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Abstract

Behavioral Immune System theory posits that in response to pathogenic threats,
humans have evolved a specialized set of behavioral response tendencies, in-
cluding vigilance toward and disgust for disease cues, preference for healthy
mates, rejection of out-groups, endorsement of collectivism, and so forth. Ex-
isting research has primarily been conducted at two levels: macro (group) and
micro (individual). While numerous findings support this theory, there also
exist many inconsistent or even contradictory results. Deficiencies in research
methodology, theoretical underpinnings, and modern applicability may account
for this situation. Future research should address these issues, further expand
the theoretical scope, examine the boundaries of the theory and related research,
and investigate the physiological mechanisms underlying behavioral immunity,
among other directions.
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Abstract

The theory of Behavioral Immune System (BIS) posits that to cope with pan-
demic stress, human beings have evolved a series of behavioral response ten-
dencies, including vigilance toward and disgust of disease cues, preference for
healthy mates, rejection of outgroups, and endorsement of collectivism. Existing
research has primarily been conducted at two levels: macro (group) and micro
(individual). While numerous studies have produced supportive evidence for
the theory, many inconsistent or even contradictory findings have also emerged.
Deficiencies in research methods, theoretical foundations, and modern appli-
cability may account for these discrepancies. Future research should address
these issues, further expand the scope of the theory, examine the boundaries
of the theory and related research, and explore the physiological mechanisms
underlying behavioral immunity.

Keywords: pandemic; behavioral immune system; infectious disease

Human history is a chronicle of struggle against various threats. Among these
threats—including natural disasters and war—disease, particularly pandemics,
ranks foremost. Statistics show that throughout human history, pandemics
have claimed more lives than all other catastrophes combined (WHO, 2015). As
an invisible yet devastating threat, pandemics have profoundly shaped human
history and cultural psychology. Since the 1940s, pandemic outbreaks worldwide
have been increasing (Jones et al., 2008). Even in the technologically advanced
21st century, pandemics continue to pose grave threats. Coronaviruses (e.g.,
SARS-CoV, MERS-CoV, COVID-19), Nipah virus, Ebola virus, and influenza
have caused immense loss of life and property. The COVID-19 outbreak that
began in late 2019 evolved into a rare global pandemic in 2020.

To combat pandemic threats, humans have developed a suite of defensive be-
haviors over our long evolutionary history, such as disgust toward disease cues,
rejection of outgroups, and adherence to social norms. To understand these
behaviors, researchers have proposed the Behavioral Immune System theory
(Murray & Schaller, 2016; Schaller, 2006; Schaller & Park, 2011).

Over the past decade, researchers have conducted numerous studies on the be-
havioral immune system. While these studies have generated substantial sup-
portive evidence, many findings are inconsistent with or even contradictory to
the theory. Moreover, many scholars have questioned the theory’ s theoretical
foundations, physiological mechanisms, modern applicability, and ecological va-
lidity (Ackerman et al., 2018; De Barra & Curtis, 2012; Hruschka et al., 2014;
Shakhar, 2019; Tybur et al., 2014).

Several review articles and chapters have summarized the behavioral immune
system theory and its supporting evidence, both in English (Ackerman et al.,
2018; Murray & Schaller, 2016; Shook et al., 2017) and Chinese (R=i, KE,
2011). A common feature of these reviews is that they organize past research
by content or theme, such as attention, facial preferences, mate preferences, in-

chinarxiv.org/items/chinaxiv-202008.00060 Machine Translation


https://chinarxiv.org/items/chinaxiv-202008.00060

ChinaRxiv [$X]

tergroup relations, and cultural values. However, these categorizations overlook
a crucial point: studies under each theme include both micro- or individual-
level research and macro- or group-level research. These two levels of research
are often treated as equivalent, creating the impression that patterns at the
group level can be generalized to the individual level and vice versa. In reality,
however, patterns at the individual and group levels are theoretically and em-
pirically independent. Findings at the individual level may not generalize to the
group level, and vice versa (Tybur et al., 2014; Na et al., 2010). Otherwise, re-
searchers risk committing ecological fallacy or individualistic fallacy (Eckersley,
2010; Eckersley & Dear, 2002; Robinson, 1950). Furthermore, previous reviews
have focused primarily on evidence supporting the behavioral immune system
theory, paying little attention to findings inconsistent with the theory and even
less to the possible reasons behind such inconsistencies.

