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Two Distinct Immune Pathways Linking Social
Relationships With Health: Inflammatory
and Antiviral Processes

Carrianne J. Leschak, MA, and Naomi I. Eisenberger, PhD

ABSTRACT

Objective: Social relationships can both influence and be influenced by immune processes. Past work implicates two distinct pathways
along which this interaction may occur: inflammatory processes and antiviral processes. This article reviews how social behavior is modulated
by these two immune processes and how such processes may in turn regulate social behavior.

Methods: This narrative review outlines existing work on social behavior and both inflammatory and antiviral processes. We propose an
evolutionary framework that aims to integrate these findings. Specifically, social isolation has evolutionarily increased the likelihood of
wounding and therefore increased the need for inflammation, which works to promote healing. Conversely, broader social networks provide
protection from physical threats but also lead to increased pathogen exposure, necessitating a more robust antiviral response.

Results: This review highlights that social adversity, such as social exclusion or loneliness, is associated with increased inflammation,
whereas social contact is associated with increased antiviral immunity. Furthermore, increased inflammation leads to sensitivity to social
stimuli, presumably to avoid hostile conspecifics and approach allies who may provide care while vulnerable. Individuals with inadequate
antiviral immunity engage in behaviors that minimize pathogen exposure, such as reduced affiliative behavior.

Conclusions: This review suggests that adverse social experiences (social isolation, perceived social threat) may induce inflammatory responses
while suppressing antiviral immunity, whereas positive experiences of social connection may reduce inflammation and bolster antiviral
responses. Although acutely elevated inflammation would be adaptive under conditions where wounding is likely, chronic inflammation

related to continued social adversity may have detrimental health consequences.

Key words: antiviral, immune system, inflammation, social relationships.

INTRODUCTION

onsiderable research has shown that social relationships are
C important for physical health. Individuals who report feeling
more socially connected have higher survival rates (1-3) and lower
risk for a variety of diseases (4—6). A growing body of research has
examined physiological and biological mechanisms underlying the
link between social connection and physical health, and much of
this work has specifically focused on immune-related processes.
This past work implicates two distinct immune pathways along which
this interaction may occur: inflammatory processes and antiviral
processes. Each of these pathways affects and is affected by social
relationships. Although a tight relationship between social connection
and the activity of the immune system might seem a bit odd, it makes
more sense when considering the ways in which social ties both
(a) provide protection from harm and (b) expose us to disease.
For instance, although social connection provides protection from
harm, a lack of social connection has evolutionarily led to increased
exposure and vulnerability to physical attacks, making wounding
from predators or hostile conspecifics more likely to occur. As a
result, inflammatory processes, which promote wound healing and
help combat subsequent infection, are more likely to be needed
when there are insufficient social ties. On the other hand, our social
ties also come replete with disease and viruses that can be transmitted

from person-to-person. Thus, increased social ties necessitate in-
creased antiviral protection from such pathogen exposure (Figure 1).
Indeed, in the first model of this evolutionary hypothesis, the con-
served transcriptional response to adversity (CTRA), a particular
gene expression profile hypothesized to emerge in the context of
adverse social conditions or perceived social threat (e.g., social
isolation or rejection) consists of both upregulation of genes in-
volved in proinflammatory immune responding and downregulation
of genes involved in antiviral immunity (7). As a result of the rela-
tionships between the social environment and the immune system,
it has been suggested that the immune system may have evolved to
be attuned to specific features of the social environment (such as
low versus high social connection/integration), to anticipate what
kinds of immune processes might be most needed at the present
moment, and to redirect energy and resources to address those critical
needs (8—10).

In addition to the fact that social ties can influence the immune
system, the state of the immune system can influence subsequent

CRP = C-reactive protein, CTRA = conserved transcriptional re-
sponse to adversity, IFN-y = interferon y, IL = interleukin, IL-18 = in-
terleukin 1B, TNF-a = tumor necrosis factor a, TSST = Trier Social
Stress Test
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FIGURE 1. Social modulation of inflammation and antiviral immunity. Social isolation has evolutionarily increased the likelihood of
wounding (e.g., vulnerability) and therefore increased the need for inflammatory processes that work to promote healing. Conversely,
broader social networks may provide protection from physical threats but also lead to increased pathogen exposure, necessitating a
more robust antiviral response. Color image is available only in the online version (www.psychosomaticmedicine.org).

social behavior, to either facilitate increased social interaction or
withdrawal (11). For example, in times of sickness, one’s ability
to fend off potential predators is reduced, and as such, one is in a
particularly vulnerable state. As a result, high levels of inflamma-
tion, as might be induced in times of sickness, can promote social
withdrawal from other potentially hostile conspecifics, in part to
reduce the likelihood of encountering potential threats (12). How-
ever, simultaneously, in times of sickness, it would be advantageous
to seek out others who may be able to provide care or protection in
this vulnerable state. Overall, increases in inflammation may lead to
differential sensitivity to social cues, subsequently facilitating dis-
crimination between potentially threatening stimuli (e.g., strangers)
and stimuli that might indicate safety (e.g., loved ones) (12).

