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A B S T R A C T   

Psychobiotics are considered among potential avenues for modulating the bidirectional communication between 
the gastrointestinal tract and central nervous system, defined as the microbiota-gut-brain axis (MGBA). Even 
though causality has not yet been established, intestinal dysbiosis has emerged as a hallmark of several diseases, 
including neuropsychiatric disorders (NPDs). The fact that the microbiota and central nervous system are co- 
developing during the first years of life has provided a paradigm suggesting a potential role of psychobiotics 
for earlier interventions. Studies in animal models of early-life stress (ELS) have shown that they can counteract 
the pervasive effects of stress during this crucial developmental period, and rescue behavioral symptoms related 
to anxiety and depression later in life. In humans, evidence from clinical studies on the efficacy of psychobiotics 
at improving mental outcomes in most NPDs remain limited, except for major depressive disorder for which more 
studies are available. Consequently, the beneficial effect of psychobiotics on depression-related outcomes in 
adults are becoming clearer. While the specific mechanisms at play remain elusive, the effect of psychobiotics are 
generally considered to involve the hypothalamic-pituitary-adrenal axis, intestinal permeability, and inflam
mation. It is anticipated that future clinical studies will explore the potential role of psychobiotics at mitigating 
the risk developing NPDs in vulnerable individuals or in the context of childhood adversity. However, such 
studies remain challenging at present in terms of design and target populations; the profound impact of stress on 
the proper development of the MGBA during the first year of life is becoming increasingly recognized, but the 
trajectories post-ELS in humans and the mechanisms by which stress affects the susceptibility to various NPDs are 
still ill-defined. As psychobiotics are likely to exert both shared and specific mechanisms, a better definition of 
target subpopulations would allow to tailor psychobiotics selection by aligning mechanistic properties with 
known pathophysiological mechanisms or risk factors. Here we review the available evidence from clinical and 
preclinical studies supporting a role for psychobiotics at ameliorating depression-related outcomes, highlighting 
the knowledge gaps and challenges associated with conducting longitudinal studies to address outstanding key 
questions in the field.   

1. Introduction 

The microbiota-gut-brain axis (MGBA) refers to the bidirectional 
communication between the intestinal microbiome and the brain. This 
complex interplay, although not fully understood mechanistically, in
volves multiple physiological systems, such as the gastrointestinal sys
tem and its microbiota, the central, autonomic and enteric nervous 
systems, the immune system and the neuroendocrine system.(Mohajeri 
et al., 2018) The importance of the microbiome and the potential role of 

probiotics for mental health and neuropsychiatric disorders (NPDs) 
builds upon animal studies describing behavioral alterations observed in 
gnotobiotic and immunodeficient states (Bähr, 1970; Vidal, 1996; Diaz 
Heijtz et al., 2011; Neufeld et al., 2011; Smith et al., 2014; Quinnies 
et al., 2015; Luczynski et al., 2016) and showing that these behaviors 
could be transferred between animals and humans using fecal trans
plants (Bercik et al., 2011; Kelly et al., 2016; Zheng et al., 2016; De 
Palma et al., 2017) or rescued by timely microbial colonization via fecal 
transplants or probiotic administration.(Sudo et al., 2004; Smith et al., 
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2014) Probiotics are defined as “live microorganisms that, when 
administered in adequate amounts, confer a health benefit on the host”, 
(Hill et al., 2014) and those that influence bacteria–brain relationships 
and confer mental health benefits are referred to as psychobiotics. 
(Dinan et al., 2013; Sarkar et al., 2016) Currently, psychobiotics are 
considered among the strategies aimed at alleviating or mitigating the 
effects of intestinal dysbiosis on mental health. It is now well recognized 
that dysbiosis accompanies several disease states,(Wilkins et al., 2019) 
including neuropsychiatric and neurodegenerative diseases.(Naseriba
frouei et al., 2014; Jiang et al., 2015; Iannone et al., 2019; Jurek et al., 
2020; Long-Smith et al., 2020) However, the potential causative role of 
dysbiosis in NPDs remains limited to correlations established from cross- 
sectional studies; more clinical studies including both microbiome 
profiling and functional outcomes are required to formally answer this 
question.(Cryan and Dinan, 2019; Wilkins et al., 2019; Simpson et al., 
2020) Nevertheless, the profound and lasting impact of the perturba
tions of microbiota establishment in early life, such as stress- or 
antibiotic-induced dysbiosis, on mental health later in life argues for an 
implication of the microbiome in shaping the development of the central 
nervous system during this critical period. 

