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ARTICLE INFO ABSTRACT

Background: Depression is the leading cause of disability worldwide; with evidence suggesting that decreased
gut barrier function and inflammation are correlated with depressive symptoms. We conducted a clinical trial
to determine the effect of consumption of probiotic supplements (Winclove's Ecologic® Barrier) on depressive
symptoms in a sample of participants with mild to severe depression.

Method: 71 participants were randomly allocated to either probiotic or placebo, which was, consumed daily over
eight weeks. Pre- and post-intervention measures of symptoms and vulnerability markers of depression as well
as gut microbiota composition were compared. Clinical trial participants were also compared on psychological
variables and gut microbiota composition to a non-depressed group (n = 20).

Results: All clinical trial participants demonstrated improvement in symptoms, suggesting non-specific therapeu-
tic effects associated with weekly monitoring visits. Participants in the probiotic group demonstrated a signifi-
cantly greater reduction in cognitive reactivity compared with the placebo group, particularly in the mild/mod-
erate subgroup. Probiotics did not significantly alter the microbiota of depressed individuals, however, a signifi-
cant correlation was found between Ruminococcus gnavus and one depression metric.

Limitations: There was a high attrition rate, which may be attributed to weekly monitoring visits. Additionally,
modulation of the gut microbiota may need more specific testing to distinguish subtle changes.

Conclusions: While microbiota composition was similar between all groups, probiotics did affect a psychological
variable associated with susceptibility to depression. Further research is needed to investigate how probiotics can
be utilised to modify mental wellbeing, and whether they can act as an adjunct to existing treatments.

1. Introduction

Depression is a debilitating psychiatric disorder that is the leading
cause of disability world-wide (Kessler and Bromet, 2013; World Health
Organization, 2017). Multiple causes of depression have been identi-
fied, including genetic, neurological, inflammatory, personality, cogni-
tive, and environmental factors (Beck and Bredemeier, 2016; Disner
et al., 2011; Miller and Raison, 2016; Sullivan et al., 2000; Wohleb
etal.,, 2016). A number of different therapy modes exist, including
pharmacological treatments (e.g. antidepressant medications), and psy-
chological therapies (e.g. cognitive-behaviour therapy), which aim to
alleviate symptoms by targeting the neurological functioning or mal-
adaptive cognitive patterns affected in depression (Beck, 2002; Wallace
and Milev, 2017). Research indicates that these treatments
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are effective in reducing depressive symptoms, with approximately
60-70% of patients responding to treatment (Al-Harbi, 2012). However,
an estimated third of patients do not respond to existing treatments,
and a significant number of people do not seek treatment due to the as-
sociated stigma (Collins et al., 2011; Rieder et al., 2017; Souery et al.,
1999). As such, there is need for additional or adjunctive treatment
strategies for depression.

The gut microbiota is recognised to play a significant role in human
health and disease (Gareau et al., 2010; McCusker and Kelley, 2013;
Round and Mazmanian, 2009; Sekirov et al., 2010). Its influence ex-
tends beyond the gut and has been associated with diseases including,
but not limited to, obesity (Turnbaugh et al., 2009), Type-2 diabetes
(Larsen et al., 2010), celiac disease (De Palma et al., 2010), Crohn's
disease (Scanlan et al., 2006), and depression (Jiang etal., 2015;

Email addresses: Catherine.Burke@uts.edu.au (C. Burke); robe0774@flinders.edu.au (L. Roberts)

https://doi.org/10.1016/j.jad.2019.04.097

Received 12 February 2019; Received in revised form 18 April 2019; Accepted 27 April 2019

Available online xxx
0165-0327/ © 2019.



B. Chahwan et al.

Kelly et al., 2016; Lin et al., 2017; Naseribafrouei et al., 2014; Zheng
et al,, 2016). A range of rodent and human studies have indicated
that disruption of the gut microbiota modulates stress reactivity (Bravo
et al.,, 2011; Goehler et al., 2007; Lyte et al., 2006), and is linked to
poorer mental health outcomes (Logan and Katzman, 2005; Rao et al.,
2009). Further evidence linking the gut microbiota to mental health
comes from faecal microbiota transplants (FMTs), where BALB/c mice
with a natural tendency toward anxious behaviour can be shifted to-
wards the more outgoing behaviour of NIH Swiss mice via FMT
(Bercik et al., 2011). Similarly, FMTs from depressed humans results in
the development of depressive behaviours in rodents (Kelly et al., 2016;
Zheng et al., 2016). These studies suggest that the gut microbiota exerts
a strong influence on mental health, and that manipulation of the mi-
crobiota could be a viable treatment option.

The gut microbiota may mediate effects on mental health via the
gut-brain axis, a bidirectional communication system between the gas-
trointestinal tract (GI) and the central nervous system (CNS). This axis
involves the integration of neural, hormonal and immunological signals
(Mayer et al., 2014), and has been recognised to play a role in modulat-
ing physical and psychological health(Foster and Neufeld, 2013; Mayer,
2011; Steenbergen et al., 2015). The vagus nerve has been shown to
mediate communication between the gut and brain, as antidepressant
effects of probiotics in mice are no longer observed when the vagus
nerve is severed (Bravo et al., 2011). Another possible mechanism in-
volved in gut-brain interaction are metabolites of tryptophan. Trypto-
phan can be converted into serotonin, but most of it is converted to
kynurenine, especially under inflammatory conditions. Kynurenine can
be converted further to anthranilic acid, kynurenic acid, and quinolinic
acid of which the latter two have neuromodulatory properties (Kennedy
et al.,, 2017; Waclawikova and El Aidy, 2018). Further, gut microbiota
may affect mental health via stimulation of systemic inflammation. Nu-
merous studies have shown that pro-inflammatory cytokines, such as
IL-6 and TNF-alpha are increased in people with depression (Cizza et al.,
2008; Dowlati et al., 2010; Lanquillon et al., 2000; Maes et al., 1995;
Mesquita et al., 2008). The cause of the increased inflammation is not
yet understood but one hypothesis is that it results from a ‘leaky gut’
(Maes et al., 2012). A leaky gut is characterised by an increase in gut
permeability through decreased barrier function, which includes the
epithelial mucus layer and complex tight junctions. This barrier pre-
vents microbes and other inflammatory stimulants from moving across
the epithelium (Arrieta et al., 2006; Turner, 2009), and different bac-
terial species have the ability to either promote or weaken this bar-
rier (Pedicord et al., 2016). When the barrier is impaired it can lead to
gut leakiness allowing microbial products such as lipopolysaccharides
(LPS) to activate an inflammatory immune response (Maes et al., 2012;
Qin et al., 2007). It is thought that systemic inflammation as a result
of leaky gut can influence brain functioning via pro-inflammatory cy-
tokines crossing the blood-brain barrier and affecting central nervous
system functioning such as serotonin signaling, contributing to symp-
toms of depression (Sampson and Mazmanian, 2015).

The concept of ‘psychobiotics’, defined as probiotics which can con-
fer mental health benefits, has emerged in recent years (Dinan et al.,
2013; Sarkar et al., 2016; Wall et al., 2014; Zhou and Foster, 2015).
Probiotics are defined as live microorganisms that provide a beneficial
health effect (Hill et al., 2014). Probiotic bacterial species have been
shown to improve gut barrier function (Krishna Rao and Samak, 2013),
and preclinical studies in animals and humans have demonstrated im-
provements in behaviour and mood with probiotic treatment (Benton
et al., 2007; Desbonnet et al., 2010; Steenbergen et al., 2015). Clini-
cal trials of probiotics for the treatment of depression have reported
conflicting results. Akkasheh and colleagues identified that consump-
tion of probiotics containing Lactobacillus acidophilus, Lactobacillus ca-
sei, and Bifidobacterium bifidum over an eight-week period led to a
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significant reduction in depressive symptoms (Akkasheh et al., 2016).
Romijn et al. conducted a similar 8-week clinical trial with the probiotic
strains Lactobacillus helveticus and Bifidobacterium longum, but found no
evidence of an effect on depression (Romijn et al., 2017). Evidently, fur-
ther research is required to determine the effectiveness of probiotic con-
sumption including specific strains, dosage and duration of treatment,
and whether probiotics can function as an adjunct or standalone ther-
apy.

In this study we report the results from a randomised clinical trial
investigating the effect of regular probiotic consumption on depressive
symptoms. The primary aim of this study was to determine whether
eight-week consumption of a probiotic supplement (Winclove's Eco-
logic® Barrier) led to a reduction in depressive symptoms in a sam-
ple of participants with a range of symptom severity. As depression is
typically thought of as existing on a continuum (Ayuso-Mateos et al.,
2010), with intensity of treatment varying based on depression sever-
ity (Davidson, 2010). The primary outcome was also determined based
on the Mini International Neuropsychiatric Interview (M.LN.I)
(Hergueta et al., 1998) clinician ratings. A secondary aim was to de-
termine whether the treatment effect varied with baseline levels of de-
pression; do individuals with milder levels of depression severity re-
spond differently to those with more severe depression to probiotic
treatment? Another secondary aim was to investigate any potential ef-
fects of the probiotics on cognitive reactivity towards sad mood. This
cognitive reactivity, thinking patterns or so-called dysfunction attitudes,
are strengthened during depressive episode (Figueroa et al., 2018) and
it has been shown earlier in healthy students that probiotic intake could
influence the patterns (Steenbergen et al., 2015). Finally, faecal samples
were taken before and after treatment to explore potential changes in
the gut microbiota and were also compared to a non-depressed control
group.

