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REVIEW

Stress effects on immunity and its application to clinical

immunology
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Introduction

Various stressors, including both psychological as well as
physiological, have been demonstrated to influence the
immune response, presumably through activation of the
hypothalamic-pituitary-adrenal axis and sympathetic ner-
vous system. Anecdotal evidence, and retrospective and
prospective studies, have demonstrated an effect of
psychological and physiological stress on immune-based
diseases such as asthma, atopy and infections. Alterations
in immune function, in particular the type-1/type-2
cytokine balance, secondary to increased psychological
stress, are thought to mediate these changes in health. The
field of psychoneuroimmunology seeks to establish the link
between behaviour, neuroendocrine functions, immune
responses and health. The current review will describe
the effect of psychological stress on immune function, the
impact of psychological stress on immune-based pathology,
and the future directions of research to determine the
mechanisms and clinical significance of the field of
psychoneuroimmunology.

Stress and the stress response

Stress may be best defined as a psychophysiological
process, usually experienced as a negative emotional state.
It is a product of the appraisal of a situation and the
resulting coping ability available to the individual.
Stressors, defined as events posing threat, are judged in
the context of dispositional and environmental factors.
Stressors (Table 1) may be physical (i.e. infection,
chemical exposure), cognitive (death of a loved one,
perception of imminent danger), or a combination of both
physical and cognitive (firefighter on a 24-h shift).
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Stressors are further classified into acute (minutes to
hours), subchronic (less than 1 month), and chronic
(months to years). Some investigators have used the terms
‘eustress’ and ‘distress’ to describe situations in which
stressors do not cause harm or alter homeostasis, respec-
tively. Different types of stressors as well as durations of
stress may elicit different neuroendocrine responses and
immune alterations; however, these relationships have not
been conclusively identified.

Psychological stress precipitates a coordinated series of
physiological and behavioural responses from the host,
known as the stress response, aimed at protecting the host
and restoring homeostasis. The stress response results in
activation of both the hypothalamic-pituitary-adrenal axis
(H-P-A) and the sympathetic nervous system (SNS)
(Fig. 1) [1,2]. The paraventricular nucleus (PVN) of the
hypothalamus receives excitatory stimuli from the catacho-
laminergic pathways of the brainstem and limbic forebrain
circuits [3]. The central, medial and cortical amygdaloid
nuclei connect with the PVN via GABA-containing
neurones in the bed of the nucleus of the stria terminalis
[31].

The PVN may also be activated by aminergic input from
the locus coeruleus. Activation of glutamatergic neurones
in the PVN results in the secretion of corticotropin-
releasing hormone (CRH) from nerve terminals in the
median eminence. CRH reaches the anterior pituitary gland
via the hypophysial portal circulation and stimulates
corticotrophs to release adrenocorticotropic hormone
(ACTH) into the peripheral circulation. ACTH subse-
quently stimulates the production of glucocorticoids by the
cells of the zona fasciculata and the zona reticularis of the
adrenal cortex. Activation of the SNS causes an increased
secretion of catecholamines in nerve termini as well as the
adrenal medulla. Psychological stress also has effects on
other neuroendocrine pathways such as the hypothalamic-
pituitary-gonadal axis, which may result in alterations in
menstrual cycle regulation [4].
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Table 1 Types of stressors

Physical Cognitive Chemical
Trauma/injury Anxiety Environmental toxins
Exercise/exhaustion Depression Diet

Pain Anger Medications
Infection Major life events Recreational drugs

Hyper-/hypothermia Daily ‘hassles’ Occupational exposures

The autonomic nervous system and the H-P-A axis
provide an interface between psychological stress and other
organ systems [5]. The stress-induced release of hormones
mediates, at least in part, the effects of stressors on immune
function. Such effects appear to occur in both health and
disease. The neuroendocrine mediators reach the cells of
the immune system either through the peripheral circulation
or through direct innervation of lymphoid organs. Primary
and secondary lymphoid organs are innervated by sympa-
thetic nerve fibers [6]. Lymphocytes and monocytes
express receptors for several stress hormones, including
CRH, ACTH, cortisol, norepinephrine and epinephrine [7].
Therefore it is reasonable to conclude that the neuroendo-
crine hormones released during a stressful event could alter
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Fig. 1. The stress response. — = activation; -+ = inhibition.

immune function and subsequently alter the course of
immune-based diseases.