In light of these limitations, this paper breaks free from thematic and content
constraints to organize existing literature from both group and individual per-
spectives. Our goal is to clarify: (1) which findings are at the individual level
and which are at the group level; (2) which studies are cross-level; (3) which
findings at each level are consistent or inconsistent with the behavioral immune
system theory; and (4) which findings are consistent or inconsistent across the
two levels. Based on this novel organization and the identified inconsistencies,
we explore potential reasons for these discrepancies and point out directions for
future research. Below, we first provide a brief introduction to the behavioral
immune system (for more details, see Murray & Schaller, 2016; Schaller, 2006;
Schaller & Park, 2011).

2. Behavioral Immune System Theory

Pandemics pose a tremendous threat to humans and represent one of the im-
portant selective pressures in human evolution. To combat pathogen threats,
humans have evolved a behavioral immune system over our long evolutionary
history. Unlike the physiological immune system, which reacts passively after
pathogens invade the body, the behavioral immune system is a preventive im-
mune response aimed at blocking pathogen entry through various means. This
behavioral immune response has two main forms: reactive and proactive behav-
ioral responses. When individuals perceive immediate contagion risk in their
environment (e.g., smelling foul odors or seeing others’ suffering), they imme-
diately exhibit reactive avoidance behaviors, such as stricter sexual attitudes
(Duncan et al., 2009; Murray, Jones, & Schaller, 2013; Schaller & Murray, 2008),
greater willingness to use condoms (Tybur, Bryan, Magnan, & Hooper, 2011),
and avoidance of sick individuals (Park et al., 2003; Park et al., 2007). Reac-
tive behaviors aim to reduce current infection risk, whereas proactive responses
aim to reduce long-term disease threats. For example, when facing long-term
pathogen threats, people place greater value on physical attractiveness, symme-
try, and secondary sexual characteristics in mates as health signals (Gangestad
& Buss, 1993; Hill et al., 2015; Lee et al., 2015; Young et al., 2011), because
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these health indicators not only reduce one’s own risk of infection but also confer
more robust immune genes to offspring (Tybur & Gangestad, 2011). Thus, both
forms of behavioral immune responses can reduce infectious disease threats to
individuals, their offspring, and ingroup members.

Because pathogens are invisible, the behavioral immune system has two key
characteristics to maximize identification and avoidance of pathogen threats:
overgeneralization and functional flexibility. Overgeneralization refers to the
tendency of the behavioral immune system to be overly sensitive to or over-
generalize disease-related signals. Some researchers have aptly termed this the
smoke detector principle (Haselton & Nettle, 2006; Nesse, 2005): just as smoke
detectors may sound alarms in response to minor cooking fumes, the behav-
ioral immune system may treat all contagious and non-contagious physical and
psychological abnormalities as pathogen signals, including disfigurement (Ack-
erman et al., 2009; Miller & Maner, 2011; 2012), disability (Park et al., 2003),
obesity (Lund & Miller, 2014; Park, et al., 2007), and aging (Duncan & Schaller,
2009; Miller & Maner, 2012), subsequently triggering psychological and behav-
ioral responses. Although these signals may trigger false alarms, the cost of
such errors is much smaller than the cost of missing genuine disease threats.

Functional flexibility means that the activation of the behavioral immune system
is regulated by both environmental cues and individual pathogen susceptibility
(e.g., Schaller, 2015; Schaller & Neuberg, 2012). Because not all environments
pose the same level of infection threat and not all individuals have the same
susceptibility, and because behavioral immunity carries costs, the behavioral im-
mune system requires flexibility in weighing the costs and benefits of pathogen
avoidance to maximize benefits and minimize costs. When environmental cues
suggest greater pathogen threat, such as dirty environments or regions with
high pandemic incidence, individuals are more likely to activate their behav-
ioral immune system. For the same environmental cues, individuals with higher
pathogen susceptibility are more likely to perceive them as pathogen signals. In
other words, when individuals have higher susceptibility to disease, even rela-
tively weak pathogen cues can activate their behavioral immune system.

3. Empirical Research and Findings

Based on behavioral immune system theory, researchers have conducted nu-
merous studies over the past two decades. These studies have primarily been
carried out at two levels: macro or group level (country and region), and micro
or individual level. The former mainly examines relationships between historical
pandemic incidence or stress at the group level and social, cultural, psychologi-
cal, and behavioral variables (e.g., dietary habits, mate preferences, intergroup
attitudes, individualism-collectivism values). The latter mainly examines rela-
tionships between objective disease cues or subjective disease concerns and var-
ious psychological and behavioral outcomes (e.g., attention, cognition, emotion,
attitudes, values, behaviors). Below, we introduce research at these two levels
separately, highlighting findings inconsistent with behavioral immune system
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theory.

