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The ‘behavioural immune system’ is composed of mechanisms that evolved as a
means of facilitating behaviours that minimized infection risk and enhanced fit-
ness. Recent empirical research on human populations suggests that these
mechanisms have unique consequences for many aspects of human social-
ity—including sexual attitudes, gregariousness, xenophobia, conformity to
majority opinion and conservative sociopolitical attitudes. Throughout much
of human evolutionary history, these consequences may have had beneficial
health implications; but health implications in modern human societies
remain unclear. This article summarizes pertinent ways in which modern
human societies are similar to and different from the ecologies within which
the behavioural immune system evolved. By attending to these similarities
and differences, we identify a set of plausible implications—both positive and
negative—that the behavioural immune system may have on health outcomes
in contemporary human contexts. We discuss both individual-level infection
risk and population-level epidemiological outcomes. We also discuss a variety
of additional implications, including compliance with public health policies, the
adoption of novel therapeutic interventions and actual immunological func-
tioning. Research on the behavioural immune system, and its implications in
contemporary human societies, can provide unique insights into relationships
between fitness, sociality and health.

1. Introduction

For many millions of years, parasites—and the infectious diseases that they
cause—have imposed substantial selection pressures on populations from
which contemporary humans are descended. As a consequence, sophisticated
defences against infection evolved. The most obvious adaptations of this sort
are immunological mechanisms that promote resistance to infection (e.g. the
mechanisms that define humans’ innate and adaptive immune systems). Less
obvious perhaps are strategies of behavioural defence against infection.

There exist many behavioural strategies of anti-parasite defence, observed
across a wide range of species ([1-6]; see also Meunier [7]). These strategies
include specific behavioural tendencies that are stimulated by existing infections
and that help to promote recovery from those infections (e.g. inhibition of motor
activity, ingestion of medicinal plants [8-10]). In addition, many animals also
engage in prophylactic behaviours that minimize the risk of infection in the
first place. Some of these behaviours might be considered reactive, in the sense
that they are avoidant responses to infectious entities in the immediate perceptual
environment—such as when social insects abandon a nest after a parasite out-
break, bullfrog tadpoles avoid swimming near other tadpoles infected with
intestinal parasites and chimpanzees avoid touching fellow chimpanzees stricken
by polio [2,11,12]. Other behavioural strategies are more proactive. Even under
conditions in which there is no perceptual evidence of infectious agents in the
immediate environment, organisms may engage in behaviours that proactively
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manage a latent infection risk, thereby reducing the likelihood
that this latent risk becomes manifest in ways that would
require reactive avoidance. Examples include ants’ use of anti-
biotic resins to line their nests [13] and, as we discuss in greater
detail below, humans’ efforts to maintain existing cultural
norms [14]. Collectively, these strategies have been likened to
a kind of ‘social immune system” [2] or ‘behavioural immune
system’ [5,15,16].

We focus here on human behaviour. Within the psychologi-
cal sciences especially, there has been a recent surge of research
on prophylactic behavioural defences against infectious dis-
eases. This burgeoning body of research has yielded novel
insights not only about human behavioural decision-making
but also about affective and cognitive phenomena (e.g. the
experience of disgust [17-19]) that facilitate or inhibit specific
behavioural responses. We limit our focus to implications per-
taining directly to human sociality—attitudes and behavioural
tendencies that govern a person’s responses to and interactions
with other people—and on the further implications that these
attitudes may have for health outcomes in contemporary
human populations.

In exploring these implications, we focus on two con-
ceptually related but distinct behavioural strategies that
reflect the underlying workings of the ‘behavioural immune
system’ in human populations. One strategy (avoidance of
social interactions that pose a potential infection risk) is pri-
marily a form of reactive avoidance, while the other strategy
(conformity and maintenance of cultural norms) is more proac-
tive in nature [20]. Both strategies have been linked empirically
to a broad range of specific attitudinal outcomes within the
domain of human sociality. These diverse social outcomes
have a wide range of further implications for human
health—some of which are subtle and non-obvious, and
most of which have yet to receive rigorous empirical attention.

This article is organized as follows: we first describe each
of these two strategies in turn. In doing so, we summarize
key pieces of empirical evidence documenting specific impli-
cations that these strategies have for individuals’ social
attitudes. We then turn our attention to the identification of
plausible hypotheses regarding further implications that
these social attitudes may have for human health outcomes
in the modern world. Some of these implications are likely
to be positive, others less so. We draw special attention to
social attitudes that are likely to have had positive effects
on health (and fitness) outcomes throughout much of
human evolutionary history but which, ironically, may have
negative implications for health outcomes in many modern
human societies.