ELS is a well-documented risk factor for the development of sub
stance abuse disorders or NPDs later in life, and most notably major 
depressive disorder (MDD) and mood disorders, anxiety, post-traumatic 
stress disorder, or bipolar disorder.(Heim et al., 2019; Targum and 
Nemeroff, 2019; Merrick et al., 2020) The correlation between infancy 
or childhood adversity and an increased incidence or earlier onset of 
depression is supported by numerous epidemiological studies.(Kessler 
et al., 2010; Mandelli et al., 2015; LeMoult et al., 2019; Targum and 
Nemeroff, 2019) However, childhood adversity is not the only factor 
influencing the risk of developing NPDs; not everyone who experiences 
ELS develops NPDs later in life owing to complex mechanisms associated 
with resilience and coping which will not be discussed herein. At the 
physiological level, ELS was shown to induce persistent structural and 
functional changes to central nervous system (CNS) structures and cir
cuits including the prefrontal cortex, hippocampus, amygdala, and other 
cortical/subcortical areas of brain, with increasing evidence that spe
cific types of ELS result in specific neuroanatomical alterations and 
specific neuroinflammatory profiles.(Baumeister et al., 2016; Syed and 
Nemeroff, 2017) This is in accordance with the concept that specific 
types of ELS would predispose to different NPDs,(Mandelli et al., 2015) 
possibly by causing specific alterations in either microbiota composition 
or CNS structures. In rodents, ELS is often modeled by maternal sepa
ration (MS), which was defined as a means to study the susceptibility to 
depression. Interestingly, MS was also recognized for its effects on 
gastrointestinal functions and has been described as a model of gut-brain 
axis dysfunction suitable for the study of disorders such as irritable 
bowel syndrome (IBS).(O’Mahony et al., 2011) Indeed, IBS is associated 
with psychiatric comorbidities such as anxiety and major depression 
with a co-occurrence rate ranging between 44 and 84%, and both IBS 
and MDD have been postulated to share pathophysiological mechanisms 
involving a dysregulation of the MGBA. 

Depression has a multifactorial and complex etiology, involving an 
interaction between physiological, genetic and environmental risk fac
tors.(Flux and Lowry, 2020) One of the most documented of the core 
neurophysiological alterations in MDD is the dysregulation of the 
hypothalamic-pituitary-adrenal (HPA) axis activity, especially in 
response to stressors, which has been identified in 40–60% of in
dividuals with depression.(Flux and Lowry, 2020) In patients with MDD, 
HPA axis dysfunctions include elevated levels of corticotropin-releasing 
hormone, increased secretion of cortisol, elevated neuronal activity and 
increased volumes of the pituitary and adrenal glands, as well as 
defective negative feedback loops owing to glucocorticoid resistance. 
(Misiak et al., 2020) The intestinal microbiome was shown to modulate 
the HPA axis outputs in animal studies, at baseline or in response to 
various stressors throughout lifespan.(Farzi et al., 2018; Misiak et al., 
2020) Potential mechanisms of actions implicate alterations in the 

