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Abstract

The microbiota-gut-brain axis has been proposed a key regulator of the stress response, providing
possibilities for the prevention and treatment of stress-related disorders. Manipulations of the gut
microbiome seem to exert psychological effects affecting cognitive- and emotional reactivity. We
hypothesized antibiotics to increase cognitive reactivity to sad mood and impair the recognition of
emotions. Thirty-four Dutch participants participated in this study, of which 16 finished antibiotic
treatment in the month prior to testing (i.e. the antibiotic group); the remaining 18 reported no antibiotic
use in the past year (i.e. the control group). We assessed self-reported mood, cognitive reactivity to sad
mood, and depression, as well as accuracy in recognizing facial emotional expressions. The antibiotic
group demonstrated increased cognitive reactivity to sad mood, specifically aggressive thoughts, but did
not differ from controls on measures of mood or depressive symptoms. In addition, the antibiotic group
demonstrated lower accuracy in recognizing moderate intensity emotions and fear in general. This
study provides preliminary evidence associating antibiotic use and cognitive reactivity to sad mood,
specifically aggression, as well as recognizing emotions, supporting the idea that the microbiota-gut-
brain axis modulates cognitive- and emotional reactivity. Further research is needed to confirm, and

gain understanding of, these effects.
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Introduction

A growing line of research indicates brain functioning and behavior might be modulated by the
bidirectional communication between gut microbiota, referring to all microorganisms colonizing the
intestines, and the brain (i.e. the microbiota-gut-brain axis; Bercik and Collins, 2014; Cryan and Dinan,
2012; Cryan and O’Mahony, 2011; Forsythe et al., 2016; Foster and McVey-Neufeld, 2013; Luna and
Foster, 2015; Wallace and Milev, 2017). Gut microbiota may be viewed as an organ; exerting metabolic
functions as well as regulating inflammatory responses by immune activation. Disturbances in the
homeostasis of the gut microbiota, for example as a consequence of antibiotics, result in alterations at
neural, hormonal, and immunological levels (Cryan and O’Mahony, 2011; Cryan and Dinan, 2012;
Delungahawatta et al., 2017; Dudek-Wicher et al., 2018; Foster and McVey-Neufeld, 2013; Lurie et al.,
2015; Sherwin et al., 2018). Interestingly, such alterations have been found to associate to changes in
the physiological stress-response (e.g. activation of the stress axis) and associated behavior (e.g.
sociability and avoidance; Sherwin et al., 2018) in both animals (Foster and McVey-Neufeld, 2013;
Leclercq et al., 2017; McVey-Neufeld et al., 2011; Rhee et al., 2009) and humans (Messsaoudi et al.,
2011; Steenbergen et al., 2015). However, the cognitive- and affective consequences of microbiota
manipulations remain under investigated; “psychologists have yet to join this journey” (Sarkar et al.,
2018 p. 1).

Not unsurprisingly in light of the preceding, a body of research demonstrated associations
between the disturbed or dysbiosis in the gut microbiota and psychiatric stress- and emotion-related
disorders, such as depression (e.g., Sternbach and State, 1997), anxiety (e.g., Jiang et al., 2018), and
autism (e.g., lovene et al., 2017), but also schizophrenia (Castro-Nallar et al., 2015) and Parkinson’s
disease (Lin et al., 2018), for a review see Rieder et al. (2017) and Sarkar et al (2018). Subsequently,
interventions targeted at manipulating the gut microbiota, for example by means of probiotics,
demonstrated a possible causal role of the gut microbiome in stress- and emotion regulation (Messaoudi
et al., 2011; Papalini et al., 2019; Steenbergen et al., 2015). Such studies are typically targeted at
reducing symptom severity and enhancing subjective wellbeing. However, the aforementioned disorders

all have in common that they are associated to dysfunctions in cognitive- and affective processes, most



importantly emotional processing; functions which are found predictive of such disorders (e.g. Turetsky
et al., 2007; Harmer, 2008). This illustrates the need for investigating the effects of microbiota-gut-brain
manipulations regarding emotional processing, which is further supported by the suggestion that
antidepressants may not directly modulate mood and anxiety, but instead induce changes in emotional
processing that precede and allow, but not necessarily evoke, changes in subjective outcomes (Harmer,
2008).

