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A B S T R A C T

The capacity to rapidly detect and avoid sick people may be adaptive. Given that faces are reliably available, as
well as rapidly detected and processed, they may provide health information that influences social interaction.
Prior studies used faces that were manipulated to appear sick (e.g., editing photos, inducing inflammatory re-
sponse); however, responses to naturally sick faces remain largely unexplored. We tested whether adults detected
subtle cues of genuine, acute, potentially contagious illness in face photos compared to the same individuals
when healthy. We tracked illness symptoms and severity with the Sickness Questionnaire and Common Cold
Questionnaire. We also checked that sick and healthy photos were matched on low-level features. We found that
participants (N = 109) rated sick faces, compared to healthy faces, as sicker, more dangerous, and eliciting more
unpleasant feelings. Participants (N = 90) rated sick faces as more likely to be avoided, more tired, and more
negative in expression than healthy faces. In a passive-viewing eye-tracking task, participants (N = 50) looked
longer at healthy than sick faces, especially the eye region, suggesting people may be more drawn to healthy con-
specifics. When making approach-avoidance decisions, participants (N = 112) had greater pupil dilation to sick
than healthy faces, and more pupil dilation was associated with greater avoidance, suggesting elevated arousal to
threat. Across all experiments, participants’ behaviors correlated with the degree of sickness, as reported by the
face donors, suggesting a nuanced, fine-tuned sensitivity. Together, these findings suggest that humans may de-
tect subtle threats of contagion from sick faces, which may facilitate illness avoidance. By better understanding
how humans naturally avoid illness in conspecifics, we may identify what information is used and ultimately im-
prove public health.

1. Introduction

Humans’ sociality comes with risks. Pathogens transmitted through
conspecifics (e.g., diarrheal disease, respiratory infections) have been
prolific threats throughout humans’ evolutionary history and continue
to be global leading causes of death (Karlsson et al., 2014; Liu et al.,
2012; Nabeela et al., 2014; World Health Organization, 2020). In re-
sponse, humans are theorized to have evolved a behavioral immune
system: a set of psychological and behavioral responses that serve as an
initial defense for rapid detection, interpretation, and avoidance of
sickness (Curtis et al., 2004; Schaller and Park, 2011). Consistent with
this theory, people rate odors from sick people as more unpleasant and
sick compared to odors from healthy people (Croy et al., 2013; Olsson
et al., 2014; Regenbogen et al., 2017; Sarolidou et al., 2020a). Detect-

ing smells of illness, however, may not be a robust method for detecting
natural illness (Sarolidou et al., 2020b) and requires close contact, at
which point a person may already be exposed to potentially dangerous
pathogens. Sounds (e.g., coughs, sneezes) may be used from a distance
(Goodwin et al., 2020; Lee et al., 2010); however, people do not appear
to discriminate infectious illness from other sounds (e.g., allergies;
Michalak et al., 2020). Body movements of people with experimentally-
induced systemic inflammation (mimicking bacterial infection) are per-
ceived as sicker and more tired than healthy peoples’ movements
(Sundelin et al., 2015). However, this cue is not available when a per-
son is stationary. Furthermore, it is unclear to what extent natural sick-
ness can also be detected from body motion.

Rapid detection and avoidance of sick people using facial informa-
tion may be particularly adaptive, given that faces are more consis-
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tently available than other cues and are detected and processed more
rapidly than nearly any other stimulus (Crouzet et al., 2010; Jack and
Schyns, 2015; Wardle et al., 2020). While cues of illness are hypothe-
sized to be conveyed by the face (Axelsson et al., 2018; Kramer and
Bressan, 2021; Regenbogen et al., 2017; Sarolidou et al., 2019), to date,
it remains untested whether people can detect subtle cues of acute, con-
tagious illness in the faces of people who are actually ill compared to the
faces of the same individuals when healthy.

Prior studies have manipulated facial health. For example, endo-
toxin injection is an experimental model that temporarily induces sys-
temic inflammation that makes people feel ill without being contagious
(Axelsson et al., 2018; Fullerton et al., 2016; Leschak et al., 2022;
Schedlowski et al., 2014). Another approach is to edit face stimuli,
adding a conspicuous pathogen-cue of a facial sore (van Leeuwen and
Petersen, 2018) or adjusting the location of one pupil to simulate stra-
bismus (Tybur et al., 2020), to make people appear less healthy. While
faces manipulated to appear ill, compared to unmanipulated faces,
were rated as sicker (Bressan, 2021; Sarolidou et al., 2019), such stud-
ies do not answer the question of whether people can detect cues of nat-
ural, genuine acute contagious illness in faces, which may be more sub-
tle and variable than manipulated sick faces. Therefore, there is a need
to better characterize illness detection and avoidance using real cues of
sickness. Furthermore, people believe they can visually detect illness in
others (Ackerman et al., 2020), which could expose them to infectious
pathogens if they fail to detect sickness. It is, therefore, important to de-
termine whether people can actually detect sickness.

In the current study, we used face photos of people with self-
reported illnesses and face photos of the same people when healthy. We
hypothesized that the degree of illness would be associated with partici-
pants’ behavioral and physiological responses. In three naïve samples
of adults, we explored whether people differently rate (Experiment 1),
visually attend to (Experiment 2), and physiologically respond to (Ex-
periment 3) sick and healthy faces. We hypothesized that people would
identify sickness and associated cues (e.g., tiredness) from faces (Exper-
iment 1), visually discriminate sick from healthy faces when health is
task-irrelevant (Experiment 2), and differ in pupil dilation to sick and
healthy faces (Experiment 3).

2. Experiment 1

When people are sick, they may exhibit lassitude—an emotion asso-
ciated with sickness, characterized by slack facial muscles, drooping
eyelids, and slightly parted lips (Schrock et al., 2020). Sick people may
also appear tired (Axelsson et al., 2018) and display negative emotions
(e.g., sadness; Sarolidou et al., 2019). Lassitude expressions are theo-
rized to elicit care from others; however, such care requires close con-
tact, which comes with costs, including increasing the helper’s infec-
tion risk (Tybur et al., 2013). The capacity to identify genuine cues of
infectious sickness in others may, therefore, be valuable in helping peo-
ple to navigate approach-avoidance motivations.

In one study that used faces from men with HIV or herpes and a
healthy control group, participants categorized faces as sick or healthy
at levels above chance (Tskhay et al., 2016). These findings are consis-
tent with the behavioral immune system hypothesis, suggesting people
may be sensitive to genuine sickness. However, in this study the sick
and healthy faces were from different individuals, leaving open the pos-
sibility of other differences among these groups (e.g., socioeconomic
status), making it difficult to know the extent to which participants re-
lied on cues of illness, specifically. Further, it remains untested whether
people are sensitive to facial cues of more infectious diseases, such as
those transmitted through the air during brief encounters (e.g., COVID-
19).

To address this gap, in Experiment 1 we examined whether people
differently rated actual sick and healthy faces from the same individu-
als. We included faces with illnesses that are transmissible through

shared spaces or brief contact, and therefore, would be evolutionarily
adaptive to avoid. In line with previous reports using experimentally
manipulated sick faces (Axelsson et al., 2018; Sarolidou et al., 2019),
we predicted that natural sick faces would be rated as more sick, dan-
gerous, avoided, unpleasant, tired, and negative compared to healthy
faces (Prediction 1a). We also predicted that these ratings would be
negatively associated with donor-reported health (Prediction 1b) and
would be positively associated with one another (Prediction 1c).

2.1. Materials and methods

2.1.1. Participants
Adult participants (N = 199) were recruited from a research partic-

ipant pool to rate the faces (see Table 1 for demographic details). Raters
received course credit for their participation. The University of Miami
Institutional Review Board approved this study.

2.1.2. Stimuli
We used 32 neutral/relaxed face photos collected from 16 individu-

als (face photo donors), once when sick and once when healthy. Sick
faces were donated by people who were actually sick. Donors were per-
mitted to submit photos of their sick faces at various points of illness
(e.g., initial onset, peak), which allowed us to capture variability in
symptom severity across faces while donors were still contagious.
Healthy faces were from the same individuals prior to illness or once
they were fully recovered. Sickness and recovery were confirmed
through self-report (for full survey, see Supplementary Materials). Sick
and healthy photos were taken an average of 9.30 months apart. Face
photo donors consented to sharing their photos for use in future studies
and to be included in a face database and scientific publications (e.g.,
journal articles, conference presentations). Face photo donors were in-
structed to take a straight-on photo at eye-level (as opposed to from
above/below or from the side), while making eye-contact with the cam-
era and maintaining a neutral and relaxed facial expression, in a well-lit
location. When taking their second face photo, donors were instructed
to take the photo in the same location and at the same time of day as
their first photo and to replicate the hairstyle and lighting as much as
possible. We also asked donors to avoid make-up, eye glasses, and jew-
elry. However, 2 of the 16 donors were wearing glasses in one photo, so
we ensured that they were wearing them in the other one as well (in
both the sick and healthy photos), for consistency. Donors shared the
original, uncropped photos, which we then standardized using Adobe

Table 1
Participant demographics.

Experiment
1
(N = 199)

Experiment
2
(N = 50)

Experiment 3
(N = 112)

Age
Gender

18–29 years,
M = 19.4,
SD = 1.5

17–22 years,
M = 18.48,
SD = 0.84

16–
29 years,
M = 19.39,
SD = 1.80

Woman 106 (53%) 36 (72%) 80 (71%)

Man 93 (47%) 14 (28%) 32 (29%)

Race
American Indian or Alaskan Native 1 (1%) 0 (0%) 0 (0%)

Asian 26 (13%) 1 (2%) 9 (8%)

Black or African American 25 (13%) 4 (8%) 17 (15%)

Middle Eastern 3 (2%) 1 (2%) 3 (3%)

Native Hawaiian or Other Pacific
Islander

1 (1%) 0 (0%) 0 (0%)

White 123 (62%) 39 (78%) 75 (67%)

Multiracial 15 (8%) 3 (6%) 8 (7%)

Unknown/Other 5 (3%) 2 (4%) 0 (0%)

Ethnicity
Hispanic or Latino 41 (21%) 14 (28%) 27 (23%)

Not Hispanic or Latino 152 (76%) 35 (70%) 85 (76%)

Other 6 (3%) 1 (2%) 0 (0%)
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Photoshop. Photos were sized using inter-pupil distance, cropped, and
given uniform white clothing and backgrounds (for examples, see Fig.