We hypothesised that probiotic treatment would reduce depressive
symptoms when compared to the placebo group, particularly for those
with milder levels of depression. For the microbiota, we expected to see
baseline differences between the depressed cohort and non-depressed
group. Additionally, we anticipated that changes in psychological scores
during the course of the clinical trial might be associated with changes
in the composition of the microbiota.

2. Method
2.1. Design

The study was a triple-blinded parallel, placebo-controlled ran-
domised clinical trial. Participant numbers were randomly allocated
into two groups (probiotic and placebo) via a computerised randomiser
in blocks of four by a researcher not directly involved with adminis-
tration of the product (S. van Hemert). Recruited participants were al-
located a participant number, with both researchers administering the
trial (L. Roberts and S. Kwan) as well as participants being unaware of
group allocation throughout the trial and analysis of the results. Sample
size calculations were based on clinical trials investigating psychologi-
cal and antidepressant therapies for depression since when the present
study was designed there were no other published clinical trials looking
at probiotics for depression to use as a comparison. Power calculations
indicated that a sample size of 26-36 participants in each group was
sufficient to detect a moderate to large between-group effect size (ES) of
0.67-0.80 with power of 80%, which was the minimum expected based
on similar studies using BDI scores as a primary outcome for treatment
of depression (Dimidjian et al., 2006; Titov et al., 2011). This study
was approved by the University of Technology Sydney Human Research
Ethics committee, UTS HREC Reference number: 2015000438. The trial
was registered in the ANZCTR, Trial ID: ACTRN12615001081505.
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2.2. Participants

71 participants with depressive symptoms were recruited and allo-
cated sequentially over 12 months at the University of Technology Syd-
ney (UTS), Ultimo campus, New South Wales, Australia. Potential par-
ticipants were screened through the Beck Depression Index - Second
Edition (BDI-II) (Beck et al., 1996) by the research team to verify eli-
gibility, with a cut-off score of 12 as a minimum score for entry into
the trial. Participants were eligible for the study if they were aged 18
years or above, could provide informed consent, were willing and able
to travel to UTS Ultimo campus on a weekly basis to complete ques-
tionnaires on mental wellbeing, could provide a stool sample at the
start and end of the treatment period, and not consume probiotic-rich
foods and drinks such as fermented cheeses during the trial, which may
act as a confound to investigating the effects of probiotic supplemen-
tation. Participants were required to be relatively healthy apart from
a diagnosis of depression and not be taking any medications (i.e. an-
tibiotics, antidepressants). Full inclusion/exclusion criteria can be found
in detail in the supplementary material (1.1.1). Participants were then
randomly allocated either probiotic (n = 34) or placebo (n = 37) treat-
ment. A summary of the demographic information for these partici-
pants can be seen in Table 1. Given the significant group difference
in the number of prior diagnoses of depression results were analysed
both with and without this variable as a covariate and the pattern of re-
sults did not change hence the data without this covariate is reported.

Table 1
Participant demographic information for three groups: depressed clinical trial participants
assigned probiotics or placebo and the non-depressed cohort.

Depressed participants

Probiotic Placebo Non-depressed

Age (years) mean (SD) 36.65 35.49 35.95 (11.74)
(11.75) (12.34)

Gender% (n)

Male 38.2 24.3 (9) 25.0 (5)
13)

Female 61.8 75.7 (28) 75.0 (15)
2D

Ethnicity% (n)

Caucasian 68.8 67.6 (25) 65.0 (13)
(23)

Non-Caucasian® 31.2 32.4(12) 35.0 (7)
an

Medical History® % (n)

Yes 44.1 25.0 (9) 20.0 (4)
(15)

No 55.9 75.0 (28) 80.0 (16)
(19

Past Antidepressant Use % (1)

Yes 50.0 56.8 (21) 0 (0)*
a7

No 50.0 43.2 (16) 100 (20)
a7

Previously Accessed Psychological 64.7 64.9 (24) 68.4 (13)%,¢

Treatment% (n) (22)

Yes

No 35.3 35.1(13) 31.5(6)
(12)

Number of Previous Depression 1.24 2.08 £

Diagnoses; Mean (SD) (1.42)* (1.59)*

Abdominal Conditions*% (1)

Yes 23.5(8) 18.9 (7) 15.0 (3)

No 76.5 81.1 (30) 85.0 (17)
(26)

Smoking% (n)

Yes 20.6 (7) 29.7 (11) 10.5 (2)

No 79.4 70.3 (26) 89.5(18)
(27)

Alcohol%% (n)

Yes 5.9(2) 13.5 (5) 0(0)

No 94.1 86.5 (32) 100 (20)
(32)

* p <.05.
a Asian, Hispanic/Latino, African/Middle Eastern, Indian/Sri Lankan, Indian, Polynesian,
Nther
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Additionally, there was no statistically significant difference between
the probiotic and placebo groups in their probiotic supplements or pro-
biotic rich food consumption prior to the intervention (ps > .05).

For the purposes of microbiota comparison between people with and
without depression, twenty participants were recruited for the non-de-
pressed control group over two months. Participants were eligible for
the non-depressed group if they endorsed a BDI-II score of 10 or be-
low and met the exclusion criteria described in the supplementary ma-
terial. Comparisons of baseline variables between the depressed and
non-depressed group showed that there were no significant differences
in participant age, gender, ethnicity, medical history, current abdominal
conditions, smoking habit, alcohol intake or weekly physical activity.
Across both the depressed and non-depressed groups, participants were
predominantly female (70%), Caucasian (67%), had no significant med-
ical history (69%) or abdominal conditions (80%), did not smoke (78%)
or consume above the recommended daily alcohol intake (92%).

2.3. Procedure

Following enrolment into the study, provision of informed con-
sent and allocation to a participant number, participants were pro-
vided with a stool sample kit one week prior to the start of the study.
At pre-intervention assessment, participants returned their stool sam-
ple, and completed psychological tests including the clinician admin-
istered M.ILN.I to determine a clinical or subclinical diagnosis of de-
pression, the Depression Anxiety Stress Scale - 21 Items (DASS-21)
(Lovibond and Lovibond, 1995), BDI-II, and Beck Anxiety Inventory
(BAI) (Beck and Steer, 1990) to assess their levels of depression and anx-
iety, and the Leiden Index of Depression Sensitivity-Revised (LEIDS-R)
(Van der Does and Williams, 2003) to evaluate participant's cognitive
reactivity, as well as demographic, and dietary questionnaires (further
details in supplementary material, 1.2). Participants were provided with
an eight-week supply of their randomly allocated probiotic/placebo sup-
plement, and information on how to prepare and consume the product
twice daily over the eight-week trial period. Participants then attended
weekly check-up appointments at UTS over the next seven weeks, and
completed the BDI-II, DASS-21 and Weekly Check-up questionnaire to
assess mood and monitor for side effects. Participants returned empty
probiotic/placebo sachets for compliance assessment. Participants re-
turned a second stool sample at week nine of the trial correspond-
ing to the day of or day after their last probiotic treatment. They also
completed the M.LN.I, BDI-II, DASS-21, BAI and LEIDS-R, as well as
the post-assessment questionnaire, dietary questionnaire, and client sat-
isfaction questionnaire. Participants returned to the UTS campus one
month later to complete a follow-up assessment, where they were re-ad-
ministered the M.I.LN.I, BDI-II, DASS-21, BAI and LEIDS-R, as well as the
dietary, and follow-up questionnaires.

2.4. Materials - Intervention

Participants randomly assigned to the probiotic group were provided
two sachets for each day of the trial, containing 2g of freeze-dried
probiotic powder mixture (Ecologic®Barrier; Winclove probiotics, The
Netherlands). This product has been shown before to influence de-
pressive like behaviour in rats (Abildgaard et al., 2017b, 2017a), to
influence cognitive reactivity towards sad mood (Steenbergen et al.,
2015) and to improve working memory under stress (Papalini et al.,
2019). Ecologic®Barrier (2.5 x 10° CFU/g) is constituted of the fol-
lowing nine bacterial strains: Bifidobacterium bifidum W23, Bifidobac-
terium lactis W51, Bifidobacterium lactis W52, L. acidophilus W37, Lac-
tobacillus brevis W63, Lactobacillus casei W56, Lactobacillus salivarius
W24, Lactococcus lactis W19 and Lactococcus lactis W58 (total cell count
1 x 10'° CFU/day). With the application of new molecular identifi-
cation techniques (including whole genome
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sequencing), the declaration of bacterial strains has been updated com-
pared to previous publications. It has been confirmed that the probiotic
formulation has always contained these nine strains, and has not been
changed in ratio or CFU count since it has been (commercially) avail-
able. Participants in the placebo group were provided with two 2g sa-
chets daily of the freeze-dried maize-starch and maltodextrins, which is
the medium used to carry the probiotics in the product Ecologic®Bar-
rier. The taste, smell and colour of the placebo was identical to that of
the probiotic, but did not contain any probiotic bacteria.

2.5. Psychological data analysis

Analysis of psychological data from the clinical trial was intention
to treat, with last value brought forward (LVBF) used for post-treat-
ment outcomes. Analysis of covariance (ANCOVA) were conducted with
group (probiotics, placebo) as the between-subjects variable, post-treat-
ment (LVBF) scores as the dependent variable, and pre-treatment scores
included as a covariate. Any skewed variables were log;, transformed.
Statistical analyses were conducted using IBM SPSS statistics, version 21
(Armonk, NY) (IBM Corp, 2012).