In addition, measurements of emotional processes (e.g. recognition of facial emotional
expressions) are more sensitive than self-reported mood measurements (Harmer, 2008), and provide a
gateway to study the cognitive effects of psychobiotics in otherwise healthy individuals. Regarding
cognitive- and emotional processing in relation to manipulations of the gut microbiota, Steenbergen and
collegues (2015) reported that a 4-week probiotic intervention resulted in reductions in aggressive and
ruminative thought patterns in response to a sad mood (i.e. cognitive reactivity). Additionally, as a
possible explanation of such effects, Sarkar et al. (2018) suggest psychobiotics may reduce emotional
reactivity. As rightfully noted by the authors, this would also result in decreased reactivity to positive
stimuli. Indeed, in a functional magnetic resonance imaging study by Tillisch and colleagues (2013),
activity of a brain network central to processing emotions during an emotion recognition task was
reduced after a 4-week probiotic intervention in healthy women. In contrast, however, Kelly et al.
(2017) reported no modifying effects of an 8-week probiotic intervention in healthy males on stress-
related measures (i.e. measures of mood, anxiety, and stress) and cognitive performance (i.e. emotion
recognition). Mood and cognitive effects are thus not always observed in probiotic interventions, calling
for further investigation of the microbiota-gut-brain axis and cognitive-and affective consequences of its
manipulations.

In contrast to probiotics, antibiotics contribute to dysbiosis (i.e. microbial imbalance of
intestinal bacteria of the gut microbiome; Nicholson et al., 2012; Preidis and Versalovic, 2009;
Zarrinpar et al., 2018). Antibiotics are commonly prescribed for bacterial infections (Foster and
McVey-Neufeld, 2013; Preidis and Versalovic, 2009), which shows a steep increase in the past decade
(Haeseker et al., 2012). However, antibiotic use has been associated with an increased risk for

depression and anxiety (Lurie et al., 2015; Macedo et al., 2017), possibly as a consequence of microbial



dysbiosis. Indeed, patients suffering depression or anxiety show a reduction in species richness and
microbial diversity, indicative of dysregulated microbiota (Sherwin et al., 2018). Although
correlational, findings in animal studies support the assumption that dysregulation of the gut microbiota
facilitates behavioral (e.g. reduced exploratory behavior and grooming, increased risk assessment) and
psychological (e.g. poorer spatial memory, impaired recognition memory) symptoms of depression and
anxiety (Sherwin et al., 2018; Sarkar et al., 2018; Fiore et al., 1996; Lyte et al., 2006; Slykerman et al.,
2017; Wang et al., 2015). However, a study by Bercik and colleagues (2011) regarding preliminary data
of BALB/c mice that underwent a seven day antibiotic intervention reported antibiotic treated mice
showed a reduction in anxiety through an increase in exploratory (i.e. locomotor) behavior compared to
the control group, illustrating the opposite effect. In humans, such evidence is scarce but a recent study
suggested that antibiotic treatment (i.e. minocycline) may have antidepressive effects, in this case
improvement in global experience, functioning and quality of life in people with major depressive
disorder (Dean et al., 2017). However, the consequences of antibiotic use in respect to mental functions
and, ultimately, well-being of otherwise healthy individuals remains unknown.

Within the available rodent studies, the cognitive consequences of antibiotic administration
remain inconclusive (for a review see Sarkar et al., 2018). Regarding humans, a recent pilot study by

Wang et al.*

concluded a low dose antibiotic to exhibit stress-reducing effects similar to reported
effects of probiotics. More specifically, a significant increase of “emotional well-being”, measured
using the SF-36, was found in the antibiotic group compared to the placebo group. Taking a closer look
at these findings, the antibiotic group improved regarding negative items while remaining the same on
the positive items. That is, in line with the suggestion by Sarkar et al. (2018), the authors seem to have
observed a reduction in emotional reactivity with no gain regarding positive affect.

