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Abstract
For 20 years, Brain, Behavior, and Immunity has provided an important venue for the publication of studies in psychoneuroimmunology. During this time period, psychoneuroimmunology has matured into an important multidisciplinary science that has contributed
signiﬁcantly to our knowledge of mind, brain, and body interactions. This review will not only focus on the primary research papers
dealing with psychoneuroimmunology, viral infections, and anti-viral vaccine responses in humans and animal models that have
appeared on the pages of Brain, Behavior, and Immunity during the past 20 years, but will also outline a variety of strategies that could
be used for expanding our understanding of the neuroimmune–viral pathogen relationship.
Ó 2006 Elsevier Inc. All rights reserved.

1. Introduction
It is common in the course of a literature review to comment on the important and perhaps unique scientiﬁc contributions made by an individual researcher or groups of
researchers with interests in the same or related disciplines.
It is rare, however, to have the opportunity to review and
comment on the impact that a journal has had on a ﬁeld
of scientiﬁc inquiry. The journal Brain, Behavior, and
Immunity was created and has expanded and matured as
the discipline of psychoneuroimmunology has become a
truly multidisciplinary science. Found within the pages of
Brain, Behavior, and Immunity over the past 20 years are
studies describing the interactions among the nervous,
endocrine, and immune systems in health and disease.
From these studies, we have learned that behaviorally
induced modulation of the immune response, through the
activation of various neuroendocrine pathways, contributes to susceptibility to infection and disease pathogenesis.
*
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This review focuses on the studies of viral infections and
anti-viral vaccines in humans and animal models that have
appeared on the pages of Brain, Behavior and Immunity
during the past 20 years.
In the early days of research into neuroendocrine–immune interactions and their role in viral-associated diseases, the signiﬁcance of the studies demonstrating
incremental changes in immunity was frequently questioned by editors and reviewers of mainstream journals
representing disciplines such as immunology and virology.
The ﬁeld of psychoneuroimmunology has had to deal with
questions such as, ‘‘What does it matter that the natural
killer cell response was reduced by 15 to 20 percent in the
course of a stressful situation?’’ and ‘‘Is the response of
peripheral blood mononuclear to concanavalin A stimulation really a good measure of the host’s response to a
behavioral challenge?’’. Recognition that the immune system has built-in redundancies and that its eﬃcacy can be
ably expressed over a broad range of functions supported
the validity of such questions. Over the years, as psychoneuroimmunology matured as a discipline and technological advances enhanced the ability to measure immune
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responses, Brain, Behavior, and Immunity provided a venue
for studies that addressed these issues of validity.
To viral immunologists interested in regulation of the
immune response by the products of the nervous and endocrine systems, it was clear that one of the best ways to
address such questions about the relevance of incremental
changes in immunity was to expose the host to an infectious pathogen and to determine if an experimental situation (stress, behavioral manipulation, hormonal
treatment, pharmacologic blockade of neuroendocrine
pathways, etc.) aﬀected viral-induced pathophysiology or
viral replication by modulating pathogen-speciﬁc immune
function. Thus, such studies could determine if these interactions among the nervous, endocrine, and immune systems contributed to host resistance to viral infection. This
in vivo approach was also accompanied by studies of
immune cell phenotypes and functions in vitro that provided additional information on the state of the immune
system.
The development of Brain, Behavior, and Immunity provided a venue for peer-reviewed articles and insightful critiques by a cohort of reviewers and editors working to
establish the validity of psychoneuroimmunology-based
research. While Brain, Behavior, and Immunity was not
the only journal to publish psychoneuroimmunologyrelated papers, it was unique in that psychoneuroimmunology-based research was its primary focus. Investigators in
psychoneuroimmunology came to understand the commitment that Brain, Behavior, and Immunity had to publishing
high-quality papers that would support the continuous
development of the ﬁeld. Now in its 20th year, Brain,
Behavior and Immunity publishes primary research papers,
mini-reviews, named series, and special issues that are topically focused. This review will focus on primary research
papers dealing with psychoneuroimmunology, viral infections, and anti-viral vaccine responses.