2.6. Microbiome analysis procedures

Stool samples from all participants were kept on ice or in refrigera-
tion storage before being delivered to research staff. Participants were
instructed to keep the sample in the fridge from the time of collection
until they bought the sample back to UTS. They were asked to use a
cold pack to transport the samples, but this was not provided. Upon re-
ceipt, samples were placed at 4°C, and were then aliquoted and stored
at —80 within several days. Individual aliquots were defrosted for pro-
cessing and any remaining sample within the aliquot was then disposed
of. DNA extraction was carried out using the PowerFecal DNA Isolation
Kit, manufactured by MoBio. The methodology of extraction was com-
pleted following the manufacturer's protocol with samples defrosted and
weighed to 0.25 g prior to DNA extraction.

The 16S rRNA gene V3-V4 region was amplified from DNA sam-
ples and prepared for [llumina sequencing using a 2 stage PCR dual-in-
dexing protocol (supplementary material, 1.4.2). Negative controls were
processed at each stage of each procedure including DNA extraction and
PCR and were sequenced along with the samples, and a mock com-
munity sequencing control (ZymoBIOMICS microbial community DNA
standard by Zymo Research). The pooled library was sequenced on an
Mlumina MiSeq using a V3 600 cycle kit and paired 300bp sequences
from either end of the amplicon.

The QIIME 1.9.1 pipeline (Caporaso et al., 2010) was utilised for de-
multiplexing, assigning sequences to samples and quality filtering. Ad-
ditionally, operational taxonomic units (OTUs) (used as a proxy for bac-
terial species) were clustered at 97% similarity using the pick_open_ref-
erence.py script against the GreenGenes database (DeSantis et al., 2006)
with parameters specifying the RDP classifier algorithm (Wang et al.,
2007) trained on the GreenGenes database for taxonomy assignment.
Chimeric sequences were identified and removed prior to further se-
quence processing. Samples were rarefied to an equal sequence depth
of 28,170 sequences for statistical comparisons of alpha and beta di-
versity. The OTU table was filtered to the top 100 most abundant
OTUs to increase statistical power for test of differential relative abun-
dance and correlation to the BDI, DASS-21 and LEIDS-R measures,
as has been applied in similar studies (Naseribafrouei et al., 2014).
The Kruskal Wallis test was used to determine significant differences
in relative abundance of individual taxa between groups, with the
False Discovery Rate (FDR) correction for multiple testing. Spearman's
Correlations (with FDR correction for multiple testing) were calcu-
lated to determine significant correlation of the relative abundance
of individual OTUs or taxa to the BDI, cognitive
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reactivity and DASS scales for depression, anxiety and stress. Further
details on DNA sequence processing are provided in the supplemen-
tary materials (1.4.4). Quality filtered DNA sequence data has been de-
posited in the European Nucletide Archive under study accession num-
ber PRJEB30099.

The R environment (R Core Team, 2016) and the Phyloseq package
(McMurdie and Holmes, 2013) were used to calculate alpha and beta di-
versity as well as Principal Coordinates Analysis (PCoA) Three alpha di-
versity metrics (Richness, Chaol, Shannon) were calculated and differ-
ences between groups tested with the Wilcoxon Rank Sum test (R base
stats package). Beta diversity was calculated using weighted Unifrac
distances (Lozupone et al., 2011), which were used for PCoA. Differ-
ences between groups were tested with Permutational Analysis of Vari-
ance (PERMANOVA) (Anderson, 2001) as implemented in the adonis
function in the Vegan package (Oksanen et al., 2017). The Dplyr pack-
age (Wickham and Francois, 2015) was used for data manipulation and
graphs produced with the ggplot2 package (Wickham, 2009).

3. Results
3.1. Clinical trial-psychological data

The attrition rate was 34% (24/71 participants), further the details
of this and the study design can be seen in Fig. 1. The attrition rate was
calculated based on the number of participants who attended the week
9 post-intervention assessment. Further details on attrition distribution
can be found in supplementary material (2.4) Psychological data was
analyzed for 71 participants, as data analysis was intention-to-treat as
described in the previous section. The most commonly reported side ef-
fect in the probiotic group was nausea (11/34) and the most common
in the placebo group was dehydration (9/37). The probiotics group re-
ported significantly more drowsiness (20.6%) compared to the placebo
group (p = .02). There was a trend for participants in the placebo group
to report dry mouth (13.5%) more than those in the probiotics group
(p = .06). For further details on the side effects refer to Supplemen-
tary Table 1 in the supplementary material (1.1.3). Participants reported
these side effects were temporary and occurred early on in the study,
subsided quickly, and did not interfere with their ability to complete the
clinical trial.

3.2. Primary outcomes

Analysis of 71 participants using LVBF revealed no significant main
effect of group (ps > 0.05) for BDI, DASS, and BAI . See Table 2 for
means and standard deviations for the BDI. See Supplementary Table 4
for test statistics and exact significance values for between-group analy-
ses.

The sample was split into two groups based on initial depression
severity on the BDI-II; mild/moderate (scores from 12 to 28) and severe
(scores >28). An ANCOVA revealed no significant main effect of group
(probiotics, placebo) in either the mild/moderate or severe subgroups
(ps > 0.05). See Table 3 for means and standard deviations. See Sup-
plementary Table 5 for test statistics and exact significance values for
sub-group analyses.

Scores on the clinician administered psychiatric interview, the
M.LN.I were next analyzed to determine whether there were any
changes in the number of participants with no depression diagnosis, a
subclinical depression diagnosis or a clinical depression diagnosis, be-
fore and after intervention, and one month follow-up, by group alloca-
tion. Friedman Tests (non-parametric alternatives to one-way ANOVA
with repeated measures) indicated that there was a statistically sig-
nificant difference in the level of clinical diagnoses (none, subclinical,
clinical) across time points in the probiotics, but not placebo group,
x2(2) = 19.14, p = .00, and x2(2) = 0.89, p = 0.64, respectively.
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Allocated to probiotic, n=34 |

| Allocated to placebo, n=37

v

8-week consumption of probiotics, 2 x 2g
daily (EcologickBarrier, Winclove)

8-week consumption of placebo, 2 x 2g
daily (freeze-dried maize starch,
maltodextrin, Winclove)

!

A 4

Probiotic Post-Trial Measures. n=23
Commenced medication/treatment, n=3
No reason given/non-contactable, n=8

Placebo Post-Trial Measures, n=24
Commenced medication/treatment, n=1
No reason given/non-contactable, n=9
Inability to travel/other commitments, n=3

|

4

Non-depressed Controls, n=20

Stool Sample, n=22
Did not provide sample n=1

Stool Sample, n=22
Did not provide sample, n=2

|

b Y

Psychiatric measures
Stool samples, n=20

16s rRNA gene sequencing, of total

stool samples n=134

v

1-month post-trial
Probiotic, n=18
Lost to follow-up, n=5

1-month post-trial
Placebo, n=20
Lost to follow-up, n=4

!

v \ 4

Non-depressed controls, n=20

Psychological Data Analysis

Depressed participants, n=71
As Intention to Treat

|

Ecologic Barrier Contains: Bifidobacterium bifidum W23,
Bifidobacterium lactis W51 and W52, Lactobacillus acidophilus
W37, Lactobacillus brevis W63, Lactobacillus casei W56,

Lactobacillus salivarius W24, Lactococcus lactis W19 and W58,

Unblinding

Fig. 1. Flow chart of the study design. 71 participants were recruited for the clinical trial, and 20 non-depressed controls were recruited separately for the purposes of microbiota com-

parison. For depressed participants the attrition rate was 34%.

Post hoc analysis with Wilcoxon signed-rank tests was conducted with
a Bonferroni correction applied, resulting in a significance level set
at p < .017. There was no significant difference in clinical diagnoses
between pre and post in the probiotics group (Z = -2.31. p =.02),
however there were significant differences between pre and follow-up
(Z=-3.29. p=.00), and post and follow-up, (Z= -2.64. p =.00)
within the probiotics group. Over these time points participants in the
probiotics group moved from a median rank of a subclinical diagnosis
to a median rank closer to no diagnosis.

Subgroup analyses indicated that there was a statistically signifi-
cant difference in the level of clinical diagnoses (none, subclinical, clin-
ical) across time points in the severe probiotics group (}2(2) = 15.55,
p = .00), but not in the mild/moderate probiotics group (}2(2) = 3.85,
p =.15), the mild/moderate placebo group (x2(2) = 0.15, p =.93),
or the severe placebo group (y2(2) = 0.77, p = .68). Post-hoc analy-
ses were conducted as described above and indicated a significant

difference for the severe probiotics group in the level of clinical di-
agnosis between pre and follow-up tests (Z = —2.89. p = .00), but not
between pre and post (Z=-2.12. p=.03), or post and follow-up
(Z = -2.27. p =.02). From pre to follow-up participants in the severe
probiotics group moved from a median rank of a clinical diagnosis to a
median rank of subclinical diagnosis. See Table 4 for frequency data.

3.3. Secondary outcomes

Means and standard deviations for all 71 participants using LVBF
secondary outcomes (DASS scales, Cognitive Reactivity, BAI) are re-
ported in Tables 2 and 3. We examined whether there were group
differences on cognitive reactivity scores, which are a vulnerability
marker for depression. One pair of values was missing, as the partic-
ipant did not complete the measure in its entirety at baseline. Par-
ticipants in the probiotics group reported lower cognitive reactive
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Table 2
Psychological measures for pre and post 8-week intervention and one month follow up for
depressed participants.
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Table 3
Psychological test scores for pre and post probiotic or placebo treatment for depressed par-
ticipants and one month follow up, split into groups based on BDI severity.

