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Abstract 42 

 43 

 44 

For humans, like other social animals, behaviour acts as a first line of defense against 45 

pathogens. A key component is the ability to detect subtle perceptual cues of sick 46 

conspecifics. The present study assessed the effects of endotoxin-induced olfactory and visual 47 

sickness cues on liking, as well as potential involved mechanisms. Seventy-seven participants 48 

were exposed to sick and healthy facial pictures and body odours from the same individual in 49 

a 2 x 2 factorial design while disgust-related facial electromyography (EMG) was recorded 50 

and they rated their liking of the person presented. In another session, participants also 51 

answered questionnaires on perceived vulnerability to disease, disgust sensitivity and health 52 

anxiety. Lower ratings of liking were linked to both facial and body odour disease cues as 53 

main effects. Disgust, as measured by EMG, did not seem to be the mediating mechanism but 54 

participants who perceived themselves as more prone to disgust, and as more vulnerable to 55 

disease, liked presented persons less irrespectively of their health status. Concluding, 56 

olfactory and visual sickness cues that appear already a few hours after the experimental 57 

induction of systemic inflammation have implications for human sociality and may as such be 58 

a part of a behavioural defense against disease. 59 

 60 
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 64 

Introduction 65 

 66 

Humans are among the most social species on earth (1). Although social interactions are 67 

rewarding, they also carry costs, such as those of contagious diseases (2,3). Due to their long-68 



term co-existence with pathogens, humans and other animals have developed an immune 69 

system that acts as a defense against pathogens. The costs of an immune response itself are also 70 

high, both in terms of metabolic costs and of inhibition of the normal functioning, thereby 71 

promoting starvation and predation and reducing reproductive opportunities (4). This inhibition 72 

is  a result of behavioural changes often referred to as sickness behaviour, which generally helps 73 

with recovery (5) and possibly decreases the spread of disease to kin (4). Examples of sickness 74 

behaviour are fatigue, social withdrawal, loss of appetite, and physical inactivity (6).  75 

 76 

It has been suggested that the behavioural avoidance of sick individuals is the first, and probably 77 

the most cost-effective line of defense against infection (7). Moreover, statistical modeling 78 

indicates substantial disease-containing effects from small alterations in patterns of inter-79 

individual contact (8). These two points vouch for the importance of a behavioural defense 80 

against disease. This defense includes the capability of detecting sickness-relevant cues, 81 

followed by adaptive behaviours such as avoidance (9,10), and is often referred to as part of a 82 

behavioural immune system (11). 83 

 84 

An association between disease and specific human body odour cues has been found for certain 85 

types of diseases, both contagious and non-contagious (12). The role of body odour cues in 86 

disease detection was recently addressed for the first time by two experimental studies which 87 

indicated that individuals, following an induction of systemic and transient inflammation by 88 

way of an endotoxin lipopolysaccharide(LPS), had a more aversive body odour just a few hours 89 

after induction (14,15). Similar findings have also indicated that visual cues, such as the skin 90 

coloration (16), gait pattern (17), and perceived (emotional expressions) as well as physical 91 

facial features (eye openness, skin colour, angle of corner of mouth (18,19)) of LPS-treated 92 

individuals might serve as cues for disease detection. 93 

 94 

Starting with the assumption that a behavioural defense would benefit from being able to 95 

integrate cues between senses in order to improve accuracy and speed of detection (20,21), a 96 

recent study investigated whether integration of visual and olfactory stimuli could facilitate 97 

disease detection utilizing the LPS bacterial model (22). Visual (facial pictures) and olfactory 98 

