People expressing olfactory and visual cues of disease are less liked
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Abstract

For humans, like other social animals, behaviour acts as a first line of defense against
pathogens. A key component is the ability to detect subtle perceptual cues of sick
conspecifics. The present study assessed the effects of endotoxin-induced olfactory and visual
sickness cues on liking, as well as potential involved mechanisms. Seventy-seven participants
were exposed to sick and healthy facial pictures and body odours from the same individual in
a 2 x 2 factorial design while disgust-related facial electromyography (EMG) was recorded
and they rated their liking of the person presented. In another session, participants also
answered questionnaires on perceived vulnerability to disease, disgust sensitivity and health
anxiety. Lower ratings of liking were linked to both facial and body odour disease cues as
main effects. Disgust, as measured by EMG, did not seem to be the mediating mechanism but
participants who perceived themselves as more prone to disgust, and as more vulnerable to
disease, liked presented persons less irrespectively of their health status. Concluding,
olfactory and visual sickness cues that appear already a few hours after the experimental
induction of systemic inflammation have implications for human sociality and may as such be

a part of a behavioural defense against disease.

Keywords: sickness cues, body odour, face, disease avoidance, disgust

Introduction

Humans are among the most social species on earth (1). Although social interactions are

rewarding, they also carry costs, such as those of contagious diseases (2,3). Due to their long-
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term co-existence with pathogens, humans and other animals have developed an immune
system that acts as a defense against pathogens. The costs of an immune response itself are also
high, both in terms of metabolic costs and of inhibition of the normal functioning, thereby
promoting starvation and predation and reducing reproductive opportunities (4). This inhibition
is aresult of behavioural changes often referred to as sickness behaviour, which generally helps
with recovery (5) and possibly decreases the spread of disease to kin (4). Examples of sickness
behaviour are fatigue, social withdrawal, loss of appetite, and physical inactivity (6).

It has been suggested that the behavioural avoidance of sick individuals is the first, and probably
the most cost-effective line of defense against infection (7). Moreover, statistical modeling
indicates substantial disease-containing effects from small alterations in patterns of inter-
individual contact (8). These two points vouch for the importance of a behavioural defense
against disease. This defense includes the capability of detecting sickness-relevant cues,
followed by adaptive behaviours such as avoidance (9,10), and is often referred to as part of a

behavioural immune system (11).

An association between disease and specific human body odour cues has been found for certain
types of diseases, both contagious and non-contagious (12). The role of body odour cues in
disease detection was recently addressed for the first time by two experimental studies which
indicated that individuals, following an induction of systemic and transient inflammation by
way of an endotoxin lipopolysaccharide(LPS), had a more aversive body odour just a few hours
after induction (14,15). Similar findings have also indicated that visual cues, such as the skin
coloration (16), gait pattern (17), and perceived (emotional expressions) as well as physical
facial features (eye openness, skin colour, angle of corner of mouth (18,19)) of LPS-treated

individuals might serve as cues for disease detection.

Starting with the assumption that a behavioural defense would benefit from being able to
integrate cues between senses in order to improve accuracy and speed of detection (20,21), a
recent study investigated whether integration of visual and olfactory stimuli could facilitate
disease detection utilizing the LPS bacterial model (22). Visual (facial pictures) and olfactory
(body odour) sickness cues were presented to participants, both separately and in combination,
while imaging the brain (fMRI). A negative main effect of face sickness on liking ratings of the
presented stimuli was found and a statistical tendency for further dislike was found as a function

of body odour sickness. Besides widespread neural activation of modality-specific cortical
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odour and visual processing networks as a function of disease cues, activations of areas relating
to multisensory integration, such as the intraparietal sulcus, superior temporal sulcus and

orbitofrontal cortex, were also observed.

When sickness cues are detected, adaptive psychological responses, such as disgust, will
cause avoidance behaviour (7). In fact, many cues that convey the presence of pathogens are
also disgust elicitors (23). While it seems likely that disgust responses are central for the
initiation of avoidance behaviour to pathogenic threats, it remains unknown whether disgust is
instrumental when pathogenic threats are more subtle.