Immune-health link

The balance between cell-mediated immunity (CMI) and
humoral immunity is largely regulated by cytokines
produced by subpopulations of CD4+ T-helper cells, Thl
and Th2 [8]. Thl cytokines (interferon-gamma (IFN-v) and
IL-12) support CMI for host defence against intracellular
parasites such as viruses. Th2 cytokines (IL-4, IL-5, IL-10,
IL-13) support humoral immunity for host defence against
extracellular parasites [9]. It is now appreciated that other
populations of immune cells in addition to T-helper cells,
including cytotoxic T-lymphocytes (CTL) and dendritic
cells, secrete these cytokines in similar patterns. Therefore
the nomenclature, type-1 (Thl-like) and type-2 (Th2-like),
is commonly used to delineate a systemic response to
antigen challenge.

Dysregulation of the type-1/type-2 cytokine production
is thought to be involved in the pathogenesis of several
infectious, atopic and asthmatic diseases [10—12]. As will
be discussed later, the involvement of the type-1/type-2
cytokine balance in the pathogenesis of these diseases may
render them vulnerable to the adverse effects of psycho-
logical stress. The type-1/type-2 cytokine balance is
important in the maintenance of an adequate CMI against
HIV and is believed to be altered during the progression of
HIV infection. As HIV infection progresses, the type-1/
type-2 cytokine balance shifts from a predominant type-1
cytokine profile towards a type-2 cytokine profile [10,13].
Plasma from HIV+ patients with more advanced disease
has increased total IgE levels [10,14] and increased type-2
cytokines with concurrent decreased type-1 cytokines [10].
These studies suggest that HIV progression is associated
with a type-2 cytokine shift.

Dysregulation of the type-1/type-2 cytokine balance also
plays a significant role in the pathogenesis of asthma and
atopic diseases. Bronchial biopsies, bronchoalveolar lavage
cells, and peripheral blood mononuclear cells (PBMC)
obtained from asthmatics, contain increased IL-4, IL-5 and
IL-13 mRNA and protein [12,15]. Furthermore, antigen-
specific T-cell clones from atopic and allergic subjects are
more polarized towards the Th2 type compared to T-cell
clones from healthy subjects [16]. IL-4 is necessary for the
isotype switch from IgM to IgE, functions as a mast cell
growth factor, and upregulates the expression of eosino-
phil-related adhesion molecules on lung fibroblasts [17,18].
Eosinophil chemotaxis, differentiation and survival are all
supported by IL-5 [19,20]. IL-13, in conjunction with IL-4,
contributes to the IgE isotype switch and elicits some of the
pathological findings of asthma independent of IL-4 [21—
24]. Therefore, conditions that increase type-2 cytokine
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production may lead to a worsening of asthmatic and atopic
symptoms.

Stress-immune link

The impact of psychological stress on immune function has
been the subject of extensive research efforts. Many
models, such as bereavement, marital discord, caregiving
for a relative with a chronic disease, living with a cancer
diagnosis, and academic exam stress, have been utilized to
investigate the affect of chronic stress on immune function
[25-30]. Using these models, it has been reported that
stress is associated with a suppression of NK cell
cytotoxicity, lymphocyte proliferation, and PBMC produc-
tion of IL-2 and IFN-vy [25,30-34]. Psychological stress is
also associated with a higher rate of hypoergy to the
common recall delayed type hypersensitivity antigens [35].
These studies suggest that psychological stress suppresses
various components of CMI responses.

The effects of psychological stress on latent herpes virus
reactivation have also been investigated in both animal and
human models [36,37]. Plasma obtained from volunteers
during medical student exams contained elevated levels of
immunoglobulins specific for the EBV viral capsid antigen,
indicating reactivation of EBV [32,34,38]. In addition,
stress inhibited EBV-stimulated PBMC proliferation and
EBV-specific CTL activity [32,36]. In another study,
Glaser and colleagues demonstrated that caregivers of
patients with Alzheimer’s disease had significantly higher
antibody titres to herpes simplex virus type-1 (HSV-1) and
lower HSV-1 specific PBMC proliferation than matched
controls [39]. These changes in latent virus expression are
thought to be secondary to the stress-associated inhibition
of CML