Much less is known about how increases in antiviral immunity
may relate to subsequent social behavior or experience in humans.
However, recent work has provided evidence that manipulating
vulnerability to pathogen threats (either via direct manipulation of
antiviral immunity or via manipulation of perceptions of vulnerability
to pathogen threats) leads to associated changes in social behavior,
such that increased vulnerability to pathogen threats is associated
with social avoidance. Such reductions in social contact seem
to be prompted by decreases in antiviral protection, where reduced
social contact is protective in the sense that it leads to reduced
pathogen exposure.

This article reviews existing research supporting inflammatory
and antiviral pathways in relation to social behavior, couched in an
evolutionary framework. Although the inflammatory and antiviral
pathways in this context are almost always studied in isolation, it is
important to note that these two processes are typically working in
concert. Generally speaking, impending or actual physical injury
and bacterial challenges result in elevated circulating levels of in-
flammatory cytokines such as interleukin (IL)-6, IL-8, and tumor
necrosis factor (TNF)-«, because they aid in healing damaged cells
as a result of the injury, as well as preventing the spread of any mi-
crobial infection (13—15). On the other hand, upon a viral challenge,
different types of cytokines known as interferons make up a key
aspect of the subsequent antiviral response, primarily inhibiting viral
replication (16,17). Despite these two distinct roles for inflamma-
tory cytokines and interferons, complex interactions among these
two systems have been documented (see (18,19) for recent reviews).
For example, after a bacterial infection, interferons can promote
either proinflammatory (20—22) or anti-inflammatory responses
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(23,24). Interestingly, in certain cases, inflammatory cytokines
(such as TNF-«) seem able to take on important antiviral properties
(25). The cross-talk that occurs between antiviral and inflammatory
processes is undoubtedly complex and still not well understood.

With these complications in mind, we attempt to summarize
the existing research for each of these two pathways because they
relate to social behavior. We first focus on the effect of psychological
processes on the immune system, focusing on how social experiences
and perceptions affect inflammatory and antiviral processes. This
is followed by a discussion focusing on the effect of the immune
system on psychological processes, specifically how inflammatory/
antiviral processes serve to facilitate social approach and with-
drawal. Finally, we discuss the implications of each pathway for
understanding the interaction between the immune system and so-
cial relationships.

SOCIAL RELATIONSHIPS AND INFLAMMATION

A majority of work to date has focused on understanding how in-
flammatory processes may underlie links between social connection
and health. As mentioned previously, the immune system may have
evolved to respond to cues that signal that one is currently or at risk
of becoming socially isolated, because social isolation makes one
more vulnerable to physical attack, wounding, and thus infection.
For example, in the course of human evolution, social isolation
has related to increased vulnerability to attack by predators and hos-
tile conspecifics. This vulnerability from external physical threats
and attacks resulted in an increased likelihood of wounding and in-
fection and a greater need for the inflammatory processes that typi-
cally work to promote healing after a physical attack. It follows that
more socially isolated individuals would therefore have an upregu-
lated inflammatory response, which is in line with a growing body
of research (12,26,27).

Experiences of Social Isolation

Given the evolutionary association between social isolation and a
greater likelihood of wounding, we would expect that isolated in-
dividuals would have increased inflammation, to prepare for poten-
tial wounding. In line with this, multiple longitudinal studies have
now linked lack of social integration with increased inflammation.
For example, in a national sample of more than 6000 individuals, a
social network index measuring number of social ties and participa-
tion in social organizations was inversely associated with C-reactive
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protein (CRP) and fibrinogen (an inflammatory regulator), as well
as a cumulative inflammation burden index (26). Similarly, other
longitudinal studies have shown that lower levels of social integra-
tion were associated with elevated CRP and IL-6 in men (28,29).
In addition, social isolation has been associated with increased
IL-6 and CRP in men with depressed mood (30). Thus, individuals
experiencing high levels of social isolation (e.g., few social con-
tacts, limited social participation) tend to show increased levels
of inflammation.