intestinal barrier integrity which, by increasing intestinal permeability 
to microbial antigens, may trigger subclinical neuroinflammation. The 
microbiome can also interact with autonomic afferents, notably with the 
enteric nervous system via the vagus nerve, possibly by the secretion of 
neurotransmitters or other neuroactive molecules.(van de Wouw et al., 
2018; Caspani et al., 2019; Rea et al., 2020) Furthermore, intestinal 
microbes can regulate the secretion of hormones and peptides by the 
endocrine and epithelial cells in the ileum and colon.(Misiak et al., 
2020) These bacterially-derived molecules can also modulate bacterial 
growth in the intestine, thereby affecting microbiota composition. This 
is in keeping with the microbiome alterations seen in MDD patients, 
which seemingly correlate with functional mechanistic insights. For 
example, some studies have shown a reduction in alpha diversity MDD 
patients with an increase in Bacteroidetes levels and a reduction in 
Firmicutes levels, which was postulated to account for the lower levels 
of short-chain fatty acids, increased intestinal permeability and low- 
grade inflammation associated with depression.(Huang et al., 2018; 
Bastiaanssen et al., 2020) At the genus level, the abundance of Faecali
bacterium, Dialister, and Prevotella appear typically decreased while 
Oscillibacter and Alistipes genera, increased.(Naseribafrouei et al., 2014; 
Jiang et al., 2015; Kelly et al., 2016; Valles-Colomer et al., 2019; Bas
tiaanssen et al., 2020) Further studies are needed to confirm whether 
these changes are consistent between studies, have a causative effect or 
result from the disease or from other variable confounders such as an
tidepressant/antipsychotic medications, diet or exercise.(Bastiaanssen 
et al., 2020) In addition, the microbiome was recently shown to regulate 
microglia maturation, possibly via the serotonin pathway or secretion of 
metabolites such as short-chain fatty acids.(Wang et al., 2018) 
Furthermore, neonatal conventionalization or colonization of germ-free 
mice with four probiotic Bifidobacteria was shown to increase microglia 
reactivity and normalize synapse density in the cerebellum.(Erny et al., 
2015; Luck et al., 2020) Microglia is activated in response to ELS in 
animal models,(Majcher-Maślanka et al., 2019) and targeting microglial 
activation has been proposed as a potential therapeutic avenue in MDD. 
(Zhang et al., 2018) 

Mechanistic insight on the abovementioned roles of the microbiome 
(and psychobiotics) mostly originates from animal studies. Nevertheless, 
the efficacy of psychobiotics for NPDs is being increasingly studied in 
clinical trials, although more studies at this time have assessed outcomes 
related to anxiety- and depressive-like symptoms. Several systematic 
reviews and meta-analyses have examined the efficacy of psychobiotics 
on symptoms of stress, anxiety and depression in healthy populations 
experiencing stress or in populations with comorbid diseases.(Romijn 
and Rucklidge, 2015; Liu et al., 2018; Ng et al., 2018; Reis et al., 2018; 
Vaghef-Mehrabany et al., 2020) Overall, conclusions on the promising 
positive effects on various mental health outcomes in these populations 
warranted the conduct of additional studies in individuals with a clinical 
diagnosis.(Huang et al., 2018; Pirbaglou et al., 2016; McKean et al., 
2017; Wallace and Milev, 2017; Liu et al., 2019; Smith et al., 2019; Yang 
et al., 2019) Clinical research on the effects of psychobiotics for MDD is 
more advanced than for other NPDs; the scarcity of human trials 
assessing the effects of potential psychobiotics in schizophrenia, autism 
patients, and obsessive-compulsive disorder patients precludes broad 
conclusions on psychobiotics for these indications at present.(Brenner 
et al., 2017; Fusar-Poli et al., 2019; Ng et al., 2019a; Ng et al., 2019b) 
Importantly, a substantial level of variability among studies was noted 
for all conditions tested, including MDD, with regards to psychobiotic 
formulation, dosage, outcome assessment tools used, and disease sub
types.(Vaghef-Mehrabany et al., 2020) 