(body odour) sickness cues were presented to participants, both separately and in combination, 99 

while imaging the brain (fMRI). A negative main effect of face sickness on liking ratings of the 100 

presented stimuli was found and a statistical tendency for further dislike was found as a function 101 

of body odour sickness. Besides widespread neural activation of modality-specific cortical 102 



odour and visual processing networks as a function of disease cues, activations of areas relating 103 

to multisensory integration, such as the intraparietal sulcus, superior temporal sulcus and 104 

orbitofrontal cortex, were also observed.  105 

 106 

When sickness cues are detected, adaptive psychological responses, such as disgust, will 107 

cause avoidance behaviour (7). In fact, many cues that convey the presence of pathogens are 108 

also disgust elicitors (23). While it seems likely that disgust responses are central for the 109 

initiation of avoidance behaviour to pathogenic threats, it remains unknown whether disgust is 110 

instrumental when pathogenic threats are more subtle.  111 

 112 

It is reasonable that different personality traits may be predisposing individuals to the 113 

detection of disease cues. For instance, individuals who perceive themselves as more 114 

vulnerable to disease are more alert towards people or inanimate objects that might pose an 115 

infection risk, and when they detect them, they might express greater avoidance (7,24). In 116 

parallel, health anxiety is also connected to disease detection. Health anxiety is defined as a 117 

constant fear of somatic sickness, resulting in misinterpretations of non-threatening cues and 118 

avoidance of stimuli connected to health anxiety (25). Specifically, it has been found that 119 

individuals with severe health anxiety tend to experience more disgust towards others, 120 

perceive them as less healthy, and also rate the risk of contagion as greater compared to 121 

individuals with low health anxiety (26). In line with perceived vulnerability to disease and 122 

health anxiety, disgust sensitivity is also associated with behavioural avoidance (27).  123 

 124 

In the present study, following the same assumption as in Regenbogen et al. (22) that visual 125 

and olfactory stimuli could facilitate disease detection, a combination of both visual and 126 

olfactory disease cues was presented to observers to assess potential main or interaction effects 127 

of visual and olfactory disease cues on social liking. We assessed “liking” of individuals in 128 

response to disease cues because liking predicts approach/avoidance behaviour (28). As a 129 

possible mediator of dislike we added electromyography (EMG) measures of muscles 130 

associated with the emotion of disgust. As a secondary aim, we also investigated if individuals 131 

reporting to be more vulnerable to disease, more sensitive to disgust, or are higher in health 132 

anxiety will perceive the disease cues differently from those with low scores for these 133 

personality traits. One possibility is that they may be overly sensitive to possible disease cues 134 

in an effort to protect themselves from infection. Another is that their ability to dissociate 135 



between sick and healthy cues will be different (either better or worse) depending on the trait 136 

scores. 137 

Method 138 

 139 

Participants 140 

A total of 77 healthy participants took part in the present study (mean age 30 years; of which, 141 

49 women). There was no significant difference in age between female and male participants 142 

(t(75) = -.227, p = .821). Participants were recruited via posters, Karolinska Institutet’s online 143 

recruitment system (SONA system) and posts on social media (Facebook). Inclusion criteria 144 

were ≥18 years of age, self-reported normal or corrected to normal vision, self-reported normal 145 

sense of smell, non-smokers, not pregnant, and finally, an ability to speak and understand 146 

Swedish. All participants provided written informed consent and were remunerated for their 147 

participation with two movie tickets. The study was approved by the regional ethical board 148 

(2017/55-31/4). 149 

 150 

 151 

Procedure 152 

The study consisted of two sessions. Before the sessions started all participants did an odour 153 

identification task using a short version of the Sniffin’ Sticks odour identification test to 154 

assess their olfactory function. During the first session, participants completed several 155 

questionnaires collecting socio-demographic data and measuring their sensitivity to disgust, 156 

health anxiety and perceived vulnerability to disease. After the first session was completed, 157 

the experimenter prepared the participants for the recording of facial electromyography 158 