Probiotic Placebo Probiotic Placebo Probiotic Placebo
BDI pre® 28.91 (10.10) 27.97 (9.79) Mild/Moderate ~ Mild/Moderate ~ Severe Severe
BDI post 19.88 (13.44) 19.25 (11.96)
BDI follow-up 18.50 (12.40) 19.42 (12.40) Number 15 18 19 18
DASS depression pre 22.88 (9.96) 20.43 (10.76) BDI pre 19.80 (1.38) 20.00 (1.14) 36.11 35.94
DASS depression post 15.18 (11.03) 12.97 (9.34) (1.46) (1.47)
DASS depression follow-up 14.53 (11.22) 13.08 (10.57) BDI post 13.87 (10.86) 13.50 (8.74) 24.63 25.00
DASS anxiety pre 12.29 (8.62) 13.51 (10.15) (13.62) (12.18)
DASS anxiety post 6.94 (9.25) 8.81 (7.45) BDI follow-up 14.13 (9.29) 13.56 (8.85) 21.95 25.28
DASS Anxiety follow-up 7.35 (9.36) 9.08 (8.80) (13.38) (12.86)
DASS stress pre 22.82(10.61) 21.49 (8.60) DASS depression pre 16.13 (2.62) 13.44 (1.86) 28.21 26.89
DASS stress post 15.29 (12.42) 14.16 (11.12) 1.34) (2.13)
DASS stress follow-up 14.65 (11.73) 15.51 (11.85) DASS depression 9.60 (9.17) 8.67 (6.93) 19.58 16.33
Cognitive Reactivity pre® 63.94 (19.90) 66.68 (16.98) post (10.55) (9.39)
Cognitive Reactivity post 55.24 (21.64)* 61.22 (13.86) DASS depression 11.33 (11.90) 8.22 (7.06) 17.05 17.00
Cognitive Reactivity follow-up 52.91 (22.51) 60.49 (16.40) follow-up (10.27) (11.34)
BAI pre 17.94 (11.56) 18.03 (9.80) DASS anxiety pre 7.73 (1.76) 7.00 (1.34) 15.89 20.11
BAI post 12.59 (11.27) 13.84 (9.11) a.91) (2.30)
BAI follow-up 11.82 (11.19) 14.16 (11.40) DASS anxiety post 3.33 (4.10) 4.67 (4.06) 9.79 12.78
(10.87) (8.092)
+ p<.05. DASS anxiety follow-  4.00 (5.86) 5.11 (5.95) 10.00 12.89
a One pair of values missing. BDI — Beck Depression Index, DASS — Depression Anxiety Stress up (10.83) (9.80)
Scale, BAI — Beck Anxiety Index. Results reported as Mean (SD). DASS stress pre 15.87 (2.09) 16.33 (1.60) 28.32 27.17
(2.09) (1.55)
scores following intervention than those in the placebo group DASS stress post 10.00 (8.75) 10.11 (9.71) 19.47 18.33
(F(1,67) = 4.21, p = .04, seen in Table 2. Subgroup analyses revealed (13.46)  (11.46)
. . . - . DASS stress follow- 10.40 (7.97) 10.00 (9.82) 18.00 21.22
that participants in the mild to moderate severity range at baseline re- up (13.27) (11.56)
ported lower cognitive reactivity scores following intervention, while Cognitive Reactivity ~ 54.93 (5.04) 54.72 (2.75) 71.;14 78:17
participants in the severe range did not (F(1,30) = 7.89, p = .01, and pre (4.09) (3.15)
F(1,33) = 0.02, p = .89 respectively). This result can be seen in Table 3, Cognitive Reactivity ~ 45.00 (20.72)*  53.78 (10.47) 63.78 67.89
denoted by an asterisk. post o (18.92) (13.43)
e e . . Cognitive Reactivity 41.87 (5.40) 51.11 (14.07) 61.63 69.06
There was no significant main effect of group on anxiety (BAI), or on follow-up (20.16) a3.72)
the depression, anxiety, stress scale scores on the DASS-21 (ps > 0.05). BAI pre 13.47 (2.41) 12.17 (1.28) 21.47 24.06
There was also no effect of group (probiotics, placebo) within the sub- (2.78) (2.39)
group analyses (mild/moderate, severe) on either the BAI or DASS-21, BAI post 920 (6.20) 10.11 (7.51) 15.26 17.50
(ps > 0.05). (13.63) (9.51)
BAI follow-up 9.33(7.72) 10.72 (11.29) 13.79 17.56
(13.62) (11.09)

3.4. One-month follow-up analyses

Analyses of one-month follow-up data revealed no significant be-
tween group differences on follow-up versus post data on BDI, BAIL, cog-
nitive reactivity and DASS scores (ps > 0.05). There were also no dif-
ferences between groups on the BDI, BAI, and DASS when conduct-
ing subgroup analyses. The follow-up M.LN.I analysis has previously
been discussed in the aforementioned primary outcomes section. In-
terestingly, when conducting subgroup analyses for cognitive reactiv-
ity scores, there was a trend, where participants in the severe (but not
mild/moderate group) group who received probiotics reported lower
cognitive reactivity scores at one month follow-up compared to post-test
scores, relative to those consuming the placebo (F(1,34) = 0.3.69,
p = .06). However, this trend disappears when controlling for the num-
ber of previous diagnoses of depression (F(1,32) = 2.15, p = .15).

3.5. Clinical trial-microbiota data

43 participants provided both a pre and post stool sample, which
resulted in microbiota data that passed quality filtering. Of these, 22
were from the probiotic group and 21 from placebo. Details of gen-
eral sequencing results are provided in the supplementary material
(2.1). Overall, no significant differences were detected between groups
for participant demographics or the M.L.N.I, BDI-II, DASS-21, BAI and
LEIDS-R psychological test scores before treatment (ANOVA,
ps > 0.05).

Within the microbiota, no significant differences were found for
alpha diversity (number of distinct taxa, Wilcoxon Rank Sum

Two groups based on initial depression severity on the BDI-II. The sample was split into mild/
moderate severity (scores from 12 to 28) and severe (scores >28).
An ANCOVA revealed no significant main effect of group (probiotics, placebo) in either the mild/
moderate or severe subgroups for BDI, DASS or BAI scores, ps > 0.05.
BDI - Beck Depression Index, DASS — Depression Anxiety Stress Scale, BAI — Beck Anxiety
Index. Results reported as Mean (SD).

* p <.05.

Table 4
Frequency changes in percentage of participants with diagnosis of depression based on
M.LN.I psychiatric interview.

Probiotic Placebo
Before Treatment% (n)
No Diagnosis 20.6 (7) 27.0 (10)
Subclinical 38.2(13) 40.5 (15)
Clinical 41.2 (14) 32.4 (12)
After Treatment% (n)
No Diagnosis 32.4(11) 29.7 (11)
Subclinical 38.2(13) 45.9 (17)
Clinical 29.4 (10) 24.3 (9)
One Month Follow Up% (n)
No Diagnosis 50.0 (17) 35.1(13)
Subclinical 32.4(11) 40.5 (15)
Clinical 17.6 (6) 24.3(9)

test ps > 0.05) or beta diversity (community composition, PER-
MANOVA test ps > 0.05) between the pre and post treatment samples
within both placebo and probiotic groups, or between groups.

Tests for differential relative abundance of bacterial taxa also found
no significant differences between groups at either pre or post
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treatment time-points (Kruskal Wallis, ps > 0.05). Similarly no signifi-
cant differences were detected between time-points within each group
(Kruskal Wallis, ps > 0.05).

3.6. Relative abundance of genera contained in the probiotic treatment

To determine if the bacterial taxa in the probiotic treatment could
be detected in the gut microbiota, the relative abundance of the gen-
era consistent with those in the probiotic mixture used in the trial, Bi-
fidobacteria, Lactobacillus and Lactococcus, were compared in pre and
post treatment samples for the probiotic treatment group. After probi-
otic treatment no significant difference was detected for the Lactobacil-
lus genus and Bifidobacteria genus (Wilcoxon Rank Sum test ps > 0.05).
The Lactococcus genus was not detected in the 16S rRNA gene data and
therefore significance could not be tested.

3.7. Comparisons between depressed and non-depressed groups

The psychological data for both the depressed and non-depressed
groups can be found in the supplementary material (2.2 Table 3). As ex-
pected, participants in the depression group showed significantly higher
mean scores on measures of depression, anxiety, stress and cognitive
reactivity, as measured by BDI-II, BAI-II, DASS-21 Depression, Anxiety
and Stress subscales, and LEIDS-R. Additionally, healthy participants
were confirmed to be in the normal ranges for these psychological tests.

For the comparison between depressed and non-depressed gut mi-
crobiota, faecal samples from the clinical trial participants prior to start-
ing either probiotic or placebo treatment were compared to samples
from the 20 non-depressed participants. Three of the 71 enrolled par-
ticipants were removed from this comparison as they did not provide a
stool sample (n = 1) or had low sequence coverage (n = 2). Therefore, a
total of 68 depressed participants were included.

The gut microbiota for all participants was dominated by two phyla,
the Bacteroidetes (total mean 47.42% =+ 17.63) and Firmicutes (total
mean 49.66 + 14.96). However, there were no significant differences
in the relative abundance between groups at any taxonomic level. No
significant differences were found in alpha diversity (Wilcoxon Rank
Sum, p > .05). Similarly, no significant difference in community com-
position (beta diversity) (PERMANOVA, p > .05) was found between
the depressed and non-depressed groups.