Here, we provide an overview of the multiple systematic reviews and 
meta-analyses of clinical studies on psychobiotics on depression-related 
outcomes in various populations. From these reviews, we summarize the 
clinical studies that assessed the role of psychobiotics in adult, clinically 
diagnosed MDD patients. Furthermore, as ELS was associated with the 
etiology of depressive disorders and antidepressant response, we sum
marize the key animal studies on the effects of psychobiotics in the MS 
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model of ELS, supporting the view that they could be a valuable addition 
to the strategies aimed at mitigating the lasting effects of ELS on the 
nervous system with earlier interventions during infancy and childhood. 
Insights from animal models suggest the existence of potential benefits 
of psychobiotics for mitigating the lasting effects of ELS during this 
critical period for both microbiota establishment and CNS development. 
Furthermore, when considered collectively, preclinical and clinical 
research on the topic suggests that assessment of childhood adversity 
could be a worthwhile addition to outcome assessment tools (e. g. the 
Childhood Trauma Questionnaire (CTQ)),(Karakula-Juchnowicz et al., 
2019) in future clinical trials of psychobiotics or microbiome profiling in 
MDD patients. 

2. Psychobiotics and ELS in animal models 

An integrative view of the multifactorial developmental trajectory 
after ELS has emerged in parallel with findings from neurobiology 
research; multiple stresses throughout life (“hits”) and additional pre
disposing factors (such as genetic/epigenetic regulation) appear to be 
necessary to trigger NPD onset.(Agorastos et al., 2019; Codagnone et al., 
2019a) Generally viewed as one of the first “hits”, ELS appears to 
sensitize individuals to subsequent stressors during adulthood.(Ago
rastos et al., 2019; Misiak et al., 2020) This first “hit” occurs at a critical 
co-developmental stage for both the central nervous system and the 
microbiome, hence ELS is considered as a major influential force on the 
MGBA during development.(Cowan et al., 2020) ELS was shown to alter 
microbiota composition in several species including rhesus monkeys 
(Bailey and Coe, 1999; Bailey et al., 2004), piglets (Schokker et al., 
2014; Pena Cortes et al., 2018), and rodents.(De Palma et al., 2015) 

Research findings from MS studies in conventionally housed rodents 
clearly demonstrate that psychobiotics can mitigate the pervasive effects 
of ELS on the developing nervous system, which suggests a possible role 
for psychobiotics in early-life interventions aimed at protecting the 
microbiome during ELS. The beneficial role of a psychobiotic combi
nation of Lacticaseibacillus (L.) rhamnosus Rosell®-11 and Lactobacillus 
(L.) helveticus Rosell®-52 (Lacidofil®) on MS in rats is demonstrated in 5 
studies. Lacidofil® administered orally and rectally to Sprague-Dawley 
rat pups subjected to MS for 3 h/day from post-natal day (PND) 4 to 
19 rescued the deleterious effects of MS.(Gareau et al., 2007) Assess
ments were performed on PND20 and at 60–70 days of age. Lacidofil® 
counteracted the colonic dysbiosis induced by MS, as demonstrated by 
the restored levels of Lactobacilli in supplemented animals. In keeping 
with the fact that MS was initially described as a model of IBS, the 
barrier function integrity is affected by MS in rat pups. This defect was 
corrected by the administration of Lacidofil®. This formulation also 
mitigated the development of MS-enhanced HPA axis activity indicated 
by the lower serum corticosterone levels in psychobiotic-supplemented 
MS animals compared to those who received vehicle during MS. 
Furthermore, the timely administration of Lacidofil® during the ELS 
period also reduced the stress-response dysregulation caused by MS in 
adulthood; this psychobiotic formulation improved the performance of 
adult MS rats in a water avoidance stress (WAS) test. When administered 
to dams via drinking water from PND2-PND14, during which MS was 
performed for 3 h/day, the psychobiotic formulation was detectable in 
the stomachs of the pups in the treated group, but not in the vehicle 
control group, indicating it was transferred to the pups via breastmilk. 
(Cowan et al., 2016) In this study, Lacidofil® was shown to prevent the 
accelerated emotional development and transition to an adult-like 
memory system typically induced by MS, shown by the restoration of 
the normal trajectory of fear-retention and extinction. This phenotype 
was associated with a precocious maturation of the neural circuits un
derpinning fear expression, as measured by levels of phosphorylated 
MAPK expression in the prefrontal cortex.(Cowan et al., 2019) However, 
no effect on anxiety-like behavior were observed in the elevated plus 
maze (EPM) test, possibly because the assessment was performed on 
young rats at PND17.(Cowan et al., 2016) 