(EMG). During the second session, they gave liking ratings following the simultaneous 159 

presentation of face and body odour stimuli while EMG was recorded. 160 

 161 

Sniffin’ Sticks test 162 

Prior to the experimental procedure, every participant was tested with a four-item version of 163 

the Sniffin’ Sticks odour identification test. The odours used were orange, leather, cinnamon, 164 

and peppermint. The Sniffin’ Sticks test assesses nasal chemosensory performance using pen-165 

like odour-dispensing devices (29). All met the criterion for inclusion, 3 out of 4 correct cued 166 

identifications. 167 

 168 

Session 1: Questionnaires 169 



During Session 1 of the study the participants were asked to complete questionnaires. First, 170 

they provided information about age, sex, education, smoking habits, pregnancy, use of 171 

contraceptives, date of last day of menstruation, and perceived sense of olfactory acuity. 172 

Directly after the administration of the demographic questionnaires and before the second 173 

session of the study took place, the below three self-reported instruments were administered. 174 

In an explorative manner, we wanted to see whether traits relating to vulnerability to disease, 175 

disgust sensitivity and health anxiety would somehow be associated with how well 176 

participants could differ between sick and healthy or whether they had a general tendency to 177 

dislike others. The participants after they completed the questionnaires moved to another 178 

room for the experimental part. 179 

 180 

Perceived Vulnerability to Disease (PVD).  PVD is a 15-item self-report instrument that 181 

assesses chronic beliefs about disease transmission (30). The questionnaire consists of two 182 

subscales. The germ subscale assesses discomfort in situations with potential transmission of 183 

pathogens and has been found to correlate with measures of disgust sensitivity. The 184 

infectability subscale measures perceived susceptibility to infectious diseases and is 185 

associated with measures of health anxiety (30). 186 

 187 

Disgust Scale Revised (DS-R). The DS-R, a 27-item self-report instrument, was used to 188 

assess participants’ disgust sensitivity. A validation study of the DS-R revealed a three-factor 189 

structure with acceptable internal consistency and split-half reliability (31). The three factors 190 

are: core disgust, assessing aversive reactions to the threat of disease; animal-reminder 191 

disgust, elicited by reminders of one's mortality and animalistic nature; and contamination 192 

disgust, measuring aversive reactions to threat of contamination (31,32). The DS-R also 193 

contains two “catch” questions which help with identification and removal of inattentive 194 

participants. 195 

 196 

Health Anxiety Inventory (short version; HAI). HAI is a screening measure of clinical health 197 

anxiety, based on the validated Health Anxiety Inventory (25). HAI consists of 27 items, 198 

combined to one total score of health anxiety as well as three separate subscales. The 199 

subscales measure different aspects of illness-related ideas of health anxiety: negative 200 

consequences of illness, reassurance seeking and avoidance behaviours (25). 201 

 202 

Stimuli 203 



The present study used the same facial pictures and body odours as used in Regenbogen et al. 204 

(22). That study includes all the details regarding the procedure for collecting the facial 205 

pictures and body odours (22). In short, healthy individuals (9 women, 13 men; mean age 23 206 

years), hereafter called donors, participated in a within-subject, double-blind, and placebo-207 

controlled study. The donors were injected with either the endotoxin lipopolysaccharide 208 

(LPS) injection (Escherichia coli endotoxin, Lot HOK354, CAT number 1235503, United 209 

States Pharmacopeia, Rockville, MD, USA) at 2.0 ng/kg body weight diluted in 0.9% NaCl or 210 

a placebo injection (0.9% NaCl). Each donor received both treatments in sessions separated 211 

by a month and in balanced order. Whereas in Regenbogen et al., only a small subset (four 212 

healthy and four sick body odours, but different subsets for each participant) of the available 213 

body odours was used, we here presented all the 44 available sick and healthy body odour 214 

samples to all of the participants. It needs to be mentioned that the body odours were only 215 

sparsely used in the Regenbogen study which better allowed us to reuse them in the present 216 

study. The body odours were stored in the freezer in between the two studies to keep their 217 

integrity as well as possible (33).  218 

 219 

The visual stimuli used here were facial photos of these donors. The facial photos were taken 220 