The depressed cohort was then subdivided based on BDI severity
levels into two groups corresponding to severe (BDI > 28, n = 36) and
mild/moderate (BDI = 12-28, n = 31). No significant differences were
detected between controls and any of the severity levels of depression
for alpha diversity, beta diversity, or the relative abundance of any taxa.
Additionally, no significant differences were found between the two de-
pressed sub-groups (Kruskal Wallis, ps > 0.05).

The relative abundance of OTUs and bacterial taxa were compared
to psychological test scores using Spearman's correlation. An OTU clas-
sified as Ruminococcus gnavus (OTU ID = 360015) had a significant
(Spearman's correlation p = .04) and positive correlation (0.37) to the
DASS depression score. The relative abundance of this OTU was low
with a maximum of 2.79% of sequences per sample. This OTU was pre-
sent in 72% of the depressed participants compared to only 25% of
non-depressed, and was found in higher relative abundance in the se-
vere BDI range of depression (mean relative abundance 0.33 + 0.72)
compared to both the mild/moderate depressed range (mean relative
abundance 0.13 * 0.42) and the non-depressed group (mean relative
abundance 0.0041 *+ 0.013) (Fig. 2).
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Fig. 2. Scatter plot of the relative abundance of an OTU identified as R. gnavus with cor-
responding DASS depression scores.

4. Discussion

In this study we investigated the effectiveness of the multispecies
probiotic Ecologic® Barrier for reducing symptoms in adults with mild
to severe levels of depression. This study was built on emerging lit-
erature linking the gut microbiota with mental wellbeing and exam-
ined the utility of probiotics as a potential mechanism to improve men-
tal health. Overall, all participants across both probiotic and placebo
groups exhibited a reduction in depressive symptoms over the time-pe-
riod of the trial; levels of depression as measured through BDI-II scores
were found to have decreased between pre-intervention and post-inter-
vention assessment. These results suggest that the routine involved with
daily preparation and consumption of the probiotic and scheduled ap-
pointments, as well as involvement in these behaviours with the aim of
seeking improvement in depressive symptoms had positive impacts on
mood, irrespective of whether the probiotic or placebo was consumed.
This is in line with the evidence suggesting that routines and engage-
ment in planned activities is beneficial for reducing symptoms of depres-
sion (Cuijpers et al., 2007), which forms the basis of activity scheduling
as a component of CBT for depression (Veale, 2008).

In contrast to our hypotheses, the probiotic group did not demon-
strate greater levels of reduction in depressive symptoms compared to
the placebo group. Similarly, there was no significant difference in the
number of participants with clinical and sub-clinical diagnoses of de-
pression between the two groups at post-intervention assessment. These
findings indicate that these probiotics alone are not an effective treat-
ment option for symptom reduction, with any positive effect equal to
that produced by the placebo. Similar results were observed for mea-
sures of anxiety and stress. Further analysis was conducted after sepa-
rating participants into mild/moderate and severe levels of depressive
symptoms at pre-intervention assessment. Again, no significant differ-
ences between groups were observed in measures of depression, anxiety,
or stress at any level of severity.

However, a significant effect was observed between the probiotic
and placebo groups, particularly in the mild/moderate depression sever-
ity subgroup on a measure of cognitive reactivity towards sad mood,
which is a vulnerability marker of depression (Kruijt et al., 2013;
Steenbergen et al., 2015; Van der Does, 2005). Participants in the pro-
biotic group reported lower cognitive reactivity after the intervention
compared to the placebo group. Subgroup analysis revealed that par-
ticipants in  the mild/moderate subgroup who received
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probiotics reported lower cognitive reactivity scores following interven-
tion compared to those in the placebo group. This effect was not seen
in participants with severe levels of depression. This is consistent with
work by Steenbergen and colleagues, where probiotic supplementation
was associated with positive effects on cognitive reactivity in a sample
of non-depressed individuals. Results from the current study provides
further evidence that some probiotic mixtures can influence thinking
and cognition (Steenbergen et al., 2015). Although probiotics did not
appear to have had a direct effect on depressive symptoms, our results
suggest that probiotics potentially act on cognitive processes contribut-
ing to depression. Specifically, the cognitive patterns measured in this
study are noted to predict and are associated with depression (Antypa
et al.,, 2010; Moulds et al., 2008); implications for future research are
that a longer trial may reveal differences between groups in depres-
sive symptoms as changes in cognition translate to changes in mood
over time. Interestingly, follow-up analyses indicated that one month af-
ter completing the intervention, participants in the probiotics but not
placebo group were more likely to move from a subclinical diagnosis
to no depression diagnosis. In particular, participants in the severe pro-
biotics group showed a significant change in diagnostic level from pre
to follow-up assessment with a tendency to move from a clinical to a
subclinical diagnosis over these time points. One account for these fol-
low-up findings is that as suggested earlier, the effect of probiotics may
present over a longer time period than the 8-week intervention period.
A longer trial may be needed to more fully assess the effect of probiotics
on mood. Yet, there is no consensus on how long a probiotic trial should
run (Wallace and Milev, 2017). Alternatively, the reported changes may
be more reflective of natural or spontaneous recovery with time.

Taken together, the results of the current study and that of Steen-
bergen and colleagues indicate that the impacts of probiotics may be
more prominent in individuals with lower levels of depression sever-
ity (Steenbergen et al., 2015). Further research is needed into qualita-
tive and quantitative differences between individuals with mild/moder-
ate and severe levels of depression, the potential impact of probiotics
for varying severity levels, and the utility of probiotics as a preventative
measure for depression.

In general, no significant differences in the feacal microbiota were
observed between pre- and post-intervention subjects, in either probi-
otic or placebo groups. However analysis revealed a significant positive
correlation between one OTU, R. gnavus and the DASS depression score.
No other depression microbiota study has reported R. gnavus to be as-
sociated with depression, conversely; one microbiota study found the
Ruminococcus genera decreased in depressed populations (Jiang et al.,
2015). In contrast, R. gnavus was observed to be increased in Crohn's
disease (Joossens et al., 2011). In vitro R. ganvus produces B-Glu-
curonidase, which is involved in toxin generation that could contribute
to local inflammation (Beaud et al., 2005). However, the relative abun-
dance of this OTU is very low so the biological significance is unclear,
further testing is required to establish if this bacterium plays a role in
depression. There is current contention on whether probiotic treatments
do successfully alter microbiota composition (e.g. (Cha etal., 2012;
Kristensen et al., 2016)). However, probiotics have been shown to mod-
ulate gut microbiota gene expression in the absence of compositional
changes, with potential anti-inflammatory effects (Eloe-Fadrosh et al.,
2015). This is one potential mechanism by which probiotics may af-
fect cognitive function. Alternatively, probiotic bacterial species may
exert effect on the host directly, as Ecologic® Barrier probiotics have
been shown in vitro to improve gut barrier function (Van Hemert and
Ormel, 2014).

The dosage size of the probiotic may not have been sufficient to
be detected in the stool but still have resulted in the psychological ef-
fects seen in the study. For example, it was shown that probiotic supple-
mentation of Lactobacillus rhamnosus GG at 108 CFU was detectable in
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only 1 of 10 faecal samples, however this same strain at a higher
dose of 102 CFU was detected in all 10 faecal samples (Saxelin et al.,
1995). The dose used in this study (10'° cfu/day) is above the min-
imum dose requirement for probiotics without strain specific claims
(Hill et al., 2014), and the probiotic supplementation was double that
of the dose used with healthy controls in Steenbergen et al. (2015). Fur-
ther research using a range of concentrations in a dose response study
may be warranted to determine the optimal dose. Potentially, a greater
dose, or longer consumption of probiotics would have produced a de-
tectable change in gut microbiota, as well as further differences in psy-
chological data between probiotic and placebo groups.

When comparing the gut microbiota of depressed individuals be-
fore intervention with a non-depressed cohort there were no signifi-
cant differences between groups, inconsistent with previous literature
(Jiang et al., 2015; Kelly et al., 2016; Lin et al., 2017; Naseribafrouei
et al.,, 2014; Zheng et al., 2016). This may be due to differences in
the populations surveyed in terms of geography and diet, which have
been shown to have an impact on the gut microbiota (Mueller et al.,
2006), or differences in inclusion/exclusion criteria. It is important to
note that all previous studies exploring differences in the gut micro-
biota in depressed humans included many depressed participants tak-
ing antidepressant medications. Some antidepressants have been shown
to be anti-microbial, and any form of medication is a confounding fac-
tor in a gut microbiota study (Ayaz et al., 2015; Coban et al., 2009;
Devkota, 2016; Kristiansen, 1990; Kruszewska et al., 2012; Lieb, 2004;
Munoz-Bellido et al., 2000). In this study, participants were excluded if
they took any type of medication that could influence mood or gut func-
tioning (including antidepressants), and no changes in the gut micro-
biota were observed. Further investigation into microbiota associations
with depression in humans should be undertaken which specifically con-
siders possible confounding factors such as medication.

One of the major limitations of this study is the attrition rate of 34%.
Aside from occurrences where patients were removed for no longer
meeting inclusion/exclusion criteria (for instance taking medications
during the trial), the cause of the high attrition rate was most likely
due to the requirement for depressed participants to attend weekly
monitoring visits. Similar probiotic studies where weekly visits were
not required had lower attrition rates (Rao et al., 2009; Romijn et al.,
2017). Further, increasing the frequency of visits in clinical trials of
antidepressants has been associated with higher attrition rates in de-
pressed populations (Rutherford et al., 2013). Additionally, non-compli-
ance to medical treatment recommendations is much more likely in de-
pressed cohorts compared to non-depressed patients (DiMatteo et al.,
2000), thus, they are more likely to drop-out of clinical trials. In the
current study, weekly visits were implemented due to ethics board re-
quirements for weekly participant safety monitoring, with utilisation of
intention-to-treat analysis to diminish attrition bias (Jiini et al., 2001;
May et al., 1981; Sackett and Gent, 1979). However, future research
should consider alternative monitoring methods such as Skype or phone
reviews, rather than face-to-face.