2. Avoidance of social interactions that pose
a potential infection risk

One way to avoid infection is to avoid contact with organisms
that infect. This may seem straightforward, yet many para-
sites are so small as to be imperceptible. Consequently, to
avoid contact with them, their presence must be inferred
indirectly, often on the basis of perceptual cues signalling
the consequences that parasite infestation has for other
entities (e.g. the distinctive odour of organic matter being
devoured by bacteria, or the symptomatic appearance of a
conspecific that is already infected). Like many other animals,
people are sensitive to indirect perceptual cues of parasite

presence, and strategically avoid contact with objects or
people characterized by these cues [21-23].

(a) Implications for appearance-based prejudices,

xenophobia, sexual attitudes and gregariousness
Although perceptual cues may be probabilistically predictive
of the presence of parasites, even diagnostic cues are poten-
tially fallible. For example, facial blemishes are common
symptoms of infection; nevertheless, some healthy people
have blemishes while some sick people do not. Perceivers
are therefore likely to make occasional errors in their behav-
ioural decisions—either false-positive errors (responding
avoidantly to things that pose no actual infection risk) or
false-negative errors (failing to avoid things that actually do
pose an infection risk). Throughout much of human evol-
utionary history, it is likely that the fitness costs associated
with false-negative errors were, on average, higher than the
fitness costs of false-positive errors. In accordance with the
‘smoke detector principle’ of adaptive error-management
[24,25], it is likely that appraisal mechanisms evolved to
systematically limit the likelihood of the more costly false-
negative errors—with the inevitable consequence that
people make many false-positive errors instead. Conse-
quently, people respond avoidantly not only to entities that
do pose an infection risk but also to objectively non-infectious
entities that simply share superficial similarities to infectious
things [22]. In the social domain, this over-generalization bias
contributes to prejudicial attitudes toward people whose
physical appearances superficially mimic symptoms of infec-
tion, or who just appear anomalous in some way (e.g.
individuals who are disfigured, disabled or obese [23,26]).

In addition to superficial perceptual cues, people also
employ other kinds of information—including group stereo-
types and other acquired beliefs—to identify categories of
people who might pose a potential infection risk, so as to
selectively avoid contact with those people. For instance,
subjectively ‘foreign” peoples tend to be stereotypically
associated with a variety of dangers, and one of those dan-
gers is the threat of infection [27]. There are several reasons
why this is so, including a perceived link between exotic
peoples and exotic parasites, and the greater potential for out-
siders to violate local behavioural norms that serve as buffers
against parasite transmission (a topic we explore more fully
in the following section, below). Consequently, the strategic
avoidance of potentially infectious conspecifics may
sometimes manifest in xenophobia [26].

The avoidance strategy may manifest not only in avoidant
attitudes toward specific categories of people who are per-
ceived to pose an infection risk but also in more avoidant
attitudes toward specific kinds of social interactions that are
perceived to increase one’s vulnerability to infection. For
example, because sexual promiscuity is associated with
increased risk of contracting sexually transmitted diseases
[28], the avoidance strategy may have inhibitory implications
for individuals” attitudes toward sexual promiscuity. A cost/
benefit analysis suggests that these inhibitory implications are
likely to occur especially among women—because the repro-
ductive benefits of promiscuity are generally lower among
women than men, and because many sexually transmitted dis-
eases impose greater costs on female fertility than on male
fertility [29].
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Figure 1. Results from an experiment testing the effect that the psychological salience of infectious diseases has on xenophobia [31]. Canadian participants first
watched a brief slide show. In one experimental condition, the content of the slide show made salient the threat posed specifically by infectious diseases; in a
control condition, the slide show made salient other life-threatening dangers (e.g. electrocution). After the slide show, participants indicated preferences for the
allocation of government funds to recruit immigrants from various countries, some of which were subjectively familiar (e.g. Poland, Taiwan) and some that were
subjectively foreign (e.g. Mongolia, Peru). Xenophobia is indicated by a relative preference to recruit familiar immigrants rather than foreign immigrants. Results
revealed that when the threat posed by infectious diseases was temporarily salient, people exhibited more strongly xenophobic attitudes.