3.1 Macro or Group-Level Research

These studies primarily use publicly available archival data to examine relation-
ships between historical pandemic incidence or stress at the group level and
group psychology and behavior. Researchers have assessed pandemic incidence
or stress through three main methods: (1) summing scores of various pandemic
impact magnitudes present in a country or region (e.g., Fincher & Thornhill,
2008; Schaller & Murray, 2008); (2) summing the number of infectious disease
outbreaks in a country or region (Thornhill et al., 2010), or using infectious
disease incidence and mortality data recorded by the World Health Organiza-
tion or local disease control centers (e.g., Fincher & Thornhill, 2012); and (3)
using infant mortality rates and overall life expectancy as indirect indicators of
pandemic stress (e.g., White et al., 2013). For various group psychological and
behavioral indicators, researchers primarily use publicly available data, such as
previously published data (e.g., on individualism and collectivism, Fincher et al.,
2008), government-released data (e.g., U.S. election voting data, Beall, Hofer,
& Schaller, 2016), and internet data (e.g., Google pandemic search data, Beall
et al., 2016).

To date, group-level research findings consistent with behavioral immune system
theory mainly show that in regions with high pandemic stress or threat: (1)
people adhere more to collectivist values and obey group norms (Fincher et al.,
2008; Murray et al., 2011; Thornhill et al., 2010); (2) people’ s political ideology
is more conservative, they exhibit more authoritarian personality traits, and
they support authoritarian governments (Murray, Schaller, & Suedfeld, 2013;
Terrizzi et al., 2013; Tybur et al., 2016); (3) people are more prejudiced against
outgroups and trust outgroup members less (Fincher & Thornhill, 2012; Fincher,
et al., 2008; O’ Shea et al., 2020; Zhang, 2018), while ingroup relationships are
tighter (Fincher & Thornhill, 2012); (4) people show lower extraversion and
openness but higher conscientiousness (Schaller & Murray, 2008; Thornhill et
al., 2010); (5) people prefer more attractive, symmetrical, and healthy faces
and bodies (De Barra et al., 2013; DeBruine, Jones, Crawford et al., 2010;
Gangestad, & Buss, 1993; White et al., 2013); (6) people have lower preference
for second-hand items and higher valuation of new products (Huang et al., 2017);
and (7) there are more religious or religious institutions (Fincher & Thornhill,
2008, 2012). In summary, people in high pandemic incidence regions tend to be
more conservative, obedient, xenophobic, traditional, and collectivist.

However, some studies have found results inconsistent with behavioral immune
system theory. For instance, Ross and Winterhalder (2016) followed Fincher and
Thornhill’ s (2012) research approach, and after controlling for archival data on
epidemics and individual-level socio-cultural variables, used Bayesian models
for reanalysis. They found results opposite to Fincher and Thornhill (2012):
higher pathogen prevalence was associated with greater support for democrati-
zation, less endorsement of collectivist values, and lower religiosity. Cashdan
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and Steele (2013) recoded pandemics across 186 countries and analyzed rela-
tionships between pandemics and cultural values and outgroup bias. Their
results supported greater collectivism in high-pathogen regions but failed to
replicate the relationship between pandemics and outgroup bias. Pollet (2014)
reanalyzed data from Murray, Schaller, and Suedfeld (2013) and found that
infectious disease stress was not a predictor of authoritarianism. Walter et
al. (2020) surveyed 14,399 participants across 45 countries regarding mate pref-
erences (e.g., importance of physical attractiveness, intelligence) and collected
data on these countries’ pathogen stress indicators, economic indicators (GDP),
gender equality, and religiosity. Using multilevel models, they found no signif-
icant relationship between pathogen stress and mate preferences. Grossmann
and Varnum (2015) conducted a dynamic analysis of the relationship between
pandemics and individualism-collectivism in the United States over more than
a century, finding that pandemics positively predicted increased individualism
among Americans. Zhang (2018) analyzed pandemic indices from 80 countries
and regions alongside data on ingroup and outgroup trust from the fifth and
sixth waves of the World Values Survey. The results showed a curvilinear re-
lationship between pathogen stress and trust in outgroup members: people
in regions with moderate pathogen stress trusted outgroup members less than
those in low- and high-pathogen stress regions.

3.2 Micro or Individual-Level Research

Micro or individual-level research consists of two main types. The first is ex-
perimental research conducted in laboratories, which can reveal causal relation-
ships between disease-related factors and psychological and behavioral responses.
These studies examine changes in psychological and behavioral reactions after in-
dividuals are exposed to pandemic-related threat manipulations or primed with
disease-related stimuli (Tybur et al., 2014). The second is correlational research
based on individual differences, focusing on relationships between disease-related
factors and psychological and behavioral tendencies. These studies mainly ex-
amine relationships between subjective disease susceptibility, disgust sensitivity,
perceived disease threat, disease avoidance motivation, and other psychological
and behavioral tendencies. Below, we introduce the main findings of these two
types of research.