It is reasonable that different personality traits may be predisposing individuals to the
detection of disease cues. For instance, individuals who perceive themselves as more
vulnerable to disease are more alert towards people or inanimate objects that might pose an
infection risk, and when they detect them, they might express greater avoidance (7,24). In
parallel, health anxiety is also connected to disease detection. Health anxiety is defined as a
constant fear of somatic sickness, resulting in misinterpretations of non-threatening cues and
avoidance of stimuli connected to health anxiety (25). Specifically, it has been found that
individuals with severe health anxiety tend to experience more disgust towards others,
perceive them as less healthy, and also rate the risk of contagion as greater compared to
individuals with low health anxiety (26). In line with perceived vulnerability to disease and

health anxiety, disgust sensitivity is also associated with behavioural avoidance (27).

In the present study, following the same assumption as in Regenbogen et al. (22) that visual
and olfactory stimuli could facilitate disease detection, a combination of both visual and
olfactory disease cues was presented to observers to assess potential main or interaction effects
of visual and olfactory disease cues on social liking. We assessed “liking” of individuals in
response to disease cues because liking predicts approach/avoidance behaviour (28). As a
possible mediator of dislike we added electromyography (EMG) measures of muscles
associated with the emotion of disgust. As a secondary aim, we also investigated if individuals
reporting to be more vulnerable to disease, more sensitive to disgust, or are higher in health
anxiety will perceive the disease cues differently from those with low scores for these
personality traits. One possibility is that they may be overly sensitive to possible disease cues

in an effort to protect themselves from infection. Another is that their ability to dissociate
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between sick and healthy cues will be different (either better or worse) depending on the trait
SCores.
Method

Participants

A total of 77 healthy participants took part in the present study (mean age 30 years; of which,
49 women). There was no significant difference in age between female and male participants
(t(75) = -.227, p = .821). Participants were recruited via posters, Karolinska Institutet’s online
recruitment system (SONA system) and posts on social media (Facebook). Inclusion criteria
were >18 years of age, self-reported normal or corrected to normal vision, self-reported normal
sense of smell, non-smokers, not pregnant, and finally, an ability to speak and understand
Swedish. All participants provided written informed consent and were remunerated for their
participation with two movie tickets. The study was approved by the regional ethical board
(2017/55-31/4).

Procedure

The study consisted of two sessions. Before the sessions started all participants did an odour
identification task using a short version of the Sniffin’ Sticks odour identification test to
assess their olfactory function. During the first session, participants completed several
questionnaires collecting socio-demographic data and measuring their sensitivity to disgust,
health anxiety and perceived vulnerability to disease. After the first session was completed,
the experimenter prepared the participants for the recording of facial electromyography
(EMG). During the second session, they gave liking ratings following the simultaneous

presentation of face and body odour stimuli while EMG was recorded.

Sniffin’ Sticks test

Prior to the experimental procedure, every participant was tested with a four-item version of
the Sniffin’ Sticks odour identification test. The odours used were orange, leather, cinnamon,
and peppermint. The Sniffin’ Sticks test assesses nasal chemosensory performance using pen-
like odour-dispensing devices (29). All met the criterion for inclusion, 3 out of 4 correct cued

identifications.

Session 1: Questionnaires
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During Session 1 of the study the participants were asked to complete questionnaires. First,
they provided information about age, sex, education, smoking habits, pregnancy, use of
contraceptives, date of last day of menstruation, and perceived sense of olfactory acuity.
Directly after the administration of the demographic questionnaires and before the second
session of the study took place, the below three self-reported instruments were administered.
In an explorative manner, we wanted to see whether traits relating to vulnerability to disease,
disgust sensitivity and health anxiety would somehow be associated with how well
participants could differ between sick and healthy or whether they had a general tendency to
dislike others. The participants after they completed the questionnaires moved to another

room for the experimental part.

Perceived Vulnerability to Disease (PVD). PVD is a 15-item self-report instrument that

assesses chronic beliefs about disease transmission (30). The questionnaire consists of two
subscales. The germ subscale assesses discomfort in situations with potential transmission of
pathogens and has been found to correlate with measures of disgust sensitivity. The
infectability subscale measures perceived susceptibility to infectious diseases and is

associated with measures of health anxiety (30).