Interpersonal interactions need not be sexually intimate in
order to increase the risk of disease transmission. Many infec-
tious diseases can be transmitted in the course of casual
interpersonal interaction, with the consequence that individ-
uals who interact socially with greater numbers of other
people are more vulnerable to infection. Therefore, the avoid-
ance strategy may manifest in a reduced dispositional
tendency toward gregariousness.

(b) Context-contingent responses
Importantly, however, while these behavioural manifes-
tations of avoidance may have had the specific benefit of
reducing the risk of infection, they may have been substan-
tially costly in other ways (especially in group-living
primate species). Among humans and other big-brained ani-
mals, these kinds of cost/benefit problems have been largely
solved by the evolution of behavioural flexibility [30]. Thus,
in humans, the avoidance strategy is characterized not only
by mechanisms that facilitate the avoidance of interactions
that pose a potential infection risk, but also by additional
mechanisms that modulate these avoidant responses in a con-
text-contingent manner. People are sensitive to contextual
cues providing information about the potential benefits and
potential costs of behavioural avoidance, and the psychologi-
cal mechanisms underlying the avoidance strategy are
activated or inhibited accordingly. The potential benefits of
behavioural avoidance are most likely to accrue (and to out-
weigh the potential costs) under conditions in which
individuals are most vulnerable to infection. Therefore,
under conditions in which available information implies
that an individual is relatively invulnerable to infection, avoi-
dant responses are likely to be relatively muted; but, under
conditions in which individuals are—or merely perceive
themselves to be—more vulnerable to potential infection,
they are likely to exhibit more strongly avoidant attitudes to
entities and actions that appear to pose some infection risk.
This general principle of context-contingent flexibility has
important—and empirically-documented—implications for

xenophobia, sexual attitudes and gregarious dispositions
more generally. For example, although there may be a general
human tendency toward xenophobia, this tendency manifests
especially strongly under conditions in which people perceive
that they are more vulnerable to infection [31-33]. In one
participants completed a
measure assessing xenophobic attitudes toward foreign
peoples shortly after watching one of two brief slide
shows—one that made salient the threat posed specifically

illustrative experiment [31],

by infectious diseases, and another (in a control condition)
that made salient other kinds of life-threatening dangers.
Results showed that, compared with the control condition,
when the threat posed by infectious diseases was salient
people expressed especially xenophobic attitudes (figure 1).

Similar findings have been found in experiments asses-
sing sexual attitudes and sexual behaviour. One study [34]
revealed that when the threat posed by infectious diseases
was made temporarily salient (compared with a condition
in which other threats were salient), women consequently
endorsed more restricted attitudes regarding sexual behav-
iour (e.g. preferring relatively fewer
partners). Another study showed that after being exposed
to an incidental disgust-eliciting olfactory cue, both men

lifetime sexual

and women reported stronger intentions to use condoms
during sexual intercourse [35].

This context-contingent flexibility is also found in disposi-
tional tendencies toward gregariousness in general. Following
experimental manipulations designed to make the threat of
infectious disease temporarily salient, people report lower
levels of extraversion and also exhibit more avoidant motor
responses toward other people [36].

In addition to the results of laboratory experiments docu-
menting the causal influence of infection-connoting contexts
on temporary changes in individuals’ attitudes and actions,
conceptually analogous correlations have been found in
cross-national comparisons. Compared with people living
in countries that historically have had relatively low levels
of disease-causing parasites, people living in countries with
historically higher levels of parasite prevalence report more
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Figure 2. Results from an experiment testing the effect that the psychological salience of infectious diseases has on conformity to majority opinion [14]. Participants
first engaged in a recall task in which they recalled and described events from their own lives. In one condition, they recalled events that made them feel vulnerable
to infectious diseases; in another condition, they recalled events that made them feel vulnerable to other dangers; in a third condition they recalled non-threating
events. Afterwards, they engaged in a behavioural decision-making task that assessed conformity to majority opinion. Results revealed that when their vulnerability
to infectious diseases was temporarily salient, an especially high percentage of people conformed to majority opinion.

restricted sexual attitudes, lower levels of extraversion, and
more xenophobic responses to ethnic out-groups [37-39].

3. Infectious disease, conformity and
maintenance of cultural norms

Until the advent of germ theory and other scientific advances
in the nineteenth and twentieth centuries, the causes of infec-
tious diseases were deeply mysterious [40,41]. And until the
development of modern biomedical interventions and public
health practices, the prevention of infection depended sub-
stantially on superstitious adherence to local rituals and
other cultural norms. Research in medical anthropology
suggests that, in pre-industrial human societies, ‘most con-
ventions pertaining to subsistence and social behaviour
operate as prescriptions to avoid illness’ [42, p. 36].