2. Decade 1—1987–1996
2.1. The viruses that were studied and why
Humans have long been aﬄicted with diseases caused by
a variety of pathogenic microorganisms. Although the diseases caused by many of these pathogens are self-resolving
as a result of a healthy immune system, some of these diseases (e.g., smallpox) may be deadly in the absence of any
pre-existing immunity. Although the causative agents
responsible for most infections were not identiﬁed until
the mid-late 20th century, the roles of bacteria, fungi, viruses, and parasites in causing disease are now well deﬁned.
However, the mechanisms underlying a host’s immune
defenses against these pathogens, and the factors that control the magnitude of these responses, continue to be elucidated in laboratories across the world.
There are a number of microorganisms that are virulent
and cause disease in humans resulting in signiﬁcant morbidity and mortality. Thus, the impact of the neuroendo-

crine system on the immune response to any one of these
pathogens is of interest to human health. The study of
these pathogens could have provided the framework for
the initial studies of neuroendocrine–immune interactions
and the eﬀect of these interactions on susceptibility to
infectious disease. However, the pathogens that were examined in the early psychoneuroimmunology studies were primarily a function of the expertise and prior research
endeavors of the investigators prior to their entry into this
multidisciplinary ﬁeld. For example, studies by a classical
virologist, Ronald Glaser, whose initial research was with
Epstein–Barr virus (EBV), a member of the herpesvirus
family, was the ﬁrst to determine the impact of psychological stress on the reactivation of EBV (Glaser et al., 1987,
1991). These virology-based studies were important in laying the foundation for additional studies pioneered by
other scientists who received their initial training in the
area of viral immunology. It was these latter studies that
were among the ﬁrst to determine the impact of stress on
the immune response to, and pathogenesis of, herpes simplex virus type 1 (HSV-1) (Bonneau et al., 1991a,b; Bonneau, 1996), and inﬂuenza virus (Feng et al., 1991)
infections in experimental rodent models.
EBV, HSV-1, and inﬂuenza virus were each known to
have signiﬁcant short- and long-term impact on human
health and thus were important viruses to study in the context of psychoneuroimmunology. Furthermore, the prior
development of versatile mouse models for studying HSV
and inﬂuenza viral infections made the use of these viruses
particularly attractive. Psychoneuroimmunology-related
studies using these infection models facilitated the identiﬁcation of immunological mechanisms that are modulated
by activation of the neuroendocrine system. This work provided a foundation for more mechanistic studies of neuroendocrine–immune interactions.
The growing AIDS crisis and the identiﬁcation of the
human immunodeﬁciency virus (HIV) as the etiological
agent of this disease during the initial decade of Brain,
Behavior, and Immunity resulted in several key studies
(Fisher et al., 1995; Nair and Schwartz, 1995; Pollack
et al., 1996; Vitkovic et al., 1995). These studies examined
the impact of psychosocial inﬂuences on HIV infection,
immune function, and pathogenesis. Overall, one of the
major strengths of these early virology-based studies in
psychoneuroimmunology was the knowledge and expertise
of the investigators in the area of viral immunology.
2.2. The immunological measures—the limitations, the
variety, and those that were new
A number of human and animal studies that were published in this ﬁrst decade of Brain, Behavior, and Immunity
measured virus-speciﬁc immune function in terms of antibody titers (Glaser et al., 1987, 1991), primary and memory
virus-speciﬁc cytotoxic T lymphocyte (CTL) responses
(Bonneau et al., 1991a,b; Bonneau, 1996; Carpenter
et al., 1994), natural killer (NK) cell activity (Nair and Sch-
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wartz, 1995), and cytokine/chemokine production (Carpenter et al., 1994; Fisher et al., 1995; Vitkovic et al.,
1995). A few of these studies (Bonneau et al., 1991a; Bonneau, 1996) made use of what was then the relatively new
technology of ﬂuorescent ﬂow cytometry. These early studies were only able to utilize single-color analysis due to
technological limitations at the time. However, the development of more sophisticated ﬂow cytometers and powerful software for data acquisition and analysis, and the
availability of an ever-increasing list of reagents, has
allowed for the use of a variety of ﬂuorescent markers
for identifying, quantitating, and determining the functional activity of lymphocyte subsets. As noted below, the use
of ﬂow cytometry in the assessment of immune function
signiﬁcantly increased during the next decade and helped
to better deﬁne the nature of neuroendocrine–immune
interactions at the cellular level.