Disqgust Scale Revised (DS-R). The DS-R, a 27-item self-report instrument, was used to

assess participants’ disgust sensitivity. A validation study of the DS-R revealed a three-factor
structure with acceptable internal consistency and split-half reliability (31). The three factors
are: core disgust, assessing aversive reactions to the threat of disease; animal-reminder
disgust, elicited by reminders of one's mortality and animalistic nature; and contamination
disgust, measuring aversive reactions to threat of contamination (31,32). The DS-R also
contains two “catch” questions which help with identification and removal of inattentive

participants.

Health Anxiety Inventory (short version; HAI). HAI is a screening measure of clinical health

anxiety, based on the validated Health Anxiety Inventory (25). HAI consists of 27 items,
combined to one total score of health anxiety as well as three separate subscales. The
subscales measure different aspects of illness-related ideas of health anxiety: negative

consequences of illness, reassurance seeking and avoidance behaviours (25).

Stimuli
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The present study used the same facial pictures and body odours as used in Regenbogen et al.
(22). That study includes all the details regarding the procedure for collecting the facial
pictures and body odours (22). In short, healthy individuals (9 women, 13 men; mean age 23
years), hereafter called donors, participated in a within-subject, double-blind, and placebo-
controlled study. The donors were injected with either the endotoxin lipopolysaccharide
(LPS) injection (Escherichia coli endotoxin, Lot HOK354, CAT number 1235503, United
States Pharmacopeia, Rockville, MD, USA) at 2.0 ng/kg body weight diluted in 0.9% NacCl or
a placebo injection (0.9% NaCl). Each donor received both treatments in sessions separated
by a month and in balanced order. Whereas in Regenbogen et al., only a small subset (four
healthy and four sick body odours, but different subsets for each participant) of the available
body odours was used, we here presented all the 44 available sick and healthy body odour
samples to all of the participants. It needs to be mentioned that the body odours were only
sparsely used in the Regenbogen study which better allowed us to reuse them in the present
study. The body odours were stored in the freezer in between the two studies to keep their

integrity as well as possible (33).

The visual stimuli used here were facial photos of these donors. The facial photos were taken
2 hours after the LPS injection, when sick, and 2 hours after the placebo injection, when
healthy. The donors were seated on a stool against a white background a meter away from the
camera. For all the pictures a Nikon D90 (Nikon Corp., Tokyo, Japan) was used. The focal
length was 50mm (a 50-mm lens was used), aperture speed at 1/125, and 200 1SO. For the
lighting a studio flash setup with two ElinChrome softboxes was used. The same flash
lighting was standardised across all photos. All donors were asked to keep a neutral facial
expression and were restricted from wearing any make-up. Post processing of the facial
photos included cropping of pictures to 1.989 x 2.188 pixels so all faces were of similar size.
An oval shape (354 x 483 pixels) was used to crop the faces to remove hair from the image

for the subsequent behavioural experiment.

For the collection of the olfactory stimuli donors avoided strenuous exercise and alcohol
during 48 hours before collection of the body odour samples. During 24 hours before
collection of body odour samples donors avoided strong spices (e.g., mexican, indian, thai
food), garlic, and asparagus to limit residual odours in their body odour. The morning of
odour samples collection, donors had a light breakfast (e.g., 1 glass of orange juice and two

slices of bread with a little jam) and drank a glass of water after breakfast. On this day, donors
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used an unscented liquid soap (Lactacyd, ACO Hud Nordic AB, Upplands Véashy, Sweden)
and shampoo (Apoliva, Apoteket AB, Stockholm, Sweden) provided by us to shower and
wash their armpits, and they were instructed to not use any odourised products (e.g., perfume,
deodorant, body lotion or other scented cosmetics). For the sampling of the olfactory stimuli,
all donors wore tight T-shirts (type BB301, 50% cotton/50% polyester; American Apparel,
London, UK) for five hours, with nursing pads sewn into the armpit regions following
treatment both for LPS and placebo. After the completion of 5 hours, all pads were removed
from the T-shirts and were stored in a freezer at -35°C in 1-L freezer bags (Toppits, Minden,
Germany). More information regarding the protocol can be found in (34).