3.2.1 Experimental Studies Findings from experimental studies consistent
with behavioral immune system theory mainly include: (1) Pathogen cues affect
cognition. Specifically, after being primed with pathogen threat, participants
become more sensitive to disease-related people or objects, pay more atten-
tion to disfigured faces (Ackerman et al., 2009; Stone & Potton, 2017), show
more accurate memory for disease-related items (Ganesan & Dar-Nimrod, 2019;
Ganesan et al., 2019; Gretz & Huff, 2019), have better recognition ability for
infectious disease faces (Tskhay et al., 2016), show higher resolution ability for
graphics (Nussinson et al., 2018), and prefer opposite-sex individuals with more
sexual characteristics and symmetrical faces (Little et al., 2011; White et al.,
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2013). (2) Disease threat affects ingroup and outgroup attitudes. Specifically,
after pathogen threat priming, participants show higher ethnocentrism (Navar-
rete & Fessler, 2006), higher outgroup prejudice (Faulkner et al., 2004; O’ Shea
et al., 2020), and prejudice against certain special groups such as immigrants,
homosexual individuals, and obese people (Buckels & Trapnell, 2013; Faulkner
et al., 2004; Huang et al., 2011; Inbar, Pizarro, & Bloom, 2012; Park et al.,
2007; Tybur & Lieberman, 2016). (3) Disease threat affects moral judgment.
Specifically, after disgust emotion priming, participants more strongly condemn
moral norm violations (Erskine et al., 2011; Murray & Schaller, 2012), especially
violations related to sexual purity (Horberg et al., 2009). (4) Disease threat af-
fects sexual attitudes and strategies. Specifically, after disease threat priming,
participants report greater willingness to use condoms in future sexual behavior
(Tybur, Bryan, Magnan, & Hooper, 2011) and significantly decreased desire for
short-term mating (Al-Shawaf et al., 2018). (5) Disease threat affects social
values. Specifically, after pathogen threat priming, participants are less willing
to take risks (Prokosch et al., 2019), show higher conformity attitudes and be-
havioral tendencies (Murray & Schaller, 2012; Wu & Chang, 2012), and more
strongly support collectivist social strategies and conservative political ideology
(Brown et al., 2016; Oosterhoff, Shook, & Ford, 2018). (6) Disease threat also af-
fects personality, with participants reporting lower extraversion, openness, and
agreeableness under pathogen threat conditions (Mortensen & colleagues, 2010).

However, some studies have found results inconsistent with behavioral immune
system theory. For example, some research found that priming disease threat
does not affect participants’ facial preferences (Brown & Sacco, 2016). When
expecting greater future disease threat, female participants showed stronger de-
sire for new partners and more partners compared to control conditions (e.g.,
expecting future economic recession) (Hill et al., 2015). Olatunji and Puncochar
(2016) found that participants’germ disgust tendency was significantly positively
correlated with evaluations of severe moral violations but not with evaluations
of mild or moderate moral violations. After priming disgust or neutral emo-
tions, participants in the disgust condition actually evaluated moderate moral
violations less harshly than those in the neutral condition.

3.2.2 Correlational Studies Main findings from this type of research in-
clude: (1) Individuals with higher disgust and sensitivity to pathogen-related
cues show greater support for collectivist values (Terrizzi et al., 2014; Terrizzi
et al., 2013), more xenophobia (Aarge et al., 2017; Navarrete & Fessler, 2006;
O’ Shea et al., 2019), less preference for novel or foreign foods (Al-Shawaf et al.,
2015), stronger obedience (Murray & Schaller, 2012; Wu & Chang, 2012), and
more conservative political attitudes and religious beliefs (Aarge et al., 2017;
Beall et al., 2016; Brenner & Inbar, 2015; Smith et al., 2011; Terrizzi et al.,
2010, 2012; Terrizzi et al., 2014). (2) Individuals with high disease susceptibil-
ity or who perceive themselves as highly susceptible prefer more symmetrical
and healthy opposite-sex faces and bodies (DeBruine et al., 2010; Jones et al.,
2013; Lee et al., 2013; 2015; Little et al., 2011; Nussinson et al., 2018; Tybur
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& Gangestad, 2011; Young et al., 2011) and hold more conservative sexual atti-
tudes, rejecting promiscuity more strongly (Duncan et al., 2009; Murray, Jones,
Schaller et al., 2013). A study during the Ebola outbreak found that higher per-
ceived susceptibility to Ebola virus was associated with more reported outgroup
rejection reactions, with collectivism (or individualism) playing a moderating
role: the relationship between perceived Ebola susceptibility and xenophobia
was stronger among those with lower collectivism (or higher individualism) (Kim
et al., 2016). (3) Individuals with high disease avoidance motivation or tendency
show lower extraversion and openness but higher neuroticism and conscientious-
ness (Oosterhoff, Shook, & Iyer, 2018). (4) Higher anxiety and worry about
influenza are associated with greater likelihood of adopting self-protective be-
havioral strategies such as reducing contact with others, hand disinfection, and
mask-wearing (Puterman et al., 2009; Wheaton et al., 2012), and with greater
implicit prejudice against homosexual individuals (Inbar et al., 2016).