1A). We used the Saliency Toolbox to confirm that features related to
low-level salience (e.g., color, luminance, contour) did not differ be-

Fig. 1. (A) Healthy (top row; teal blue) and sick (bottom row; pink) face stimuli examples. (B) Example study procedure (Version 1): raters completed 32 ratings
from −4 to + 4 in each dimension before moving to the next rating dimension. (C) Healthy faces (teal blue) were rated as healthier (less sick), safer (less danger-
ous), more approachable (less likely to be avoided), eliciting more pleasant feelings, more awake (less tired), and more positive in their expressions compared to
sick faces (pink). In contrast, sick faces were rated as sicker (less healthy), more dangerous (less safe), less approachable (more likely to be avoided), eliciting more
unpleasant feelings, less awake (more tired), and negative in their expressions compared to healthy faces. Horizontal lines within the boxplots indicate the medians.
Black dots indicate means. Hinges of the boxplots show the first (bottom) and third (top) quartiles. The whiskers extend up to 1.5 × Interquartile Range (IQR; dis-
tance between top and bottom hinges), above and below the hinges. Colored dots show binned raw data (e.g., each individual participant’s rating). Violin plots
show the frequency distributions of the ratings. (For interpretation of the references to color in this figure legend, the reader is referred to the web version of this
article.)
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tween sick and healthy faces (see Supplementary Method; Ho-Phuoc et
al., 2010; Walther and Koch, 2006).

To confirm that individuals were sick and healthy in each of their
photos, we adapted questions from validated measures of health from
national public health surveys and research, including symptoms (e.g.,
headache, cough, nausea), severity, and diagnoses (e.g., COVID-19;
Andreasson et al., 2018; Centers for Disease Control and Prevention;
2021; Powell et al., 2008; see Supplementary Materials for full list of
survey questions), collected through a Qualtrics survey (qualtrics.com).
We confirmed that donors rated themselves as being in poorer health
when they donated the sick face photos than when they donated the
healthy face photos (Table 2). Donors had more severe symptoms (e.g.,
fever) when sick, reflected in a higher Sickness Questionnaire (Sick-
nessQ; Andreasson et al., 2018) total score when they were sick
(M = 16.31, SD = 6.55) compared to when they were healthy
(M = 1.36, SD = 2.67), t(12) = 8.31, p < 0.001, d = 2.31, and a
higher Common Cold Questionnaire (CCQ; Powell et al., 2008) total
score when they were sick (M = 15.62, SD = 5.42) compared to when
they were healthy (M = 1.57, SD = 3.57), t(12) = 8.42, p < 0.001,
d = 2.33. For example, when donors were sick, 92% reported cough-
ing, nasal discharge, nasal obstruction, sneezing, and/or sore throat,
and 62% reported abdominal pain, diarrhea, nausea, and/or vomiting
(vs. only 14% and 7%, respectively, when healthy). In addition, when
sick, 85% of donors were unable to work, perform daily activities, and/
or reported that they got care from a doctor or other healthcare profes-
sional (vs. only 7% when healthy). For a full list of specific illnesses, see
Table S1. CCQ and SicknessQ scores positively correlated with one an-
other, r(25) = 0.90, p < 0.001, confirming that they were both captur-
ing the degree of illness/health.

2.1.3. Ratings
Each image was rated on 6 dimensions (Axelsson et al., 2018;

Campbell et al., 2021; Sarolidou et al., 2019) using 9-point scales: (1)
“How sick or healthy is this person?” on a scale from “very sick” (−4) to
“very healthy” (+4); (2) “How safe would you feel around this per-
son?” on a scale from “not at all safe” (−4) to “very safe” (+4); (3)
“How strong is your urge to approach or avoid this person?” on a scale

Table 2
Experiment 1 donor-reported symptoms and severity for healthy and sick face
photos.

Healthy Faces Sick Faces

M (SD) M (SD) t df p d

Chills 0.00 (0.00) 1.23 (1.01) 4.38 12 <0.001* 1.22

Headache 0.29 (0.83) 2.00 (1.16) 4.88 12 <0.001* 1.35

Joint pains 0.14 (0.36) 1.08 (1.12) 3.49 12 0.004# 0.97

Muscle or body aches 0.14 (0.36) 1.92 (0.95) 6.30 12 <0.001* 1.75

Fatigue or tiredness 0.36 (0.63) 2.46 (0.78) 8.68 12 <0.001* 2.41

Nausea 0.14 (0.54) 1.00 (0.91) 3.40 12 0.005# 0.94

Vomiting 0.00 (0.00) 0.15 (0.38) 1.48 12 0.165 0.41

Diarrhea 0.00 (0.00) 0.08 (0.28) 1.00 12 0.337 0.28

Abdominal pain 0.00 (0.00) 0.62 (0.87) 2.55 12 0.025# 0.71

Sneezing 0.14 (0.36) 1.00 (1.08) 2.86 12 0.014# 0.79

Sore throat 0.00 (0.00) 1.38 (1.04) 4.78 12 <0.001* 1.33

Nasal discharge 0.21 (0.58) 0.85 (0.80) 2.31 12 0.040# 0.64

Nasal obstruction 0.07 (0.27) 0.85 (0.99) 2.74 12 0.018# 0.76

Cough 0.07 (0.27) 1.00 (1.08) 2.80 12 0.016# 0.78

Note. Face donors reported significantly better health (i.e., less severe sickness
symptoms) at the time of donating their healthy face photo (left) compared to
the time they donated their sick face photo (right). For each symptom, donors
reported None (0), Mild (1), Moderate (2), or Severe (3). Health rating data
from 3 donors were unavailable, as reported above. Means (M) and standard de-
viations (SD) are reported for all available symptom scores. Degrees of freedom
(df) and Cohen’s d effect sizes are reported for each paired samples t test,
#ps < 0.05, *ps < 0.0036 (Bonferroni correction: αcrit = 0.05/14).

from “avoid” (−4) to “approach” (+4); (4) “How unpleasant (negative)
vs. pleasant (positive) do you feel in response to this person?” on a scale
from “negative/unpleasant” (−4) to “positive/pleasant” (+4) with the
midpoint labeled “neutral” (0); (5) “How tired (sleepy) vs alert (awake)
is this person?” on a scale from “very tired” (−4) to “very alert” (+4);
(6) “How is this person feeling?” on a scale from “very negative” (−4) to
“very positive” (+4) with the midpoint labeled “neutral” (0). For each
rating, the photo was visible along with the question and response op-
tions. Out of 13,728 trials, 123 were lost due to experimenter error
(<1%).

2.1.4. Procedure
Ratings were completed online through Qualtrics (qualtrics.com)

between April 2021 and December 2022. Raters completed the study on
a computer (n = 135), smartphone (n = 5), or tablet (n = 3). Raters
rated all 32 images on one dimension at a time in a block of 32 trials be-
fore moving on to the next rating blocks. Within each block, images
were presented in a random order. To avoid fatigue effects, raters were
randomly assigned to complete only 3 ratings (3 blocks) for the 32 im-
ages instead of all 6 ratings, for 96 trials total per person. Through ran-
dom assignment, approximately half the raters (N = 109) rated safety,
pleasantness, and healthiness (Version 1; Fig. 1B). We asked partici-
pants to rate healthiness after they completed the other ratings to avoid
priming their attention to health-related cues. The other half of the
raters (N = 90) rated approachability, tiredness, and the positivity of
the face (Version 2). At the end of the study, raters reported demo-
graphic information, and whether they recognized any of the people in
the photos. To eliminate the potential effect of familiarity, data from six
raters were excluded because they reported recognizing one or more
faces. The survey took approximately 20 min.

2.1.5. Analysis
We first confirmed that our donors had more symptoms of illness

when they contributed their sick face photo than when they contributed
their healthy face photo by conducting paired samples t tests using two
measures of overall health: the CCQ total score (Powell et al., 2008) and
SicknessQ total score (Andreasson et al., 2018). Donors rated 14 CCQ
symptoms (e.g., “fatigue or tiredness”) on a 4-point scale (none = 0,
mild = 1, moderate = 2, severe = 3), and total scores were calculated
by summing symptom severities. Similarly, they rated 10 SicknessQ
statements (e.g., “I didn’t wish to do anything at all”) on a 4-point scale
(disagree = 0, agree somewhat = 1, mostly agree = 2, agree = 3),
and total scores were calculated by summing statement scores. For both
total scores, higher scores indicate overall more severe symptoms and/
or a greater number of symptoms.

All analyses were conducted in R (version 4.2.1). For our primary
analysis, we conducted a linear mixed effects model using the “lme4”
(Bates et al., 2015) and “lmerTest” (Kuznetsova et al., 2017), including
a fixed effect for health condition and random effects of participants for
health condition, to compare participants’ sick face ratings to their
healthy face ratings for each of the 6 ratings (healthiness, safety, ap-
proachability, pleasantness, alertness, and positivity), with Bonferroni
corrections (αcrit = 0.05/6 = 0.0083) (Prediction 1a). We also con-
ducted 6 multilevel correlations, controlling for random effects of par-
ticipants, using the “correlation” package (Makowski et al., 2022) for
each of the 6 ratings to check whether, at the trial level, the 6 face rat-
ings were related to donor-reported health in the CCQ and SicknessQ,
with Bonferroni corrections (αcrit = 0.05/6 = 0.0083) (Prediction 1b).
Given that our limited sample size of face donors (N = 16) might lead
to a lack of power and an increased estimation bias for the donor-level
random effects (Maas and Hox, 2005; Westfall et al., 2014), we only
controlled for random effects of the participants for our primary analy-
sis and multilevel correlations. Finally, we checked whether, at the
stimulus level (32 face photos), the 6 ratings were correlated with one
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another with 15 Pearson correlations, with Bonferroni corrections
(αcrit = 0.05/15 = 0.0033) (Prediction 1c).