Regardless of one’s level of actual social isolation or integra-
tion, certain social experiences or perceptions may serve as early
indicators of a potential physical attack. Thus, to the extent that
negative social experiences, such as social rejection, social-evaluative
threat, or subjective social isolation (i.e., loneliness), can indicate a
current or potential future lack of social ties, such experiences may
likewise indicate vulnerability to physical attacks and wounding,
thus necessitating an increased inflammatory response.

Social Exclusion and Rejection

Experiences in which an individual is excluded, rejected, or other-
wise ostracized by others indicate a severing of existing social ties
and thus a loss of protection from predatory attacks (as well as
potential physical attacks from the excluder). Thus, we would expect
that experiences of social rejection would also be associated with
increased inflammatory responses. Indeed, adolescent females
who experienced a targeted social rejection showed upregulated
inflammatory gene expression (31). Similarly, social rejection by
peers during childhood is associated with increased inflammation
in adulthood (32).

In addition to peers, strong ties with parental figures are par-
ticularly important in providing protection from outside attack
for children who are especially vulnerable on their own. Thus, it is
not surprising that parental separation or neglect is also associated
with higher levels of IL-6 and CRP (33). Furthermore, a meta-
analysis on the effects of childhood adversity on inflammation in
adulthood revealed that adults exposed to childhood stressors such
as parental neglect had significantly elevated baseline peripheral
levels of CRP, IL-6, and TNF-c (34). Thus, social experiences
in which one is ostracized from social ties who may otherwise offer
physical protection from harm tend to be associated with increases
in inflammation.

Social-Evaluative Threat

In instances of social rejection, a loss of social ties has readily oc-
curred. However, even the mere possibility that social ties may be
threatened, as is the case with social-evaluative threat, is sufficient
to elicit an inflammatory response. Not surprisingly, this is what is
observed in studies of traditional laboratory-based social stressors
that involve social-evaluative threat. For example, the Trier Social
Stress Test (TSST), in which participants perform a difficult men-
tal arithmetic task and give a speech in front of a panel of critical
judges, reliably elicits an elevated inflammatory response (see (35)
for review). Importantly, when participants engage in the mental
arithmetic and speech task portion of the TSST without a panel
of critical judges (e.g., without a social-evaluative component),
no inflammatory response is elicited in response to the stressor
(15). Thus, the social-evaluative component of the TSST, rather than
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the nature of the arithmetic and speech portion, is critical in eliciting
an inflammatory response.

Interpersonal stressors more broadly, such as arguments with
family or peers, have also been associated with increased levels
of inflammation in adolescents (36) and in adults (27). Arguments
or conflicts with others may be associated with increased inflam-
mation to the extent that they indicate a potential threat to the rela-
tionship or the possibility of a physical altercation and thus
increased likelihood of wounding. In line with this, daily negative
social experiences (e.g., interpersonal conflicts) and competitive
social interactions have been associated with increased levels of
inflammation (37).

Feelings and Perceptions Related to Social Isolation
Even in the absence of actual social isolation or threat, one may
still appraise a situation as isolating or threatening. To the extent that
such appraisals predict vulnerability to a physical attack, appraisals
should directly relate to the strength of the resulting inflammatory
response. The subjective perception that one is socially isolated or
has insufficient social ties (regardless of objective measures of social
integration), also referred to as loneliness, should therefore be as-
sociated with inflammation. Indeed, in older adults, loneliness is
associated with increased expression of proinflammatory genes (38).
Furthermore, although transcription factors involved in inducing
proinflammatory genes are overexpressed in chronically lonely
participants, genes regulating anti-inflammatory processes are
underexpressed, compared with nonlonely participants (39).

Given that chronic loneliness may lead to enhanced sensitivity
to social cues (40), chronically lonely individuals should display
heightened inflammatory responses to social stressors. Indeed, greater
loneliness is associated with larger increases in salivary levels of IL-6
and IL-1 receptor antagonist in response to a psychological
stressor in women (41). In another study, individuals who reported
more loneliness showed increased lipopolysaccharide-stimulated
production of proinflammatory cytokines (TNF-c, IL-6) in response
to acute stress relative to less lonely participants, suggesting that
lonelier individuals tend to have a proinflammatory phenotype,
which may put them at greater risk for disease (42). In addition, af-
ter being exposed to an acute stressor, more lonely breast cancer
survivors tend to show a proinflammatory phenotype, in which
they display increased lipopolysaccharide-stimulated production
of proinflammatory cytokines (IL-6, IL-1[3) relative to less lonely
counterparts (42).