(a) Implications for conformist attitudes

If indeed local cultural norms have historically provided buf-
fers against the transmission of infectious diseases, then any
violation of these norms is likely to have increased individuals’
risk of infection. Individuals’ capacity to learn local norms,
and their capacity to conform their own behaviour to norma-
tive standards, are likely to have served as important means
of limiting infection risk. Importantly, infection risk would
have been affected not only by an individual’s own conformist
tendencies but also by the conformist tendencies of other indi-
viduals within the local social group. Consequently, attitudinal
tendencies to reward conformity behaviour in others—and to
respond harshly to non-conformists—would also have
helped to protect against the latent risk of infection.

The infection-reducing benefits of these conformist atti-
tudes may be realized most strongly in behavioural domains
that have the most direct implications for exposure to parasites
(e.g. food preparation, personal hygiene, mating). Therefore, as
a means of preventing infection, one might expect people to be
especially inclined to conform—and to encourage others to
conform—in those domains. But this behavioural strategy is

unlikely to be limited to just those domains. Given the adap-
tive tendency for risk-avoidant responses to over-generalize
[24,25], conformist attitudes in any domain may, to some
extent, reflect an underlying motive to avoid infection.

(b) Context-contingent responses

Although conformity (by self or others) may have been ben-
eficial as a means of reducing the spread of infectious
diseases in pre-industrial societies, it may also have been
associated with costs as well. Consequently, just as the avoid-
ance strategy is engaged in a flexible, context-contingent
manner, so too is the conformity strategy. Under conditions
in which available information implies that an individual is
relatively invulnerable to infection, conformist attitudes are
likely to be relatively muted; but under conditions in which
individuals are—or merely perceive themselves to be—
more vulnerable to potential infection, they are likely to
show a stronger tendency to conform to local norms, and
also to more strongly encourage others to conform.

Much empirical research reveals that people exhibit more
conformist attitudes under conditions in which they perceive
that they are more vulnerable to infection. The most obvious
manifestation emerges on individuals” own tendency toward
behavioural conformity: when people perceive that they are
more vulnerable to infection, they more readily conform to
local norms [14,43]. In one illustrative experiment [14], par-
ticipants were exposed to an experimental manipulation
that made salient their vulnerability either to infectious dis-
eases, or to other dangers, or to no dangers at all. Shortly
thereafter they completed a measure assessing conformity
to majority opinion. Results showed that, compared with
the control conditions (including the condition in which
other dangers were salient), people were especially likely to
conform when the threat posed by infectious diseases was
especially salient (figure 2). Thus, while other threats
may also facilitate conformity [44], the perceived threat of
infection appears to have an especially potent effect in
promoting conformity behaviour.
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Conceptually similar effects have been found on general
dispositions and attitudes. Under conditions in which people
perceive that they are more vulnerable to infection, they are
less open to new experiences and new ideas, they more
strongly support conformist actions by others, they express
greater dislike for non-conformists, and they make harsher
moral judgements about people who violate social norms
[14,36,45]. There are implications also for conservative political
attitudes, which are characterized by attitudinal defence of cul-
tural traditions. When people experience disgust, or in some
other way are led to perceive that they are more vulnerable
to infection, they express more conservative political attitudes
[46]. In one experiment [47], people entering a public building
were recruited to complete a brief questionnaire assessing pol-
itical attitudes. They were randomly assigned to do so in one of
two different locations. In one condition (a control condition)
they were asked to ‘step over to the wall to complete the ques-
tionnaire’, and they proceeded to report their political attitudes
in a location that offered no apparent reminders of infectious
diseases. In the other condition, they were asked to ‘step over
to the hand-sanitizer dispenser to complete the questionnaire’,
and proceeded to report their political attitudes while standing
next to an anti-bacterial hand-sanitizer dispenser—a perceptual
reminder of the threat posed by bacterial infections. In the latter
condition (compared with the control condition), people
endorsed more conservative political attitudes.

These effects of perceived vulnerability on conformist
attitudes are complemented by conceptually analogous corre-
lations observed in cross-national comparisons. In countries
that have historically had higher levels of parasite prevalence,
people show greater tendencies toward behavioural confor-
mity, impose stronger conformity pressures on others, more
strongly endorse moral values pertaining to group loyalty
and purity, and also more strongly endorse collectivistic
values [48-50]. These outcomes manifest not only in the atti-
tudes and actions of individuals but also are institutionalized
in the form of more authoritarian government policies [51,52].