2.3. Modulators of anti-viral immunity—Models and
mechanisms
While a wide variety of stress- and non-stress-associated
neuroendocrine-derived peptides and hormones had been
shown to modulate the immune response during viral infection, the data that linked psychological stress, immune
modulation, and susceptibility to infectious microorganisms were weak. Consequently, many of the initial studies
published in Brain, Behavior, and Immunity examined the
impact of stress on viral infection (Bonneau et al.,
1991a,b; Bonneau, 1996; Feng et al., 1991; Glaser et al.,
1987, 1991). Early publications in this area also focused
on the impact of academic stress on EBV reactivation in
a population of medical students (Glaser et al., 1987,
1991). Although these and other human studies documented a link between stress and disease caused by infectious
pathogens, it was the use of animal models of infection
and immunity that enhanced our understanding of the neuroendocrine and immunological mechanisms underlying
this link (Bonneau et al., 1991a,b; Bonneau, 1996; Feng
et al., 1991).
The use of animal models in psychoneuroimmunologyrelated studies provided an opportunity to examine the
eﬀects of stress on the pathophysiology associated with
each of these viral infections (Bonneau et al., 1991a; Feng
et al., 1991). These early studies utilized a restraint model
of psychological stress, thus leading to an interest in determining the role of the hypothalamic–pituitary–adrenal
(HPA) axis and sympathetic nervous system as modulators
of immune function. In addition, other studies (Carpenter
et al., 1994) during this time period sought to identify neuroendocrine–immune interactions from the perspective of
drug abuse by determining the impact of morphine/opioids
on CTL function. Further uses of animal models included
some of the ﬁrst studies in which surgical manipulations,
such as hypophysectomy (Dunn et al., 1987), were used
to determine the speciﬁc components of the neuroendocrine system that were involved in the modulation of
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immune function. In a seminal study by Adrian Dunn
and colleagues (Dunn et al., 1987) it was shown, through
surgical manipulation, that a viral infection initiated neurochemical and endocrine responses that were observed
during stress, and that such an infection alone could cause
immunosuppression.
2.4. Brief summary of the decade 1987–1996
Of the 287 primary papers that were published in Brain,
Behavior, and Immunity from 1987 to 1996, only 14 (5%)
studied the impact of stress-induced activation of the
HPA axis and neuroendocrine responses on the immune
response during viral infections. However, these studies
were critical in extending our understanding of neuroendocrine–immune communications and their impact on
infection. Some of the mechanisms underlying the bidirectional communication between the neuroendocrine
and immune systems were deﬁned, and the contribution
of bi-directional communication to defense during viral
infection, began to be deciphered. Importantly, these studies established a foundation for studies that followed in the
next decade (1997–2006).
3. Decade 2—1997–2006
3.1. ‘‘New’’ viruses and methods of ‘‘challenge’’
The second decade of Brain, Behavior, and Immunity
(1997–2006) saw a doubling in the number of papers that
examined the relationship among the nervous, endocrine,
and immune systems during infection and vaccination.
While most psychoneuroimmunology-related studies using
an experimental viral challenge were conducted in animals,
one paper published in this decade described studies in
which humans were deliberately infected with rhinovirus
(Doyle et al., 2006). Other studies were conducted in which
individuals were vaccinated with either the inﬂuenza virus
(Edwards et al., 2006; Phillips et al., 2005, 2006) or hepatitis B virus (Marsland et al., 2006; Phillips et al., 2005) vaccine. Although these latter publications were not the ﬁrst to
identify a role for the neuroendocrine system in the
immune response to vaccination in humans (Kiecolt-Glaser
et al., 1996), they did provide further support that life
events can indeed modulate the eﬃcacy of vaccination.