Similar to how perceiving oneself as isolated (e.g., lonely) sug-
gests that one does not have adequate protection from harm, percep-
tions that existing social ties are not sufficient may also indicate that
existing relationships do not provide sufficient protection from out-
side threats. Thus, perceptions of a lack of social support, for example,
would be expected to be associated with inflammation. In adults,
lower levels of social support from various sources are associated
with higher levels of inflammation (27,43). Past work shows that
lower levels of social support in cancer survivors were associated
with increased levels of CRP (44). Similarly, low levels of social
support before breast cancer treatment are longitudinally related
to increased levels of IL-6 (45). Similarly, in patients with ovarian
cancer, greater perceptions of closeness and intimacy in personal
relationships (e.g., social attachment) are associated with lower
levels of IL-6 (46).
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Finally, certain trait factors that increase sensitivity to social
stressors may also influence inflammatory responses. Individuals
who are more sensitive to social stressors are more likely to appraise
a situation as more stressful, even in the context of nonthreatening
stimuli. As a result, such socially sensitive individuals should have
an elevated inflammatory response to social stressors (47). In line
with this, when individuals undergo a social stressor, greater re-
ports of fear, anxiety, and perceived stress are associated with
increased inflammatory responses (48-50). Individuals high
in trait sensitivity to social disconnection (e.g., high in rejection
sensitivity) show increased levels of proinflammatory cyto-
kines (TNF-«, IL-6) in response to low-dose endotoxin (an in-
flammatory challenge), relative to those with low sensitivity to social
disconnection (51). These socially sensitive individuals also show
upregulated proinflammatory gene expression in response to
endotoxin (51). Furthermore, in a neuroimaging study, increased
activity in threat-related neural regions in response to social exclu-
sion was associated with increases in the proinflammatory response
to a social-evaluative threat (52), suggesting that sensitivity to social
rejection is associated with increased inflammatory responding to
a stressor.

Although most threats humans encounter in contemporary society
are not physical, these subjective proxies for potential harm are still
common and interpreted by the immune system as a correlate of
physical harm.

Chronic Inflammation

We have suggested that increased inflammation in response to social
adversity is adaptive in that it preemptively mobilizes the body for
wound healing. However, in cases of chronic social adversity, levels
of inflammation may remain elevated for an extended period. Al-
though acute increases in inflammation would be adaptive under
conditions where wounding is likely, chronic inflammation, as might
be necessitated by continued social isolation, has been shown to have
detrimental health consequences (53,54). For example, chronic in-
flammation has been linked with greater risk for mortality in a variety
of patient (55-58) and healthy populations (59—61). Indeed, the link
between persistent social adversity (e.g., chronic stress or loneliness)
and poor health outcomes has been attributed to chronically elevated
inflammation (26,62).

It is likely that an elevated inflammatory response evolved spe-
cifically to serve an adaptive function in situations of acute, but not
chronic, social adversity. Even in cases of persistent social isolation
or social adversity, when chronic inflammation may occur, an ele-
vated inflammatory response in preparation of potential attacks
would still be protective from likely wounding. This short-term
survival utility may have been evolutionarily prioritized, despite
the deleterious long-term health consequences, because immediate
physical threats would be more critical for survival. Negative long-
term health consequences would be irrelevant if an immediate threat
(i.e., wounding) was not appropriately managed. In sum, although
we propose an adaptive function for this inflammatory response,
whether such a response propagates positive or negative health con-
sequences is dependent on the chronicity of social adversity.

SOCIAL RELATIONSHIPS AND ANTIVIRAL PROCESSES

Although social isolation may increase the need for a proinflamma-
tory response, it simultaneously leads to reduced exposure to viral
pathogens that may be transmitted from person-to-person. Thus,
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more socially isolated individuals have a lesser need for a robust
antiviral response. In contrast, individuals who are more socially
connected require an upregulated antiviral response to compensate
for the increased pathogen exposure. In addition, antiviral immu-
nity during social stress may be downregulated to prioritize the
proinflammatory response typically observed during social stress.
Specifically, the potential wounding likely to occur in the context
of social adversity or threat may be a more urgent concern for im-
mediate survival.

It should be noted that work investigating how social behavior
relates to antiviral processes is much more scarce than work exam-
ining how social behavior relates to inflammation. Thus, future
work more closely examining this link is greatly needed to better
understand the interplay between social processes and antiviral
processes. However, a growing body of evidence supports a link
between social integration and antiviral protection, as well as be-
tween social adversity and suppressed antiviral immunity.

