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Detection and avoidance of sick individuals have been proposed as essential

components in a behavioural defence against disease, limiting the risk of

contamination. However, almost no knowledge exists on whether humans

can detect sick individuals, and if so by what cues. Here, we demonstrate

that untrained people can identify sick individuals above chance level by

looking at facial photos taken 2 h after injection with a bacterial stimulus indu-

cing an immune response (2.0 ng kg21 lipopolysaccharide) or placebo, the

global sensitivity index being d0 ¼ 0.405. Signal detection analysis (receiver

operating characteristic curve area) showed an area of 0.62 (95% confidence

intervals 0.60–0.63). Acutely sick people were rated by naive observers as

having paler lips and skin, a more swollen face, droopier corners of the

mouth, more hanging eyelids, redder eyes, and less glossy and patchy skin,

as well as appearing more tired. Our findings suggest that facial cues associ-

ated with the skin, mouth and eyes can aid in the detection of acutely sick

and potentially contagious people.
1. Introduction
The detection of sick individuals has been proposed to serve as a first line of

defence allowing individuals to avoid being contaminated by sick peers [1].

The central premise of disease avoidance is that infections pose a major threat

to individuals [2], and that humankind and other animals, through evolution,

have developed an ability to limit contagion by avoiding potentially sick peers [1].

While immune cells have evolved to detect molecular patterns of invading

pathogens, avoidance behaviours need to be guided by an ability to detect

pathogenic carriers via perceptual cues. In animals, chemosensory-guided avoid-

ance of sick conspecifics is well established, and trained animals can detect

infections like Clostridium difficile in humans with high sensitivity and specificity

[3]. Recent data suggest that humans may possess similar abilities, because acute

inflammation-induced sickness is associated with more aversive and less

‘healthy’ body odour [4], and altered gait patterns [5]. While it has been shown

that humans exposed to people exhibiting overt sickness behaviours, such as

coughing, respond with disgust, anxiety and even a more reactive immune

system [6,7], less is known of how well we can detect sickness from observing

human faces, and the facial cues that characterize a sick person.

The human face conveys abundant cues about individuals and is a primary

source of information in human communication [8,9]. Symmetry, facial adiposity

and colouration have been proposed as important factors in how we judge health

in other individuals [10]. Accordingly, the faces of acutely sick people are lighter

and less red [11], and judged as less healthy [12]. It has also been indicated that

people can detect patients with HIV or non-symptomatic herpes on an online

dating website at levels above chance [13]. This study was based on self-selected

photos of subjects who had identified themselves as having/not having HIV

and/or herpes on a dating website. Considering that dating sites are affected
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Figure 1. Illustrations of the timing of when the photos were taken (2 h and 10 min post injection) and (a) mean circulating concentrations of IL-6 and (b)
development of sickness (subjective sickness rated on the sickness questionnaire, SQ), after injections with placebo and LPS. All 16 subjects participated in
both conditions, and the dotted grey lines show their raw data in the LPS condition.
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by deceptive self-presentations [14], and some of the subjects

classified as healthy may actually have been sick, these results

may not be generalizable. However, the study still gives an

indication that we may be able to detect people with a chronic

disease better than chance levels from photos alone. Taken

together, there is a lack of well-controlled studies determining

how well we can detect acutely sick people, and which cues

that guide us in this detection.

Our aim was to determine whether it is possible to identify

experimentally induced sick people based on facial pictures

and to specify cues that contribute to this identification.
2. Material and methods
(a) Acquisition of photos
The protocol of experimentally induced sickness has been

described before [15]. Briefly, 22 healthy volunteers who were

free of physiological or psychiatric condition and of medication

(except contraceptive pills), all of whom were non-smokers, non-

excessive alcohol consumers, non-obese people and aged between

19 and 34, were included in the study. Participants were recruited

by advertising and screened through questionnaires and a health

examination by a physician. Twenty-two volunteers (mean age:

23+4; 9 women, all Caucasian) were included in the protocol.

This was a double-blind, randomized, placebo-controlled study

with a cross-over design. The number of subjects was based on pre-

vious lipopolysaccharide (LPS) studies for testing main effects of

sickness and to provide photos (and other samples) that could

be used for additional studies. Subjects received either an injection

of LPS (Escherichia coli endotoxin, Lot HOK354, CAT number

1235503, United States Pharmacopeia, Rockville, MD, USA) at a

dose of 2 ng kg21 of body weight, or of placebo (0.9% NaCl) on

two different occasions, separated by three to four weeks. LPS

injection causes a transient and distinct systematic inflammatory

response and sickness behaviour [16].