Overall, this study offers evidence to indicate that probiotic con-
sumption can exert change on cognitive patterns associated with de-
pression. The study may have benefitted from the inclusion of more
sensitive measures of physiological stress, such as cortisol analysis of
urine, saliva or blood samples to complement participant's self-report
scores. Nevertheless, these preliminary results are promising and of-
fer a number of future research and clinical avenues to build upon.
For instance, future research would benefit from additional analysis
methods to investigate specific gut microbiota strains, as well as ex-
amination of how to maximise the benefits of probiotics, for example
dosages and timeframes. In clinical practice, probiotics may be a use-
ful adjunct to potentiate the effects of therapies, such as CBT, which
involves changing cognitive patterns. Finally, the use of probiotics pro-
motes the concept of managing physical health as part of mental health
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treatment; this holistic view may be a perspective that greatly improves
treatment acceptability for individuals with depression.

Declaration of interest
Saskia van Hemert is an employee of Winclove Probiotics.
Conflict of interest

Author Saskia van Hemert Saskia van Hemert is an employee of Win-
clove Probiotics. All other authors declare that they have no conflicts of
interest.

CRediT authorship contribution statement

Bahia Chahwan: Data curation, Formal analysis, Writing - original
draft. Sophia Kwan: Data curation, Methodology, Writing - original
draft. Ashling Isik: Data curation, Formal analysis, Writing - original
draft. Saskia van Hemert: Writing - original draft. Catherine Burke:
Data curation, Formal analysis, Writing - original draft. Lynette
Roberts: Data curation, Formal analysis, Writing - original draft,
Methodology.

Acknowledgements

Thank you to all participants and organisations that supported this
research, including TrialFacts for recruitment, and Winclove Probiotics
for donating the supplements used in the study. Thank you to the clin-
ical advisory panel for their expertise: Dr Tom Joss, Dr Mat James, and
Rupali Sarkar.

Funding

UTS Early Career Researcher Grant Scheme (to author LR), and MO
BIO Laboratories (to authors LR and CB).

Supplementary materials

Supplementary material associated with this article can be found, in
the online version, at doi:10.1016/j.jad.2019.04.097.

References

Abildgaard, A., Elfving, B., Hokland, M., Lund, S., Wegener, G., 2017. Probiotic treatment
protects against the pro-depressant-like effect of high-fat diet in Flinders Sensitive Line
rats. Brain. Behav. Immun. 65, 33-42.

Abildgaard, A., Elfving, B., Hokland, M., Wegener, G., Lund, S., 2017. Probiotic treat-
ment reduces depressive-like behaviour in rats independently of diet. Psychoneuroen-
docrinology 79, 40-48.

Akkasheh, G., Kashani-Poor, Z., Tajabadi-Ebrahimi, M., Jafari, P., Akbari, H., Taghizadeh,
M., Memarzadeh, M.R., Asemi, Z., Esmaillzadeh, A., 2016. Clinical and metabolic re-
sponse to probiotic administration in patients with major depressive disorder: a ran-
domized, double-blind, placebo-controlled trial. Nutrition 32, 315-320.

Al-Harbi, K.S., 2012. Treatment-resistant depression: therapeutic trends, challenges, and
future directions. Patient Prefer. Adherence 6, 369.

Anderson, M.J., 2001. A new method for non-parametric multivariate analysis of variance.
Austral Ecol. 26, 32-46.

Antypa, N., Van der Does, A.J.W., Penninx, B.W.J.H., 2010. Cognitive reactivity: investi-
gation of a potentially treatable marker of suicide risk in depression. J. Affect. Disord.
122, 46-52.

Arrieta, M.C., Bistritz, L., Meddings, J.B., 2006. Alterations in intestinal permeability. Gut
55, 1512-1520.

Ayaz, M., Subhan, F., Ahmed, J., Khan, A., Ullah, F., Ullah, 1., Ali, G., Hussain, S., 2015.
Sertraline enhances the activity of antimicrobial agents against pathogens of clinical
relevance. J. Biol. Res. 22, 4.

Ayuso-Mateos, J.L., Nuevo, R., Verdes, E., Naidoo, N., Chatterji, S., 2010. From depressive
symptoms to depressive disorders: the relevance of thresholds. Br. J. Psychiatry 196,
365-371.

Beaud, D., Tailliez, P., Anba-Mondoloni, J., 2005. Genetic characterization of the p-glu-
curonidase enzyme from a human intestinal bacterium. Ruminococcus Gnavus. Micro-
biol. 151, 2323-2330.

Beck, A.T., 2002. Cognitive models of depression. Clin. Adv. Cognit. Psychother. Theory
Appl. 14, 29-61.

Beck, A.T., Bredemeier, K., 2016. A unified model of depression: integrating clinical, cog-
nitive, biological, and evolutionary perspectives. Clin. Psychol. Sci. 4, 596-619.

Journal of Affective Disorders xxx (xxxX) XXX-XXX

Beck, A.T., Steer, R.A., 1990. Manual For the Beck anxiety Inventory. Psychol. Corp, San
Antonio, TX.

Beck, A.T., Steer, R.A., Brown, G.K., 1996. Beck Depression Inventory-Ii (bdi-ii). Psychol.
Corp, San Antonio, TX.

Benton, D., Williams, C., Brown, A., 2007. Impact of consuming a milk drink containing a
probiotic on mood and cognition. Eur. J. Clin. Nutr. 61, 355.

Bercik, P., Denou, E., Collins, J., Jackson, W., Lu, J., Jury, J., Deng, Y., Blennerhas-
sett, P., Macri, J., McCoy, K.D., 2011. The intestinal microbiota affect central lev-
els of brain-derived neurotropic factor and behavior in mice. Gastroenterology 141,
599-609, e3.

Bravo, J.A,, Forsythe, P., Chew, M.V, Escaravage, E., Savignac, H.M., Dinan, T.G., Bienen-
stock, J., Cryan, J.F., 2011. Ingestion of Lactobacillus strain regulates emotional be-
havior and central GABA receptor expression in a mouse via the vagus nerve. Proc.
Natl. Acad. Sci. 108, 16050-16055.

Caporaso, J.G., Kuczynski, J., Stombaugh, J., Bittinger, K., Bushman, F.D., Costello, E.K.,
Fierer, N., Pefia, A.G., Goodrich, J.K., Gordon, J.I., 2010. QIIME allows analysis of
high-throughput community sequencing data. Nat. Methods 7, 335-336.

Cha, B.K., Jung, S.M., Choi, C.H., Song, L.-D., Lee, H.W., Kim, H.J., Hyuk, J., Chang, S.K.,
Kim, K., Chung, W.-S., 2012. The effect of a multispecies probiotic mixture on the
symptoms and fecal microbiota in diarrhea-dominant irritable bowel syndrome: a ran-
domized, double-blind, placebo-controlled trial. J. Clin. Gastroenterol. 46, 220-227.

Cizza, G., Marques, A.H., Eskandari, F., Christie, I.C., Torvik, S., Silverman, M.N., Phillips,
T.M., Sternberg, E.M., Group, P.S., 2008. Elevated neuroimmune biomarkers in sweat
patches and plasma of premenopausal women with major depressive disorder in re-
mission: the POWER study. Biol. Psychiatry 64, 907-911.

Coban, A.Y., Tanriverdi, C.Y., Keles, U.S., Durupinar, B., 2009. Investigation of antibacte-
rial activity of sertralin. Mikrobiyol. Bul. 43, 651-656.

Collins, P.Y., Patel, V., Joestl, S.S., March, D., Insel, T.R., Daar, A.S., Bordin, I.A., Costello,
E.J., Durkin, M., Fairburn, C., 2011. Grand challenges in global mental health. Nature
475, 27.

Cuijpers, P., Van Straten, A., Warmerdam, L., 2007. Behavioral activation treatments of
depression: a meta-analysis. Clin. Psychol. Rev. 27, 318-326.

Davidson, J.R., 2010. Major depressive disorder treatment guidelines in America and Eu-
rope. J. Clin. Psychiatry 71, e04.

De Palma, G., Nadal, 1., Medina, M., Donat, E., Ribes-Koninckx, C., Calabuig, M., Sanz,
Y., 2010. Intestinal dysbiosis and reduced immunoglobulin-coated bacteria associated
with coeliac disease in children. BMC Microbiol. 10, 63.

DeSantis, T.Z., Hugenholtz, P., Larsen, N., Rojas, M., Brodie, E.L., Keller, K., Huber, T.,
Dalevi, D., Hu, P., Andersen, G.L., 2006. Greengenes, a chimera-checked 16S rRNA
gene database and workbench compatible with ARB. Appl. Environ. Microbiol. 72,
5069-5072.

Desbonnet, L., Garrett, L., Clarke, G., Kiely, B., Cryan, J.F., Dinan, T.G., 2010. Effects of
the probiotic Bifidobacterium infantis in the maternal separation model of depression.
Neuroscience 170, 1179-1188.

Devkota, S., 2016. Prescription drugs obscure microbiome analyses. Science 351 (80),
452-453.