Session 2: Ratings

During the second block, participants were exposed to the 22 donors’ facial pictures and body
odours in both a sick and a healthy version in a factorial design. For each donor, olfactory and
visual stimuli combinations (sick/sick; sick/healthy; healthy/sick; healthy/healthy) were
presented in a randomised order, amounting to 88 presentations for each participant (Figure 1).
The stimuli (face and odour pairs coming from the same donor) were presented in a randomised
order for each participant. Before each stimulus presentation a fixation cross was presented for
5 seconds that indicated that a stimulus combination would be presented. When the
experimental session (presented in detail below) started, the experimenter removed the lid from
the jar and presented the odour to the participant by placing the jar a few centimeters below the
nostril. Each stimulus combination (facial picture and odour) was presented for 5 seconds. After
each presentation, a visual analogue scale (VAS) was presented on the screen for 5 seconds so
that the participants could rate how much they liked the person being presented. The VAS
ranged from 0-100 where “I don’t like this person at all” represented the lower end, and “T like
this person very much” the higher end. Hence, 50 represents neither like nor dislike of the

person.
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Figurel: Body odours and facial pictures of 22 individuals collected when sick (LPS
injection) and when healthy (saline injection) were presented in a factorial design resulting in
88 unique combinations of face and odour. Each participant rated the person presented on a
liking scale. Pictures represent an example of how a face can vary between the healthy and

the sick condition.

Facial Electromyography Recording

Facial EMG activity associated with disgust was recorded from the corrugator supercilii
region located at the forehead above the left eyebrow (frowning), and from the levator labii
superiores al nasi region located on the cheek close to the left nose wing (lifting upper lip).
Ground electrode was positioned at the forehead border of the hair line, all electrode
placement following the recommendation of van Boxtel (35). After cleaning relevant skin
areas with 50 % ethanol solution, surface electrode pairs (recording area 0.4 cm diameter)
were filled with electrode gel (Signa gel, Parker, Cortech Solutions) and mounted to target
areas. EMG signal was recorded using AD Instruments differential BioAmp amplifier
controlled by a PC using LabChart7 pro software (AD Instruments, Boulder, CO) with the
following settings: input impedance of 200 MQ, amplification range +/- 5 pV to +/100 mV,
gain accuracy +/1.5 %, common mode rejection ratio 85 dB at 60 Hz, 1000 Hz sampling rate,
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mains filter, first-order 10 Hz high-pass filter and fourth-order Bessel 500 Hz low-pass filter
at -3 dB (36). Offline data processing for statistical analysis comprised 20 Hz high-pass
filtering, down sampling to 100 Hz, rectifying and smoothing with a window size of 200 ms.
Rectifying and smoothing took place in a research environment using Jupyter Notebook
running Python 3.7. The data were preprocessed by the usage of Pandas and NumPy as main

libraries. Target/baseline ratios were calculated for baseline correction (35).

Statistical Analysis

Perceptual ratings: The effects of face and odour on liking ratings were analyzed using linear
mixed model analyses conducted in R.3.4.1, using the package Ime4 and Imertest. A
conservative mixed effect model was used were intercepts and slopes were allowed to vary
between participants and donors. The model we used was: Imer
(Ratings~Face+Odour+(1+Face + Odour|Participant) + (1+Face + Odour|Donor). To test for
interaction, the following model was used: Imer (Ratings~Face*Odour+(1+Face *
Odour|Participant) + (1+Face * Odour|Donor). Random intercepts for “Participant” and

“Donor” were used to account for variance between participants and donors respectively.

Facial Electromyography Recording. For the facial electromyography recording, a linear
mixed model analysis in R.3.4.1 using the package Ime4 and Imertest was used as well. For
the mixed effect model used here, only intercepts were allowed to vary between participants
and donors due to convergence problem when the random slope was included in the model.
As an example, the model for the effect of face and odour on levator labii muscle would be

the following: Imer (Levator~Face+Odour +(1|Participant) + (1|Donor)).