Facial photographs were taken about 2 h after injection (in both

conditions), with a Nikon D90 (Nikon Corp., Tokyo, Japan) at a

resolution of 4288� 2848, using highly standardized procedures

and a studio set-up. This time point coincided with a strong

increase in inflammatory response, here shown in levels of
circulating interleukin (IL)-6, and subjective sickness as measured

by the Sickness Questionnaire [17] in the LPS condition (figure 1).

Participants wore a white T-shirt and no make-up, and had their

hair pulled back from their face. They were seated on a stool in

front of a white background, asked to sit comfortably, to look

straight into the camera with a neutral expression and to relax

their face. In each condition, five to six photos were taken.

Of the photos taken during each condition, the three best

photos of each participant were chosen based on their quality

(e.g. removing photos when subjects were not sitting straight

or having eyes closed) and similarity to the other photos of the

respective participant taken at the same time. In other words,

the three most representative photos were chosen. Photos from

six subjects were excluded due to large differences in facial

hair (1) or hairdo (2) between the two time points, excessive

hair falling into their face (2) or problems with the flash lighting

(1). From the photos of the remaining 16 participants (8 women),

a grad student, blind to the procedure and purpose of the study,

chose the photo (of the three from each condition) from each con-

dition that was the most representative of the three, in terms of its

similarity to the other two photos, following a protocol described

earlier [18]. This resulted in 32 photos, two of each participant,

one from each condition (i.e. photos of 16 individuals when

‘healthy’ and ‘acutely sick’). Photos of subjects from the same

study have been used to analyse neural correlates when exposed

to multimodal stimuli of sickness [12], and how skin colour

(measured with spectrophotometry) changes during acute

sickness [11].
(b) Identification of sick individuals
The first rating session included 62 naive observers (31 women, 31

men, mean age 25.5 years, s.d. ¼ 8.8). The subjects did not fill out

information about ethnicity, but the large majority were Cauca-

sian. The subjects were recruited at two large universities in the

Stockholm area. They rated the 32 photos on whether the person

in the photo was sick or healthy in a forced-choice procedure

with each photo being shown along with the question ‘Is this

person sick or healthy?’ with the response options sick and healthy.

The rating procedure was programmed with E-PRIME PROFESSIONAL

v. 2.0 (Psychology Software Tools, Inc.). Photos were shown for a

maximum of 5 s in a pseudo-randomized order, with the restric-

tion that no individual participant was shown twice in a row.
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Each photo was rated at least once, with a total of 48 ratings per

rater. The sample size was, based on effect sizes found in earlier

studies [18,19], predetermined to include 60 people or more

(resulting in 2880 ratings if no data loss), giving a high power to

detect even small effect sizes.

Assessment of accuracy in detection was based on signal

detection theory and the receiver operating characteristic (ROC)

curve analyses in STATA 12.1. The ROC curve area describes

how well one can discriminate between sick and healthy,

where 1 would represent a perfect discrimination and 0.5 com-

plete randomness. We also calculated the sensitivity index (d0)
from the probability of true sickness detections (t) and false

alarms (f ) using the inverse cumulative normal distribution.
 oc.R.Soc.B
285:20172430
(c) Relationships between facial cues and apparent
sickness

In the second rating session, a separate group of 60 naive observers

(38 women, 22 men, mean age 27.3 years, s.d. ¼ 6.2) rated the

photos with respect to health (scale from 1 ‘very poor’ to 7 ‘very

good’), tiredness (scale from 1 ‘very alert’ to 7 ‘very tired’) and

eight facial cues. As in the first rating session, the sample size

was predetermined to include 60 people. No information about

ethnicity was obtained, but the large majority were Caucasian.