2 hours after the LPS injection, when sick, and 2 hours after the placebo injection, when 221 

healthy. The donors were seated on a stool against a white background a meter away from the 222 

camera. For all the pictures a Nikon D90 (Nikon Corp., Tokyo, Japan) was used. The focal 223 

length was 50mm (a 50–mm lens was used), aperture speed at 1/125, and 200 ISO. For the 224 

lighting a studio flash setup with two ElinChrome softboxes was used. The same flash 225 

lighting was standardised across all photos. All donors were asked to keep a neutral facial 226 

expression and were restricted from wearing any make-up. Post processing of the facial 227 

photos included cropping of pictures to 1.989 x 2.188 pixels so all faces were of similar size. 228 

An oval shape (354 x 483 pixels) was used to crop the faces to remove hair from the image 229 

for the subsequent behavioural experiment.  230 

 231 

 For the collection of the olfactory stimuli donors avoided strenuous exercise and alcohol 232 

during 48 hours before collection of the body odour samples. During 24 hours before 233 

collection of body odour samples donors avoided strong spices (e.g., mexican, indian, thai 234 

food), garlic, and asparagus to limit residual odours in their body odour.  The morning of 235 

odour samples collection, donors had a light breakfast (e.g., 1 glass of orange juice and two 236 

slices of bread with a little jam) and drank a glass of water after breakfast. On this day, donors 237 



used an unscented liquid soap (Lactacyd, ACO Hud Nordic AB, Upplands Väsby, Sweden) 238 

and shampoo (Apoliva, Apoteket AB, Stockholm, Sweden) provided by us to shower and 239 

wash their armpits, and they were instructed to not use any odourised products (e.g., perfume, 240 

deodorant, body lotion or other scented cosmetics). For the sampling of the olfactory stimuli, 241 

all donors wore tight T-shirts (type BB301, 50% cotton/50% polyester; American Apparel, 242 

London, UK) for five hours, with nursing pads sewn into the armpit regions following 243 

treatment both for LPS and placebo. After the completion of 5 hours, all pads were removed 244 

from the T-shirts and were stored in a freezer at -35oC in 1-L freezer bags (Toppits, Minden, 245 

Germany). More information regarding the protocol can be found in (34). 246 

 247 

Session 2: Ratings 248 

During the second block, participants were exposed to the 22 donors’ facial pictures and body 249 

odours in both a sick and a healthy version in a factorial design. For each donor, olfactory and 250 

visual stimuli combinations (sick/sick; sick/healthy; healthy/sick; healthy/healthy) were 251 

presented in a randomised order, amounting to 88 presentations for each participant (Figure 1). 252 

The stimuli (face and odour pairs coming from the same donor) were presented in a randomised 253 

order for each participant. Before each stimulus presentation a fixation cross was presented for 254 

5 seconds that indicated that a stimulus combination would be presented. When the 255 

experimental session (presented in detail below) started, the experimenter removed the lid from 256 

the jar and presented the odour to the participant by placing the jar a few centimeters below the 257 

nostril. Each stimulus combination (facial picture and odour) was presented for 5 seconds. After 258 

each presentation, a visual analogue scale (VAS) was presented on the screen for 5 seconds so 259 

that the participants could rate how much they liked the person being presented. The VAS 260 

ranged from 0-100 where “I don’t like this person at all” represented the lower end, and “I like 261 

this person very much” the higher end. Hence, 50 represents neither like nor dislike of the 262 

person.    263 

 264 



            265 

Figure1: Body odours and facial pictures of 22 individuals collected when sick (LPS 266 

injection) and when healthy (saline injection) were presented in a factorial design resulting in 267 