DiMatteo, M.R., Lepper, H.S., Croghan, T.W., 2000. Depression is a risk factor for noncom-
pliance with medical treatment: meta-analysis of the effects of anxiety and depression
on patient adherence. Arch. Intern. Med. 160, 2101-2107.

Dimidjian, S., Hollon, S.D., Dobson, K.S., Schmaling, K.B., Kohlenberg, R.J., Addis, M.E.,
Gallop, R., McGlinchey, J.B., Markley, D.K., Gollan, J.K., 2006. Randomized trial of
behavioral activation, cognitive therapy, and antidepressant medication in the acute
treatment of adults with major depression. J. Consult. Clin. Psychol. 74, 658.

Dinan, T.G., Stanton, C., Cryan, J.F., 2013. Psychobiotics: a novel class of psychotropic.
Biol. Psychiatry 74, 720-726.

Disner, S.G., Beevers, C.G., Haigh, E.A.P., Beck, A.T., 2011. Neural mechanisms of the cog-
nitive model of depression. Nat. Rev. Neurosci. 12, 467.

Dowlati, Y., Herrmann, N., Swardfager, W., Liu, H., Sham, L., Reim, EK., Lanctot, K.L.,
2010. A meta-analysis of cytokines in major depression. Biol. Psychiatry 67, 446-457.

Eloe-Fadrosh, E.A., Brady, A., Crabtree, J., Drabek, E.F., Ma, B., Mahurkar, A., Ravel, J.,
Haverkamp, M., Fiorino, A.-M., Botelho, C., 2015. Functional dynamics of the gut mi-
crobiome in elderly people during probiotic consumption. MBio 6, 15-e00231.

Figueroa, C.A., Mocking, R.J., Mahmoud, G.A., Koeter, M.W., Bockting, C.L., van der Does,
W., Ruhe, H.G., Schene, A.H., 2018. The measurement of cognitive reactivity to sad
mood in patients remitted from major depressive disorder. Br. J. Clin. Psychol. 57,
313-327.

Foster, J.A., Neufeld, K.-A.M., 2013. Gut-brain axis: how the microbiome influences anxi-
ety and depression. Trends Neurosci. 36, 305-312.

Gareau, M.G., Sherman, P.M., Walker, W.A., 2010. Probiotics and the gut microbiota in
intestinal health and disease. Nat. Rev. Gastroenterol. Hepatol. 7, 503-514.

Goehler, L.E., Lyte, M., Gaykema, R.P.A., 2007. Infection-induced viscerosensory signals
from the gut enhance anxiety: implications for psychoneuroimmunology. Brain. Be-
hav. Immun. 21, 721-726.

Hergueta, T., Baker, R., Dunbar, G.C., 1998. The Mini-International Neuropsychiatric In-
terview (MINI): the development and validation of a structured diagnostic psychiatric
interview for DSM-IVand ICD-10. J. Clin. Psychiatry 59, 2233.

Hill, C., Guarner, F., Reid, G., Gibson, G.R., Merenstein, D.J., Pot, B., Morelli, L., Canani,
R.B,, Flint, H.J., Salminen, S., 2014. Expert consensus document: the International Sci-
entific Association for Probiotics and Prebiotics consensus statement on the scope and
appropriate use of the term probiotic. Nat. Rev. Gastroenterol. Hepatol. 11, 506-514.

IBM Corp, 2012. IBM SPSS Statistics for Windows.

Jiang, H., Ling, Z., Zhang, Y., Mao, H., Ma, Z., Yin, Y., Wang, W., Tang, W., Tan, Z., Shi,
J., 2015. Altered fecal microbiota composition in patients with major depressive dis-
order. Brain. Behav. Immun. 48, 186-194.

Joossens, M., Huys, G., Cnockaert, M., De Preter, V., Verbeke, K., Rutgeerts, P., Van-
damme, P., Vermeire, S., 2011. Dysbiosis of the faecal microbiota in patients with
Crohn's disease and their unaffected relatives. Gut 2010, 223263.



B. Chahwan et al.

Jiini, P., Altman, D.G., Egger, M., 2001. Assessing the quality of controlled clinical trials.
Bmj 323, 42-46.

Kelly, J.R., Borre, Y., O'Brien, C., Patterson, E., El Aidy, S., Deane, J., Kennedy, P.J., Beers,
S., Scott, K., Moloney, G., 2016. Transferring the blues: depression-associated gut mi-
crobiota induces neurobehavioural changes in the rat. J. Psychiatr. Res. 82, 109-118.

Kennedy, P.J., Cryan, J.F., Dinan, T.G., Clarke, G., 2017. Kynurenine pathway metabolism
and the microbiota-gut-brain axis. Neuropharmacology 112, 399-412.

Kessler, R.C., Bromet, E.J., 2013. The epidemiology of depression across cultures. Annu.
Rev. Public Health 34, 119-138.

Krishna Rao, R., Samak, G., 2013. Protection and restitution of gut barrier by probiotics:
nutritional and clinical implications. Curr. Nutr. Food Sci. 9, 99-107.

Kristensen, N.B., Bryrup, T., Allin, K.H., Nielsen, T., Hansen, T.H., Pedersen, O., 2016.
Alterations in fecal microbiota composition by probiotic supplementation in healthy
adults: a systematic review of randomized controlled trials. Genome Med. 8, 52.

Kristiansen, J.E., 1990. The antimicrobial activity of psychotherapeutic drugs and
stereo-isomeric analogues. Dan. Med. Bull. 37, 165-182.

Kruijt, A.-W., Antypa, N., Booij, L., de Jong, P.J., Glashouwer, K., Penninx, B.W.J.H., Van
der Does, W., 2013. Cognitive reactivity, implicit associations, and the incidence of
depression: a two-year prospective study. PLoS One 8, €70245.

Kruszewska, H., Zareba, T., Tyski, S., 2012. Examination of antimicrobial activity of
selected non-antibiotic medicinal preparations. Acta Pol. Pharm. Drug Res. 69,
1368-1371.

Lanquillon, S., Krieg, J.C., Bening-Abu-Shach, U., Vedder, H., 2000. Cytokine production
and treatment response in major depressive disorder. Neuropsychopharmacology 22,
370-379.

Larsen, N., Vogensen, F.K., van den Berg, F.W.J., Nielsen, D.S., Andreasen, A.S., Pedersen,
B.K., Al-Soud, W.A., Sgrensen, S.J., Hansen, L.H., Jakobsen, M., 2010. Gut microbiota
in human adults with type 2 diabetes differs from non-diabetic adults. PLoS One 5,
e€9085.

Lieb, J., 2004. The immunostimulating and antimicrobial properties of lithium and anti-
depressants. J. Infect. 49, 88-93.

Lin, P., Ding, B., Feng, C., Yin, S., Zhang, T., Qi, X., Lv, H., Guo, X., Dong, K., Zhy, Y.,
2017. Prevotella and Klebsiella proportions in fecal microbial communities are poten-
tial characteristic parameters for patients with major depressive disorder. J. Affect.
Disord. 207, 300-304.

Logan, A.C., Katzman, M., 2005. Major depressive disorder: probiotics may be an adjuvant
therapy. Med. Hypotheses 64, 533-538.

Lovibond, P.F., Lovibond, S.H., 1995. The structure of negative emotional states: compari-
son of the Depression Anxiety Stress Scales (DASS) with the Beck Depression and Anx-
iety Inventories. Behav. Res. Ther. 33, 335-343.

Lozupone, C., Lladser, M.E., Knights, D., Stombaugh, J., Knight, R., 2011. UniFrac: an ef-
fective distance metric for microbial community comparison. Isme J. 5, 169.

Lyte, M., Li, W., Opitz, N., Gaykema, R.P.A., Goehler, L.E., 2006. Induction of anxiety-like
behavior in mice during the initial stages of infection with the agent of murine colonic
hyperplasia Citrobacter rodentium. Physiol. Behav. 89, 350-357.

Maes, M., Kubera, M., Leunis, J.-C., Berk, M., 2012. Increased IgA and IgM responses
against gut commensals in chronic depression: further evidence for increased bacterial
translocation or leaky gut. J. Affect. Disord. 141, 55-62.

Maes, M., Meltzer, H.Y., Bosmans, E., Bergmans, R., Vandoolaeghe, E., Ranjan, R., Desny-
der, R., 1995. Increased plasma concentrations of interleukin-6, soluble interleukin-6,
soluble interleukin-2 and transferrin receptor in major depression. J. Affect. Disord.
34, 301-309.

May, G.S., DeMets, D.L., Friedman, L.M., Furberg, C., Passamani, E., 1981. The random-
ized clinical trial: bias in analysis. Circulation 64, 669-673.

Mayer, E.A., 2011. Gut feelings: the emerging biology of gut-brain communication. Nat.
Rev. Neurosci. 12, 453.

Mayer, E.A., Knight, R., Mazmanian, S.K., Cryan, J.F., Tillisch, K., 2014. Gut microbes and
the brain: paradigm shift in neuroscience. J. Neurosci. 34, 15490-15496.

McCusker, R.H., Kelley, K.W., 2013. Immune-neural connections: how the immune sys-
tem's response to infectious agents influences behavior. J. Exp. Biol. 216, 84-98.
McMurdie, P.J., Holmes, S., 2013. phyloseq: an R package for reproducible interactive

analysis and graphics of microbiome census data. PLoS One 8, e61217.

Mesquita, A.R., Correia-Neves, M., Roque, S., Castro, A.G., Vieira, P., Pedrosa, J., Palha,
J.A., Sousa, N., 2008. IL-10 modulates depressive-like behavior. J. Psychiatr. Res. 43,
89-97.