4. These social attitudes may have positive
health implications in modern societies

The empirical research summarized above reveals that the
avoidance strategy and the conformity strategy both have
important consequences for social attitudes and behaviour.
Although conceptually distinct, these various consequences
are likely to have had functionally beneficial implications
for health outcomes (and for fitness) within ancestral popu-
lations characterized by substantial burdens of infectious
diseases. It remains unclear, however, whether these same
behavioural consequences have positive implications for
health outcomes in modern human societies.

(a) Evidence bearing on individual health outcomes

With one exception, there is a rather limited body of empirical
research addressing the effects that avoidant and conformist
social attitudes have on contemporary human health outcomes.
Sexual behaviour is the one relevant domain of behaviour that
has attracted sustained research attention. Evidence reveals that
individuals who are more inclined to use condoms and who
have more restricted (e.g. less promiscuous) attitudes towards
mating are less likely to contract sexually transmitted diseases

and, consequently, may be less likely to develop additional [ 5 |

health problems too [53-55]. Outside of the sexual domain,
scant evidence exists that these behavioural strategies have ben-
eficial effects for individuals” health outcomes in contemporary
human societies. One recent study [56] found no evidence that
incidence of illness was predicted by sensitivity to disgust (the
emotional experience associated with behavioural avoidance of
infectious things). A few additional studies have focused more
directly on avoidant social attitudes and provide some prelimi-
nary evidence that these attitudes may be associated with
beneficial health outcomes. One study found that people who
reported engaging in more parasite-avoidant behaviour (includ-
ing unwillingness to have contact with potentially infectious
people) also reported being in generally better health [57].
There is also some evidence that people who are less gregarious
also report better health outcomes, including reduced incidence
of infectious diseases; but these effects are modest in size and are
qualified by other variables [58,59]. To our knowledge, there is
no compelling evidence linking psychological phenomena
such as xenophobia, conformity or political conservatism to
reduced rates of infection.

The paucity of directly relevant empirical evidence is
perhaps unsurprising, given that it is only recently that
psychological research has revealed that the behavioural
immune system has implications for gregariousness, xeno-
phobia, conformity and other conceptually related attitudes.
It will be important for future research to rigorously test
whether these social outcomes might actually have positive
health implications in contemporary human populations. In
doing so, it will be useful to examine effects of individuals’
attitudes not only on their own health outcomes but also
on population-level epidemiological outcomes too.

(b) Potential implications for epidemiological outcomes
In order to identify plausible linkages between individual-level
behavioural decisions and population-level epidemiological
outcomes, it is useful to refer to the basic reproduction number
(Rg) employed in many epidemiological models [60]. R¢ rep-
resents the average number of secondary cases produced by
an infectious individual during the period of time in which
that individual is infectious. For diseases that spread via direct
or indirect social contact, Ry is typically computed as a function
of three parameters: (i) the average length of time that infected
individuals remain infectious; (ii) the number of susceptible
people that individuals have contact with per unit of time;
and (iii) the probability that the infection will actually be trans-
mitted per contact. Although the first of those parameters may
not be meaningfully affected by social behaviour, the latter
two parameters are likely to be affected—with further impli-
cations for Ry and, consequently, for epidemiological outcomes.

For instance, drawing on empirical results reviewed
above, one might predict that (compared with circumstances
in which people are relatively unconcerned with disease)
when people perceive some increased vulnerability to dis-
ease, they will have reduced numbers of sexual partners
and may also be more inclined to use condoms during
sexual intercourse. The first of these behavioural outcomes
reduces potential opportunities for transmission of sexually
transmitted infections; the second reduces the probability of
transmission per opportunity. Jointly, the logical implication
is a lower value for Ry and, consequently, a slower rate of
infection within the susceptible population.
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A similar predictive calculus applies to the epidemiologi-
cal implications of gregariousness. When people perceive
some increased vulnerability to disease, they may interact
with relatively fewer people, which reduces potential opport-
unities for transmission of diseases that are transmitted via
interpersonal interaction. This leads to a lower value for Ry
and a slower rate of infection within the population.