2.2. Experiment 1 results

We found that sick faces, compared to healthy faces, were rated as
sicker (less healthy), more dangerous (less safe), more likely to be
avoided (less approachable), more unpleasant to view (less pleasant),
more tired (less awake), and exhibiting more negative affect (less posi-
tive affect; Fig. 1C; Table 3; Prediction 1a). Further, we found that face
ratings negatively correlated with donor-reported health (Table 4; Pre-
diction 1b), suggesting that poorer reported health was associated with
lower ratings of faces’ healthiness, safety, approachability, pleasant-
ness, alertness, and positivity. We also found that the ratings were posi-
tively associated with one another (Fig. 2; Table 5; Prediction 1c), sug-
gesting that these dimensions may be capturing distinct but related un-
derlying facial qualities.

Table 3
Experiment 1 healthy and sick face ratings.

Healthy
Faces

Sick Faces Fixed Effects

M (SD) M (SD) b t df p d

Healthiness 1.11 (1.97) 0.78
(2.12)

0.32 5.37 1721 <0.001* 0.26

Safety 1.02 (2.18) 0.83
(2.20)

0.19 3.06 2753 0.002* 0.12

Approachability 0.13 (1.91) -0.17
(1.89)

0.29 4.51 2651 <0.001* 0.18

Pleasantness 0.42 (1.90) 0.17
(1.92)

0.24 4.06 3173 <0.001* 0.14

Alertness 0.54 (2.08) -0.31
(2.18)

0.85 11.51 2513 <0.001* 0.46

Positivity 0.50 (1.82) -0.22
(1.96)

0.73 10.88 1868 <0.001* 0.50

Note. Sick and healthy face ratings on 6 dimensions on a 9-point Likert scale:
very sick (−4) to very healthy (+4), not at all safe (−4) to safe (+4), avoid (−4)
to approach (+4), unpleasant/negative (−4) to pleasant/positive (+4) in how
the participant feels, and whether the face appears very tired (−4) to very alert
(+4), and has an expression that is very negative (−4) to very positive (+4).
Means (M), standard deviations (SD), degrees of freedom (df), and Cohen’s d ef-
fect sizes calculated from the linear mixed effects models are reported for each
rating, *ps < 0.0083 (Bonferroni corrections: αcrit = 0.05/6). Degrees of free-
dom (df) varied across correlations due to missing data (162 missing trials total;
less than 1% of the data).

Table 4
Multilevel correlations between face ratings and donor-reported health, con-
trolling for random effects of participants, in Experiment 1.

Face Rating CCQ SicknessQ

r (df) p r (df) p

Healthiness -0.11 (2905) <0.001* -0.10 (2905) <0.001*

Safety -0.09 (2904) <0.001* -0.05 (2904) 0.005*

Approachability -0.12 (2372) <0.001* -0.11 (2372) <0.001*

Pleasantness -0.10 (2862) <0.001* -0.06 (2862) 0.002*

Alertness -0.21 (2411) <0.001* -0.18 (2411) <0.001*

Positivity -0.24 (2412) <0.001* -0.22 (2412) <0.001*

Note. Negative correlations indicate that poorer health reported by face
donors–i.e., higher scores in the Common Cold Questionnaire (CCQ) and in the
Sickness Questionnaire (SicknessQ)–were associated with lower face rating
scores (lower healthiness, safety, approachability, pleasantness, alertness, and
positivity). These correlations were conducted at the trial level to capture each
participant’s rating of each individual face to determine if those ratings are as-
sociated with donor-reported health. *Indicates statistical significance with
Bonferroni correction (ps < 0.0083). Degrees of freedom (df) varied across cor-
relations due to missing data (84 missing trials total; less than 1% of the data).

2.3. Experiment 1 discussion

As predicted, participants rated sick faces as sicker and more likely
to be avoided than healthy faces from the same individuals (Prediction
1a), consistent with theories that humans evolved behavioral adapta-
tions to lessen contact with pathogens (Schaller and Park, 2011; Kramer
and Bressan, 2021). These findings—that illness can be identified from
the face and avoided—add to a growing body of evidence that humans
are sensitive to potential cues of illness, including smell (Moshkin et al.,
2012; Shirasu and Touhara, 2011) and biological motion (Lasselin et
al., 2020; Sundelin et al., 2015). Our findings are also in line with a re-
port that people can identify men infected with viruses (HIV/herpes)
from a different group of virus-negative men using only pictures of
faces (Tskhay et al., 2016). The current study extends these findings to
suggest that healthy people appear different from sick people, even
when the photo is of the same person, and even when the illness is acute
rather than chronic. Together, these studies suggest that sickness is
readily detectable from faces.

The present study is the first—to our knowledge—to use actual sick
and healthy face photos from the same individuals. In contrast to prior
studies that induced immune responses in face donors and edited face
images to simulate illness (Axelsson et al., 2018; Fullerton et al., 2016;
van Leeuwen and Petersen, 2018; Schedlowski et al., 2014), our face
photo donors had genuine, subtle illness cues, reflective of the informa-
tion available in real-world encounters. Given that our face photo
donors experienced varying symptom severities and types, some result-
ing from airborne diseases (e.g., COVID-19), our ratings allowed us to
capture responses to cues of pathogens transmissible through brief so-
cial interaction. Some of our face photo donors experienced symptoms
of non-contagious disorders (see Table S1); however, we lacked power
in the current study to explore specific sickness subtypes. Future studies
are needed to compare perception of infectious and non-infectious sick
faces to determine whether the latter elicit greater avoidance than the
former. However, our inclusion of a broad variety of symptoms high-
lights humans’ broad ability to detect features of sickness that may be
present during both infectious and non-infectious illness. We found
that, even with these more naturalistic stimuli, people were still sensi-
tive to cues indicating sickness. By using sick and healthy face images
from the same donors, our study was able to rule out alternative factors
that vary among individuals. Together, our findings highlight that hu-
mans may have an adaptation to detect and avoid signs of contagion, as
reflected in people’s faces.

We also found that donor-reported health was associated with face
ratings: healthier face photos made participants feel safer and more
pleasant and were rated as being more alert and positive (Prediction
1b). Participants’ ratings were also correlated with each other, perhaps
reflecting that sicker faces were perceived as being less safe, approach-
able, pleasant, alert, and positive (Prediction 1c). These findings are
consistent with studies using experimentally simulated sick faces (i.e.,
induced-immune responses; Axelsson et al., 2018; Leschak et al., 2022;
Sarolidou et al., 2019). For example, people report that they would feel
safer around people with healthy faces compared to faces of people sim-
ulated to be sick (Leschak et al., 2022). In addition, our findings are
consistent with prior research that the perception of facial health and
facial emotions are linked. For example, happy faces—regardless of
their actual health—are rated as healthier than neutral faces (Jones et
al., 2018). Here, we systematically explored facial health of naturally
sick people and found that it was associated with the perception of emo-
tions in the face, a novel finding. Together, these findings suggest ro-
bust associations among these interpersonal dimensions—in both simu-
lated and natural illness—and likely, in combination, may affect how
people perceive others.
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Fig. 2. Pearson correlations among face ratings in Experiment 1. Dots represent average ratings across participants for each face donor. Regression lines are de-
picted in blue. Face ratings positively correlated with one another (see Table 5 for p-values). (For interpretation of the references to color in this figure legend, the
reader is referred to the web version of this article.)

Table 5
Correlations among face ratings in Experiment 1.

Safety Approach Pleasantness Alertness Positivity

Healthiness r(32) = 0.73,
p < 0.001*

r(32) = 0.82,
p < 0.001*

r(32) = 0.86,
p < 0.001*

r(32) = 0.77,
p < 0.001*

r(32) = 0.81,
p < 0.001*

Safety r(32) = 0.95,
p < 0.001*

r(32) = 0.95,
p < 0.001*

r(32) = 0.43,
p = 0.014#

r(32) = 0.59,
p < 0.001*

Approach r(32) = 0.96,
p < 0.001*

r(32) = 0.48,
p = 0.005*

r(32) = 0.69,
p < 0.001*

Pleasantness r(32) = 0.56,
p < 0.001*

r(32) = 0.79,
p < 0.001*

Alertness r(32) = 0.71,
p < 0.001*

Note. *ps < 0.0033 (Bonferroni correction: αcrit = 0.05/15), #ps < 0.05.

3. Experiment 2

While Experiment 1 revealed that humans can explicitly identify
genuine facial cues of sickness, including contagious disease, the extent
to which people do this automatically, even when health is task-
irrelevant (i.e., not instructed to attend to health-relevant cues), re-
mains largely unexplored. We hypothesized that people may identify
subtle cues of health from faces, consistent with the theorized behav-
ioral immune system (Curtis, 2014; Schaller and Park, 2011). Attention
is more efficiently captured by threats—including evolutionarily-
relevant threats (e.g., snakes; Shapouri and Martin, 2021) and social
threats (e.g., angry faces; Berdica et al., 2018; Feldmann-Wüstefeld et
al., 2011)—relative to non-threats. We, therefore, predicted that sick

faces—which are theorized to be evolutionarily-relevant—may be per-
ceived as threatening, and therefore, may capture attention more
rapidly (Prediction 2a) and hold attention for longer (Prediction 2b),
compared to healthy faces. We also predicted that face viewing times
would be associated with donor-reported health (Prediction 2c).

Viewers may be sensitive to expressions of lassitude, and therefore
may be differentially attentive to the eye and mouth regions of sick and
healthy faces. For example, people look longer to the eyes of faces gen-
erated by Artificial Intelligence when they are labeled as healthy than
when they are labeled as sick, but look longer to the mouth region when
faces are labeled as sick than when they are labeled as healthy
(Federico et al., 2021). Further, experimentally-induced sickness is as-
sociated with viewers reporting redder eyes, paler lips, and droopier
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mouths (Axelsson et al., 2018), consistent with the proposal that the
eye and mouth regions convey health information. We, therefore, pre-
dicted that participants would look at sick eyes and mouths more
rapidly (Prediction 2d) and for longer durations (Prediction 2e) com-
pared to healthy eyes and mouths, but would not show these differences
for other face regions (e.g., noses). We also predicted that face region
viewing times would be associated with donor-reported health (Predic-
tion 2f).