Objective Measures of Social Integration

Individuals who have larger or more diverse social networks are
exposed to a wider range of pathogens; thus, we would expect such
individuals to have an upregulated antiviral response to protect from
illness. In line with this, in a recently collected data set of breast can-
cer survivors, we found that women who lived with more individuals in
their household had higher circulating levels of interferon y (IFN-y), a
cytokine that plays a role in antiviral immunity (63-65; Leschak CJ,
Dutcher JM, Haltom KEB, Bower JE, and Eisenberger NI: unpublished
data). Moreover, women who scored higher on a measure of social in-
tegration also had higher levels of IFN~y. Although these data are cross-
sectional, it provides preliminary evidence of a link between increased
social contact and increased antiviral immunity.

Early work by Cohen and colleagues (66), in which participants
were inoculated with a rhinovirus, quarantined, and monitored for
symptoms for upper respiratory illness, shows a similar pattern. In-
dividuals who had more types of social ties (e.g., spouse, parent,
friend, workmate) showed a greater resistance to developing the
cold virus and also showed less severe symptoms (66). Interestingly,
resistance to the rhinovirus was associated with social network di-
versity in a dose-dependent manner, such that the greater number
of different types of social relationships, the greater the resistance
to illness (66). Similarly, in a more recent study examining antibody
responses to the influenza vaccine in college freshman, those with
smaller social networks tended to have a poorer antibody response
to one particular component of the vaccine (67). In another study, di-
verse social networks acted as a protective factor against developing
cold symptoms for those with few stressful life events (68).

Aside from examining social networks as a whole, some studies
have examined the effect of particular social roles, such as parent-
hood status, because they relate to antiviral immunity. For example,
children’s frequent contact with a diverse network of peers leads to
increased exposure to viral pathogens. Through interaction with
their children, parents are in turn exposed to increased pathogen
threats, which may serve to bolster parents’ acquired antiviral im-
munity. Among individuals exposed to a common cold virus, par-
ents of children were less likely to develop colds in the 5 days
after virus exposure, relative to nonparents (69). Such upregulation
of antiviral immunity in parents may partially account for findings
from longitudinal work, which has shown that parents have lower
all-cause mortality relative to nonparents (70,71).
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In addition to directly measuring the extent of existing social
ties or contact (e.g., social network indices, social roles), we might
also expect that certain individual difference measures related to
the tendency to seek out social ties may show similar effects. In
line with this, after inoculation with a cold virus, those higher in
extraversion, who likely spend more time interacting with others,
tend to show less severe symptoms and less virus shedding (which
is associated with a healthy immune system (72—75). Furthermore,
higher trait sociability is associated with decreased probability of
developing a cold, even after controlling for the actual number
and quality of social interactions (4). Thus, it seems that those high
in traits that may facilitate increased social contact (and thus in-
creased exposure to pathogens) may also have increased antiviral
immunity, perhaps as a type of preemptive protection.

Subjective Measures of Social Integration

There is increasing evidence that, in addition to the objective mea-
sures of social integration (e.g., diverse social networks), subjec-
tive perceptions of isolation (e.g., loneliness) are also related to
antiviral immunity. This makes sense given that, to the extent that
perceptions of isolation may predict actual social contact and thus
pathogen exposure, antiviral immunity may be attuned accordingly.
For example, feelings of loneliness have been found to predict self-
reported cold symptoms after exposure to a cold virus (76), and in
work examining the CTRA pattern of leukocyte gene expression,
loneliness has been repeatedly associated with downregulated anti-
viral and antibody-related genes (38,39). Again, mirroring these
findings, in our sample of breast cancer survivors, we found that
individuals with higher levels of loneliness tended to show lower
circulating levels of IFN-y (Leschak CJ, Dutcher JM, Haltom
KEB, Bower JE, and Eisenberger NI: unpublished data). Further-
more, in the previously mentioned study of antibody response to
the influenza vaccine, elevated levels of self-reported loneliness
were associated with lower levels of antibody titers at baseline
and a poorer antibody response to the vaccine (even after control-
ling for baseline levels) (67). Interestingly, those who reported both
high levels of loneliness and smaller social networks had the poorest
antibody response (67), suggesting that subjective and objective in-
dicators of social disconnection contribute somewhat indepen-
dently to reduced antiviral immunity. Thus, cues signaling
reduced pathogen exposure (such as smaller social networks or
loneliness) seem to contribute to resistance to antiviral immunity.

Social Adversity
There are other social situations that do not involve social isolation
or loneliness that may also lead to decreased antiviral responses but
potentially through a different mechanism. Although low social in-
tegration may reduce the need for antiviral protection due to reduced
pathogen exposure, social adversity may further suppress antiviral
immunity as an adverse effect of increased inflammation. Upon
physical injury, an inflammatory response ensues to begin healing
the wounded area, while antiviral responses (e.g., IFN-y) are de-
creased (77). Antiviral protection is temporarily downregulated
because the inflammatory response is prioritized for wound healing.
Thus, in social contexts that elicit an inflammatory response (e.g.,
social stress or adversity), we may expect to see compromised an-
tiviral immunity as well.