While papers published in the ﬁrst decade of Brain,
Behavior, and Immunity described the impact of neuroendocrine responses on the control of acute, chronic, and
latent viral infections, a number of papers in the second
decade again employed many of these viruses including
HSV-1 (Brenner and Moynihan, 1997; Glaser et al., 1999;
Karp et al., 1997; Kohut et al., 2005; Lewandowski,
1997; Ortiz et al., 2003; Wonnacott and Bonneau, 2002;
Yorty and Bonneau, 2004), EBV (Glaser et al., 2005; Pierson et al., 2005), inﬂuenza virus (Avitsur et al., 2006; Hunzeker et al., 2004; Swiergiel and Dunn, 1999; Toth and
Hughes, 2004; Lowder et al., 2005; Tseng et al., 2005),
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and HIV-related viruses (Capitanio et al., 1999; Kelley
et al., 2002). Also studied for the ﬁrst time were a couple
of new viruses including a relatively new member of the
Herpesviridae family of viruses, human herpesvirus 6
(HHV-6) (Glaser et al., 1999), and a hantavirus belonging
to the Bunyavirus virus family, the Seoul virus (Hinson
et al., 2006; Klein et al., 2002). Interestingly, there were
also studies involving patients who were chronically infected with hepatitis C virus (HCV) (Raison et al., 2005). In
addition, Theiler’s virus, which produces symptomology
in mice that is similar to multiple sclerosis, was ﬁrst used
as a model to examine the impact of stress on a disease with
an autoimmune-based etiology (Campbell et al., 2001;
Welsh et al., 2004).
3.2. The use of other neuroendocrine/stress models
Although a number of the animal model studies
described in these publications continued to use restraint
stress as a means to alter neuroendocrine proﬁles
(Campbell et al., 2001; Hunzeker et al., 2004; Ortiz et al.,
2003; Tseng et al., 2005; Welsh et al., 2004; Wonnacott
and Bonneau, 2002; Yorty and Bonneau, 2004), other
methods were also used including footshock (Brenner and
Moynihan, 1997), social disruption, support and stability
(Capitanio et al., 1999; Hinson et al., 2006; Phillips et al.,
2005), and altered housing conditions (Karp et al., 1997).
Human studies utilized novel models of stress such as
spaceﬂight, (Pierson et al., 2005), cadet training (Glaser
et al., 1999), and having subjects perform a series of mental
tasks (Edwards et al., 2006)—all of which were potential
stressors that could aﬀect anti-viral immune function.
Other possible modulators of anti-viral immune function
that were studied included sleep (Toth and Hughes, 2004;
Traynor et al., 2006), exercise (Edwards et al., 2006;Kohut
et al., 2005; Lowder et al., 2005), sex hormones (Klein
et al., 2002), depression (Raison et al., 2005), emotional
style (Doyle et al., 2006), bereavement (Phillips et al.,
2006), and positive aﬀect (Marsland et al., 2006). Lastly,
the impact of perinatal stressors on immune function was
also investigated (Avitsur et al., 2006; Yorty and Bonneau,
2004). Overall, the ﬁndings in these studies served to underscore the importance of a variety of everyday life events in
the modulation of anti-viral immunity.
3.3. Advances in immunology/virology and their application
to psychoneuroimmunology-related studies

The previous decade has seen research in psychoneuroimmunology expand to include newly discovered cytokines
such as IL-10 (Brenner and Moynihan, 1997; Kohut et al.,
2005), the concept of Th1 and Th2 helper cell subsets and
the associated cytokine balance (Karp et al., 1997; Marshall et al., 1998; Kelley et al., 2002), the use of RT-PCR
for quantifying gene expression (Hunzeker et al., 2004;
Raison et al., 2005), and the design of recombinant viruses
for eliciting a single, protective component of an immune
response against a speciﬁc pathogen (Wonnacott and Bonneau, 2002). The evaluation of immune responses in the
draining lymphoid tissues, in the brain (Campbell et al.,
2001; Lewandowski, 1997; Welsh et al., 2004), and at
mucosal sites of viral infection (Wonnacott and Bonneau,
2002) represented new approaches to assess immune
responses in psychoneuroimmunology-related research.
Steady progress in deﬁning the mechanisms underlying
neuroendocrine-mediated immune modulation will require
the application of these new technologies for studying
immune function and our ever-growing base of knowledge
of the many immunological processes that these technologies continue to reveal and that are seminal in eliciting a
successful immune response.
3.4. The use of animal models—advantages in determining
mechanisms
As indicated above, the use of animal models, particularly rodents, has well served the psychoneuroimmunology
research community. The similarity of the murine immune
system to that of humans, and the plethora of reagents that
are readily available for detecting and quantifying various
aspects of immune function, have made the use of these
models ideal for determining the mechanisms underlying
neuroendocrine–immune interactions. For example, a variety of studies have utilized chemical (e.g., sympathectomy)
(Kelley et al., 2002), and pharmacological (RU486, nadolol, opioid receptor antagonists) (Kelley et al., 2002; Kohut
et al., 2005; Ortiz et al., 2003; Tseng et al., 2005) approaches to determine these mechanisms in the context of anti-viral immunity. Thus, studies conducted in animal models in
which speciﬁc components of the nervous, endocrine, and
immune systems can be altered will continue to enhance
our understanding of neuroendocrine–immune communications and their impact on resistance to infectious
pathogens.