Additionally, because the face photos used in Experiment 1 con-
tained external features (e.g., hair, ears), we removed this information
by cropping the photos (for examples: Fig. 3A) to test whether the inner
facial features more specifically can be used. We wanted to ensure that
any differential looking between the sick and healthy faces was due to
qualities of the faces themselves, rather than external features (e.g.,
more styled hair when healthy compared to sick). We displayed the
faces in pairs, presented side-by-side–one sick and one healthy, both
from the same person–to enable us to track viewing patterns in how ob-
servers’ attention is captured and held by each face relative to the
other. Exploring people’s natural viewing patterns of faces may reveal
what face regions are useful for distinguishing sick and healthy faces.

3.1. Methods

3.1.1. Participants
We recruited a new set of participants (N = 50), who did not partic-

ipate in Experiment 1 (see Table 1 for demographic details). An a priori
power analysis in G*Power (Erdfelder et al., 1996) determined that a
sample size of 41 participants would provide 80% power to detect
small-moderate effect sizes (d = 0.40) for our analyses comparing par-
ticipants’ looking patterns for sick faces and healthy faces (paired sam-
ples t tests).

Participants received course credit for their participation. The Uni-
versity of Miami Institutional Review Board approved this study.

3.1.2. Stimuli
We used 44 neutral/relaxed face photos collected from 22 individu-

als, once when sick and once when healthy. These included the 32 im-
ages from Experiment 1, as well as an additional 12 images from 6 indi-
viduals (3 male donors, 3 female donors; 6 White; 2 Hispanic or Latino,
4 Not Hispanic or Latino). Among these 6 individuals, none were wear-
ing glasses. As in Experiment 1, we obtained consent to use face photos
and collected health information from face donors for Experiment 2
(Table 6). Sick and healthy photos were taken an average of
7.29 months apart. We again confirmed that donors had more severe
symptoms (e.g., fever) when sick, reflected in a higher SicknessQ
(Andreasson et al., 2018) total score when they were sick (M = 17.06,
SD = 6.46) compared to when they were healthy (M = 1.42,
SD = 2.29), t(17) = 10.36, p < 0.001, d = 2.44, and a higher CCQ
(Powell et al., 2008) total score when they were sick (M = 15.78,
SD = 5.17) compared to when they were healthy (M = 1.42,
SD = 3.06), t(17) = 10.67, p < 0.001, d = 2.52. For example, when
donors were sick, 100% reported experiencing aches, soreness, joint
pains, and/or headaches, and 100% reported fatigue and/or tiredness.
Additionally, 83% reported coughing, nasal discharge, nasal obstruc-
tion, sneezing, and/or sore throat, and 72% reported abdominal pain,
diarrhea, nausea, and/or vomiting. Finally, 83% of donors reported
chills and/or fever, and 83% were unable to work, perform daily activi-
ties, and/or reported that they got care from a doctor or other health-
care professional. CCQ and SicknessQ scores positively correlated with
one another, r(35) = 0.91, p < 0.001, confirming that they were both
capturing the degree of illness/health. We used identical crops on the
sick and healthy faces, and again ensured they were sized matched on
inter-pupil distance.

We displayed faces in pairs, with the same person’s face shown
twice, one image of the person’s face when they were sick and a second

Fig. 3. (A) Healthy (top row; teal blue) and sick (bottom row; pink) oval-
cropped face stimuli examples. (B) Example of free-viewing study procedure.
Participants were free to look wherever they wanted to look. (C) Example of ar-
eas of interest drawn around the eyes, nose, and mouth of a sick (left) and
healthy (right) face. (D) Look duration (seconds) to the faces (left graph) and
eyes (right graph) for the healthy faces (teal blue, circles) and sick faces (pink,
triangles). Horizontal lines within the boxplots indicate the medians. Black cir-
cles/triangles indicate means. Hinges of the boxplots show the first (bottom)
and third (top) quartiles. The whiskers extend up to 1.5 × Interquartile Range,
above and below the hinges. Dots are binned raw data (e.g., each individual
participant’s look duration). Violin plots show the frequency distributions of
the look durations. (E) Heat map example of time looking at a healthy face (left)
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and a sick (right) face pair, averaged across all participants who viewed this im-
age pair. Red indicates longer fixation durations, yellow indicates moderate
looking, green indicates a little looking, and regions without color indicate no
looking. (For interpretation of the references to color in this figure legend, the
reader is referred to the web version of this article.)
◀

Table 6
Experiment 2 donor-reported symptoms and severity for healthy and sick face
photos.

Healthy Faces Sick Faces

M (SD) M (SD) t df p d

Chills 0.00 (0.00) 1.17 (1.04) 4.5 17 <0.001* 1.12

Headache 0.26 (0.73) 1.94 (1.16) 5.72 17 <0.001* 1.35

Joint pains 0.11 (0.32) 1.12 (1.17) 3.89 16 0.001* 0.94

Muscle or body aches 0.11 (0.32) 1.83 (0.92) 7.63 17 <0.001* 1.80

Fatigue or tiredness 0.42 (0.61) 2.56 (0.71) 10.76 17 <0.001* 2.54

Nausea 0.11 (0.46) 1.17 (0.99) 4.49 17 <0.001* 1.06

Vomiting 0.00 (0.00) 0.28 (0.75) 1.57 17 0.135 0.37

Diarrhea 0.00 (0.00) 0.39 (0.98) 1.69 17 0.110 0.40

Abdominal pain 0.00 (0.00) 0.83 (0.99) 3.59 17 0.002* 0.85

Sneezing 0.11 (0.32) 0.94 (1.06) 3.39 17 0.003* 0.80

Sore throat 0.00 (0.00) 1.33 (1.09) 5.22 17 <0.001* 1.23

Nasal discharge 0.21 (0.54) 0.67 (0.77) 2.05 17 0.057 0.48

Nasal obstruction 0.05 (0.23) 0.67 (0.91) 2.83 17 0.012# 0.67

Cough 0.05 (0.23) 0.94 (1.00) 3.50 17 0.003* 0.82

Note. Face donors’ reported better health (i.e., less severe sickness symptoms)
at the time of their healthy face photo (left) compared to the time of their sick
face photo (right). For each symptom, donors reported None (0), Mild (1), Mod-
erate (2), or Severe (3). Health rating data from 5 donors were unavailable, as
reported above. Three donors did not provide health data, and one additional
donor did not provide health data associated with their sick face. Means (M)
and standard deviations (SD) are reported for all available symptom scores. De-
grees of freedom (df) and Cohen’s d effect sizes are reported for each paired
samples t test, #ps < 0.05, *ps < 0.0036 (Bonferroni correction: αcrit = 0.05/
14).

image of that person’s face when they were healthy, presented side by
side, horizontally and vertically centering each face on its respective
left or right side of the screen, such that the face images were spatially
separated by 276–349 pixels (M = 317.45, SD = 20.48), which was
11.00–13.91 cm and 10.48–13.22 degrees. Each face was sized
291–364 pixels wide (M = 322.23, SD = 20.51) × 414–536 pixels tall
(M = 466.82, SD = 35.41), which was 11.03–13.78 × 15.66–20.19
degrees (11.59–14.50 × 16.50–21.36 cm).

As in Experiment 1, we confirmed that the low-level features of our
sick and healthy faces did not differ using the Saliency Toolbox
(www.saliencytoolbox.net) (Ho-Phuoc et al., 2010; Walther and Koch,
2006).

3.1.3. Eye tracking system
We displayed the face photos on a 58.4 cm monitor (28 × 51 cm)

with integrated eye tracking technology. We remotely tracked partici-
pants’ eye gaze via corneal reflection using a Tobii TX300 eye tracker
(Tobii Technology, Danderyd, Sweden) while the participant was
seated 60 cm from the screen. We used a 9-point calibration and visual
inspection to confirm adequate calibration.

3.1.4. Procedure
After obtaining informed consent, we calibrated participants using a

9-point calibration, instructing participants to watch the images on the
screen. Then, for the experimental task, participants were instructed to
watch the screen as if they were watching TV. They viewed 22 trials,
each with a sick-healthy face pair displayed for 10 s, with the side of the
sick and healthy faces counter-balanced to appear equally on the left
and right (Fig. 3B). At the end of the study, participants reported demo-
graphic information. No participants recognized any of the people in

the photos. In total, the study took approximately 5 min. Data were col-
lected between September and October 2021.

We used Tobii Studio software (Tobii Technology, Danderyd, Swe-
den) to collect and summarize the data. We created oval shaped areas of
interest (AOIs) around each face. AOIs were sized 360–435 pixels wide
(M = 392.27, SD = 21.42; range: 14.34–17.33 cm) × 485–620 pixels
tall (M = 392.27, SD = 21.42; range: 19.32–24.70 cm), slightly ex-
tended over the edges of the stimuli. We also created circle AOIs around
each eye, sized 139 pixels (5.54 cm) wide × 139 pixels (5.54 cm) tall
(area = 15,174.68 pixels = 24.09 cm2), triangle AOIs around the
nose, sized 190 pixels (7.57 cm) wide × 60 pixels (2.39 cm) tall
(area = 15,200 pixels = 9.05 cm2), and rectangle AOIs the mouth,
sized 190 pixels (7.57 cm) wide × 80 pixels (3.19 cm) tall
(area = 15,200 pixels = 24.13 cm2), for each face (Fig. 3C). The sizes
and positions of AOIs were identical within each sick-healthy face pair.
AOIs around the eyes, nose, and mouth were the same size within each
face pair, but varied across pairs, allowing us to use more specific
shapes (circle, triangle, rectangle) while maintaining a similar area
around each face region. We extracted two measures from each AOI: la-
tency to first fixation and total fixation duration.