Another group using the same MS protocol (3 h/day, from PND2- 
PND14) observed the same effect of Lacidofil® on the restoration of 
the normal trajectory of fear retention and extinction when assessed at 
PND20.(Peng et al., 2019) At this time point, Lacidofil® significantly 
improved anxiety-like behavior of MS pups in the EPM and light-dark 
box tests.(Peng et al., 2019) This effect was accompanied by a normal
ization of the heightened neuroendocrine stress response to restraint 
induced by MS, shown by the significant reduction in adrenocortico
tropic hormone (ACTH) and corticosterone plasma levels compared to 
untreated MS infant rats. Furthermore, neuronal activation, assessed by 
number of c-Fos+ neurons and brain-derived neurotrophic factor 
(BDNF) protein levels, was reduced in the basolateral nucleus of 
amygdala in Lacidofil®-treated MS animals compared to MS controls. 
(Peng et al., 2019) The accelerated acquisition of adult-like fear reten
tion and extinction patterns caused by MS was shown to be transferred 
to the next generation by MS-exposed fathers, possibly through epige
netic modifications. Importantly, Lacidofil® prevented the transmission 
of the deleterious effects of MS to the next generation (F1) when 
administered as a prophylactic to the paternal line (F0) during their 
infancy; the offspring of Lacidofil®-treated MS-fathers displayed age- 
appropriate fear retention and extinction phenotypes.(Callaghan et al., 
2016) Lacidofil® was also effective at restoring proper fear retention 
and extinction phenotypes when administered as treatment to the F1 of 
MS-fathers.(Callaghan et al., 2016) Lacidofil® also restored normative 
pubertal timing in MS rats of both sexes despite the gender differences in 
the effect of MS, which accelerated puberty in females and delayed it in 
males.(Cowan and Richardson, 2019) Interestingly, a small study re
ported a reduction in depressive symptoms after Lacidofil® in medical 
students under stress, which provides a rationale for studying this 
formulation in clinical trials in the context of depression and stress in 
human.(Theodora et al., 2019) 

A few single strains formulations have also shown positive effects in 
various MS models. Bifidobacterium infantis 35624 improved the per
formance of MS rats in the forced swim test and normalized noradren
aline levels in the brainstem and peripheral interleukin (IL)-6 levels. 
(Desbonnet et al., 2010) Lactiplantibacillus plantarum (L. plantarum) 
PS128 was shown to increase locomotor activity in the open field (OF) 
test, and to reduce the depression-like behaviors of MS mice in the 
forced swimming and sucrose preference tests, but did not affect 
anxiety-like behavior in these mice.(Liu et al., 2016) This was accom
panied by a reduction in MS-induced circulating corticosterone levels, a 
reduction in pro-inflammatory cytokine IL-6, an increase in anti- 
inflammatory cytokine IL-10, as well as an increase in dopamine 
levels in the prefrontal cortex of MS mice.(Liu et al., 2016) It is note
worthy that this strain appears to exert different effects in convention
ally reared rodents (naïve mice), which is reminiscent of the variability 
in the effects seen between healthy/non-clinical and clinically diag
nosed human populations shown by some psychobiotic strains. For 
example, L. plantarum PS128 reduced anxiety-like behavior and 
increased serotonin levels in the medial prefrontal cortex in naive mice 
but not MS mice.(Liu et al., 2016) Bifidobacterium pseudocatenulatum 
CECT 7765 was shown to improve the dysregulated stress response of 
the HPA axis and intestinal inflammation in MS mice pups; shown by a 
reduced corticosterone production in response to acute restraint, a 
reduction in intestinal interferon gamma, a reduction in dopamine and 
adrenaline concentrations in the hypothalamus and small intestine, and 
a reversal of intestinal dysbiosis.(Moya-Perez et al., 2017) In adulthood, 
this strain reduced MS-induced anxiety in the EPM test and normalized 
neurotransmitter levels in the hypothalamus.(Moya-Perez et al., 2017) 
Limosilactobacillus fermentum (L. fermentum) CECT 5716 increased the 
exploratory behavior in the EPM test and prevented the increase in 
corticosterone induced by MS or WAS.(Vanhaecke et al., 2017) This 
strain also improved the intestinal barrier dysfunction induced by both 
MS and WAS in rats by reducing permeability in the small intestine and 
maintaining tight-junction integrity.(Vanhaecke et al., 2017) 