Psychological stress has also been reported to alter the
immune response to vaccines [39-41]. A lower rate of
seroconversion after the first hepatitis B vaccine injection
has been associated with higher levels of psychological
stress [39]. In addition, students with greater social support
had higher serum antibody titres to hepatitis B surface
antigen (HBsAg) and PBMC proliferation to a HBsAg than
those with lower levels of social support [39]. In another
study, caregivers of Alzheimer’s patients had lower
influenza-specific antibody titres and influenza-stimulated
IL-2 production by PBMC following influenza virus
vaccination compared to the control subjects. Therefore,
chronic psychological stress can have a significant adverse
impact on the immune response against vaccines.

Based on the stress-associated alterations in in vitro
immune responses, latent virus reactivation, and vaccine
responses discussed above, the postulated mechanism most
often advanced to explain these results involves immuno-
suppression as a fundamental effect of stress [34].
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However, recent data have suggested that a dysregulation
of the type-l/type-2 cytokine balance may play a more
significant role in stress-associated immune alterations
[42]. Using the academic stress model, we recently
demonstrated that PBMC production of IFN-y, a type-1
cytokine, was decreased with a concurrent increase in IL-
10, a type-2 cytokine, production during an examination
period compared with a period of lower stress. Further-
more, the increase in IL-10 production and the decrease in
the IFNv:IL-10 ratio correlated with the level of psycho-
logical distress as measured by the Hassles Scale. These
data suggest that chronic stress does not simply suppress
the immune system, but induces a shift in the type-1/type-2
cytokine balance towards a type-2 cytokine response. A
stress-associated alteration in the type-1/type-2 cytokine
balance may better explain the fluctuations in the clinical
course of several immune-based diseases (discussed
below).

In vitro models are currently being utilized to investigate
the mechanisms of the in vivo stress-associated immune
dysregulation. Glucocorticoids and catecholamines, at
concentrations observed during periods of stress, decrease
IFN-v production and increase IL-4 and IL-10 production
by human PBMC, indicating a shift in the type-1/type-2
cytokine balance towards a type-2 response [43,44]. In
addition, in vitro exposure to cortisol analogs, ACTH,
somatostatin and CRH causes a viral production in cell
lines latently infected with EBV [45] and HIV [46]. These
data demonstrate the ability of the neuroendocrine
hormones to directly modulate immune function and may
in part explain the type-1/type-2 cytokine alterations and
latent virus reactivation observed in subjects during periods
of increased psychological stress.

Stress-health link

A common clinical observation is the adverse relationship
between stress and human disease [47]. Although the
effects of stress on health have been difficult to
demonstrate due to the difficulty in assessing stress levels,
the number of potential confounding variables, and the low
incidence of an illness in study populations, several
investigators have demonstrated a significant interaction
between psychological stress and health. This association
appears to be particularly true with regards to immune-
based diseases such as increased susceptibility to infections
[48,49], atopic diseases [50—52] and asthma [53,54]. Stress
is also suspected of playing a role in morbidity and
mortality in other immune-based diseases such as cancer
[55], HIV disease [56], and the immune senescence
associated with ageing [57,58]. The adverse effects of
stress on health are potentially mediated by the stress-
associated type-1/type-2 cytokine alterations [42].
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Fig. 2. The stress-distress-immune-health paradigm.

Stress and viral infections

Psychological stress has been associated with increased
susceptibility and/or risk of infectious diseases, including
upper respiratory infections (URI), herpes reactivation and
HIV. A recent report demonstrated that persistent stressors
and anxiety predict recurrence of genital herpes in women
[59]. Graham and colleagues prospectively followed 235
adults, and found that higher levels of self-reported stress
were associated with increased coryzal symptoms and
confirmed URIs [60]. A subsequent study found that
children with a history of recurrent URI had increased
levels of distress and lower salivary IgA levels, suggesting
a suppression of local mucosal immunity [61]. In a recent
report, life stress was associated with an increase in URI
incidence in children that was moderated by social support
[62].