3.1.5. Analysis
As in Experiment 1, we first confirmed that our donors had more

symptoms of illness when they contributed their sick face photo than
when they contributed their healthy face photo by conducting paired
samples t tests using two measures of overall health (Table 6).

For our primary analyses, we conducted two linear mixed effects
models to compare how quickly (Prediction 2a) and how long (Predic-
tion 2b) participants looked at the sick versus healthy faces. We also
conducted a multilevel correlation to explore the association between
looking times to the faces and donors’ health (Prediction 2c). We then
further looked at the specific face regions with linear mixed effects
models to compare how quickly (latency to first fixation; Prediction 2d)
and how long (total fixation duration; Prediction 2e) participants
looked at the sick versus healthy eyes, noses, and mouths, with Bonfer-
roni corrections for each measure (αcrit = 0.05/3 = 0.0167). We then
conducted multilevel correlations to explore the associations between
looking times to the three face regions—eyes, nose, and mouth—and
donors’ health (Prediction 2f) with Bonferroni corrections
(αcrit = 0.05/3 = 0.0167).

All linear mixed effects models included a fixed effect for health
condition and random effects of participants for health condition (Pre-
dictions 2a, 2b, 2d, and 2e). In all of the multilevel correlations (Predic-
tions 2c and 2f), we used the difference in time looking at the sick faces,
eyes, noses, and mouths relative to the healthy faces, eyes, nose and
mouths (i.e., time looking at the healthy faces was subtracted from time
looking at the sick faces for each AOI) and explored whether these were
correlated with the differences in health reported by the face donors
(i.e., scores for the healthy faces were subtracted from scores for the
sick faces), for each measure of health (CCQ and SicknessQ).

3.1.6. Experiment 2 results
We detected no differences in how quickly participants looked at the

sick compared to healthy faces (Table 7), suggesting no differences in
overall face attention capture (Prediction 2a). However, participants
looked longer to the healthy faces (M = 4.00 sec, SD = 0.38 sec) than
to the sick faces (M = 3.83 sec, SD = 0.45 sec), b = 0.17, t
(50) = 2.67, p = 0.010, d = 0.72 (Fig. 3D-E; Supplementary Video 1),
suggesting greater attention holding for healthy faces (Prediction 2b).

We next explored whether the degree of sickness was associated with
differential looking to the face (Prediction 2c). We found positive corre-
lations between the difference in health between the face images (the
sicker the sick face, in terms of the number and severity of symptoms),
and the looking time to the sick face (relative to the healthy face), using
the CCQ, r = 0.10, p = 0.010 (Table 8, left columns; Fig. S1 Part A).
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Table 7
Looking to healthy and sick faces in Experiment 2.

Healthy
Faces

Sick
Faces

Fixed Effects

M (SD) M (SD) b t df p d

Latency to First
Fixation

Face 0.88
(0.48)

0.93
(0.52)

-0.004 -0.09 1320 0.932 0.01

Eyes 2.68
(0.97)

2.81
(0.99)

-0.18 −2.29 305 0.023# 0.27

Nose 1.85
(0.93)

1.86
(0.83)

-0.06 -0.53 50 0.598 0.15

Mouth 3.68
(1.16)

3.72
(1.23)

-0.09 -0.81 794 0.420 0.06

Total Fixation
Duration

Face 4.00
(0.38)

3.83
(0.45)

0.17 2.67 50 0.010* 0.72

Eyes 1.83
(0.67)

1.71
(0.64)

0.12 2.45 1278 0.015* 0.14

Nose 1.14
(0.59)

1.11
(0.59)

0.03 1.05 2144 0.293 0.05

Mouth 0.50
(0.32)

0.48
(0.04)

0.03 1.33 122 0.186 0.24

Note. Participants spent more time (seconds) looking at the face and eyes of
healthy faces compared to sick faces, *ps < 0.0167 (Bonferroni correction:
αcrit = 0.05/3), and a trend of faster looking to the eyes of healthy compared to
sick faces, #ps < 0.05. Means (M), standard deviations (SD), degrees of freedom
(df), and Cohen’s d effect sizes are reported.

Table 8
Multilevel correlations between looking time difference score and donor-
reported health difference score in Experiment 2.

CCQ SicknessQ

r (df) p r (df) p

Looking to the Face 0.10 (647) 0.010* 0.04 (647) 0.334

Looking to the Eyes 0.12 (647) 0.003* 0.004 (647) 0.909

Looking to the Nose 0.09 (647) 0.024# 0.06 (647) 0.115

Looking to the Mouth -0.05 (647) 0.192 -0.01 (647) 0.842

Note. Differences in time (seconds) looking at the sick vs. healthy face, eyes,
noses, and mouths, and their associations with differences in donors’ reported
health between sick vs. healthy, as measured by the Common Cold Question-
naire (CCQ; left) and Sickness Questionnaire (SicknessQ; right). Higher differ-
ence scores for looking indicate greater relative looking to the sick face com-
pared to the healthy face (i.e., time looking at the healthy faces was subtracted
from time looking at the sick faces). Higher CCQ and SicknessQ difference
scores indicate more relative sickness at the time they donated the sick face
photo relative to the healthy face photo (i.e., scores for the healthy faces were
subtracted from scores from the sick faces). Positive correlations indicate that
more looking at the sick faces and sick eyes were associated with sicker sick
faces, *ps < 0.0167 (Bonferroni correction: αcrit = 0.05/3), and a trend of
more looking at the sick face noses was associated with sicker faces, #ps < 0.05.

This positive correlation indicates that the sicker sick faces were rela-
tive to other sick faces, the more looking there was at the sick faces. We
did not find this relation when using the SicknessQ (Table 8, right
columns), potentially suggesting our health measures may differ in
their sensitivity.

Participants were faster to look at the eye region for healthy faces
(M = 2.68, SD = 0.97) than sick faces (M = 2.81, SD = 0.99),
b = −0.18, t(305) = 2.29, p = 0.023, d = 0.27 (Prediction 2d). How-
ever, this was not statistically significant after the Bonferroni correc-
tion. Participants looked longer to the eyes of healthy faces (M = 1.83
sec, SD = 0.67 sec) compared to the eyes of sick faces (M = 1.71 sec,
SD = 0.64 sec), b = 0.12, t(1278) = 2.45, p = 0.015, d = 0.14 (Fig.
3D-E; Prediction 2e), but did not show differential looking to the nose
or mouth regions (Table 7).

Lastly, we explored whether the degree of sickness was associated
with differential looking to the eyes, nose, and mouth (Prediction 2f).
Greater looking to the eye and nose regions of healthy faces relative to
sick faces was associated with higher CCQ scores, r(647) = 0.12,
p = 0.003, and r(647) = 0.09, p = 0.024, respectively (Table 8; left
columns; Fig. S1 Parts B and C), but not SicknessQ scores (Table 8; right
columns). However, the association between looking at the nose region
and the CCQ scores did not reach statistical significance after we ap-
plied a Bonferroni correction. We detected no association between
donor-reported health and attention to the mouth region (Fig. S1, Part
D).

In sum, even though we found an overall effect of greater looking to
the healthy faces and eyes relative to sick faces and eyes, the relative
differences in health among the faces revealed an interesting pattern of
greater looking associated with a sicker sick face (relative to other sick
faces), underscoring the importance of considering the level of health/
illness within each face.

3.1.7. Experiment 2 discussion
In a free-viewing task, when health was task-irrelevant, we found

that while people did not show differences in orienting speed as a func-
tion of health (Prediction 2a), they did look longer to healthy than sick
faces (Prediction 2b). We also found that differences in health within in-
dividuals–the same people, when acutely sick compared to when
healthy–differentially influences how long people look at faces (Predic-
tion 2c). Together, these findings suggest that people may not need to
be aware of a person being potentially sick to rapidly and automatically
discriminate between sick and healthy faces. People may be more will-
ing to interact with healthy people, even when they are not prompted to
consider health.

We found faster and longer looking to the healthy eye region rela-
tive to the sick eye region (Prediction 2d), but no differential looking to
the nose and mouth regions (Prediction 2e). However, the faster look-
ing to the healthy eyes was not statistically significant with the Bonfer-
roni correction, so a replication study will be important. We also ob-
served that the degree of facial health was positively associated with
the duration of time looking to the eyes, as we predicted (Prediction 2f).
Together, these findings highlight the importance of the eyes as an in-
formative feature about health, which is consistent with the hypothesis
that lassitude expressions (e.g., drooping eyelids, redder eyes) may pro-
vide nuanced information about health status (Axelsson et al., 2018;
Schrock et al., 2020). These findings suggest there may be both atten-
tion capture and attention holding effects related to facial health, dri-
ven by the eye region.

Similarly, we found that the degree of facial health was positively
associated with looking to the nose (Prediction 2f), though the associa-
tion was not statistically significant after the Bonferroni correction.
Nonetheless, these findings are in line with proposals that the nose may
be an informative facial feature related to health (Manzoor and Latifi,
2021; Widen et al., 2013). Future studies are needed to systematically
present key facial features, alone or in combination, to further uncover
which parts of the face are used—individually or in combination—to
identify health.

Our finding of preferential looking to healthy faces is in line with re-
ports of longer looking to more attractive faces (Glaholt et al., 2009;
Hönekopp, 2006) and faces with whom people are drawn to interact
(Aharon et al., 2001; Leder et al., 2010; Sui and Liu, 2009). Indeed, at-
tractive individuals are perceived as healthier (Kalick et al., 1998) and
are more likely to elicit social approach (Lemay et al., 2010; Waynforth,
2001). Our findings that degree of health is positively associated with
looking patterns suggests that humans may be drawn to look longer at
healthier people, which may reflect a sensitivity to health that facili-
tates evaluation of potentially risky social interactions (Gul et al., 2021;
Nunner et al., 2021). Further, given that people discriminated healthy
from sick faces without external features (e.g., hair), our findings
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demonstrate that the inner facial features, in particular, provide infor-
mation about health. This result suggests that our findings in Experi-
ment 1 are also likely driven by aspects of the faces themselves, rather
than differences in the outer elements, such as hairstyles.