The subjects were recruited at two large universities in the

Stockholm area. The rating procedure was programmed with

E-PRIME PROFESSIONAL 2.0. Furthermore, one sickness cue at a time

was rated on 7-point Likert scales from 1 ‘no symptoms’ to 7 ‘

very high symptoms’, in a randomized block order. The queries

were phrased as follows: ‘How pale lips/pale skin/patchy skin/

glossy skin/droopy corners of the mouth/red eyes does this

person have?’ and ‘How hanging are the eyelids/swollen is the

face of this person?’. For each cue, 48 ratings were made, at least

one for each of the 32 photos, with 16 randomly selected photos

being shown twice. Again, the same subject was never shown

directly after himself or herself. The cues included were considered

to characterize sickness by 18 researchers involved in studying

sickness behaviour. The procedure was self-paced, with each

photograph shown for a maximum of 5 s.

The first set of analyses considered how sickness affects facial

cues (i.e. how they changed between LPS and the placebo con-

ditions). The second set of analyses considered how each of the

cues related to apparent sickness (i.e. what are the cues character-

izing a sick appearance). Data were analysed using multilevel

mixed-effects linear regression, with two crossed independent

random effects accounting for random variation between obser-

vers (rating the photos) and participants (on the photos) using

the xtmixed procedure in STATA 12.1. We also analysed two

models describing how the included cues mediated the effects of

LPS on apparent sickness, both being multiple mediation SEM

models where the mediated effects were calculated using the pro-

duct-of-coefficients method. In the first model, apparent sickness

was regressed on the cues and on LPS condition, and the cues

were regressed on LPS condition (figure 5). In the second model,

apparent tiredness was included as a second-order mediator

between the cues and apparent sickness (electronic supplementary

material, figure S1). The size and 95% confidence intervals (CIs) of

the indirect effects of LPS condition on apparent sickness via the

cues were calculated with MPLUS 7.3 software and these values

were transformed to per cent of the total effect of LPS condition

on apparent sickness. As an example, the effect of LPS treatment

on pale skin was 0.301 and the effect of pale skin on apparent sick-

ness, adjusting for the effects of LPS treatment and the other

mediators, was 0.083. This gives an indirect effect of LPS treatment

on apparent sickness via pale skin of 0.301 � 0.083 ¼ 0.025 and as

the total effect of LPS treatment on apparent sickness was 0.357, the

degree of mediation is 100 � 0.025/0.357 ¼ 7.00%.
3. Results
(a) Detection of acutely sick individuals
The 62 raters gave 2945 ratings of sickness for the 32 different

facial photos, of which 1215 (41%) were judged as being sick.

Of these positive detections, 775 were true hits and 440 were

false alarms, giving a sensitivity and a specificity for identify-

ing sickness from photos of 52% and 70%, respectively; the

global sensitivity index being d0 ¼ 0.405. Signal detection

analysis (ROC curve area) showed an area of 0.62 (95% CIs

0.60–0.63; 1.0 being a perfect discrimination and 0.5 being

random). In addition, the raters could correctly discriminate

13 out of 16 individuals (81%) as being sick better than

chance (the lower 95% CI range being above 0.5). These

results demonstrate that untrained people can, above

chance level, identify acutely sick individuals from merely

observing a photo for a few seconds.
(b) Facial cue changes in acutely sick individuals
The second group of naive people (n ¼ 60) rated the same facial