In animals, social stress is often elicited via forced interactions
with unfamiliar conspecifics, which often results in fighting and
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subsequent wounding. As a result, we would expect that animals
undergoing such stress may display compromised antiviral immunity,
particularly if wounded or fighting occurs. In line with this idea, mice
exposed to social stress exhibited reduced antiviral immunity to an
influenza virus, resulting in increased virus-related mortality, while
simultaneously displaying elevated inflammatory activity (78). In
another study, mice who underwent repeated social stress displayed
impaired antiviral immunity in terms of antibody levels after inocu-
lation with a herpes virus (79). Similarly, male pigs that were mixed
with unfamiliar conspecifics displayed suppressed immune responding
against a viral vaccine (80). In addition, rhesus macaques exposed
to unstable social conditions (i.c., social stress) display enhanced
density of neural fibers projecting from the sympathetic nervous
system into tissues containing lymphocytes (81,82), leading to
suppressed interferon gene expression (81) and production (82),
thereby allowing enhanced viral replication.

Given that, in some situations, inflammatory activity can inhibit
antiviral responses, it is not surprising that some effects of impaired
antiviral immunity under conditions of social stress seem to be
driven by the likelihood of being wounded. For example, only
wounded mice displayed reduced antiviral immunity after herpes
virus inoculation, exhibiting suppressed antiviral immunity more
than 4-week poststressor (79). Although animals identified as “dom-
inants” more frequently initiate confrontation or fighting with other
conspecifics to maintain their status (83,84), lower status animals
are more likely to leave the interaction wounded (85). Similar as-
sociations between low social status and reduced antiviral immunity
have been observed in monkeys (86). Thus, lower status or submis-
sive animals therefore may require upregulation of inflammatory
responses, at the expense of antiviral protection. These findings
further suggest that wounding during social stress may lead to in-
adequate antiviral immunity, possibly as an “undesirable adverse
effect” of the required proinflammatory immune response that promotes
wound healing ((79), p. 286).

Although most of the work in humans has focused on the link
between social stress and inflammatory, rather than antiviral, responses,
what is known regarding antiviral responses mirrors the animal
findings. Thus, existing work that examines the CTRA gene expres-
sion profile supports an inverse association between inflammatory
activity (upregulated) and antiviral immunity (downregulated) in
the context of social adversity (10,38). In addition, chronically
stressed caregivers of ill family members show suppressed genes
related to interferon production and antiviral immunity (along with
increased inflammatory activity) (87) and show low antibody pro-
duction after a flu vaccine, suggesting that they were “nonre-
sponders” to the vaccine (88). Among individuals exposed to a
common cold virus, individuals reporting greater psychological
stress (89,90), as well as those who reported experiencing chronic
stressors (91) or more negative life events (90), were at an increased
risk of developing an acute respiratory illness. Future work should
include direct examinations of the antiviral consequences of social
stress in humans, ideally in combination with inflammatory assess-
ments, because this area is particularly lacking.

RECIPROCAL REGULATION OF SOCIAL
RELATIONSHIPS AND THE IMMUNE SYSTEM

Thus far, we have reviewed evidence that adverse social experiences
may induce inflammatory responses while suppressing antiviral
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immunity, whereas positive experiences of social connection may
reduce inflammation and bolster antiviral responses. However, re-
lationships between the immune system and the social environment
are bidirectional and ongoing. As such, it is appropriate to consider
how immune states and processes may in turn propagate systematic
changes in social behavior and experience.

Inflammatory Feedback Loop

A proinflammatory response initiates a cascade of “sickness be-
haviors” aimed at facilitating quick recovery from illness (92-94).
Importantly, this recovery from illness is influenced by social fac-
tors. Although social withdrawal is a commonly observed sickness
behavior in rodents (95,96), under certain conditions, inflammation
can also promote social approach (11). Importantly, this more nu-
anced social behavior may ultimately facilitate more efficient recov-
ery from illness. For example, while in a weakened or vulnerable
state such as that associated with heightened inflammation, social
withdrawal from unfamiliar others may be especially adaptive, in
that it serves to avoid harm inflicted by potentially hostile strangers.
On the other hand, social approach toward familiar others would
allow an individual to receive additional care from close others. In-
deed, rodents and other nonhuman animals also show increased
preference for familiar conspecifics after an inflammatory chal-
lenge (97-99).