88 unique combinations of face and odour. Each participant rated the person presented on a 268 

liking scale. Pictures represent an example of how a face can vary between the healthy and 269 

the sick condition.  270 

 271 

Facial Electromyography Recording 272 

Facial EMG activity associated with disgust was recorded from the corrugator supercilii 273 

region located at the forehead above the left eyebrow (frowning), and from the levator labii 274 

superiores al nasi region located on the cheek close to the left nose wing (lifting upper lip). 275 

Ground electrode was positioned at the forehead border of the hair line, all electrode 276 

placement following the recommendation of van Boxtel (35). After cleaning relevant skin 277 

areas with 50 % ethanol solution, surface electrode pairs (recording area 0.4 cm diameter) 278 

were filled with electrode gel (Signa gel, Parker, Cortech Solutions) and mounted to target 279 

areas. EMG signal was recorded using AD Instruments differential BioAmp amplifier 280 

controlled by a PC using LabChart7 pro software (AD Instruments, Boulder, CO) with the 281 

following settings: input impedance of 200 MΩ, amplification range +/- 5 µV to +/100 mV, 282 

gain accuracy +/1.5 %, common mode rejection ratio 85 dB at 60 Hz, 1000 Hz sampling rate, 283 



mains filter, first-order 10 Hz high-pass filter and fourth-order Bessel 500 Hz low-pass filter 284 

at -3 dB (36). Offline data processing for statistical analysis comprised 20 Hz high-pass 285 

filtering, down sampling to 100 Hz, rectifying and smoothing with a window size of 200 ms. 286 

Rectifying and smoothing took place in a research environment using Jupyter Notebook 287 

running Python 3.7. The data were preprocessed by the usage of Pandas and NumPy as main 288 

libraries. Target/baseline ratios were calculated for baseline correction (35). 289 

 290 

Statistical Analysis 291 

Perceptual ratings: The effects of face and odour on liking ratings were analyzed using linear 292 

mixed model analyses conducted in R.3.4.1, using the package lme4 and lmertest. A 293 

conservative mixed effect model was used were intercepts and slopes were allowed to vary 294 

between participants and donors. The model we used was: lmer 295 

(Ratings~Face+Odour+(1+Face + Odour|Participant) + (1+Face + Odour|Donor). To test for 296 

interaction, the following model was used: lmer (Ratings~Face*Odour+(1+Face * 297 

Odour|Participant) + (1+Face * Odour|Donor).  Random intercepts for “Participant” and 298 

“Donor” were used to account for variance between participants and donors respectively. 299 

 300 

Facial Electromyography Recording. For the facial electromyography recording, a linear 301 

mixed model analysis in R.3.4.1 using the package lme4 and lmertest was used as well. For 302 

the mixed effect model used here, only intercepts were allowed to vary between participants 303 

and donors due to convergence problem when the random slope was included in the model. 304 

As an example, the model for the effect of face and odour on levator labii muscle would be 305 

the following: lmer (Levator~Face+Odour +(1|Participant) + (1|Donor)). 306 

 307 

Questionnaires. Questionnaire responses were analyzed using Pearson Correlation (2-tailed) 308 

with a threshold value for statistical significance set to p < .05. This statistical analysis was 309 

performed using Microsoft Office Excel and IBM SPSS Statistic (version 23). Regarding the 310 

liking ratings, each participant received a mean liking score. In addition, differences between 311 

ratings of healthy and sick faces and healthy and sick odours were calculated and combined 312 

into one mean difference. Twelve participants were excluded from the DS-R analysis due to 313 

incomplete answers and getting caught on “catch”-questions. In addition, correlations 314 

between PVD, HAI, and DS-R were calculated as well. (See Supplementary material).  315 

 316 

Results 317 



 318 

Effect of Sickness on Liking Ratings 319 

The ratings of liking of the presented persons as a function of face and body odour sickness 320 

were analysed (Table 1; Supplementary Figure 1).  321 



Table 1. Linear Mixed Model investigating the effect of Face and Odour Sickness on 322 