The above allows topredict that the microbiota-gut-brain axis may affect cognitive- and
affective reactivity, which may precede and allow, but not necessarily evoke, mood effects. The current
pilot study therefore aims to further explore such a possibility by investigating the effects of antibiotic
usage on cognitive reactivity to sad mood and facial emotion expression recognition®, mood, and

depression symptoms. However, in addition to the under investigated role of the microbiota-gut-brain

axis in cognitive- and affective processing in healthy humans, given the lack of conclusive results



regarding antibiotic effects on cognitive- and emotional reactivity to stress and subsequent symptoms of
depression and anxiety, and the current study being the first to examine the effects of antibiotic use on
the ability to recognize facial expressions of emotions, the nature of the current study is rather
exploratory. That is, given the findings regarding probiotics and cognitive reactivity to sad mood by
Steenbergen et al. (2015) (but see Papalini et al., 2019), we predict opposite effects, i.e. antibiotics to
exert a negative effect on cognitive reactivity to sad mood, possibly specifically rumination and

aggression.

Regarding the recognition of facial emotion expressions, if antibiotics, in contrast to probiotics
(Sarkar et al., 2018), increase emotional reactivity, one might expect increased accuracy in recognizing
emotional expressions. However, expecting impairments in recognizing emotional expressions may be
more plausible; first, along the lines of the findings by Harmer and colleagues (2001; Harmer, 2008),
antibiotics may exert antidepressive effects through impairing one’s ability to recognize negative
emotional expressions. Seemingly paradoxal, this may simultaneously explain why antibiotics may
increase the risk for depression; whereas patients suffering from depression may benefit from a
reduction in the ability to recognize facial emotion expressions, especially of negative emotions, the
inability to adequately recognize emotions in healthy individuals may contribute to vulnerability to
depression. In order to test whether antibiotics reduce one’s ability to accurately recognize facial
expressions of emotions, we used a Facial Emotion Expression Recognition task (adapted from Harmer
et al., 2001). Importantly, responses to facial expressions of anger, fear, sadness, surprise, happiness,
and disgust are able to be studied as a function of intensity (i.e. low, moderate or high) of the expressed
emotion. Antibiotic use may affect the recognition of moderate expression as they are more sensitive to

subtle manipulations (Harmet et al., 2001; Harmer, 2008).

Method

Participants and Design
Thirty-four Dutch participants aged 18-55 years (12 males) participated in this study.

Participants were recruited through advertisements, word-to-mouth, social media, and an online



research participation platform; the study was advertised as a one-session study on the relation between
antibiotic use and well-being. Specifically, we advertised that we were looking for participants currently
taking, or just having finished taking, antibiotic treatment. In keeping with Steenbergen et al. (2015),
participants were screened using the Mini International Neuropsychiatric Interview (MINI; Sheehan et
al., 1998) and considered eligible for participation if they reported no psychiatric or neurological
disorders, no personal or family history of depression or migraine, no cardiac, renal, or hepatic
conditions, no allergies or intolerance to lactose or gluten, and no prescribed medication or drug use
(with the exception of antibiotics). Participants were tested within 1 day to 2 weeks after finishing
prescribed antibiotics, and only planned for testing when they reported no longer experiencing
complaints related to the condition they were prescribed antibiotics for. These participants were
assigned to the antibiotics group. For each participant included to this group, we recruited one
participant for the control group; participants meeting the same criteria but not having taken any
antibiotics in the past 6 months. Participants were offered 15 euros or participation credits in return for
participation. Written informed consent was obtained from all participants before inclusion, the
protocol and procedure conformed to the ethical standards of the 1975 Declaration of Helsinki, as
revised in 1983, and were approved by the local ethics committee (Commissie Ethiek Psychologie,

University of Amsterdam, #2017-CEP-8359).