In recent years, controlled trials in which inflammation is ex-
perimentally induced has shed light on the link between proinflam-
matory effects and subsequent social behavior and experience in
humans. In line with findings in animal models, human social be-
havior after an inflammatory challenge is nuanced in ways that
seem to best support recovery from illness. Specifically, after expo-
sure to an inflammatory challenge, individuals feel more socially
disconnected, display deficits in social cognition, and are more sen-
sitive to negative social stimuli (e.g., social rejection), both of which
may serve to promote social withdrawal and avoidance of potential
harm. At the same time, inflammation seems to induce heightened
sensitivity to positive social stimuli (e.g., viewing close others, re-
ceiving positive social feedback), as well (100,101), which may
serve to motivate social approach toward familiar or friendly
others who may provide support during times of sickness (12).

For example, in response to heightened inflammation, individ-
uals tend to experience feelings of social disconnection (102),
loneliness (103), and social anhedonia (104). Such feelings may
contribute to a motivational tendency to socially withdraw, thus
avoiding potential harm from unfamiliar others. Given that deficits
in social cognition could clearly lead to interpersonal difficulties,
such deficits may also be a correlate of heightened inflammation
and the corresponding social withdrawal. Indeed, participants ex-
posed to endotoxin also showed several social deficits, including
decreased performance on a theory of mind task, indicating im-
pairments in the ability to perceive others’ emotional states (105).

Finally, inflammation-induced sensitivity to negative social stimuli
may further prompt individuals to engage in social withdrawal
from individuals likely to cause harm. For example, among those
exposed to endotoxin, increases in inflammation (IL-6) were asso-
ciated with increases in social pain-related neural activity during
an experience of social exclusion, suggesting a greater inflammatory
response prompted increased social sensitivity to negative social
stimuli (106). Similarly, endotoxin has been shown to cause increased

Psychosomatic Medicine, V 81 « 711-719

sensitivity to negative social feedback from an unfamiliar eval-
uator (101). Endotoxin has also been shown to induce increased
amygdala activity in response to socially threatening images,
and this amygdala activity is correlated with feelings of social
disconnection (107), further suggesting a relation with social with-
drawal. Thus, heightened inflammation seems to increase feelings of so-
cial disconnection, social cognitive deficits, and sensitivity to negative
social stimuli, which may underlie the observed social withdrawal.

In addition to effects related to social withdrawal during sickness,
there is evidence that inflammation may facilitate social approach,
particularly toward individuals who are likely to provide care
and support during sickness (e.g., close others). For example, past
work in animals (rthesus monkeys, rats) has shown that an induced
inflammatory response led to increases in clinging to or huddling
near healthy familiar others (e.g., cage mates), who may be able to
provide adequate care or protection (97,98). Aside from increases
in physical contact with familiar others, increased affiliation toward
potential mates may play a similar role, providing an additional sup-
port figure who may be equipped to provide care. After an inflam-
matory challenge, monogamous female prairie voles more quickly
established a preference for a male vole (99).

Work in humans mirrors the previously mentioned patterns,
suggesting that exposure to an inflammatory challenge increases
social approach toward those likely to provide care. In one study,
after exposure to an inflammatory challenge, individuals reported
an increased desire to be near their social support figures (100).
Furthermore, those exposed to the inflammatory challenge (versus
placebo) showed increased reward-related neural activity when
viewing photos of these social support figures (100). These findings
make sense given that social support figures are some of the people
most likely to provide care in times of need. In addition, others who
may not be close others or support figures may still be potential
providers of care, particularly if they engage in affiliative behav-
iors toward the injured or sick individual. For example, individuals
exposed to an inflammatory challenge showed greater reward-
related activity to receiving positive feedback from an evaluator,
compared with those who did not receive the inflammatory chal-
lenge (101). Taken together, these findings suggest that increased
inflammation may prompt individuals to seek out those who are
likely to provide care in times of sickness, such as close others.

Antiviral Feedback Loop

As with inflammation, changes in antiviral immune functioning
also affect social behavior. Specifically, an upregulated antiviral
response affords greater protection from potential threats and thus
may facilitate increased affiliative or prosocial behavior. One could
therefore engage in increased social behavior with limited additional
risk of contracting contagious or infectious diseases. Some of the
most compelling evidence that antiviral immunity may facilitate
social behavior comes from recent work in mice. Mice deficient
in T cells (which aid in antiviral immunity via detection of viruses
(108,109), as well as production of cytokines important for antivi-
ral immunity such as [FN-y (110)) show deficiencies in social be-
havior, such that they prefer to spend time with an object instead of
anovel mouse (111). A preference for nonsocial stimuli in animals
is often considered typical of autistic phenotypes, for which deficits
in social attention and lack of interest in social stimuli are a hallmark
characteristic (112,113). After observing that IFN-y—regulated
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genes were enriched in animals who had been exposed to social
aggregation, Filiano and colleagues (111) assessed IFN-y as a poten-
tial mediator of the effect of T cells on social behavior. In humans,
IFN-y is a cytokine that plays a major role in antiviral immunity
(63,65,114). Mice deficient in IFN-y, as well as mice deficient in
the IFN-y receptor showed social deficits similar to T-cell-deficient
mice, showing no preference for social stimuli (111). Remarkably,
after injecting IFN-y—deficient mice with an injection of recombi-
nant IFN-y into the cerebrospinal fluid, social behavior was restored
such that it was indistinguishable from wild type mice (with no im-
mune deficiencies) (111).