The studies discussed above suggest an association
between stress and URI susceptibility, but do not
differentiate between the stress-associated changes in host
resistance or increased exposure to viruses due to changes
in social behaviour. To address this issue, Cohen et al.
administered an experimental intranasal viral challenge to
volunteers who were kept in isolation, to minimize the
effect of prior viral exposure and person-to-person spread.
The rates of viral infection as well as coryzal symptoms
correlated with increased psychological stress levels [63].
In a subsequent study, only stressors of at least 1 month in
duration were sufficient to increase an individual’s risk for
URIs [64]. These studies suggest that psychological stress
is associated with increased URI susceptibility due to
intrinsic changes in host resistance.

The relationship between stress, immune function and
health has sparked an interest in the potential adverse
impact of stress on the progression of HIV infection.
Psychological stress is associated with decreased PBMC

proliferation, decreased numbers of NK cells and CTL, and
increased latent viral expression in HIV+ subjects [65,66].
In addition, asymptomatic HIV+ subjects reporting
increased psychological stress levels had lower CD4+ T-
lymphocyte numbers that were moderated by an active
coping style [67,68]. Finally, several reports have demon-
strated beneficial effects of interventions that decrease
stress levels, on immune function and CD4+ T-lympho-
cyte numbers of HIV+ subjects [69-71]. These studies
suggest that stress-associated immune alterations, particu-
larly during the early stages of HIV infection, may place
patients at increased risk for rapid progression. Additional
studies utilizing more sensitive surrogate markers (e.g. viral
load) are necessary to better define the relationship between
stress and HIV.

Stress and asthma

Anecdotal evidence supports a relationship between
increased emotional states and asthma exacerbations.
Indeed, compared to healthy controls, asthmatics have
higher levels of life stress and negative emotions, such as
panic, fear and irritability [72-76]. Furthermore, some
asthmatics have been found to have higher levels of
psychological symptoms [77] and depression [78]. While
these studies show a relationship between emotion, stress
and asthma they do not adequately define the cause and
effect relationship. Some studies have shown that the
increased psychological symptoms are a result of asthma
exacerbations [79]. On the other hand, other studies suggest
that extreme emotional manifestations can worsen asthma
symptoms [72].

Recently there have been several studies using the
academic stress model in teenage asthmatics [80-82].
These studies demonstrated that mild to moderate asthmatic
subjects have immunological changes (decreased NK cell
cytotoxicity and cytokine alterations) in response to exam
stress. These immune alterations are consistent with a
cytokine milieu that could potentially worsen asthma;
however, there were no changes in peak flow rates, self-
report asthma symptoms or medication utilization. The lack
of correlation between stress and asthma symptoms may be
related to the timing of the visits in relation to the stressor,
the duration of the stressor, disease severity, or a lack of
accurate self-report data. Alternatively, stress-mediated
exacerbations of asthma may require multiple alterations
by stress, including cytokine dysregulation and/or vagal-
mediated airway hyperresponsiveness.

A recent intervention study suggests that psychological
stress may play an important role in asthma [83].
Asthmatics who wrote about past stressful experiences
had an improvement in the predicted FEV; compared to
control groups, which was associated with decreases in
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self-reported distress levels. These results are provocative
in that they demonstrate a relationship between psycholo-
gical stress and asthma and suggest a role for stress
management in the treatment of complicated asthmatics.

Future directions in psychoneuroimmunology

As discussed above, extensive research has demonstrated a
marked effect of psychological stress on immunity in
humans. Currently, it is hypothesized that through activa-
tion of the H-P-A axis and the SNS, stress induces a
dysregulation of the type-1/type-2 cytokine. We believe
that these type-1/type-2 cytokine alterations are a major
mechanism of the stress-associated increased susceptibility
and/or severity of immune-based diseases (Fig.2). It
remains to be determined whether the effects of psycho-
logical stress on immune balance are mediated through
alterations in type-1/type-2 cellular differentiation, cellular
trafficking, chemokine production, and/or adhesion mole-
cule expression.

Additional prospective studies using clinically relevant
outcome measures are necessary to further define the
impact of psychological stress on immune-based diseases.
Better definition of the mechanisms of the stress-associated
immune alterations, the specific nature of the stressors that
adversely impact health, and the clinical course of stress-
mediated alterations in disease, will provide valuable
insight for the development of pharmacological and/or
behavioural interventions to prevent and/or treat the clinical
sequelae of stress-associated immune dysregulation.
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