Miller, A.H., Raison, C.L., 2016. The role of inflammation in depression: from evolutionary
imperative to modern treatment target. Nat. Rev. Immunol. 16, 22-34.

Moulds, M.L., Kandris, E., Williams, A.D., Lang, T., Yap, C., Hoffmeister, K., 2008. An in-
vestigation of the relationship between cognitive reactivity and rumination. Behav.
Ther. 39, 65-71.

Mueller, S., Saunier, K., Hanisch, C., Norin, E., Alm, L., Midtvedt, T., Cresci, A., Silvi, S.,
Orpianesi, C., Verdenelli, M.C., 2006. Differences in fecal microbiota in different Euro-
pean study populations in relation to age, gender, and country: a cross-sectional study.
Appl. Environ. Microbiol. 72, 1027-1033.

Munoz-Bellido, J.L., Munoz-Criado, S., Garcia-Rodriguez, J.A., 2000. Antimicrobial activ-
ity of psychotropic drugs: selective serotonin reuptake inhibitors. Int. J. Antimicrob.
Agents 14, 177-180.

Naseribafrouei, A., Hestad, K., Avershina, E., Sekelja, M., Linlpkken, A., Wilson, R., Rudi,
K., 2014. Correlation between the human fecal microbiota and depression. Neurogas-
troenterol. Motil. 26, 1155-1162.

Oksanen, J., Blanchet, F.G., Kindt, R., Legendre, P., Minchin, P.R., O'hara, R.B., Simp-
son, G.L., Solymos, P., Stevens, M.H.H., Wagner, H., 2017. vegan: community Ecology
Package. R Packag. version 2.3-4.

Papalini, S., Michels, F., Kohn, N., Wegman, J., van Hemert, S., Roelofs, K., Arias-Vasquez,
A., Aarts, E., 2019. Stress matters: randomized controlled trial on the effect of probi-
otics on neurocognition. Neurobiol. Stress 10, 100141.

10

Journal of Affective Disorders xxx (xxxX) XXX-XXX

Pedicord, V.A., Lockhart, A.A.K., Rangan, K.J., Craig, J.W., Loschko, J., Rogoz, A., Hang,
H.C., Mucida, D., 2016. Exploiting a host-commensal interaction to promote intestinal
barrier function and enteric pathogen tolerance. Sci. Immunol. 1.

Qin, L., Wu, X., Block, M.L., Liu, Y., Breese, G.R., Hong, J., Knapp, D.J., Crews, F.T., 2007.
Systemic LPS causes chronic neuroinflammation and progressive neurodegeneration.
Glia 55, 453-462.

R Core Team, 2016. R: A Language and Environment for Statistical Computing.. R Foun-
dation for Statistical Computing. R Foundation for Statistical Computing, Vienna, Aus-
tria.

Rao, A.V., Bested, A.C., Beaulne, T.M., Katzman, M.A., lorio, C., Berardi, J.M., Logan, A.C.,
2009. A randomized, double-blind, placebo-controlled pilot study of a probiotic in
emotional symptoms of chronic fatigue syndrome. Gut Pathog. 1, 6.

Rieder, R., Wisniewski, P.J., Alderman, B.L., Campbell, S.C., 2017. Microbes and mental
health: a review. Brain. Behav. Immun.

Romijn, A.R., Rucklidge, J.J., Kuijer, R.G., Frampton, C., 2017. A double-blind, random-
ized, placebo-controlled trial of Lactobacillus helveticus and Bifidobacterium longum
for the symptoms of depression. Aust. N. Z. J. Psychiatry 51, 810-821.

Round, J.L., Mazmanian, S.K., 2009. The gut microbiota shapes intestinal immune re-
sponses during health and disease. Nat. Rev. Immunol. 9, 313.

Rutherford, B.R., Cooper, T.M., Persaud, A., Brown, P.J., Sneed, J.R., Roose, S.P., 2013.
Less is more in antidepressant clinical trials: a meta-analysis of the effect of visit fre-
quency on treatment response and drop-out. J. Clin. Psychiatry 74, 703.

Sackett, D.L., Gent, M., 1979. Controversy in counting and attributing events in clinical
trials. N. Engl. J. Med. 301, 1410-1412.

Sampson, T.R., Mazmanian, S.K., 2015. Control of brain development, function, and be-
havior by the microbiome. Cell Host Microbe 17, 565-576.

Sarkar, A., Lehto, S.M., Harty, S., Dinan, T.G., Cryan, J.F., Burnet, P.W.J., 2016. Psy-
chobiotics and the manipulation of bacteria-gut-brain signals. Trends Neurosci. 39,
763-781.

Saxelin, M., Pessi, T., Salminen, S., 1995. Fecal recovery following oral administration of
Lactobacillus strain GG (ATCC 53103) in gelatine capsules to healthy volunteers. Int.
J. Food Microbiol. 25, 199-203.

Scanlan, P.D., Shanahan, F., O'Mahony, C., Marchesi, J.R., 2006. Culture-independent
analyses of temporal variation of the dominant fecal microbiota and targeted bacterial
subgroups in Crohn's disease. J. Clin. Microbiol. 44, 3980-3988.

Sekirov, 1., Russell, S.L., Antunes, L.C.M., Finlay, B.B., 2010. Gut microbiota in health and
disease. Physiol. Rev. 90, 859-904.

Souery, D., Amsterdam, J., De Montigny, C., Lecrubier, Y., Montgomery, S., Lipp, O.,
Racagni, G., Zohar, J., Mendlewicz, J., 1999. Treatment resistant depression: method-
ological overview and operational criteria. Eur. Neuropsychopharmacol. 9, 83-91.

Steenbergen, L., Sellaro, R., van Hemert, S., Bosch, J.A., Colzato, L.S., 2015. A randomized
controlled trial to test the effect of multispecies probiotics on cognitive reactivity to
sad mood. Brain. Behav. Immun. 48, 258-264.

Sullivan, P.F., Neale, M.C., Kendler, K.S., 2000. Genetic epidemiology of major depression:
review and meta-analysis. Am. J. Psychiatry 157, 1552-1562.

Titov, N., Dear, B.F., Schwencke, G., Andrews, G., Johnston, L., Craske, M.G., McEvoy,
P., 2011. Transdiagnostic internet treatment for anxiety and depression: a randomised
controlled trial. Behav. Res. Ther. 49, 441-452.

Turnbaugh, P.J., Hamady, M., Yatsunenko, T., Cantarel, B.L., Duncan, A., Ley, R.E., Sogin,
M.L., Jones, W.J., Roe, B.A., Affourtit, J.P., 2009. A core gut microbiome in obese and
lean twins. Nature 457, 480.

Turner, J.R., 2009. Intestinal mucosal barrier function in health and disease. Nat. Rev. Im-
munol. 9, 799.

Van der Does, A.J.W., Williams, J.M.G., 2003. Leiden Index of Depression Sensitivity-Re-
vised (LEIDS-R). Leiden University.

Van der Does, W., 2005. Thought suppression and cognitive vulnerability to depression.
Br. J. Clin. Psychol. 44, 1-14.

Van Hemert, S., Ormel, G., 2014. Influence of the Multispecies Probiotic Ecologic® BAR-
RIER on parameters of intestinal barrier function. Food Nutr. Sci. 5, 1739.

Veale, D., 2008. Behavioural activation for depression. Adv. Psychiatr. Treat. 14, 29-36.

Waclawikova, B., El Aidy, S., 2018. Role of microbiota and tryptophan metabolites in the
remote effect of intestinal inflammation on brain and depression. Pharmaceuticals 11,
63.

Wall, R., Cryan, J.F., Ross, R.P., Fitzgerald, G.F., Dinan, T.G., Stanton, C., 2014. Bacterial
neuroactive compounds produced by psychobiotics. Microbial Endocrinology: The Mi-
crobiota-Gut-Brain Axis in Health and Disease. Springer, 221-239.

Wallace, C.J.K., Milev, R., 2017. The effects of probiotics on depressive symptoms in hu-
mans: a systematic review. Ann. Gen. Psychiatry 16, 14.

Wang, Q., Garrity, G.M., Tiedje, J.M., Cole, J.R., 2007. Naive Bayesian classifier for rapid
assignment of rRNA sequences into the new bacterial taxonomy. Appl. Environ. Mi-
crobiol. 73, 5261-5267.

Wickham, H., 2009. ggplot2: Elegant Graphics for Data Analysis. Springer-Verlag, New
York.

Wickham, H., Francois, R., 2015. dplyr: a grammar of data manipulation. R Packag. ver-
sion 0.4 1, 20.

Wohleb, E.S., Franklin, T., Iwata, M., Duman, R.S., 2016. Integrating neuroimmune sys-
tems in the neurobiology of depression. Nat. Rev. Neurosci. 17, 497.

World Health Organization, 2017. Depression and other common mental disorders: global
health estimates.

Zheng, P., Zeng, B., Zhou, C,, Liu, M., Fang, Z., Xu, X., Zeng, L., Chen, J., Fan, S, Du, X.,
2016. Gut microbiome remodeling induces depressive-like behaviors through a path-
way mediated by the host's metabolism. Mol. Psychiatry 21, 786-796.

Zhou, L., Foster, J.A., 2015. Psychobiotics and the gut-brain axis: in the pursuit of happi-
ness. Neuropsychiatr. Dis. Treat. 11, 715.



	Elsevier Statement 2019
	pagination_JAD_10758 (002)
	
	
	
	