Procedure

The procedure relevant for the current study was part of a larger study on antibiotic use and well-being,
results (i.e. regarding physical consequences of antibiotic use) of which will be reported elsewhere.
Hence, only procedures relevant for our hypotheses will be described in detail. All participants were
tested individually. Upon arrival, participants read and signed the informed consent, after which they
filled out the Positive and Negative Affect Scale (PANAS; Watson et al., 1988), performed the Facial
Expression Recognition task (FERT; Harmer et al., 2001), answered the Center for Epidemiology —
Depression scale (CESD; Radloff, 1977; Bouma et al., 1995), Rumination Response Scale (RRS;

Nolen-Hoeksema and Morrow, 1991; Raes et al., 2009a), and the Leiden Index for Depression



Sensitivity — revised (LEIDS-r; van der Does and Williams, 2003; Solis et al., 2017). Subsequently,

participants were debriefed and compensated for participation.

Positive and Negative Affect Scale (PANAS)

The positive and negative affect scale (PANAS; a = .90; Watson et al., 1988) was used to infer
current mood state. The PANAS is a validated questionnaire comprising a 10-item positive mood scale
and a 10-item negative mood scale (i.e. 20 in total), developed for the brief measurement of positive and
negative affect. Participants indicate how much they experience 10 positive and 10 negative emotions at
this moment, on a 5-point likert-type scale ranging from 1 ‘very slightly or not at all’ to 5 ‘very much’.
Total scores on both mood scales range from 10 to 50 and are calculated by summing the respective
items.

Leiden Index of Depression Sensitivity —revised (LEIDS-r)

To assess cognitive reactivity to sad mood, we used the revised version of the Leiden Index of
Depression Sensitivity (LEIDS-r; van der Does and Williams, 2003) which consists of 34 statements
rated on a 5-point likert scale (a = .92, Solis et al., 2017) ranging from 0 ‘not at all’ to 4 ‘completely
applies to me’. This scale assesses the extent to which dysfunctional thought patterns are activated when
an individual experiences mild dysphoria (i.e. cognitive reactivity). The LEIDS-r scores are based on a
total score ranging from O to 136, with higher scores indicating more cognitive reactivity. Cognitive
reactivity is assessed using six subscales: aggression (o = .80), hopelessness/suicidality (o = .83),
acceptance/coping (o = .64), control/perfectionism (o = .66), risk aversion (o = .81), and rumination (o
= .82; Solis et al., 2017). Before participants answer the statements they are instructed to take a moment
to imagine a day in which they felt a bit down, but not depressed. After which participants are asked to
indicate to what extend (‘good’, ‘a little’ or ‘not at all’) they are able to imagine such a day.

Rumination Response Scale (RRS)

The Dutch version of the rumination response scale (RRS; Nolen-Hoeksema and Morrow,
1991) comprised of 22 items (o = .92, Raes et al., 2009a) was used to measure rumination. Participants
are asked to rate how often they think or do something when they are sad or down on a scale from 1

‘never’ to 5 ‘almost always’. In addition to a total score, the RRS also provides subcores for brooding



(maladaptive rumination, related to depression) and reflection (adaptive rumination, effective problem
solving; Raes et al., 2009b).
Center for Epidemiology — Depression scale (CESD)

The center for epidemiology depression scale (CESD; Radloff, 1977) includes 20 statements (a
=.79 - o = .92, Bouma et al., 1995) that are rated by participants from 0 ‘never’ to 3 ‘always’ and
measures depression symptoms of four different categories: somatic-retarded activity, depressed affect,

and interpersonal affect. The CESD is only used for research purposes and not in a clinical setting.

Facial Emotion Expression Recognition task

The computerized ‘Facial Emotion Expressions Recognition task’ (FERT) was adapted from
Harmer and colleagues (2001), and presented male and female morphed facial expressions from the
Ekman and Friesen (1976) database using E-Prime 2.0 software (Psychology Software Tools, Inc.,
Pittsburgh, PA). Five basic facial expressions, i.e. happiness, anger, fear, sadness, and disgust were
shown with an emotion intensity ranging from 10 to 100% in steps of 10. Participants were first shown
12 ‘practice’ trials (i.e. one of the 5 emotions displayed as a word, or the word ‘neutraal’; Dutch for
‘Neutral’) to familiarize with the response keys. In total, 102 pictures were presented twice in random
order (i.e. a total of 204 stimuli); representing the five emotion categories in 10 different intensities
expressed by 2 actors (one male, one female), and a neutral expression by the same two actors.
Participants had to respond using labeled keys to indicate which of the five basic emotions was
presented. Between trials, a central fixation cross was presented for 1 second. The ten expressions of
emotion intensities were reduced to three categories, i.e. Low intensity of expression (10%, 20%, and
30%), moderate intensity (40%,50%,60%, and 70%) and high intensity of expression (80, 90%, and
100%). Previously it was shown that stimuli with a (moderate) intensity (40—70%) allow the detection
of more subtle impairments and are sensitive to pharmacological manipulations (Labuschagne et al.,
2010). In Kemmis et al. (2007) ‘Fear’ was in most cases confused with ‘Surprise’. In the present study,
‘Surprise’ was therefore excluded to prevent confusion. Dependent variables were percentage accurate
responses and corresponding mean latencies for the five basic facial expressions in 3 intensity