Liking ratings. For each variable, the estimate, the standard error of the mean (SE), the 323 

Confidence Interval (CI), the t-value, the degrees of freedom (df), and the p-values are given.  324 

 325 
Ratings Predictors β 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 22.41 0.001 

        

 Odour -3.32 1.51 [-6.3,-0.3] -2.20 22.94 0.038 

 326 
 327 

 328 

As hypothesised, there was a main effect on liking of face sickness (t(22.4) = -3.586, p = .002, 329 

d = -0.40), as well as for body odour sickness (t(22.9) = -2.202, p = .038, d = -0.25) compared 330 

to the healthy ones (Figure 2). There was no significant interaction effect between face and 331 

odour sickness on liking ratings (t(70.3) = 1.204, p = .232, d = 0.15). In sum, the results 332 

indicate that both face and odour sickness decrease liking of persons.  333 

 334 

 335 

    336 

 337 

 338 



Figure 2. Interaction plot depicting the effects of face and odour sickness on liking of the 339 

bimodally presented person. There is no statistically significant interaction but both factors 340 

Face sickness and Odour sickness are significant (see text). The liking scale ranges from 0 (“I 341 

don’t like this person at all”) to 100 (“I like this person very much”), and where 50 indicates 342 

neither like, nor dislike. Error bars represent standard errors. 343 

 344 

Facial EMG recording 345 

Analyses showed no significant activation of the levator labii region in response to sickness 346 

in faces (t(6591) = -0.484, p = .6, d = -0.05) or odours (t(6591) = 0.381, p = .7, d = 0.04). The 347 

corrugator supercilii region also showed no significant activation in response to sickness in 348 

faces (t(6591) = 0.195, p = .8, d = 0.01) or odours (t(6591) = -0.648, p = .5, d = -0.06) (see 349 

Supplementary Figures 2-3).                                                                          350 

 351 

Questionnaires 352 

The extent to which the different questionnaires and their subscales shared variance was 353 

assessed through correlation analyses. The analyses showed weak to moderately significant 354 

positive correlations between PVD, DS-R, and HAI (see Supplementary Table 1). There were 355 

no significant correlations between individuals’ difference between liking ratings of sick and 356 

healthy odours and faces (see method), and their scores on the questionnaires. For overall 357 

mean liking of presented persons, we found no significant correlations between the HAI 358 

scores and overall mean liking of presented persons but significant negative correlations 359 

between mean liking and Perceived Vulnerability to Disease germ subscale (r = -.293, n = 77, 360 

p = .01). Negative correlations were also found between mean liking and Disgust Scale total 361 

score (r = -.250, n = 65, p = .04), as well as between mean liking and DS-R core disgust 362 

subscale score (r = -.289, n = 65, p = .02). Furthermore, four linear multiple regression 363 

models were performed, one for each questionnaire’s subscales and one for the three total 364 

score of each questionnaire. Mean liking ratings were the dependent variable in all models. In 365 

the regression analysis, a significant regression equation was found for the PVD germ 366 

subscale (F(2,62) = 2.452, p<.03) with an R2 of 0.073 (Table 2). 367 

 368 

 369 

Table 2. Multiple Regression Analysis Summary for Total Scores and Subscales of PVD, 370 

DS-R. and HAI predicting Liking Ratings. 371 

 372 

Formaterat: Teckensnitt:Teckenfärg: 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 

      



Negative 

Consequences 

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

      