Xenophobia also has potential epidemiological impli-
cations—not so much for the speed of spread within a
particular ethnic or cultural population, but for the potential
that a disease might spread more widely to additional ethnic
or cultural populations as well. People who perceive themselves
to be more vulnerable to infection not only express more exclu-
sionary attitudes toward foreigners, they also are less likely to
engage in behaviours—such as international air travel—that
put them in contact with foreign peoples [61]. This in turn
makes it more likely that a disease outbreak may be contained
within an ethnic or cultural population, rather than spreading
to additional ethnic or cultural populations.

Positive implications for epidemiological outcomes may
also follow from the effects that infection risk has on confor-
mity behaviour and authoritarian attitudes. If indeed
existing cultural traditions—such as those governing food
preparation—do serve as useful barriers against disease trans-
mission, then conformity to those norms would be expected to
reduce Ry and inhibit rates of infection. Authoritarian attitudes
typically imply willingness to obey the commands of authority
figures. Obedience of this sort may lead to greater compliance
with government-mandated policies or laws that are often
enacted as emergency measures during times of epidemic out-
breaks and are designed to retard or contain the spread of
infection. Of course, these positive implications of conformity
and obedience are predicated upon the assumption that
the relevant norms and policies are ‘good” ones—that they
actually do retard or contain the spread of infection. This
assumption does not always hold; and when it does not,
then increased tendencies toward conformity and obedience
may not reduce infection rates at all, and may instead contrib-
ute to more dire epidemiological outcomes. One such example
occurred when South African government officials persisted in
supporting traditional but dubious dietary remedies (e.g. beet-
root, garlic, beer) as a treatment for AIDS, while opposing
effective antiretroviral therapies [62].

This last example illustrates the possibility that, in modern
societies, the health implications of the behavioural immune
system may not always be positive. In the following section,
we explore this theme more fully, and identify specific negative
health outcomes that might plausibly follow from the social
attitudes associated with anti-parasite defence.

5. These social attitudes may also have negative
health implications in modern societies

Human behavioural strategies of anti-parasite defence are
dependent upon many different underlying neural mechan-
isms, some of which are evolutionarily ancient (and are
common across many mammal species [63]) and others that
are likely to have evolved relatively recently (some of
which may even be unique to humans). Regardless of their
relative antiquity, one thing is clear: these mechanisms
evolved under ecological circumstances that are different
from the circumstances that characterize many modern

human populations. Two differences are especially relevant. [ 6 |

First, in most parts of the modern world, people live longer
lives now than they did in ancestral populations. Second,
recent technological advances are such that, in many
modern populations (especially within economically devel-
oped countries), infectious diseases pose a much less potent
threat to human health than they did even a hundred years
ago [64]. Thus, while evolved behavioural strategies for
parasite-avoidance might still offer the same specific health
benefit (reduced risk of contracting infectious diseases) that
they provided throughout much of human history, these
behaviours may be associated with different kinds of health
problems—especially problems that are more likely to mani-
fest as one ages—that matter greatly in modern societies.
Furthermore, as we discuss more fully below, there may be
negative effects even on infection risk.

This theme—that psychological mechanisms adapted to
ancestral ecologies may not be adaptive, or even healthy, in
modern ones—is not specific to the behavioural immune
system. Indeed, the ‘mismatch’ between adaptations and con-
temporary human ecologies is an important principle in the
field of evolutionary medicine [65,66]. A well-known example
is the gustatory affection that humans have for fats and
sugars. In ancestral ecologies characterized by short lifespans
and scarcity of food supplies, the disposition to devour fats
and sugars is likely to have had benefits that outweighed
costs. In modern human ecologies characterized by long life-
spans and an abundance of readily available processed foods,
this same disposition contributes to morbid obesity, diabetes,
heart disease and other serious health problems.

Perhaps an even more topical example lies in research
linking human perception to immunological defences. Recent
experiments reveal that the visual perception of infection-
connoting stimuli leads to more vigorous immunological
responses to infection [67-69]. For instance, one study [67]
found that, compared with a control condition (in which percei-
vers saw photos connoting the threat of interpersonal violence),
when perceivers saw photos depicting other people suffering
from infectious diseases, their white blood cells produced more
pro-inflammatory cytokines in response to a bacterial stimulus.
Exaggerated pro-inflammatory responses can have obvious
immediate health benefits (by helping to prevent infections
from becoming established). Less obviously, however, there is
the potential for long-term health costs—because persistent acti-
vation of immunological responses can lead to detrimental effects
on individuals” immune functioning later in life [70]. Any such
long-term costs were unlikely to have had much impact on
health and fitness under ecological circumstances in which life-
spans were relatively short. But in modern societies in which
lifespans are longer, these long-term negative consequences for
individuals’ health outcomes may be non-trivial.