Questionnaires. Questionnaire responses were analyzed using Pearson Correlation (2-tailed)
with a threshold value for statistical significance set to p < .05. This statistical analysis was
performed using Microsoft Office Excel and IBM SPSS Statistic (version 23). Regarding the
liking ratings, each participant received a mean liking score. In addition, differences between
ratings of healthy and sick faces and healthy and sick odours were calculated and combined
into one mean difference. Twelve participants were excluded from the DS-R analysis due to
incomplete answers and getting caught on “catch”-questions. In addition, correlations

between PVD, HAI, and DS-R were calculated as well. (See Supplementary material).

Results
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Effect of Sickness on Liking Ratings
The ratings of liking of the presented persons as a function of face and body odour sickness
were analysed (Table 1; Supplementary Figure 1).



322 Table 1. Linear Mixed Model investigating the effect of Face and Odour Sickness on
323  Liking ratings. For each variable, the estimate, the standard error of the mean (SE), the
324  Confidence Interval (Cl), the t-value, the degrees of freedom (df), and the p-values are given.

325

Ratings  Predictors B SE 95% CI t Df p

Liking Intercept 40.83 2.43 [35.9,45.7]

Face -2.04 0.57 [-3.2,-0.9] -3.58 2241 0.001
Odour -3.32 1.51 [-6.3,-0.3] -2.20 22.94 0.038
326
327
328

329  As hypothesised, there was a main effect on liking of face sickness (t(22.4) =-3.586, p = .002,
330 d=-0.40), as well as for body odour sickness (t(22.9) = -2.202, p = .038, d = -0.25) compared
331 to the healthy ones (Figure 2). There was no significant interaction effect between face and
332 odour sickness on liking ratings (t(70.3) = 1.204, p = .232, d = 0.15). In sum, the results

333 indicate that both face and odour sickness decrease liking of persons.
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Figure 2. Interaction plot depicting the effects of face and odour sickness on liking of the
bimodally presented person. There is no statistically significant interaction but both factors
Face sickness and Odour sickness are significant (see text). The liking scale ranges from 0 (“I
don’t like this person at all”) to 100 (“I like this person very much”), and where 50 indicates
neither like, nor dislike. Error bars represent standard errors.

Facial EMG recording

Analyses showed no significant activation of the levator labii region in response to sickness
in faces (t(6591) = -0.484, p = .6, d = -0.05) or odours (t(6591) = 0.381, p =.7, d = 0.04). The
corrugator supercilii region also showed no significant activation in response to sickness in
faces (t(6591) = 0.195, p = .8, d = 0.01) or odours (t(6591) = -0.648, p = .5, d = -0.06) (see
Supplementary Figures 2-3).

Questionnaires

The extent to which the different questionnaires and their subscales shared variance was
assessed through correlation analyses. The analyses showed weak to moderately significant
positive correlations between PVD, DS-R, and HAI (see Supplementary Table 1). There were
no significant correlations between individuals’ difference between liking ratings of sick and
healthy odours and faces (see method), and their scores on the questionnaires. For overall
mean liking of presented persons, we found no significant correlations between the HAI
scores and overall mean liking of presented persons but significant negative correlations
between mean liking and Perceived Vulnerability to Disease germ subscale (r = -.293, n = 77,
p =.01). Negative correlations were also found between mean liking and Disgust Scale total
score (r =-.250, n = 65, p =.04), as well as between mean liking and DS-R core disgust
subscale score (r = -.289, n = 65, p =.02). Furthermore, four linear multiple regression
models were performed, one for each questionnaire’s subscales and one for the three total
score of each questionnaire. Mean liking ratings were the dependent variable in all models. In
the regression analysis, a significant regression equation was found for the PVVD germ
subscale (F(2,62) = 2.452, p<.03) with an R? of 0.073 (Table 2).

Table 2. Multiple Regression Analysis Summary for Total Scores and Subscales of PVD,
DS-R. and HAI predicting Liking Ratings.