Research, especially experimental data, examining how antiviral
immunity affects subsequent social behavior and experience in
humans is lacking. However, we have found that in breast cancer
survivors, higher circulating levels of IFN-y were associated with
increased rates of prosocial giving behavior (Leschak CJ, Dutcher
JM, Haltom KEB, Bower JE, and Eisenberger NI: unpublished
data). While correlational, one potential interpretation of this effect
is that increased antiviral protection (in the form of increased
levels of IFN-y) may facilitate social approach-related behaviors,
such as increased contact with others or prosocial behavior.

In addition, there is growing evidence that when microbial threats
are made salient, individuals engage in behaviors that would serve to
minimize exposure and contact with others. For example, after
watching a slideshow of pictures and information regarding germs
and transmission of contagious disease (versus architectural images),
individuals scored lower on measures of extraversion, closely related
to one’s self-perceived sociality (115). Furthermore, for participants
who perceived themselves as highly vulnerable to disease, viewing
the germ-related slideshow led them to view themselves as less
open-minded to new people as well as less agreeable and cooperative
toward others (115). In a separate study, participants who viewed a
similar germ-related slideshow subsequently showed a tendency to
avoid social stimuli, an effect that was particularly strong in individ-
uals high in perceived disease vulnerability (115). These findings sug-
gest that when a potential infectious threat is present, individuals may
shift their self-perceptions and their behavior to best avoid social con-
tact and therefore protect themselves from pathogen exposure.

Although these studies do not directly assess immune responding
to cues of disease, they provide initial evidence that environmental
cues that signal potential disease can lead to reduced affiliative
tendencies. These findings are in line with theoretical accounts
of a behavioral immune system, a behavioral defense system against
pathogens propagated in part by psychological responses to disease
cues (116). It is important to note that the few studies that have ex-
amined social approach or avoidance in the context of pathogen
threats have primarily examined social behavior toward unfamiliar
social stimuli (e.g., strangers). It is possible that, as has been shown
in the inflammatory literature, approach or avoidance tendencies
may be sensitive to the social target. For example, individuals ex-
posed to a pathogen threat (e.g., exposure to a person with outward
signs of disease) may be more likely to subsequently approach the
infected target if it were a familiar other who may require care,
while avoiding infected unfamiliar others, for whom motivation
to help may be lower, or for whom providing care may be risk-
ier because of a greater threat of foreign pathogen exposure
(117). Although there is little existing research directly examining
this premise, preliminary work suggests that feelings of disgust—
theorized to underlie disease avoidance behaviors—are more
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readily elicited for disease cues associated with strangers rela-
tive to familiar others (118,119).

Future work will be critical in determining whether effects of an-
tiviral threats on social behavior are differentially sensitive to social
targets. Given the role that antiviral immunity plays in responding to
the social environment to upregulate or downregulate protection
from infection accordingly, it is possible that these psychological
and behavioral reactions (e.g., reduced affiliative tendencies) to dis-
ease cues may be mediated by changes in immune functioning specif-
ically related to antiviral immunity. To directly address this possibility,
future studies will need to specifically examine biomarkers of antivi-
ral immunity in response to exposure to disease-related stimuli.

CONCLUSIONS

As described previously, social behavior is strongly related to in-
flammatory and antiviral processes. Specifically, we discussed how
inflammatory processes may be upregulated to prepare for poten-
tial wounding in times of social disconnection, whereas antiviral
processes tend to be upregulated in response to social exposure
or connection to prepare an adequate antiviral defense to pathogens.
In addition, existing immune processes, such as heightened inflam-
mation or heightened levels of antiviral immunity, may in turn affect
social behavior and experience in systematic and predictable ways.
Importantly, these immune processes are critically tied to physical
health and longevity throughout the lifespan (8,12,120,121) and
thus may help explain the well-established link between social rela-
tionships and physical health benefits.
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