categories (Kemmis et al., 2007).


https://www.sciencedirect.com/science/article/pii/S0924977X15002655?via%3Dihub#bib14
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Statistical Analyses

All analyses were done using IBM SPSS Statistics (version 25.0). For each questionnaire mean
group scores (total and/or partial) were calculated and submitted to an independent samples t-test with
group (antibiotic vs. controls) as a between-subjects factor. For the hypotheses to be accepted alpha was

settop =.05.

Repeated measures analysis of variance (RM ANOVA) with intensity (low vs. medium vs.
high) and emotion (anger, sadness, happiness, disgust, and fear) as within-subjects factor and group
(antibiotic vs. control) as between-subjects factor was used for the analysis of the facial emotion
expression recognition task (accuracy scores and reaction times). Again all alpha levels were set to p =
.05. Where applicable, when the sphericity assumption was violated, Greenhouse-Geisser —corrected
values and degrees of freedom are reported. Pairwise comparisons (Bonferroni-adjusted post-hoc tests)

were performed to clarify mean differences in case of significant interactions.

Results

Thirty-four participants completed participation in this study, of which 16 (5 males, My =
24.742.1 years; My = 21.5+0.6) reported to have used antibiotics in the past month, and 18 (7 males,
Mage = 25.3£2.4 years;, Mpm = 21.3+0.5) reported no antibiotic use in the past 6 months. For the
individuals in the antibiotic group, not everyone was able to recall which antibiotics s/he used, but

amongst the use that was reported were Isotretion, Sofradex, Azitromycine, and Nitrofurantoine.

Questionnaires

Despite screening, two participants in the antibiotics group reported to use citalopram (i.e. a
commonly prescribed antidepressant), and were hence excluded from further analyses. One participant
from the control group did not fill out the LEIDS-r and responses to that questionnaire for this
individual were considered missing. Independent samples t-tests revealed a significant difference for the

LEIDS-r subscale aggression, t(29)=-3.622, p=.001, indicating participants having received antibiotics
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in the past month show more aggressive thought patterns in response to a sad mood (Maggression = 8.0, SE
= 0.9) compared to individuals that reported no intake of antibiotics (Maggression = 4.1, SE = 0.6).
Although participants in the antibiotics group show a trend towards higher scores on all questionnaires,

no other between-group differences were found, see Table 1.
Facial Emotion Expression Recognition
Accuracy

Due to technical error, responses of two participants (one in each group) evaluating the facial
expressions were not saved, hence considered missing. RM ANOVA performed on the accuracy data of
the remaining 30 participants demonstrated four significant sources of variance. First, a main effect of
emotion, F(4,112) = 16.639, p <.001, n,’= .373, and a main effect intensity, F(1.576,44.121) = 25.614, p
<.001, np2= .967. Furthermore, it yielded a significant interaction between emotion and intensity,
F(5.061,141.696) = 14.440, p <.001, np2= .340. Bonferroni-adjusted post-hoc tests indicated participants
performed worse on accurately recognizing low-intensity compared to moderate- and high-intensity
emotions, and better on recognizing high than moderate-intensity emotions for all emotions except
disgust; for which no significant difference between accuracy in recognizing moderate and high
intensity emotions was observed (p =.073), see Table 2. Last, we observed an interaction between
intensity and group, F(1.576,44.121) = 4.584, p =.022, n,’= .141. Bonferroni-adjusted post-hoc tests
indicated recognition accuracy was significantly lower in the antibiotics compared to the control group
for moderate intensity emotions (p = .024) but not low (p =.382) or high intensity emotions (p =.812),
see Table 2. Although no further effects were observed, pairwise comparisons (Bonferroni adjusted) did
demonstrate a significant between-group difference for the accurate recognition of fear (p =.011, all
other ps > .250), indicating participants in the antibiotics group were less accurate in recognizing

expressions of fear, see Table 2.