Formaterat: Teckensnitt:Teckenfarg: Auto, Engelska (USA)



Variable B SE 95% CI t p
Total Scores
(Constant) 48.12 4.63 [38.8,57.4] 10.37 0.000
PVD total -0.02 0.12 [-0.26,0.21] -0.22 0.823
DS-R total -0.14 0.09 [-0.32,0.04] -1.55 0.126
HAI total -0.62 0.29 [-0.65,0.53] -0.21 0.834
PVD
subscales
(Constant) 45.24 3.82 [37.6,52.8] 11.84 0.000
Germ -0.36 0.16 [-0.68,-0.03] -2.21 0.031
Infectability 0.1 0.15 [-0.20,0.42] 0.68 0.497
DS-R
subscales
(Constant) 48.52 4.22 [40.1,56.9] 11.49 0.000
Core -0.40 0.22 [-0.86,0.04] -1.77 0.079
Animal 0.06 0.22 [-0.39,0.51] 0.26 0.792
Contamination 0.05 0.41 [-0.76,0.87] 0.13 0.894
HAI
subscales
(Constant) 39.50 3.19 [33.1,45.8] 12.37 0.000



373
374
375
376
377
378
379
380
381
382
383
384
385
386
387
388
389
390
391
392
393
394
395
396
397
398
399
400

Negative -0.16 0.66 [-1.49,1.17] -0.24 0.809

Consequences

Avoidance 0.11 0.12 [-0.13,0.36] 0.93 0.352
Reassurance -0.05 0.14 [-0.35,0.23] -0.38 0.703
Discussion

In a factorial design, we showed a negative effect of both face and body odour sickness on the
liking of presented persons. This indicates that the cue types add to each other and testifies to
the benefit of multimodal perception of sickness. The results further indicated that humans who
perceive themselves as more vulnerable to disease and more prone to disgust dislike presented
persons more, irrespective of health status, possibly by being oversensitive to cues even

remotely suggesting a risk of contagion (37).

The observed dislike as a function of sick faces is in line with several previous studies that
showed that visual sickness detection was possible using the same experimental sickness model
as here (17-19,22). Although several findings so far are based on subjective ratings of perceived
facial traits and emotions, some studies, as noted above, also identify objective physical traits
that change as a function of sickness, such as angle of corner of the mouth, eye openness, and
skin coloration (16,19).

As with face sickness, body odour sickness in the present study had a negative effect on the
liking ratings of presented persons. Thus, both seeing and smelling a person with a recently
activated inflammatory response reduces liking of the person. Previous studies have shown that
sick body odours are rated as more unpleasant compared to healthy body odours (14,15), which
likely drives the dislike associated with the sick body odours in the present study. This study
corroborates our previous study (22) in which we also found that sick body odours drove dislike
of individuals, only now with statistical significance and a larger effect size. This could be due
to that in the present study, using the same sample pads, the odours were presented from jars.
This technique lets participants sample the odorant from a saturated head-space which is
expected to yield stronger and clearer odours than from olfactometers that flow air over the
surface of the odorous material.
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As noted, it is known that congruent cues from different sensory systems, in particular if they
are weak, result in faster and more accurate detection when combined (20,21,38). Considering
that the sickness cues in the present study are relatively subtle one could expect that sick faces
combined with sick body odours would result in a synergistic integration beyond additivity,
possibly coming out as a significant interaction (cf., Figure 2). However, although additive, the
present study could not show such an interaction between visual and olfactory sickness cues,
despite that sick body odours and faces are both perceived as more “sick” (14,18) and therefore,
in theory, could add synergistically, especially, if the cues alone are weak. This could simply
indicate that these cues are not synergistic enough to drive a statistically significant interaction.
It could also mean that the dislike is to some extent mediated by different mechanisms for sick
faces and body odours. Indeed, it has been shown that sick body odours are perceived as more
unpleasant (14,15) whereas sick faces are perceived as expressing more negative emotions (19).

Overall, our results support the notion of a behavioural defense that enables us to detect and
avoid the source of sickness cues. As noted in the introduction, there is also support for the
influence of personality traits on how we relate to aspects of sickness. In line with that, the
present results showed a negative relation between the PVD questionnaire germ subscale and
liking ratings, suggesting that individuals’ perceived vulnerability to disease can affect their
social behaviour, and that this is mediated by a dislike of others. This is consistent with previous
results showing that individuals high in PVD are more likely to avoid objects, individuals, or
actions that might carry an infection (7,10), but notably also individuals with non-infectious
traits, such as disabilities or obesity (39). Furthermore, it has been shown that exposure to
sickness cues in humans with high PVD scores leads to less agreeableness and low levels of
openness, suggesting that self-perception biases facilitate avoidance behaviour (40).
Interestingly, another study has shown that people who score high in PVVD tend to make more
false positive errors when they are exposed to stimuli only heuristically associated with sickness
(41). In sum, the present results support previous findings indicating that perceived

vulnerability to disease and less social behaviour are associated (30).