While longer looking to healthy relative to sick faces may reflect a
draw to socially approach, an alternative interpretation is that people
may be avoiding sick faces. Lassitude expressions, which convey illness,
may communicate to others an unwillingness to engage in social inter-
actions (Schrock et al., 2020). As such, people may avoid such individu-
als, because they do not appear to be friendly or open to having social
interactions. Indeed, when viewing faces, people report being less in-
clined to socialize with healthy people who have been sleep-deprived
(Sundelin et al., 2017) or who have negative expressions (Nikitin and
Freund; 2019), both of which are qualities that also vary with health, as
we found in Experiment 1. There is, therefore, a need to better under-
stand the mechanisms involved in recognizing and avoiding unhealthy
conspecifics.

4. Experiment 3

One approach to begin to understand the mechanisms involved in
sick face perception is to track participants’ physiological arousal. Pupil
dilation is an unobtrusive measure of physiological arousal (Bradley et
al., 2008; Wang et al., 2018) that can test competing hypotheses. If our
findings in Experiment 2 were driven by an avoidance of sick faces,
then we expect greater arousal (more pupil dilatation) when observing
sick faces—reflecting threat detection—compared to when observing
healthy faces (Prediction 3a; Kret et al., 2013). In contrast, if our find-
ings reflect an increased desire to approach healthy faces, we expect
greater arousal (more pupil dilation) when observing healthy faces
(Prediction 3b)—reflecting an appetitive reaction (Kuraguchi and
Kanari, 2021)—compared to when observing sick faces.

Another aim of Experiment 3 was to explore how participants’ ap-
proach-avoidance responses occur in simulated “real world” social en-
counters. We described a common scenario in which there is a high like-
lihood of encountering people who are sick: entering a crowded waiting
room at a doctor’s office. We did this to increase disease salience and
perceived infectability, which may increase preferences for health
(Brown and Sacco, 2022; Brown et al., 2021). We predicted that partici-
pants’ pupil dilation would be associated with their approach ratings in
one of two ways: either desire to approach would be negatively associ-
ated with arousal, reflecting threat detection and avoidance (Prediction
3c), or desire to approach would be positively associated with arousal,
reflecting an appetitive reaction (Prediction 3d). We expected to repli-
cate our Experiment 1 findings that participants’ approach ratings
would be negatively associated with facial health, i.e., less approach to
sicker faces (Prediction 3e).

Finally, the speed with which approach-avoidance decisions are
made can inform whether such decisions are driven more by appetitive
or avoidance motivations (Smillie and Jackson, 2005). Because it is
generally safer to avoid unfamiliar people than it is to approach them
(Kurzban and Leary, 2001; Schaller et al., 2003, 2015), avoidance deci-
sions may occur more rapidly than approach decisions (Chen and
Bargh, 1999). We, therefore, predicted more rapid decisions for sicker
faces (Prediction 3f). We also predicted slower decision speeds would
be associated with higher approach ratings (reflecting increased cau-
tion and hesitation to approach; Predictions 3g). Finally, if greater
pupil dilation reflects avoidance of sick faces, we predicted faster deci-
sion speeds would be associated with greater pupil dilation (Prediction
3h; indicating more rapid decisions to avoid).

4.1. Materials and methods

4.1.1. Participants
We recruited new participants (N = 112), who did not participate

in Experiments 1 or 2. Participants received course credit for their par-
ticipation. The University of Miami Institutional Review Board ap-
proved this study.

4.1.2. Stimuli
We used 64 neutral/relaxed face photos collected from 32 individu-

als, once when sick and once when healthy (Fig. 3A). These included
the original 44 images from 22 individuals from Experiment 2, as well
as 20 additional images from 10 new individuals (see Table S1). Among
the 10 new individuals 1 was wearing glasses in both their healthy and
sick photos. As in Experiments 1 and 2, we obtained consent to use face
photos and collected health information from face donors (Table 9).
Sick and healthy photos were taken an average of 4.81 months apart.
We confirmed that donors had more severe symptoms (e.g., fever) when
sick, reflected in a higher SicknessQ (Andreasson et al., 2018) total
score when they were sick (M = 16.78, SD = 6.57) compared to when
they were healthy (M = 1.59, SD = 2.29), t(26) = 12.11, p < 0.001,
d = 2.33, and a higher CCQ (Powell et al., 2008) total score when they
were sick (M = 15.93, SD = 5.89) compared to when they were
healthy (M = 1.48, SD = 2.67), t(26) = 12.57, p < 0.001, d = 2.42.
CCQ and SicknessQ scores positively correlated with one another, r
(54) = 0.91, p < 0.001, confirming that they were both capturing the
degree of illness/health.

As in Experiment 2, in Experiment 3 we cropped each image in an
oval shape (see Fig. 3A for examples). We displayed faces one at a time
with the same person’s face shown twice, once when sick and once
when healthy. Each face was sized 300–399 pixels wide (M = 337.06,
SD = 22.88) × 428–641 pixels tall (M = 499.50, SD = 46.40), which
was 11.37–31.10 × 16.17–24.03 degrees
(11.95–33.39 cm × 17.05–25.54 cm).

Table 9
Experiment 3 donor-reported symptoms and severity for healthy and sick face
photos.

Healthy Faces Sick Faces

M (SD) M (SD) t df p d

Chills 0.00 (0.00) 1.00 (0.98) 5.50 26 <0.001* 1.06

Headache 0.21 (0.63) 1.79 (1.17) 6.81 26 <0.001* 1.31

Joint pains 0.14 (0.45) 0.96 (1.09) 4.23 25 <0.001* 0.84

Muscle or body aches 0.07 (0.26) 1.50 (1.07) 7.32 26 <0.001* 1.41

Fatigue or tiredness 0.39 (0.57) 2.46 (0.84) 11.76 26 <0.001* 2.26

Nausea 0.07 (0.38) 0.93 (1.05) 4.40 26 <0.001* 0.85

Vomiting 0.00 (0.00) 0.18 (0.61) 1.55 26 0.134 0.30

Diarrhea 0.00 (0.00) 0.36 (0.87) 1.98 26 0.059 0.38

Abdominal pain 0.00 (0.00) 0.57 (0.879) 3.47 26 0.002* 0.67

Sneezing 0.11 (0.32) 1.04 (1.07) 4.35 26 <0.001* 0.84

Sore throat 0.00 (0.00) 1.64 (1.13) 7.37 26 <0.001* 1.42

Nasal discharge 0.21 (0.50) 1.00 (1.02) 3.85 26 <0.001* 0.74

Nasal obstruction 0.11 (0.32) 0.89 (1.10) 4.08 26 <0.001* 0.78

Cough 0.11 (0.32) 1.07 (1.02) 4.35 26 <0.001* 0.84

Note. Face donors’ reported significantly better health (i.e., less severe sickness
symptoms) at the time of donating their healthy face photo (left) compared to
the time they donated their sick face photo (right). For each symptom, donors
reported None (0), Mild (1), Moderate (2), or Severe (3). Health rating data
from 5 donors were unavailable, as reported above. Three donors did not pro-
vide health data, one additional donor did not provide health data associated
with their sick face, and one additional donor did not provide health data asso-
ciated with their healthy face. Means (M) and standard deviations (SD) are re-
ported for all available symptom scores. Degrees of freedom (df) and Cohen’s d
effect sizes are reported for each paired samples t test, *ps < 0.0036 (Bonfer-
roni correction: αcrit = 0.05/14).
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As in Experiment 1, we confirmed that low-level features of our sick
and healthy faces did not differ using the Saliency Toolbox (see
Supplementary Method; https://www.saliencytoolbox.net; Ho-Phuoc
et al., 2010; Walther and Koch, 2006). In addition, to increase experi-
mental control in our stimuli, we used the SHINE_color toolbox (Dal
Ben, 2021a; 2021b; Willenbockel et al., 2010) to match images on their
luminance.

4.1.3. Eye tracking system
As in Experiment 2, we displayed face photos on a 58.4 cm monitor

and tracked pupil dilation using a Tobii TX300 eye tracker (Tobii Tech-
nology, Danderyd, Sweden).

4.1.4. Procedure
We explored participants’ physiological responses and approach-

avoidance ratings in a simulated “real world” social encounter. After
obtaining informed consent, we calibrated participants using a 9-point
calibration, instructing participants to watch the images on the screen
while imagining searching for a seat in a crowded waiting room of a
doctor’s office. They were told, “Imagine you are going to the doctor.
When you arrive, you enter a crowded waiting room and you're looking
for a seat. There are some seats available, but because the room is full,
you have to be near someone. We're going to show you a series of faces
of these people and you have to decide how likely you'd be to sit next to
each one.” Then, participants viewed a single face image for 5 s (Fig.
4B), followed by a question about the person that appeared on the
screen: “How likely would you be to sit next to this person….” They re-
sponded using a keyboard, on a scale from 1 (very unlikely) to 9 (very
likely). They viewed 64 randomized trials. Each trial began with a 1-
second display of a black fixation cross on a white background. At the
end of the study, participants reported demographic information. No
participants recognized any of the people in the photos. In total, the
study took approximately 10 min. Data were collected between April
and December 2022.

4.1.5. Pupil dilation measure
Raw pupil diameters (sampling rate: 300 HZ) were extracted from

Tobii Studio. All pupil data preprocessing was conducted in RStudio.
First, for data that were missing from one eye, we interpolated missing
samples from the other eye, given the high correlation between left and
right pupil sizes (Jackson and Sirois, 2009), and calculated the average
pupil diameters from both eyes. Unreliable pupil samples were re-
moved. Removed samples included outliers of pupil diameters
(<1.5 mm or > 8 mm), speed outliers (speed of diameter change be-
tween consecutive samples detected using median absolute deviation),
and outliers from trend lines (trend lines of general additive models of
time; outliers detected using median absolute deviation). We performed
a linear interpolation to fill in gaps of missing data that were smaller
than 100 ms (Geangu et al., 2011; Jackson and Sirois, 2009; Kret and
Sjak-Shie, 2018). The preprocessed pupil data were down-sampled to
20 Hz (aggregated to 50 ms time-bins) and smoothed with the average
of rolling windows of 5 time-bins (van Reekum et al., 2007).