Similarly, behavioural anti-parasite defence strategies
adapted to ancestral ecologies may also have negative impli-
cations for health outcomes in modern societies. In the
following paragraphs, we revisit some of the attitudinal
phenomena reviewed above and identify potential negative
implications that they may have for individual- and
population-level health outcomes in the modern world.

(a) Potential health costs of reduced gregariousness
Consider first the inhibiting effects that the perceived threat
of infection has on gregariousness. This response may help
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prevent infection under conditions in which contact with
other people actually poses a substantial risk of contracting
debilitating infections. But this health benefit may be negli-
gible in many contemporary societies characterized by
technological advances in public health (which reduce the
likelihood of contracting infections) and medical care
(which reduces the likelihood that an infection actually
becomes debilitating). Furthermore, the infection-specific
costs of social interaction must be weighed against the
broader health benefits associated with social interaction—
benefits that are especially likely to be realized within
modern populations characterized by long lifespans. Individ-
uals who are less gregarious have smaller networks of
friends, which puts them at greater risk for loneliness and
insufficient social support in times of need—both of which
are associated with poorer health outcomes ([71-74]; see
also Hawkley & Capitanio [75]). Especially relevant perhaps
is the fact that people who are socially disconnected experi-
ence greater cumulative stress over the course of their lives.
In the words of Cacioppo et al. [71, p. 72] ‘this stress contrib-
utes to wear and tear on individual organs (e.g. the heart) and
deterioration of regulatory mechanisms (e.g. homeostasis) in
the brain and body. As a consequence, the health of lonely
individuals fails sooner than the health of nonlonely individ-
uals’. Cumulative stress may have been a relatively minor
health concern (and have had negligible implications for
reproductive fitness) in ancestral populations. But, in many
modern societies—in which the objective risk of contact
with truly dangerous parasites is small but individuals’
subjective sense of vulnerability to infection remains easily
aroused, and in which people live relatively long lives—the
potential for long-term negative health consequences cannot
be so easily dismissed.

(b) Potential health costs of xenophobic attitudes
Xenophobic attitudes can also have costs that—within
modern human societies—may outweigh the benefits with
which they were presumably associated in ancestral ecol-
ogies. These costs are likely to emerge even (and perhaps
especially) under conditions in which infectious diseases do
pose a serious health threat. There are several reasons. One
reason arises from tendency to blame foreigners and ethnic
out-group members for novel disease outbreaks [76]. There
are many examples, both classic (many Europeans blamed
Jews for outbreaks of the Black Death in Europe during the
fourteenth century [77]) and contemporary (e.g. scapegoating
of Chinese immigrants for outbreaks of SARS in North
America [78]). Xenophobic explanations may be psychologi-
cally appealing to people terrified of diseases with
mysterious origins, but (as illustrated by the examples ident-
ified above) these explanations are often wrong. Indeed,
because people tend to be ‘satisficers’ [79] when it comes
to explanations, these appealing-but-erroneous explana-
tions may reduce efforts to seek further explanations that
might actually be accurate, and so may actually inhibit the
discovery of effective solutions to disease outbreaks.
Xenophobic explanations sometimes take the form of con-
spiracy theories (e.g. black Africans blaming AIDS on the
white governments of non-African countries [62,80]) that,
like the disease outbreaks they attempt to explain, can
spread rapidly within cultural populations [81]. Individuals’
belief in conspiracy theories is trait-like: people who believe

in any one conspiracy theory tend to believe also in other con-
spiracy theories [82]. Consequently, to the extent that people
attribute disease outbreaks to the shady dealings of foreign
governments, they may also be more likely to distrust their
own local governments as well. In the modern world, local
government programmes provide real health benefits and
real buffers against disease (e.g. government-mandated vacci-
nation programmes). Distrust of these programmes can lead
to a failure to take part in them [83,84], with negative
health consequences for oneself and also for others.

Xenophobia may also promote distrust of aid provided by
foreign nations and transnational non-governmental organiz-
ations. This attitude can have problematic health implications
especially within developing nations, given that these nations
are especially likely to be offered aid from foreign govern-
ments and from transnational organizations that provide
useful resources for combating infectious diseases and other
health problems. In 2003, for instance, distrust of Western gov-
ernments led three states in northern Nigeria to boycott a polio
vaccination programme sponsored by the World Health
Organization [85]. More broadly, to the extent that people—
or their local government representatives—are distrustful of
subjectively ‘foreign” medical resources, the potential benefits
of those resources are likely to be underutilized.