L. rhamnosus GG, in combination with a prebiotic but not alone, 
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normalized MS-induced anxiety assessed by the OF test in rats and 
ameliorated spatial memory in the Morris Water Maze.(McVey Neufeld 
et al., 2019) However, the MS-induced increase in corticosterone levels 
was not corrected by L. rhamnosus GG, and the return to normal levels 
after testing was delayed. This strain alone reversed the stress-induced 
decrease in glucocorticoid receptor mRNA expression in the hippo
campus and prevented the increase in the type 2 subunit of the GABA-A 
receptor (Gamma-Aminobutyric Acid Type A Receptor Subunit Alpha2; 
Gabra2) at the mRNA level induced by MS, but only in combination with 
a prebiotic.(McVey Neufeld et al., 2019) Bifidobacterium (B.) bifidum G9- 
1 prevented MS-induced hypercorticosteronemia, enhanced intestinal 
permeability and dysbiosis in MS rat pups, and reduced MS-induced 
corticosterone levels and fecal frequency in response to restraint stress 
in adulthood.(Fukui et al., 2018) Lacticaseibacillus (L.) paracasei PS23, 
either live or heat-killed, was shown to reduce the anxiety- and 
depression-like behavior and increased serum corticosterone levels 
induced by MS in mice, which was associated with immunomodulatory 
properties in light of the increased levels of IL-10 compared to untreated 
MS mice.(Liao et al., 2019) Interestingly, both live and heat-killed PS23 
also reversed anxiety- and depression-like behaviors induced by chronic 
corticosterone administration in mice.(Wei et al., 2019) Collectively, 
insights from the MS model highlight a role for psychobiotics in regu
lating the HPA axis, inflammation and neurogenesis, and suggest that 
timely administration could be viewed as an integral part of compre
hensive or holistic strategies aimed at mitigating the effects of ELS on 
mental health later in life. In humans, depression, anxiety, and stress are 
the most studied indications for psychobiotics in association with NPDs 
or in healthy individuals. As clinical studies assessing the efficacy of 
psychobiotics for anxiety- and depression-like symptoms in adults have 
been accumulating, several systematic reviews and meta-analyses were 
conducted to confirm the translational potential of psychobiotics’ 
beneficial effects from animal models to human populations. 

3. Clinical trials on psychobiotics for MDD 

In total, we identified 21 systematic reviews and meta-analyses of 
RCTs on the effects of psychobiotics for symptoms of stress, anxiety, and 
depression between January 2015 and September 2020, which reflects 
the importance of this area of research and need for conclusions about 
the effect of psychobiotics on mental health outcomes. The effect of 
psychobiotics on other NPDs were also reviewed systematically, but 
with a small number of clinical trials conducted in populations clinically 
diagnosed with diseases such as autism spectrum disorder, bipolar dis
order, post-traumatic stress disorder or schizophrenia, conclusions 
about the effect of psychobiotics in these pathologies, although prom
ising, remain equivocal at present.(Brenner et al., 2017; Fusar-Poli et al., 
2019; Ng et al., 2019a, 2019b) Of these 21 reviews, 4 were focused 
exclusively on anxiety symptoms (excluding depression) (Liu et al., 
2018; Reis et al., 2018; Yang et al., 2019; Vitellio et al., 2020) and one 
included only studies where anxiety or depression symptoms were 
assessed in parallel to subjective stress levels, which resulted in the 
exclusion of trials conducted in MDD patients.(Zhang et al., 2020) With 
a limited number of trials conducted in populations with clinically 
diagnosed MDD, earlier reviews on the effects of psychobiotics on 
depressive symptoms included mostly trials conducted in non-clinical 
populations, generally healthy individuals experiencing stress or co
morbid symptoms of low mood, anxiety or depression secondary to 
another condition such as IBS (Simrén et al., 2010; Pinto-Sanchez et al., 
2017) or chronic fatigue syndrome (Rao et al., 2009). Overall, conclu
sions about the effect of psychobiotics on depression-related outcomes 
were positive in healthy populations, with some discrepancies; 5 reviews 
concluded to an insignificant or marginal effect of psychobiotics on 
mood in the general population or in individuals presenting subclinical 
symptoms.(Romijn and Rucklidge, 2015; Ng et al., 2018; Goh et al., 
2019; Liu et al., 2019; Chao et al., 2020) 