Individual baseline pupil sizes were defined as the average pupil
sizes in the fixation cross period preceding each face stimulus onset.
Pupil dilation for each time-bin while looking at the faces was calcu-
lated as the difference in pupil diameters from the baseline pupil size to
correct for individual differences in pupil sizes (Geangu et al., 2011;
Gredebäck and Melinder, 2010; Hepach and Westermann, 2016).

4.1.6. Behavioral measures
Participants rated each face on a scale from unlikely to approach (1)

to very likely to approach (9). We recorded their key press latencies as
the duration of time between when the rating scale appeared on the
screen and the key press, reflecting the speed with which participants
made their approach-avoidance decisions.

4.1.7. Analysis
We conducted five bootstrapped cluster-based permutation analyses

(1000 bootstrap iterations) with linear mixed effects models to examine
whether the time-series change in pupil dilation over the time course of
viewing the face images varied as a function of facial health (face type:
sick or healthy), donor-reported levels of health (CCQ and SicknessQ
scores), participants’ approach ratings, and participants’ key press la-
tencies (Predictions 3a-3d). Each linear mixed effects model included
time-series pupil dilation as the outcome variable and each of the
health conditions of the faces, donor-reported health, the participants’
approach ratings, and key press latencies, respectively, as the predic-
tors. Our limited sample size of face donors (N = 32) might lead to a
lack of power and an increased estimation bias for the donor-level ran-
dom effects (Maas and Hox, 2005; Westfall et al., 2014); therefore, we
only controlled for random effects of participants for each predictor in
the models. The bootstrapped cluster-based permutation analysis re-
quires statistical significance to be achieved in two parts: the first part
reveals statistically significant time cluster(s) using linear mixed effects
modeling at each timepoint, followed by a second part that consists of a
bootstrapped permutation test for these clusters to control for inflated
Type-1 errors due to analyses at multiple timepoints. Compared to tra-
ditional functional data analyses, the bootstrapped cluster-based per-
mutation analysis is compatible with any null hypothesis testing statis-
tics on time-series data and controls the false-alarm rate without sacri-
ficing much statistical power (Franzen et al., 2022; Maris and
Oostenveld, 2007).

We explored whether participants’ approach ratings varied as a
function of donor-reported health (Prediction 3e). First, we conducted a
linear mixed effects model with a fixed effect for health condition and
random effects of participants for health condition comparing sick and
healthy faces. We also conducted two multilevel correlations control-
ling for random effects of participants to explore the association be-
tween participants’ approach ratings and donors’ health scores using
the CCQ and the SicknessQ.

Finally, we conducted four multilevel correlations controlling for
random effects of participants for key press latencies to explore partici-
pants’ response speeds in relation to face donors’ health (CCQ and Sick-
nessQ scores; Prediction 3f), approach ratings (Prediction 3g), and
pupil dilation (Prediction 3h). We applied Bonferroni corrections for
tests that included multiple measures (see Tables 10 and 11 for details).

4.1.8. Experiment 3 results
The permutation analysis revealed a statistically significant time

cluster from 2.40 to 3.10 s post stimulus onset that showed greater
pupil dilation to the sick faces compared to the healthy faces (summed t
statistics = 38.66, p = 0.033; Fig. 4D-F), in line with Prediction 3a
(and inconsistent with Prediction 3b). This finding suggests that partici-
pants may have differential physiological reactions to faces of varying
health. However, pupil dilation was not associated with either the Sick-
nessQ or the CCQ at any time point during face viewing (see Figures S2
and S3 for details), which may indicate that, in this task, we may have
lacked sensitivity to capture physiological responses to subtly varying
degrees of sickness.

However, we did find that pupil dilation was negatively associated
with the participants’ approach rating from 0.6 to 2.65 s (summed t sta-
tistics = −111.60, p < 0.001) and from 2.80 to 4.95 s (summed t sta-
tistics = −124.92, p < 0.001), which was 88% of the time that the
stimulus was on the screen (Fig. 5), consistent with Prediction 3c (and
failing to support Prediction 3d). This finding supports our hypothesis
that physiological arousal may be associated with avoidance of poten-
tial contagion threats.

Participants reported that they were more likely to approach (i.e.,
sit next to) people with healthy faces (M = 5.46, SD = 2.20) compared
to sick faces (M = 5.28, SD = 2.21), b = 0.18, SE = 0.05, t
(4000) = 3.85, p < 0.001, d = 0.12 (Fig. 4C; Table 10; Prediction 3e).
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Fig. 4. (A) Healthy (top row; teal blue) and sick (bottom row; pink) oval-cropped face stimuli examples. (B) Example of study procedure. (C) Approach ratings to
the healthy faces (teal blue, circles) and sick faces (pink, triangles). Horizontal lines within the boxplots indicate the medians. Black circles/triangles indicate
means. Hinges of the boxplots show the first (bottom) and third (top) quartiles. The whiskers extend up to 1.5 × Interquartile Range, above and below the hinges.
Dots are binned raw data (e.g., each individual participant’s rating). Violin plots show the frequency distributions of the ratings and peak pupil dilations. (D) Pupil
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dilation to healthy (teal blue curve) and sick (pink curve) faces over time in
milliseconds (ms; gray ribbon = standard errors). Time clusters highlighted in
color indicate statistically significant divergence. (E) The t statistics for the dif-
ferences in pupil dilation to sick versus healthy faces (black solid line = raw
statistics; blue solid line = LOESS smoothed statistics) vary as a function of
time (x-axis). The dashed horizontal lines indicate the two-sided critical t val-
ues at α = 0.05 for linear mixed effects model (df = 3233). Time clusters
highlighted in color indicate statistically significant divergence at the time
point level with the linear mixed effects model. (F) Distribution of summed
statistics of the permutation test with 1000 bootstrap iterations. Vertical black
dotted lines = 95% chance levels. Vertical dashed colored lines = summed t
statistics for the three time clusters. Only Cluster 2 was beyond chance levels
(statistically significant) after the permutation test (Cluster 1: p = 0.257; Clus-
ter 2: p = 0.033; Cluster 3: p = 0.120). (For interpretation of the references
to color in this figure legend, the reader is referred to the web version of this
article.)
◀

Table 10
Experiment 3 Healthy and Sick Face Differences Across Measures.

Healthy Sick

M SD M SD b t df p d

Approach
Rating

5.45 2.20 5.28 2.21 0.17 3.68 4000 <0.001* 0.12

Key Press
Latency

1.40 0.99 1.36 0.99 0.03 1.73 4527 0.083 0.05

Peak Pupil
Dilation

0.39 0.25 0.39 0.25 -0.004 0.75 3666 0.455 0.02

SicknessQa 1.59 2.29 16.78 6.57 – 12.11 26 <0.001* 2.33

CCQa 1.48 2.67 15.93 5.89 – 12.57 26 <0.001* 2.42

Note. Means (M), standard deviations (SD), degrees of freedom (df), and Co-
hen’s d effect sizes calculated from the linear mixed effects models are reported
for each outcome variable comparing healthy faces (left) and sick faces (right).
Approach ratings reflect participants’ reports of how likely they were to sit next
to someone in a doctor’s office. Key press latencies reflect how quickly they
made these ratings. Peak pupil dilation reflects their peak autonomic arousal
during the 5 s of viewing each face. Common Cold Questionnaire (CCQ) and
Sickness Questionnaire (SicknessQ) scores captured donor-reported health,
with greater scores indicating more severe symptoms. aCCQ and SicknessQ
were compared using paired samples t tests given that there was no participant-
level data for them. *ps < 0.01 (Bonferroni correction: αcrit = 0.05/5).

Furthermore, we found that the degree of health—measured by the
CCQ and SicknessQ (number/severity of symptoms)—were also nega-
tively correlated with their approach ratings, r(6236) = −0.06,
p < 0.001, and r(6236) = −0.03, p = 0.025, respectively (Table 11).
That is, participants were more likely to approach healthier faces. How-
ever, the correlation between CCQ and the approach ratings was not
statistically significant after Bonferroni correction. Together, these re-
sults suggest that people can distinguish sick from healthy faces, over-

all, but may not have a very accurate perception of the degree of health
of any given face.

We did not observe differences in decision speed (i.e., key press la-
tency) between healthy (M = 1.40, SD = 0.99 s) and sick faces
(M = 1.36, SD = 0.99 s), b = 0.03, SE = 0.02, t(4527) = 1.73,
p = 0.083, d = 0.05. However, we found a negative correlation be-
tween decision speed and degree of sickness (number/severity of symp-
toms): CCQ scores, r(6236) = −0.04, p = 0.001, SicknessQ scores, r
(6236) = −0.03, p = 0.008. Together, these findings are consistent
with our prediction that participants more rapidly rate sicker faces
(Prediction 3f).

However, we detected no correlation between decision speed and
approach ratings, r(7010) = 0.01, p = 0.306, failing to support our
prediction that there may be more caution and hesitation to approach
someone than to avoid someone (Prediction 3g). We also detected no
association between pupil dilation and decision speed at any time point
(see Supplementary Fig. S4; Prediction 3h).

4.1.9. Experiment 3 discussion
We found elevated physiological arousal—reflected in greater pupil

dilation—to sick faces compared to healthy faces, consistent with a
threat avoidance response (Prediction 3a). Indeed, we also found
greater pupil dilation was associated with lower approach ratings
(higher avoidance ratings), in line with Prediction 3c and similar to our
results in Experiment 1 in which we found that lower approach ratings
were associated with greater donor-reported sickness (Prediction 1b)
and greater sickness ratings (Prediction 1c). Together, our findings are
in line with the hypothesis that sick faces may activate heightened
arousal and avoidance. Further support for this hypothesis comes from
a report that systolic blood pressure increased—reflecting increased
arousal—in response to salient tactile and auditory cues of disgust (e.g.,
sound of coughing; Croy et al., 2013).