3.5. Brief summary of the decade 1997–2006

The ﬁeld of immunology has steadily evolved with the
advent of new and exciting methodologies for the detection
and quantiﬁcation of various aspects of immune function.
As a result, our overall knowledge of the mechanisms
underlying many facets of the immune response to viral
infections has increased tremendously. Concomitantly,
some of these methodologies and knowledge of immune
function have been utilized in research eﬀorts in the area
of psychoneuroimmunology.

The studies described in the papers published during this
epoch in Brain, Behavior, and Immunity established a
strong foundation for the importance of neuroendocrine–
immune interactions in anti-viral immunity and the
response to vaccination. It should be emphasized that while
Brain, Behavior and Immunity has disseminated timely and
relevant information regarding neuroendocrine–immune
interactions, there exists a number of other established
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journals that also serve this highly interdisciplinary ﬁeld of
study. These other journals, with disciplines including one
or more of those included in psychoneuroimmunology
(e.g., immunology, neuroimmunology, neuroscience, physiology, psychology, psychiatry, microbiology, neurovirology), provide important information that aids in advancing
knowledge of psychoneuroimmunology. Due to space limitations and the overall theme of this review, related papers
published in these journals have not been included. The
reader is directed to a number of reviews on this topic that
have been published in the 178 chapters that have appeared
in the four editions of the textbook, Psychoneuroimmunology (Ader, 1981, 2007; Ader et al., 1991, 2001).
4. 2007 and beyond
4.1. Achieving a better understanding of neuroendocrine
immune modulation of viral pathogenesis
Our knowledge of neuroendocrine–immune interactions
and their potential impact on viral pathophysiology has
steadily grown over the past 20 years. This growth has continued to be fueled, in part, by research eﬀorts that deﬁne
the mechanisms underlying the bi-directional communications among the nervous, endocrine, and immune systems.
Also contributing to this growth has been the intellectual
and technological advances in each of the many individual
disciplines that comprise the highly interdisciplinary ﬁeld
of psychoneuroimmunology. As illustrated in Fig. 1 and
described below, these and other factors have, and will con-
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tinue, to increase our understanding of the impact of the
interactions among the nervous, endocrine, and immune
systems and the ability of these interactions to modulate
viral pathogenesis.
4.2. Pursuing the mechanisms
During the past 20 years, a modest number of papers published in Brain, Behavior, and Immunity have focused on the
neuroendocrine-mediated modulation of anti-viral immunity. As outlined above, most of these papers examined the
impact of various forms of psychological stress on anti-viral
immunity and viral pathogenesis. An examination of these
papers suggests that stress has a detrimental eﬀect on the
course and outcome of viral infections, and on the response
to vaccination. To the readers of Brain, Behavior, and Immunity, this should come as no surprise. However, despite this
progress, the cellular and molecular mechanisms underlying
the relationship among stress, neuroendocrine activation,
immune function, and viral pathogenesis have not yet been
fully elucidated. Determining such mechanisms will be realized only as the experimental tools are developed to learn
more about the basic immunological processes that are
involved in resistance to viral pathogens. However, scientists
in this domain of psychoneuroimmunology must be willing
to embrace the use of these tools in their own research programs and do so in a timely fashion. Indeed, this willingness
may be challenging given the already wide breadth and depth
of each of the various disciplines that comprise the ﬁeld of
psychoneuroimmunology. However, it is expected that some

Fig. 1. Knowledge of the interactions among the nervous, endocrine, and immune systems and their impact on viral infections and anti-viral vaccines. A
number of factors have and will continue to increase our understanding of the impact of the interactions among the nervous, endocrine, and immune
systems and the ability of these interactions to modulate viral pathogenesis.