The present results did not show significant correlations between HAI and liking ratings. These
results are not in line with previous research where it has been showed that health anxiety is
related to perceiving healthy faces as less healthy and less attractive (26). This may be due to

that HAI is validated and used to measure health anxiety in a clinical context differentiating
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between clinical and non-clinical cases, and in the present study we did not have participants

with severe health anxiety.

It has been suggested that disgust in several ways is associated with disease avoidance (7) (42).
In addition to the raters’ perceived vulnerability to disease, their own disgust sensitivity was
negatively correlated with the liking ratings of others. As higher disgust sensitivity is associated
with fewer recent infections (43), this suggests that disgust sensitivity acts as a protective
mechanism against infection by way of liking and approaching others less. Furthermore, stimuli
that elicit disgust can increase immune markers, such as immunoglobulin A (IgA) and Tumor
necrosis factor alpha (TNF-a) that are involved in systemic inflammation. This has been
interpreted as if the immune system is triggered by disease cues in anticipation of pathogen
exposure (44). Other studies have argued that disgust could be a mediator between sickness
stimuli and avoidance (23). Indeed, some authors argue that pathogen disgust and disease
avoidance are strongly interconnected, thus, they are either used interchangeably or considered
functionally the same (45,46). These observations are in accordance with the notion that
stimulus-induced disgust has evolved to protect us from infection by fulfilling a sickness

avoidance function (23).

Several studies in the past have indeed shown increased facial muscle activity in response to
disgust after exposure to visual (47—49) and olfactory stimuli (50,51). However, in the current
study we found no significant increase of disgust-related muscle activity and therefore no
evidence of that stimulus-induced physiological disgust mediated the sickness-related dislike

of others.

Although there are observations that vouch for the involvement of disgust in a behavioural
defense, it has been suggested that although disgust is associated with disease avoidance,
disgust is not necessarily the cause of the avoidance (52). In the current study, the body odours
were weak and generally not very disgusting (or unpleasant, as indicated in Regenbogen et al.
(22)). The sick faces that we used as visual stimuli did not either have any profound sickness
symptom, such as red spots, nasal discharge or open ulcers that could be clear disgust elicitors.
Therefore, it is possible that the present disease cues were either not strong enough disgust
elicitors to activate measurable physiological (EMG) responses or that the decreased liking we
have observed as a function of sickness cues was not primarily driven by disgust. Arguably,

sickness cues should also be able to operate on the positive end of and approach-avoidance
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dimension. It makes sense that healthy individuals with looks and body odour that merit
approach rather than avoidance could when sick be perceived less worthy of approach in order
to decrease the probability of approach. In this way a lowered approach value can contribute to

disease avoidance without disgust being involved.

A limitation of the current study is that it only assessed perceived liking in an effort to address
behavioural avoidance towards sick individuals. Although, as noted, liking predicts
approaching others (28), further studies should test overt avoidance behaviour as a function of
sickness cues. Moreover, the above results are based on an experimental sickness model. Future
studies would benefit from using a natural sickness model, such as an upper respiratory
infection, to test the effects of sickness cues on components of a behavioural defense in humans.
Another possible limitation of the present study is the high number of stimuli the participants
had to rate. That could have potentially led to odour adaptation and consequently affected the
ratings the participants gave. However, we inserted an extra 5 seconds in the stimulus
presentation protocol where no stimuli but a fixation cross was presented to counteract

adaptation.

Conclusions
The present findings show that olfactory and visual sickness cues appear within hours after the
induction of systemic inflammation in otherwise healthy individuals. As a result, they are liked
less which is a possible precursor of an avoidance behaviour. We also demonstrate that
participants who perceive themselves as more vulnerable to disease and have high sensitivity
to disgust tend to dislike individuals in general. Altogether these results offer support for the

notion of a behavioural defense that protects us from contagion by altering social behaviour.
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