In addition to analyzing pupil dilation data with a time-series analy-
sis, we also explored how peak pupil dilation—an indicator of the maxi-
mum level of physiological arousal—was associated with the health of a
face (see Supplementary Materials). Consistent with our time-series
analysis, neither CCQ nor SicknessQ scores reflecting facial health were
correlated with peak pupil dilation.

We also replicated our findings of approach-avoidance ratings (from
Experiment 1) using a more realistic simulated “real world” social en-
counter scenario–deciding who to sit next to at the doctor’s office. We
found, in this scenario, people were sensitive to facial health, choosing
to sit next to people who were healthier and avoiding sitting next to
those who were sicker (Prediction 3e). These findings are similar to a
study in which 8- to- 9-year-old children reported that they were more
likely to sit next to a person with a healthy face compared to a sick face
(Leung et al., under review). Together, these studies suggest that hu-
mans may be sensitive to facial cues of disease/health already in child-
hood and continuing into adulthood, which may promote behavioral

Table 11
Multilevel correlations controlling for random effects of participants among experiment 3 behavioral and physiological measures.

Key Press Latency Peak Pupil Dilation SicknessQ CCQ

Approach Rating r(7010) = 0.01,
p = 0.306

r(6004) = −0.05, p < 0.001* r(6236) = −0.06,
p < 0.001*

r(6236) = −0.03,
p = 0.025#

Key Press Latency r(6004) = −0.03, p = 0.008# r(6236) = −0.03, p = 0.008# r(6236) = −0.04,
p < 0.001*

Peak Pupil Dilation r(5353) = −0.02,
p = 0.230

r(5353) = −0.04,
p = 0.012#

SicknessQ r(54) = 0.91
p < 0.001*

Note. Multilevel correlations among the four dependent measures. Approach ratings reflect participants’ reports of how likely they were to sit next to someone in a
doctor’s office. Key press latencies reflect how quickly they made these ratings. Peak pupil dilation reflects their peak autonomic arousal during the 5 s of viewing
each face. Common Cold Questionnaire (CCQ) and Sickness Questionnaire (SicknessQ) captured donor-reported health, with greater scores indicating more severe
symptoms. The association between the CCQ and SicknessQ was conducted using a Pearson correlation given that there were no participant-level data for them
(health data were at the face stimulus level only). *ps < 0.005 (Bonferroni correction: αcrit = 0.05/10), #ps < 0.05.
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Fig. 5. (A) The standardized coefficients between pupil dilation to the face
stimuli (y-axis) and participants’ approach ratings (black solid line = raw
coefficients; blue solid line = LOESS smoothed coefficients; gray rib-
bon = standard errors) varied as a function of time (x-axis) in millisec-
onds (ms). The dashed horizontal lines indicate the two-sided critical t val-
ues at α = 0.05 for linear mixed effects model (df = 71.50). Time clus-
ters highlighted in colors (green and orange) indicate statistically signifi-
cant associations between pupil dilation and approach ratings given the
time point-level linear mixed effects model. (B) Distribution of summed
statistics of the permutation test with 1000 bootstrap iterations. Black dot-
ted lines = 95% chance levels. Long dashed lines = summed t statistics
for clusters in (A). Clusters beyond chance levels are statistically significant
after the permutation test (ps < 0.001 for both clusters). (For interpreta-
tion of the references to color in this figure legend, the reader is referred
to the web version of this article.)

avoidance of potential threats (Hugenberg and Bodenhausen, 2003;
Roesmann et al., 2020).

Participants’ faster decision speeds (how quickly they completed the
ratings) were associated with sicker faces (Prediction 3f). These find-
ings suggest that the speed with which participants were making their
decisions was influenced by the health of the people who they were de-
ciding to approach or avoid. Participants were free to respond as
quickly or slowly as they wanted, so it is surprising that we observed
differences in response speed related to health. This result may suggest
that decisions related to approaching strangers, rather than avoiding
them, require more careful cost-benefit analysis (Kurzban and Leary,
2001; Schaller et al., 2003, 2015).

5. General discussion

Pathogens are a leading cause of death world-wide (World Health
Organization, 2020). Given this extraordinary selective pressure, hu-
mans are theorized to have evolved abilities to detect and avoid conta-
gious diseases (e.g., bodily fluids, biological motion; Curtis et al., 2004;
Regenbogen et al., 2017). In three experiments, we tested whether peo-
ple detect subtle cues of acute, contagious illness in the faces of people
who are ill compared to the same individuals when healthy. Compared
to healthy faces, sick faces were rated as sicker, more dangerous, more
likely to be avoided, eliciting more unpleasant feelings, appearing more
tired, and having more negative expressions (Experiment 1). Partici-
pants looked less (Experiment 2) and exhibited greater peak pupil dila-

tion (Experiment 3) when viewing the sick faces compared to healthy
faces, perhaps suggesting they may be less willing to engage with sicker
people. Furthermore, across all experiments, participants’ responses
varied as a function of the health status reported by the face donors,
suggesting a nuanced sensitivity to the degree of sickness. Together,
these findings suggest that humans may detect subtle threats of conta-
gion from sick faces, which may facilitate illness avoidance.

When sick, humans, like other animals, show reductions in their so-
ciability (Devlin et al., 2022). We found people rated sick faces as being
more tired and displaying more negative affect (Experiment 1); there-
fore, viewers may have detected that sick people had decreased desires
to socialize. As a result, people may have reported a reduced interest in
approaching, not necessarily to avoid illness, but to avoid a person who
appears antisocial. People report less interest in socializing with experi-
mentally sleep-deprived people, based on viewing photos of their faces
(Sundelin et al., 2017), potentially suggesting that facial expressions
(e.g., tiredness, negative affect), regardless of whether they are related
to infectious illness, may broadly influence approach decisions. In addi-
tion, while we only measured responses to strangers (unfamiliar peo-
ple), responses to familiar sick individuals, especially those with whom
one is close (e.g., child, partner), may elicit more affiliative/approach
responses to provide care and comfort rather than avoidance (Muscatell
and Inagaki, 2021). When people are induced to feel sick (without actu-
ally being contagious), they report a greater desire to affiliate with
close social partners, such as their friends and parents (Inagaki et al.,
2015). Together, these studies suggest that lassitude expressions may
trigger different responses in viewers as a function of their relationship.

In contrast to our prediction, we did not find that people were faster
to orient to sick faces, or faster to show pupil dilation to sick faces, com-
pared to healthy faces, as they are with other types of threats (De Oca
and Black, 2013). That is, we found little evidence that there is a rapid
threat detection mechanism for sick faces operating in the initial phases
of attention capture. People may need additional time to extract/inter-
pret health-relevant information in faces. This delayed response may al-
low for people to make more accurate decisions about whether to en-
gage with others, thus reducing approach to dangerous pathogens and
avoidance of beneficial social interactions with healthy conspecifics
(Schaller et al., 2015). Alternatively, other types of tasks (e.g., visual
search, gap-overlap) may better capture subtle differences in atten-
tional processing (Kikuchi et al., 2011; Langton et al., 2008).

5.1. Limitations and future directions

The current studies relied on photo stimuli, which enabled a high
degree of experimental control, but were less ecologically valid com-
pared to live interactions. In the real world, people commonly have ac-
cess to richer, dynamic, and multimodal information (e.g., body move-
ments, voice, clothing) during social encounters, which, combined with
faces, may provide more accurate insights into a person’s health. With-
out this information, it is quite impressive that people were still sensi-
tive to subtle cues of illness using only static images of faces, consistent
with proposals of a robust, flexible, health-detection system (i.e., be-
havioral immune system). In fact, observing real-world stimuli likely
leads to even more accurate sickness detection than what we observed
in the current studies.

Unfortunately, we could not explore individual differences due to
our modest sample sizes. Future studies can explore whether there are
individual differences in illness detection, particularly among disease-
vulnerable populations. For example, the behavioral immune system
may be adaptively elevated among immuno-suppressed people
(Fleischman and Fessler, 2011; Makhanova and Shepherd, 2020), such
as pregnant people (Jones et al., 2005).

Another limitation is that the current study included only one sick
face from each person. Future studies could include multiple sick faces,
at different time points, from the same face donor, which may capture
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varying symptom severities. Tracking sick face perception in relation to
sick people’s physiological markers of infectiousness, such as viral load,
could guide efforts to identify methods to improve sickness detection.
Further, studies should continue to collect sick and healthy face photos
from a diverse group to expand the number of stimuli. Nonetheless, the
current study reflects a first step in establishing a new, sensitive method
for measuring facial sickness perception.

A notable strength of the current study is that our face donors were
of diverse ages, genders, races, and ethnicities. However, our sample
mostly consisted of White, Non-Hispanic U.S. participants. While some
aspects of (experimentally-induced) sickness in faces may be recog-
nized across cultures (Arshamian et al., 2021), it is unclear whether our
findings would generalize to other populations (e.g., outside of the
U.S.) and, therefore, replication studies in other cultures will be impor-
tant.

5.2. Conclusions

We found that humans detect legitimate sickness using only static
facial cues. In addition to rating sick faces as being sicker and less ap-
proachable than healthy faces, people also looked less to, and demon-
strated greater pupil dilation to, sick faces compared to healthy faces.
Together, these findings offer additional support for the hypothesis that
humans evolved an illness-detection adaptation to preemptively avoid
contagion (Curtis, 2014; Regenbogen et al., 2017; Schaller and Park,
2011). Paradoxically, our human desire to affiliate during times of cri-
sis and threat, such as during pandemics, may drive people to seek and
provide comfort to others, elevating the transmission of contagious ill-
ness (Dezecache et al., 2020). Accurately detecting and avoiding illness
would enable more selective affiliation, allowing people to safely ob-
tain and provide social support during crises. A more thorough under-
standing of humans’ pathogen avoidance tendencies is a necessary first
step to potentially improve these skills, thereby slowing the spread of
illness and, ultimately, improving public health (Ackerman et al.,
2021).
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