Table 1. Mean questionnaire scores and standard errors as a function of group (control vs. antibiotics).

Group
Control Antibiotics

Positive and Negative Affect Scale N=18 N=14

Positive 34.6+1.3 35.0+2.0
Negative 17.8+1.3 19.1+2.0
Center for Epidemiological Studies — Depression N=18 N=14

Somatic retarded 4.6+0.6 5.2+1.3
Depressed affect 1.8+0.4 24+1.1
Positive affect 2.6x0.5 2.8+0.9
Interpersonal affect 0.9+0.4 0.4+0.2
Total 10.6+1.4 11.6+3.4
Leiden Index of Depression Sensitivity - revised N=17 N=14

Hopelessness 3.9+0.7 45+1.2
Acceptance 1.4+0.6 1.1+04
Aggression*** 4.1+0.6 8.0+0.9
Control 7.5+£0.9 7.1£1.0
Risk aversion 10.3+1.0 9.4+0.7
Rumination 9.4+0.7 10.5+1.2
Total 36.6+3.1 40.0£3.5
Rumination Response Scale N=18 N=14

Reflection 8.8+0.8 10.0+0.8
Brooding 9.6+0.8 9.9+0.8
Total (recent) 39.8+2.4 43.9+3.3

*xxp < 001
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Table 2. Percentage accurate responses to recognizing facial pictures expression emotions as a function
of group (control vs. antibiotics) and intensity (low vs. moderate vs. high) of expressed emaotion.

MeanzStandard error.

Group

Control Antibiotics

Low Moderate High Average Low Moderate High Average
Anger 9.5+2.1 56.9+6.2 78.9+4.6  48.4+35 9.8+2.4 45.2+7.1 83.315.2  46.1+4.0
Disgust 14.4+2.7  83.5+4.3 88.2+4.3  62.0+3.0 18.8+3.1 77.4+4.9 83.1+49  59.8+3.5
Fear 11.4+18 85.5+3.0 93.6+2.3  63.5%1.7* 7.1+2.1 71.5+3.4 91.0+2.6  56.5+1.9*
Happy 23.5+3.9 85.7t£3.8 96.6x1.5 68.6£2.5 16.0+4.4 81.6+4.3 94.9+1.7 64.2+2.8
Sad 15.7+#4.1  58.8+6.9 67.5+7.8  47.3%55 13.0+4.7 39.9+7.8 67.5£8.9  40.1+6.2
Average 149+14  74.1+3.0* 85.0+2.7 58.0+2.1 12.9+1.7 63.1+3.5* 84.0£3.1 53.3+24

*p <.05

Reaction times

RM ANOVA on RTs resulted in listwise exclusion of 18 participants because of 0 percent accuracy
scores in the low intensity emotion category. To prevent deletion of such a large number of cases, given
that between-group accuracy differences were reported disregarding intensity or on the moderate
intensity emotions specifically, we therefore excluded the low intensity category from further analyses.
Hence, RM ANOVA on RTs was performed on moderate and high intensity emotions only, resulting in
inclusion of 27 cases (12 antibiotics vs. 15 control). This revealed two significant sources of variance.
First, a main effect of emotion, F(3.211,80.269) = 10.204, p <.001, np2= .290. Participants were fastest
in recognizing anger (M = 990ms, SE = 78ms), followed by happiness (M = 1048ms, SE = 60ms),
disgust (M = 1076ms, SE = 95ms), fear (M = 1322ms, SE = 83ms), and sadness (M = 1483ms, SE =
113ms). Secondly, we found a main effect of intensity, F(1,25) = 7.395, p =.012, np2= 228,
demonstrating participants were faster in accurately recognizing high intensity (M = 1124ms, SE =