However, some findings are inconsistent with behavioral immune system theory.
For example, some research found that the relationship between disgust sensi-
tivity and conservatism is contextual and depends on disgust elicitors, with no
significant overall relationship between disgust sensitivity and political orienta-
tion (Elad-Strenger et al., 2020). Other studies found that disease avoidance
motivation cannot predict individuals’ mate preferences (Hadley & Hruschka,
2017) or personality traits such as extraversion, openness, neuroticism, and
agreeableness (Olatunji et al., 2012; Tybur et al., 2009; Tybur, & de Vries,
2013), suggesting that the relationship between pandemics and personality may
be moderated by other variables. Indeed, some studies have found consistent re-
sults with theoretical predictions only in specific populations (e.g., older adults)
and for specific personality traits (e.g., openness) (Mullett et al., 2019).

3.2.3 Cross-Level Research Because collecting large-sample data at both
group and individual levels simultaneously is extremely difficult, studies exam-
ining both levels are rare (e.g., Ross & Winterhalder, 2016; Tybur et al., 2016).
Ross and Winterhalder (2016) used hierarchical Bayesian linear models to exam-
ine relationships between pandemic incidence and individual-level sociocultural
outcome variables. They found that pandemic incidence positively predicted
preference for democracy and negatively predicted collectivism, with no signifi-
cant relationships with crime rates or gender inequality. Although they found
positive correlations between pandemic incidence and religiosity and negative
correlations with education, these relationships became non-significant after con-
trolling for other variables. These results are inconsistent with classic pandemic
theory findings but support the authors’structural racism hypothesis, suggesting
that socioeconomic status associated with race has stronger explanatory power.

Tybur et al. (2016) surveyed 11,501 participants from 30 countries and obtained
historical archival data on pandemic incidence for each country. They found that
at the country level, pandemic stress was significantly positively correlated with
traditionalism but not with social dominance orientation or disgust sensitivity.
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At the individual level, the relationship between pathogen avoidance motivation
and tradition was stronger than its relationship with social dominance orienta-
tion.

The results of these two studies are not entirely consistent with previous re-
search. Ross and Winterhalder controlled for more variables and used Bayesian
models—rarely used in previous research—yielding results inconsistent with prior
studies. Tybur et al.’ s study supported an ingroup explanation for the rela-
tionship between pandemics and political conservatism (people tend to comply
with ingroup cultural norms to cope with pandemic stress) but did not support
an outgroup perspective (avoiding contact with outgroup members to reduce
infection risk). These findings suggest that simultaneously considering group
and individual levels can exclude or control factors that previous studies could
not, potentially leading to different results.

3.3 Summary, Problems, and Reflection

From the above review, we can see that research at both levels covers many
domains and topics, including perception, mate selection, interpersonal attrac-
tion, group attitudes, sexual psychology, cultural psychology, political ideology,
and religious beliefs. To clarify findings on each topic at both levels, we have
reorganized these studies by topic and level in a table (see Table 1 ).

Table 1 clearly shows that some findings are supported at both levels. For
example, both group- and individual-level studies find that pandemics or pan-
demic threats increase outgroup rejection, manifested as distrust, prejudice, and
stigma toward outgroup members and certain special groups (e.g., obese, elderly,
homosexual individuals), while strengthening bonds among ingroup members.
However, some findings come only from one level. For instance, research on
pandemics’ impact on interpersonal perception has been obtained almost exclu-
sively through individual-level laboratory studies, with no group-level research
identified. Conversely, research on religious beliefs has been conducted only at
the group level, lacking individual-level investigation.

Overall, behavioral immune system theory has received support from many stud-
ies. However, we find that, except for perception, almost all other research topics
show findings inconsistent with or contradictory to behavioral immune system
theory. For example, some studies find that disease threat does not necessarily
affect facial preferences or mate preferences (Brown & Sacco, 2016; Walter et
al., 2020). Pandemic stress does not necessarily lead to stronger xenophobic
reactions (Cashdan & Steele, 2013), does not necessarily lead women to adopt
more open sexual strategies (Hill et al., 2015), and is not necessarily related to
mate preferences (Walter, et al., 2020). Pandemic stress does not necessarily
enhance collectivism and reduce individualism, promote conservative political
attitudes and religious beliefs, or reduce democratization. Instead, it may re-
duce collectivism, increase individualism, decrease religiosity, and promote de-
mocratization (Cashdan & Steele, 2013; Grossmann & Varnum, 2015; Ross &
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Winterhalder, 2016).