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 

 373 

 374 

Discussion 375 

In a factorial design, we showed a negative effect of both face and body odour sickness on the 376 

liking of presented persons. This indicates that the cue types add to each other and testifies to 377 

the benefit of multimodal perception of sickness. The results further indicated that humans who 378 

perceive themselves as more vulnerable to disease and more prone to disgust dislike presented 379 

persons more, irrespective of health status, possibly by being oversensitive to cues even 380 

remotely suggesting a risk of contagion (37).  381 

 382 

The observed dislike as a function of sick faces is in line with several previous studies that 383 

showed that visual sickness detection was possible using the same experimental sickness model 384 

as here (17–19,22). Although several findings so far are based on subjective ratings of perceived 385 

facial traits and emotions, some studies, as noted above, also identify objective physical traits 386 

that change as a function of sickness, such as angle of corner of the mouth, eye openness, and 387 

skin coloration (16,19).  388 

 389 

As with face sickness, body odour sickness in the present study had a negative effect on the 390 

liking ratings of presented persons. Thus, both seeing and smelling a person with a recently 391 

activated inflammatory response reduces liking of the person. Previous studies have shown that 392 

sick body odours are rated as more unpleasant compared to healthy body odours (14,15), which 393 

likely drives the dislike associated with the sick body odours in the present study. This study 394 

corroborates our previous study (22) in which we also found that sick body odours drove dislike 395 

of individuals, only now with statistical significance and a larger effect size. This could be due 396 

to that in the present study, using the same sample pads, the odours were presented from jars. 397 

This technique lets participants sample the odorant from a saturated head-space which is 398 

expected to yield stronger and clearer odours than from olfactometers that flow air over the 399 

surface of the odorous material.  400 



 401 

As noted, it is known that congruent cues from different sensory systems, in particular if they 402 

are weak, result in faster and more accurate detection when combined (20,21,38). Considering 403 

that the sickness cues in the present study are relatively subtle one could expect that sick faces 404 

combined with sick body odours would result in a synergistic integration beyond additivity, 405 

possibly coming out as a significant interaction (cf., Figure 2). However, although additive, the 406 

present study could not show such an interaction between visual and olfactory sickness cues, 407 

despite that sick body odours and faces are both perceived as more “sick” (14,18) and therefore, 408 

in theory, could add synergistically, especially, if the cues alone are weak. This could simply 409 

indicate that these cues are not synergistic enough to drive a statistically significant interaction. 410 

It could also mean that the dislike is to some extent mediated by different mechanisms for sick 411 

faces and body odours. Indeed, it has been shown that sick body odours are perceived as more 412 

unpleasant (14,15) whereas sick faces are perceived as expressing more negative emotions (19).  413 

 414 

Overall, our results support the notion of a behavioural defense that enables us to detect and 415 

avoid the source of sickness cues. As noted in the introduction, there is also support for the 416 

influence of personality traits on how we relate to aspects of sickness. In line with that, the 417 

present results showed a negative relation between the PVD questionnaire germ subscale and 418 

liking ratings, suggesting that individuals’ perceived vulnerability to disease can affect their 419 

social behaviour, and that this is mediated by a dislike of others. This is consistent with previous 420 

results showing that individuals high in PVD are more likely to avoid objects, individuals, or 421 

actions that might carry an infection (7,10), but notably also individuals with non-infectious 422 

traits, such as disabilities or obesity (39). Furthermore, it has been shown that exposure to 423 

sickness cues in humans with high PVD scores leads to less agreeableness and low levels of 424 

openness, suggesting that self-perception biases facilitate avoidance behaviour (40). 425 

Interestingly, another study has shown that people who score high in PVD tend to make more 426 

false positive errors when they are exposed to stimuli only heuristically associated with sickness 427 

(41). In sum, the present results support previous findings indicating that perceived 428 

vulnerability to disease and less social behaviour are associated (30).  429 

 430 

The present results did not show significant correlations between HAI and liking ratings. These 431 

results are not in line with previous research where it has been showed that health anxiety is 432 

related to perceiving healthy faces as less healthy and less attractive (26). This may be due to 433 

that HAI is validated and used to measure health anxiety in a clinical context differentiating 434 



between clinical and non-clinical cases, and in the present study we did not have participants 435 

with severe health anxiety. 436 

 437 

It has been suggested that disgust in several ways is associated with disease avoidance (7) (42). 438 