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of these established investigators, as well as newcomers to the
ﬁeld of psychoneuroimmunology, will address this challenge
by forming scientiﬁc partnerships at the local, national, and
international levels. Such partnerships are needed to foster
the development of novel experimental strategies to delineate the intricate interactions among the nervous, endocrine,
and immune systems. One can only imagine the technological advances that will be developed in the future and how
these advances will be instrumental in propelling our knowledge of psychoneuroimmunology to even higher levels. Such
eﬀorts will obviously provide a foundation for future publications in Brain, Behavior, and Immunity.

will be transformative and is likely to give rise to new ‘‘inter-disciplines’’ that are more analytically sophisticated.
Brain, Behavior, and Immunity will play a signiﬁcant role
in disseminating research ﬁndings that provide a qualitative and quantitative understanding of the many interconnected networks of molecules that comprise and regulate
the function our cells, tissues, organs, and organ systems.
This journal, in the coming years, can also provide a venue
for promoting the translation of this understanding into
eﬀective prevention strategies and new treatment regimens
to improve human health.
4.4. Brain, behavior, and immunity—extending the pathway

4.3. Psychoneuroimmunology—on the right pathway
In 2002, a series of meetings was convened by the
National Institutes of Health to chart a ‘‘roadmap’’ for
medical research in the 21st century. The purpose of these
meetings was to identify major opportunities and gaps in
biomedical research that no single institute at NIH could
tackle alone but that the agency as a whole must address
to make the biggest impact on the progress of medical
research. This roadmap, which will be periodically reﬁned
by nationally recognized leaders across academia, industry,
government, and the public, outlines the priorities of NIH
to optimize its research endeavors.
One of the major objectives outlined in the NIH Roadmap is the development of initiatives to encourage scientists to forge new and more advanced disciplines from
existing ones. In other words, these objectives seek to promote and foster the development of interdisciplinary
research. Simply put, interdisciplinary research integrates
the analytical strengths of two or more often disparate scientiﬁc disciplines to create a new hybrid discipline. Psychoneuroimmunology is an excellent example of such a hybrid
discipline. Clearly, the ﬁeld of psychoneuroimmunology
has already utilized this integration of disciplines for more
than three decades through the merging of ﬁelds such as
endocrinology, immunology, neuroscience, pharmacology,
physiology, psychiatry, psychology, to name but a few.
Even within these individual disciplines it has been diﬃcult
to deﬁne conceptual and functional boundaries. The addition of infection by pathogenic microorganisms to this
medley of disciplines aﬃxes another level of complexity
to the many diﬃcult equations that psychoneuroimmunologists are attempting to solve. A growing understanding of
the intricacies of such pathogens, and the development of
new methodologies to measure immune responses to infection by these pathogens has further promoted their inclusion in psychoneuroimmunology-related studies.
Despite engaging seemingly unrelated disciplines, the
traditional gaps in terminology, experimental approach,
and methodology may be eliminated as the number of
researchers engaged in interdisciplinary studies grows.
Reduction of potential roadblocks will broaden the scope
of investigation into biomedical problems and yield new
and possibly unexpected results. This approach to research

Research articles appearing in future volumes of
Brain, Behavior, and Immunity will build on the knowledge base that exists and will provide data that will help
to continue to unravel the mechanisms through which
mind–body interactions inﬂuence the immune system.
Technological advances in imaging (e.g., MRI, fMRI,
and PET), the completion of the sequencing of the
human genome, and the rapid development of proteomics, will provide opportunities to further investigate
the mind–body relationship. The advances driven by
new technologies will help ﬁt together the many pieces
that comprise the puzzle known as psychoneuroimmunology, and this in turn may lead to the development of
new and more eﬀective treatments and interventions
designed to improve human health.
Future publications in Brain, Behavior, and Immunity
may be able to capitalize on the human genome sequence.
By scanning a genome sequence, gene probes could reveal
which genes and protein products participate in speciﬁc
brain or immune functions and reveal an intimate inﬂuence
of stress upon their expression. Other variables that have
received little attention but that may contribute to the neuroendocrine–immune-pathogen
relationships
include
aging, gender, and metabolic diseases such as diabetes.
In summary, Brain, Behavior, and Immunity has established itself as the primary platform to disseminate scientific information regarding the interactions among the
nervous, endocrine, and immune systems and their relevance to viral infection. Future studies of these interactions
will likely follow the NIH Roadmap initiatives for promoting interdisciplinary research and will take advantage of
state-of-the-art technologies developed in each of the disciplines that comprise research in psychoneuroimmunology.
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