Thus, almost all classic predictions of behavioral immune system theory have
inconsistent or contradictory findings. Why do these inconsistencies arise?
Through careful analysis of existing research, we identify three possible rea-
sons related to research methods, theoretical assumptions, and applicability in
modern society.

Methodological Issues

Both levels of research suffer from methodological problems (Kuppens & Pol-
let, 2014; Pollet, 2014; Pollet et al., 2014; Tybur et al., 2014). At the group
level, almost all studies are based on historical archival data and conduct cor-
relational analyses between pandemic stress and other cultural-psychological
variables. These studies have three main problems. First, there are issues with
the validity of pandemic stress indicators. Many previous studies have simply
combined various different pandemics—for example, integrating indirect indica-
tors such as infant mortality and overall life expectancy to mark pandemic stress.
The reliability of such indicators is problematic. For instance, life expectancy is
closely related to economic development and modernization. While it may have
been a valid indicator of pandemic threat under conditions of low productivity
and backward science and technology in history, in modern society it may more
likely reflect modernization and technological development levels.

Second, this approach ignores differences in transmission routes of various pan-
demics and the ecological and population characteristics of affected regions,
likely confounding results with other variables such as race, regional ecologi-
cal conditions (temperate vs. frigid zones), and modes of production (nomadic
vs. agricultural). This may lead to spurious correlations (Hackman & Hruschka,
2013). For example, high pandemic incidence regions are mostly in temperate
zones with abundant rainfall and widespread rice cultivation. Recent research
shows that rice cultivation promotes collectivism (Talhem et al., 2014). Thus,
the prevalence of collectivism in these regions may result from either pandemic
stress or rice cultivation, making unique interpretation difficult.

Third, many studies have problematic data analysis methods. Because many
potential influencing factors exist and different researchers control for different
variables in their analyses, inconsistent results emerge (Cashdan & Steele, 2013,;
Currie & Mace, 2012; Pollet, 2014). Most existing studies also assume that dif-
ferent regions or countries are independent. However, this assumption often does
not hold because many countries or regions have spatial associations or spatial
autocorrelation due to geographical, ecological, and historical proximity. Ignor-
ing correlations between different regions or countries substantially increases
the probability of obtaining false significant results (Horita & Takezawa, 2018).
Temporal autocorrelation is also a frequently overlooked factor. For example,
when researchers reanalyzed Beall et al.” s (2016) data and controlled for tempo-
ral autocorrelation, they found that the effect of the Ebola outbreak on political
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voting preferences was no longer significant (Tiokhin & Hruschka, 2017).

Individual-level research also has methodological problems. The most commonly
used method in experimental research is behavioral priming. When different
pandemic cues are used for priming, disease cues from different sensory modali-
ties may lead to different consequences (e.g., visual, olfactory, gustatory), and
different individuals may have different sensitivities to different sensory modal-
ities. Existing research rarely considers the potential moderating effects of cue
characteristics and individual differences, leading to inconsistent results (e.g.,
Ackerman et al., 2009; Mortensen et al., 2010; Tybur, Bryan, Lieberman et al.,
2011). In correlational research, a common problem is the reliability and valid-
ity of individual difference measures. For example, disgust sensitivity does not
necessarily reflect pathogen avoidance tendency (Tybur et al., 2014), creating
uncertainty in interpreting results. Additionally, correlational research reveals
only correlational relationships, which may be entirely caused by unrelated third
factors and thus may be spurious.

Overall, inconsistencies between findings at the two levels may be theoretically
reasonable because research at the two levels does not necessarily generalize to
each other.

Theoretical Issues

Behavioral immune system theory focuses on behavioral strategies individuals
adopt when facing pandemic threats, including various psychological mecha-
nisms for identifying pathogens and behavioral responses for avoiding them.
An important foundation of this theory is that outgroup members may carry
pathogens to which ingroup members are not immune, and contact with out-
group members carries higher risk of contracting novel pathogens. Therefore,
outgroup members should be rejected and contact avoided, while strict behav-
ioral norms should be implemented for ingroup members to ensure unified ac-
tion. However, this assumption may not be scientifically or realistically valid
(De Barra & Curtis, 2012).