72ms) as compared to moderate intensity (M = 1243ms, SE = 64ms) emotions.
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Discussion

The gut microbiome shows a bidirectional relation with the brain, which may have implications
for psychological and cognitive outcome measures, but such implications remain mainly untested
(Sarkar et al., 2018). Dysbiosis of the gut microbiome, impacting functioning of the microbiota-gut-
brain axis, has been linked to psychiatric disorders such as depression, anxiety, autism, schizophrenia,
and Parkinson’s (Sternbach and State, 1997; Jiang et al., 2018; lovene et al., 2017; Castro-Nallar et al.,
2015; Lin et al., 2018; Sarkar et al., 2018) including a high comorbidity between psychiatric disorders
and gastrointestinal disorders (Rogers et al., 2016). As the intake of antibiotics has shown a steep
increase in the past decade (Haesker et al., 2012) and is known to result in dysbiosis of the gut
microbiome (Nicholson et al., 2012; Rieder et al., 2017), research on its consequences for mental
functioning and well-being may be considered valuable, also in light of gaining further insight on
functioning of the microbiota-gut-brain axis and the targeting potential it may provide for the

prevention and treatment of stress-related disorders.

In the current study, we investigated the association between antibiotic use and cognitive
reactivity to sad mood, as well as the ability to recognize other’s facial emotion expressions. Regarding
cognitive reactivity, we found antibiotic treatment was associated with more aggressive thought patterns
in response to sad mood. Considering the findings of Steenbergen et al. (2015), reporting a decrease in
aggressive and ruminative cognitions in response to sad mood following a 4-week probiotic
intervention, our results confirm the idea that antibiotics may exert opposing effects on cognitive
reactivity. No differences between the two groups were found regarding depression symptoms, current

mood state, or other forms of cognitive reactivity (e.g. rumination).

Regarding facial emotion expression recognition, antibiotic treatment was associated with
decreased recognition accuracy for moderate intensity emotional expressions; compared to individuals
not having taken any antibiotic treatment in the past year, individuals that reported to have finished
antibiotic treatment in the past month were less able to correctly identify an emotional facial expression

when there was some ambiguity. This is in line with earlier findings, demonstrating that moderate-
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intensity facial expression of emotions are most sensitive for detecting differences (Labuschagne et al.,
2010). In addition, we found preliminary support for the idea that antibiotic treatment was associated

with a decreased ability to recognize fear, independent of expression intensity.

Given the correlational nature of the current study, its small sample size, and possible
heterogeneity within the antibiotic group regarding type, dosage, and duration of, as well as the reason
for receiving, antibiotic treatment, we can only speculate with regard to explanations of the
aforementioned results. However, our results do support the idea that antibiotics might increase
vulnerability for stress-related disorders, especially depression, through increasing cognitive reactivity
to sad mood as well as impairing one’s ability to correctly recognize emotions; factors known to
increase depression vulnerability (Harmer et al., 2001; Segal et al., 1999; van der Does, 2002; Segal et
al., 2006). Our results also allow antidepressive effects of antibiotics, especially regarding emotional
reactivity in people suffering from depressive symptoms; typically showing enhanced sensitivity for,
i.e. recognition of, negative emotional expressions (for a review see Leppanen, 2006). Noteworthy, the
observed effects may reflect changes in cognitive and emotional reactivity that are particularly socially
relevant. That is, aggression is an emotion typically acted upon towards others and recognizing
emotions of others is essential for positive social interaction; our findings may point at the importance
of further investigating particularly socially relevant reactions that may be altered by alterations of the

gut microbiome.

Taken together, this study is the first to associate antibiotic usage to cognitive reactivity to sad
mood and the ability to recognize others emotions. Our findings contribute to the idea that the
microbiota-gut-brain axis modulates cognitive- and affective processes, and possibly subsequent well-
being. However, our findings should be taken as preliminary and call for further investigation of

antibiotic, as well as probiotic, effects regarding cognitive- and emotional reactivity to stressors.
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