photos, to assess the facial cues affected during acute sickness,

and to what degree they were associated with apparent sick-

ness and tiredness. The photos were therefore rated with

respect to eight facial cues, and to how sick and tired the

person in the photo apparent (figure 2). Multilevel regression

effects and 95% CIs showed that the LPS injection, when com-

pared with placebo, made people look more sick (b ¼ 0.48

scale steps, CI: 0.41 to 0.55, Z ¼ 12.7, p , 0.001) and more

tired (b ¼ 0.45, CI: 0.35 to 0.54, Z ¼ 9.4, p , 0.001). After

LPS injection, subjects were also perceived to have paler

skin (b ¼ 0.54, CI: 0.45 to 0.64, Z ¼ 11.1, p , 0.001), a more

swollen face (b ¼ 0.18, CI: 0.09 to 0.26, Z ¼ 4.1, p , 0.001),

paler lips (b ¼ 1.55, CI: 1.45 to 1.64, Z ¼ 31.2, p , 0.001), droo-

pier corners of the mouth (b ¼ 0.42, CI: 0.34 to 0.50, Z ¼ 10.3,

p , 0.001), more hanging eyelids (b ¼ 0.45, CI: 0.36 to 0.55,

Z ¼ 9.6, p , 0.001) and redder eyes (b ¼ 0.33, CI: 0.26 to 0.40,

Z ¼ 8.9, p , 0.001). After LPS injection, the faces also

had less glossy skin (b ¼ 20.22, CI: 20.31 to 20.14, Z ¼ 5.1,

p , 0.001) and less patchy skin (b ¼ 20.41, CI: 20.50 to

20.31, Z ¼ 8.3, p , 0.001). As illustrated in figures 2 and 3,

several facial cues, representing changes of the skin, the eyes

and the mouth, were thus affected by acute sickness (figure 3

is a composite of the faces in each condition and included to

illustrate the differences). The results also show that paleness

of the lips was especially prominent in sick faces.
(c) The facial cues revealing sickness in others
To investigate by which cues we determine whether someone

is sick, we analysed how apparent sickness (using the variation

from all photos) related to each of the included cues. Illustrated

in figure 4, the multilevel mixed-effects linear regressions illus-

trate that high sickness ratings were related to paler skin (b ¼
0.18 units on the scale for paler skin for each unit on the sick-

ness scale, CI: 0.14 to 0.23, Z ¼ 7.7, p , 0.001), having paler

lips (b ¼ 0.23, CI: 0.18 to 0.28, Z ¼ 8.7, p , 0.001), a more

swollen face (b ¼ 0.09, CI: 0.05 to 0.13, Z ¼ 4.1, p , 0.001),

more hanging eyelids (b ¼ 0.15, CI: 0.10 to 0.19, Z ¼ 6.4, p ,

0.001), more red eyes (b ¼ 0.09, CI: 0.06 to 0.13, Z ¼ 5.2, p ,

0.001) and droopier corners of the mouth (b ¼ 0.06, CI: 0.02

to.10, Z ¼ 3.0, p ¼ 0.003). Apparent sickness was also related

to looking tired (b ¼ 0.30, CI: 0.27 to 0.33, Z ¼ 20.1, p ,
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Figure 3. Averaged images of 16 individuals (eight women) photographed twice in a cross-over design, during experimentally induced (a) acute sickness and
(b) placebo. Images made by Audrey Henderson, MSc, St Andrews University, using PSYCHOMORPH. Here, 184 facial landmarks were placed on each image before
composites displaying the average shape, colour and texture were created [20].
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0.001). However, apparent sickness was not significantly

related to having glossy skin (b ¼ 20.02, CI: 20.06 to 0.03,

Z ¼ 0.8, p . 0.250) nor having a patchy skin (b ¼ 0.00, CI:

20.05 to 0.04, Z ¼ 0.1, p . 0.250). Thus, the regression ana-

lyses show that all the included cues, with exception of

glossy or patchy skin, were positively correlated with apparent

sickness. These data indicate a high consistency between the

cues affected by acute sickness and those of appearing sick.

Although having pale lips was the cue most prominently
displayed in sick individuals, it was not the strongest predictor

of how sick the people in the photos appeared. Instead, a

number of cues (including pale skin and hanging eyelids)

were similarly related to appearing sick.

The mediation analysis, in which all cues were included in

the model simultaneously, found the degree of mediation to

vary between 22.8% (patchy skin) and 10.1% (pale lips).

A negative degree of mediation means that the indirect effect

has an opposite sign compared with the total effect. Although

http://rspb.royalsocietypublishing.org/
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pale lips had the highest point estimate, due to its weak

adjusted effect on apparent sickness, the mediated effect was

very unstable and non-significant. Instead, pale skin and hang-

ing eyelids turned out to be the most reliable and significant

mediators, with a degree of mediation of 7.0% and 5.0%,

respectively. All this said, it should be noted that 75.9% of

the effect of LPS treatment on apparent sickness was direct

(i.e. non-mediated; figure 5). The second mediation analysis,

with tiredness included as a second-order mediator, showed

that apparent tiredness is a possible mediator of how LPS

affects apparent sickness (electronic supplementary material,
figure S1), although the degree of mediation of the cues was

not affected to any higher degree.