From a physiological and pathological perspective, pathogens carried by out-
group members are not necessarily more dangerous than those jointly carried
by ingroup members (De Barra & Curtis, 2012). In ancient times, limited by
transportation conditions, humans rarely traveled far enough to encounter out-
groups carrying different pathogens (Van Leeuwen & Petersen, 2018). Moreover,
ingroup members could contract novel pathogens through contact with outgroup
members, and interactions with ingroup members also carried risks. Avoiding
contact with outgroups is detrimental to economic cooperation and technolog-
ical innovation (Robinson & Barker, 2017). Therefore, recent researchers have
proposed that it is unreasonable for behavioral immune system theory to assume
xenophobic reactions as a basic immune behavioral response (Tybur et al., 2016;
Petersen, 2017).

Existing psychological research also shows that xenophobia, as a highly social be-
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havior, is influenced not only by disease threat but also by many other personal
and social factors. Current behavioral immune system theory almost completely
ignores the influence of other factors, which is unreasonable (Kusche & Barker,
2019). The theory also overlooks the role of genetic selection resulting from
evolution (Shakhar, 2019): behavioral immune responses may have evolved to
enhance the entire group’ s resistance to pandemics and better preserve genes
or ensure group continuation. Therefore, these behavioral responses may also
be caused by genes, not entirely by external stimuli.

Furthermore, pandemic threats also trigger many positive psychological and
behavioral responses such as compassion, concern, gratitude, mutual assistance,
and altruism. Theoretically and objectively, these behaviors can help threatened
individuals and groups receive more support, thereby better resisting disease,
surviving, and reproducing, thus serving an immune function. However, current
theory does not address this.

Modern Applicability

Behavioral immune system theory may have specific applicable conditions. Un-
der conditions of backward science and technology and limited human under-
standing of pandemic causes and patterns, pandemic threats were enormous,
and people had to rely on primitive behavioral immune responses to protect
themselves and their groups. However, in today’ s highly technologically ad-
vanced society, human understanding of disease and anti-epidemic methods
have advanced by leaps and bounds. Modern medical and health conditions
are highly developed, and many former potential threats (such as malaria) no
longer pose contagion risks (Kusche & Barker, 2019). Additionally, behavioral
immune responses themselves carry huge costs and are very disadvantageous for
innovation-oriented modern society (Davtyan et al., 2014; Murray, 2014; Smith
& Hughes, 2014). Therefore, many researchers propose that behavioral immune
theory is more applicable to the past but may not be fully applicable to modern
society (Hruschka et al., 2014). Thus, tremendous changes in social conditions
may also lead to inconsistent research findings.

In summary, existing behavioral immune system research methods may be un-
reliable, theoretical assumptions may be unreasonable, and the theory may not
be applicable in modern society. Therefore, many inconsistent findings may re-
sult from methodological issues or may be inherently reasonable, and existing
behavioral immune system theory requires revision.

4. Future Research Directions

Behavioral immune theory has not been proposed for long. Although it has
received support from numerous studies across different perspectives and levels,
many questions remain unresolved in both breadth and depth. Meanwhile, exist-
ing research has many methodological and theoretical problems. Future research
should first improve methods by adopting more effective pandemic stress indica-
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tors, more effective disease susceptibility measurement tools, and simultaneously
considering potential ecological autocorrelation (or regional non-independence)
and other potential confounding variables to reduce the possibility of false or
erroneous discoveries. Additionally, several directions require special attention.

4.1 Conduct Cross-Level Research Considering Both Macro and Mi-
cro Levels

Through our literature review from macro and micro perspectives, we find that
existing research is overwhelmingly conducted at a single level—either macro or
micro. Cross-level research is extremely rare. These single-level studies can-
not explore how macro pandemic ecology and micro individual psychology and
behavior influence each other, leaving us with little knowledge about these ques-
tions: How does pandemic ecology affect individual psychology and behavior?
How do individual-level psychology and behavior evolve into macro-level cul-
ture? What are the processes and mechanisms? How do factors at one level
moderate and influence patterns at another level? Future research needs a more
systematic perspective (such as ecocultural theory, Berry, 2018) that simultane-
ously considers macro pandemic ecology and micro individual psychology and
behavior to conduct cross-level research (e.g., Jing & Cai, 2020).

4.2 Explore Boundaries of Behavioral Immune Research and Theory

As previously noted, many behaviors involved in behavioral immune system the-
ory are influenced not only by disease factors but also by many other methodolog-
ical, individual, group, and environmental factors. Existing findings may vary
with changes in these factors or be moderated by them. Therefore, the bound-
aries of existing research and theory are a particularly important issue for future
research. Specifically, future research can explore whether specific findings vary
with changes in personal and environmental characteristics or are moderated
by these variables, particularly whether they are moderated by factors such as
modernization. Whether the large number of findings from laboratory settings
can be generalized to real pandemic situations and whether they have ecological
validity are also important questions.