(c) Potential health costs of conformist attitudes
Individuals” access to beneficial health resources may also be
inhibited by conformist attitudes. The anti-parasite benefits
of conformity are predicated upon ecological circumstances
characterizing pre-industrial societies, within which epidemio-
logical knowledge was minimal and adherence to existing
behavioural rituals provided a principle means of minimizing
parasite transmission [42]. These benefits are negligible in
many contemporary societies—especially those within which
there exist better buffers against disease transmission (e.g.
public health infrastructure) and many additional means of
limiting the health costs associated with infection when it
does occur (e.g. antibiotic medications and other medical inter-
vention strategies). Within these societal contexts, individuals
who adhere to old-fashioned rituals and norms may experi-
ence poorer health outcomes than individuals who more
willingly accept, and adopt, newer and better ways of doing
things. Conformist attitudes also inhibit scientific and techno-
logical innovation [86], and thus may limit the likelihood that
individuals will discover new strategies for preventing infec-
tion, treating infection or for minimizing health problems
more generally. One ironic, and troubling, implication is that
many people who are most likely to benefit from new strat-
egies—individuals living in ecologies in which parasites are
most prevalent—may be attitudinally disinclined to seek out
or adopt such strategies.

(d) Further implications for population-level health

outcomes
Xenophobic and conformist attitudes may not only prove
costly to individuals’ own health outcomes, but may have
negative population-wide health implications too. Some of
these population-level outcomes follow from the mathematical
logic of epidemiology. For instance, whether motivated by
xenophobia or by the psychological appeal of conforming to
existing traditions, if individuals fail to avail themselves of
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effective new strategies for the prevention of infection (e.g. vac-
cines), this behavioural decision increases the likelihood that
they will become infected and, consequently, will transmit
the infection to others. The resulting increase in Ry implies a
faster rate of infection within the population and, potentially,
the emergence of otherwise preventable epidemics.
Additional population-level health consequences follow
from the fact that, in many modern societies, individuals” atti-
tudes influence the laws and public policies created by
governments. Recall that the perceived threat of infection can
lead individuals to endorse more conservative political atti-
tudes [46]. To the extent that these perceptions are shared
widely within a population (as they may be whenever infectious
diseases receive wide coverage in popular media), one potential
implication is the election of more conservative politicians
and the formation of governments with more conservative
political platforms. These platforms inform the passage of
policies, budgets and laws that can have enduring effects on
population-wide health outcomes. The exact nature of those
enduring health outcomes may depend on exactly how conser-
vatism manifests within the local political context, and on
whatever the existing health-relevant cultural traditions might
be. In contexts in which long-standing healthcare programmes
and policies are generally effective in serving the health needs
of the populace, conservation of those programmes and policies
may have generally positive consequences for public health.
However, in other contexts—in which traditional programmes
and policies do a relatively ineffective job of serving public
healthcare needs—conservative political ideologies may inhibit
the passage of novel healthcare policies that could otherwise
provide health benefits to substantial numbers of people.

6. Concluding comments

Human behavioural decision-making is governed by a ner-
vous system that evolved over many millions of years, under
ecological circumstances that are similar to, but different
from, the circumstances under which most people live today.
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Among the similarities is the presence of disease-causing
parasites. Among the differences are the species of parasites
themselves, the magnitudes of the health threats posed by
these parasites and the means available to mitigate those
threats. Because of the similarities, behavioural strategies
that served an infection-avoidance function in the evolution-
ary past may still serve that function and, consequently, have
positive implications for human health outcomes. But, because
of the differences, these behavioural strategies can also have
negative implications for health outcomes in the modern
world. In terms of their net impact on human health, the
benefits of these behavioural strategies are most likely to
exceed their costs within contemporary contexts under
which the health costs posed by infectious diseases are rela-
tively high and under which other means of mitigating that
threat are largely unavailable. By contrast, under ecological
conditions in which the risk of contracting a debilitating infec-
tion is relatively low and there exist effective means of treating
such infections if they do occur, the potential health benefits of
those behavioural strategies may be outweighed by their costs.

Although there is a substantial body of recent empirical
research linking the behavioural immune system to specific
aspects of human social cognition and behaviour [5], there
remains a real need for empirical research that rigorously
tests hypotheses about the further consequences for actual
health outcomes of various kinds. By identifying some of
these plausible implications, we hope that this article may
help motivate such research.
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