A correlation matrix illustrates the relationships between

the cues (electronic supplementary material, table S1). The

strongest positive correlation was the association between

pale lips and pale skin (0.34, p , 0.001), and the strongest nega-

tive correlation was between pale skin and patchy skin (20.28,

p , 0.001). A correlation analysis showed that the rating of pale

face was negatively correlated to the objective measures (with

spectrophotometer) of redness (20.56, p , 0.001).
4. Discussion
We demonstrate that a transient stimulation of the innate

immune system affected the human face in a way that allows

others to identify acutely sick individuals beyond chance by

merely observing facial photographs. While the lion’s share

of the previous literature has used photos of obviously sick

people to induce disgust, anxiety and even immune responses

[6,7,21], the photos here were taken in an experimental setting,

with neutral facial expressions, only 2 h after onset of a sys-

temic inflammation. This supports the notion that humans

have the ability to detect signs of illness in an early phase

after exposure to infectious stimuli [4,5]. It would arguably

be particularly beneficial to identify sick individuals at an

early stage of sickness when risk for contagion is high [4].

Several facial cues were affected during acute sickness,

with paleness of the lips being the most prominent. Interest-

ingly, the most robust predictors of apparent sickness were

pale skin and hanging eyelids in the models. These findings

suggest that paleness and having a tired appearance (both

looking tired and having hanging eyelids) are markers of

actual sickness. This is consonant with the fact that redness

signals a healthy and attractive appearance in both humans

and animals [10,22] and that appearing tired is strongly

related to appearing healthy [18,23]. This is further supported

by the fact that some of the cues shown to relate to sickness in

the present study (i.e. pale skin, hanging eyelids and red

eyes) have previously been shown to relate to apparent fati-

gue [19]. The fact that the cue changing the most during

acute sickness, pale lips, was not strongly related to a sick

http://rspb.royalsocietypublishing.org/
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appearance in the model was surprising, and further studies,

preferably at different stages of sickness, will have to investi-

gate this in more detail. While it is well known that facial

adiposity and skin colour affect apparent health [10], the pre-

sent study provides additional clues regarding which facial

cues we use to detect acutely sick people.

Considering the partial overlap between signs of sickness

and tiredness [18], as well as sadness [5], it can be assumed

that such signs sometimes trigger avoidance of people who

pose no threat of contagion. This is backed up by the finding

that subjects are less inclined to socialize with individuals

who have got insufficient sleep [23]. In addition, disability

stigma has been theorized to be a consequence of an overly

inclusive disease-avoidance mechanism [24]. Taken together,

this suggests that perceived deviations from a healthy or func-

tional state, based on cues that overlap between sickness

and other conditions, perpetuate prejudices. Such behavioural

tendencies would have been favoured by selection pressu-

res to avoid false-negative responses when scanning the

environment for imminent infectious threats.

The findings in this study are limited to visual detection of

the consequences of an innate immune response, which is a

non-specific immune reaction to a bacterial stimulus (LPS are

molecules of the cell wall from gram-negative bacteria, and

not contagious themselves). In other words, this reflects a gen-

eral sickness state. It is likely that more disease-specific facial

features would develop over time in different diseases. Thus,

analyses of facial appearance from other disease models and

in later phases of responses to infection are needed before it

is possible to determine the cues by which we most reliably

can predict the presence of disease in a fellow human being.

The fact that the predictive power of the ratings was rather

low (ROC area being 0.62) is not surprising, considering that

raters were only very briefly exposed to the photos. In real-

life circumstances, we would expect humans to have a higher

sensitivity due to the possibility of integrating other cues [12]

(e.g. gait [5], body odour [4] and speech). The degree to

which practice can improve this ability is unclear. It is, how-

ever, tempting to speculate that health professionals have the

ability to use perceptual cues as guidance in clinical judgement,

something that was recently proposed [25].

It is well known that humans almost immediately judge

facial aspects of attractiveness, trustworthiness, dominance

and expressions of basic emotions when looking at a human

face [26]. Future studies need to distinguish how facial
expressions of sickness overlap with those of basic emotions

such as anxiety or fear, and how promptly humans scan for

signs of illness in peers.
5. Conclusion
The data presented here support the notion of humans being

able to detect acutely sick individuals at a glance from

photos and that a number of facial cues guide this judgement.

Several facial cues were affected by sickness, with paleness of

the lips standing out as a prominent signal. There is a need

to further test how accuracy can be improved, for example

through learning, and whether identification is similar across

diseases and ethnic groups.
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