4.3 Expand the Scope of Behavioral Immune Theory Research

Although existing behavioral immune system research spans a wide range of
psychological and behavioral domains from attention, perception, and emotion
to intergroup attitudes and culture, many areas remain untouched. For exam-
ple, regarding emotional responses triggered by pandemics, current research has
mainly focused on disgust, with few studies examining emotions such as anxi-
ety, fear, and anger (Murray & Schaller, 2016). Regarding pandemics’ impact
on cultural psychology, existing research has focused more on individualism-
collectivism and obedience, but almost no research has examined pandemics’
impact on other cultural psychological phenomena, including self-construal, cul-
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tural cognition, and tightness-looseness. Future research needs to investigate
these related psychological phenomena.

Particularly, behavioral immune system theory has ignored pandemics’ impact
on positive psychology, such as compassion, sympathy, concern, cooperation,
altruism, friendship, and even sacrifice. We can speculate that pandemics not
only make people feel disgust, fear, and anxiety but may also make people
feel love and compassion toward each other, prompting them to re-examine
the value and meaning of life and relationships between people and between
humans and nature. Preliminary research shows that during SARS, people
who could simultaneously recognize both positive and negative impacts of the
pandemic showed better psychological adaptation (Cheng et al., 2006). Positive
psychological changes brought by pandemics undoubtedly also help humans cope
with disease and long-term survival and reproduction and should become an
important topic for future research.

4.4 Deeply Explore the Neurophysiological Mechanisms of the Behav-
ioral Immune System

Although numerous studies have examined the behavioral immune system at
the behavioral level, understanding of its physiological mechanisms remains
very limited (Murray et al., 2019). Emerging psychobehavioral immunology
has begun some beneficial explorations in this area (Murray et al., 2019), with
preliminary findings: At the sensory level, olfactory sensitivity is significantly
correlated with avoidance motivation strength (Fay & Bovier, 2018), and visual
disease stimuli can enhance tactile sensitivity and accent sensitivity in hearing
(Hunt et al., 2017). At the cellular level, visual stimuli of infectious diseases
cause increases in oral and blood immune-inflammatory biomarkers (Schaller et
al., 2010; Stevenson et al., 2012), increased blood levels of inflammation-related
interleukin-6 (Schaller et al., 2010), and increased salivary tumor necrosis fac-
tor and albumin (Stevenson et al., 2012). Individuals with high physiological
immune responses may show weaker behavioral immune responses (Kandrik et
al., 2017). At the genetic level, individuals carrying genes related to infectious
disease susceptibility (IFNG +874 gene) reported lower levels of extraversion
and higher levels of harm avoidance (Macmurray et al., 2014), and women with
low-level immune capacity biomarkers reported more positive attitudes toward
short-term mating and more casual sexual histories (Murray et al., 2017).

These preliminary explorations suggest that the human behavioral immune sys-
tem may have extensive biological and physiological foundations and that com-
plex interactions may exist between human physiological and behavioral immune
systems. Undoubtedly, future research needs to deeply explore these complex re-
lationships, which will not only promote understanding of human physiological
and behavioral immune mechanisms but may even give rise to new, integrated,
and more explanatory immune theories.
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The Behavioral Immune System: A Multi-Level Reconsideration

YANG Ying, ZHU Hui-Jun, ZHOU Wan, ZHANG Ming-Yang, XIE Yi-Ping,
BAO Han-Wu-Shuang, SU Zhan, WANG Xiao-Ou, JING Yi-Ming, YANG Zi-
Yan, CAI Hua-Jian

(CAS Key Laboratory of Behavioral Science, Institute of Psychology, Chinese
Academy of Sciences, Beijing 100101, China)

(Department of Psychology, University of Chinese Academy of Sciences, Beijing
100049, China)

Abstract: The theory of Behavioral Immune System (BIS) posits that to cope
with pandemic stress, human beings have evolved a series of behavioral re-
sponses, including vigilance to and disgust of disease cues, preference for healthy
mate and collectivism, prejudice against out-groups and so on. For the first
time, the existing studies were reviewed according to research level (individual
vs. group). A large body of supportive evidence for BIS at both levels was
identified, though many inconsistent and/or conflicting findings exist. Reasons
leading to such inconsistencies include inadequacies of research methods, theory
basis, and applicability in modern society. Future research should examine the
boundary conditions of existing findings and theory; extend the scope of the
current research; explore the underlying biological and physiological mechanism
of BIS.
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Note: Figure translations are in progress. See original paper for figures.
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