In addition to the raters’ perceived vulnerability to disease, their own disgust sensitivity was 439 

negatively correlated with the liking ratings of others. As higher disgust sensitivity is associated 440 

with fewer recent infections (43), this suggests that disgust sensitivity acts as a protective 441 

mechanism against infection by way of liking and approaching others less. Furthermore, stimuli 442 

that elicit disgust can increase immune markers, such as immunoglobulin A (IgA) and Tumor 443 

necrosis factor alpha (TNF-α) that are involved in systemic inflammation. This has been 444 

interpreted as if the immune system is triggered by disease cues in anticipation of pathogen 445 

exposure (44). Other studies have argued that disgust could be a mediator between sickness 446 

stimuli and avoidance (23). Indeed, some authors argue that pathogen disgust and disease 447 

avoidance are strongly interconnected, thus, they are either used interchangeably or considered 448 

functionally the same (45,46). These observations are in accordance with the notion that 449 

stimulus-induced disgust has evolved to protect us from infection by fulfilling a sickness 450 

avoidance function (23).  451 

 452 

Several studies in the past have indeed shown increased facial muscle activity in response to 453 

disgust after exposure to visual (47–49) and olfactory stimuli (50,51). However, in the current 454 

study we found no significant increase of disgust-related muscle activity and therefore no 455 

evidence of that stimulus-induced physiological disgust mediated the sickness-related dislike 456 

of others.  457 

 458 

Although there are observations that vouch for the involvement of disgust in a behavioural 459 

defense, it has been suggested that although disgust is associated with disease avoidance, 460 

disgust is not necessarily the cause of the avoidance (52). In the current study, the body odours 461 

were weak and generally not very disgusting (or unpleasant, as indicated in Regenbogen et al. 462 

(22)). The sick faces that we used as visual stimuli did not either have any profound sickness 463 

symptom, such as red spots, nasal discharge or open ulcers that could be clear disgust elicitors. 464 

Therefore, it is possible that the present disease cues were either not strong enough disgust 465 

elicitors to activate measurable physiological (EMG) responses or that the decreased liking we 466 

have observed as a function of sickness cues was not primarily driven by disgust. Arguably, 467 

sickness cues should also be able to operate on the positive end of and approach-avoidance 468 



dimension. It makes sense that healthy individuals with looks and body odour that merit 469 

approach rather than avoidance could when sick be perceived less worthy of approach in order 470 

to decrease the probability of approach. In this way a lowered approach value can contribute to 471 

disease avoidance without disgust being involved. 472 

 473 

A limitation of the current study is that it only assessed perceived liking in an effort to address 474 

behavioural avoidance towards sick individuals. Although, as noted, liking predicts 475 

approaching others (28), further studies should test overt avoidance behaviour as a function of 476 

sickness cues. Moreover, the above results are based on an experimental sickness model. Future 477 

studies would benefit from using a natural sickness model, such as an upper respiratory 478 

infection, to test the effects of sickness cues on components of a behavioural defense in humans. 479 

Another possible limitation of the present study is the high number of stimuli the participants 480 

had to rate. That could have potentially led to odour adaptation and consequently affected the 481 

ratings the participants gave. However, we inserted an extra 5 seconds in the stimulus 482 

presentation protocol where no stimuli but a fixation cross was presented to counteract 483 

adaptation. 484 

 485 

Conclusions 486 

The present findings show that olfactory and visual sickness cues appear within hours after the 487 

induction of systemic inflammation in otherwise healthy individuals. As a result, they are liked 488 

less which is a possible precursor of an avoidance behaviour. We also demonstrate that 489 

participants who perceive themselves as more vulnerable to disease and have high sensitivity 490 

to disgust tend to dislike individuals in general. Altogether these results offer support for the 491 

notion of a behavioural defense that protects us from contagion by altering social behaviour.  492 
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