broadly [38]. Overall, the findings illu-
minated by this body of work are congruent with others described in which en-
hanced immune responses to a vaccine administration when delivered in con-
junction with a non-exercise stressor have been observed [61]. This has led to
the theoretical speculation from an evolutionary perspective that exercise and
short-term psychological stress exposure share similar physiological pathways
which contribute to immunocompetence as a means of promoting survival of

the species.

4. Conclusions

There is now a strong body of evidence suggesting that regular activation of the
short-term stress response itself (irrespective of the mode of exposure), when in
a magnitude and frequency that does not induce chronic stress, is one mechan-
ism mediating the advantageous outcomes described across the fields of exercise
immunology and exercise oncology research. Exercise itself serves in concert to
ameliorate the deleterious effects of increased allostatic load. Structured exercise
is now widely proposed to redeploy immune cells to peripheral tissues such as
mucosal surfaces to conduct immune surveillance in a highly specialized and
systematic response, wherein cells infected with pathogens (or those that have
otherwise become damaged or malignant) are able to be identified and eradi-
cated [38]. This cumulative response has been termed the acute stress/exercise
Immune-enhancement hypothesis, extrapolated from an exceptional review by
Dhabhar on the allostatic, adaptive nature of the stress response more broadly
from a multi-system perspective [61]. In context, various elements of this over-
arching construct in direct and indirect relation are explored with increasing
nuance over the remaining sections.

Ultimately, interventional strategies must be sensitive to individual differences
such as age, activity level, genetics, and the presence of complicating pathology.
Current evidence suggests that supporting immunity should be considered
amongst the range of indications in which therapeutic exercise can be most in-
fluential when not otherwise contraindicated. Here forward, it is essential to in-
tegrate foundational principles of stress physiology in understanding its interac-
tions with all biological human systems. Structured exercise, while offering
unique properties and advantageous qualities, is but one potential stressor of
many that may be leveraged therapeutically with the aim of developing immu-
nocompetency amongst other interrelated health goals. Like all stressors, exer-
cise may produce advantageous or deleterious physiological outcomes depend-
ing on the dose of exposure and a vast myriad of individual factors including
presenting conditions. Regardless of the specificity of the therapeutic aim, great
care should be taken in prescribing exercise to patients with complicating pa-

thologies of any kind. It is incumbent upon the clinician therefore to identify the
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optimal training pathways which can be safely initiated in the service of these
aims, and to develop adequate recovery strategies in the context of an overarch-
ing program design that can be adhered to and sustained in the long-term.

All in consideration, given the cost-effectiveness, relative access, therapeutic
utility, and general practicality of implementation for structured exercise inter-
ventions, there is a strong body of evidence supporting its integration for general
health support and prophylactic purposes at minimum in nearly all populations
across the lifespan, and increasingly as individualized interventions for clinical
populations with specific therapeutic aims when not otherwise contraindicated.
Further, exercise is well established as an adjuvant for boosting the efficacy of
vaccine implementation historically, providing theoretical plausibility for possi-
ble employment with the current COVID-19 vaccines and subsequent alterna-
tives as they may arise; more research in this area is warranted before any formal
recommendations can be made, however, in particular in light of the structural
novelty of the mRNA constitution of several major current vaccines such as
those from Pfizer and Moderna.

Structured exercise, however impressive, is but one pathway through which
immune function can be non-pharmacologically enhanced, either in parallel
with or independent of traditional pharmacological measures already known to
confer benefits towards immune and nervous system function. The sequel of this
review will build upon the base of knowledge articulated in this opening manu-
script and explore further non-pharmacological avenues with similar therapeutic
utility and potential in this context. The interdependent roles of therapeutic ex-
ercise, psychological stress attenuation, pain management, nutrition, sleep, al-
ternative pathways, and community-oriented biopsychosocial dynamics in rela-
tion to supporting the functional capacity of the immune and nervous systems
will be discussed. Many of these approaches offer low-risk, low-cost means to
elicit substantive clinical responses relating to nervous system versatility, cardi-
orespiratory function, psychological health, and various levels of immunity
which hold profound relevance in preventing and combating disease. Such pur-
suits hold potential universal value geographically, especially in those areas with
limited access to resources such as developing nations or otherwise impove-
rished communities, and virtually all human beings stand to benefit from safely

engaging with effective configurations of such measures.
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