Nevertheless, most reviews highlighted the need for more trials 

assessing the efficacy of psychobiotics in clinically diagnosed MDD pa
tients,(Romijn and Rucklidge, 2015; Huang et al., 2016; Pirbaglou et al., 
2016; Wang et al., 2016; McKean et al., 2017; Wallace and Milev, 2017; 
Ng et al., 2018; Goh et al., 2019; Liu et al., 2019; Chao et al., 2020) while 
subgroup analyses including between 1 and 6 studies in clinically 
diagnosed MDD patients generally suggested or supported a positive 
effect of psychobiotics on depressive symptoms.(Goh et al., 2019; Liu 
et al., 2019; Nikolova et al., 2019; Smith et al., 2019; Amirani et al., 
2020; Barbosa and Vieira-Coelho, 2020; Chao et al., 2020; Sanada et al., 
2020; Vaghef-Mehrabany et al., 2020) Indeed, as the number of efficacy 
studies on psychobiotics in populations with a clinical MDD diagnosis 
increased, the conclusions about the apparent anti-depressant effect of 
psychobiotics in psychiatric samples became more promising despite 
some discrepancies between trials in terms of outcome assessment tools 
or psychobiotic formulations.(Barbosa and Vieira-Coelho, 2020, Chao 
et al., 2020, Sanada et al., 2020, Vaghef-Mehrabany et al., 2020) These 
factors are important to consider together with the clinical character
istics of the sample population (e. g. treatment responsiveness, inclusion 
criteria, etc.); not all psychobiotics are expected to affect the same as
pects of the depression symptomatology, and not all assessment tools 
contain the same proportion of questions directed towards specific types 
of symptoms (emotional, physical, cognitive or behavioral).(Fried, 
2020; Newson et al., 2020) 

While studies at present do not yet permit to draw any conclusion on 
the superiority of a tool over another in specific contexts or sub
populations or with specific strains, a convincing beneficial effect of 
psychobiotics on depression is generally emerging from available 
studies focused on clinically diagnosed MDD patients (8 studies), which 
are summarized below. Of note, while this may not have affected the 
general conclusions of the most recent systematic reviews, none of these 
have included the 8 clinical studies described herein (6 randomized 
trials and 2 pilot studies) in their meta-analyses. As shown in Table 1, 
most of these trials enrolled MDD patients under an antidepressant 
treatment,(Akkasheh et al., 2016; Bambling et al., 2017; Ghorbani et al., 
2018; Miyaoka et al., 2018; Kazemi et al., 2019a; Rudzki et al., 2019) 
except for one trial in participants not currently on conventional med
ications (Majeed et al., 2018) and a pilot study conducted in recently 
diagnosed, treatment-naïve individuals.(Wallace et al., 2020) 

Almost all studies used multi-strain combinations of 2 or more 
strains, while three studies used single-strain psychobiotics. Majeed 
et al. (2018) assessed the effect of Bacillus coagulans MTCC 5856 in MDD 
patients with IBS not taking antidepressants.(Majeed et al., 2018) They 
showed a significant improvement in primary efficacy outcomes 
compared to placebo at 60 and 90 days, assessed by the 17-item Ham
ilton depression rating scale (HAMD-17), Montgomery-Åsberg Depres
sion Rating Scale (MADRS), Center for Epidemiologic Studies 
Depression Scale (CES-D), and the IBS Quality of Life questionnaires. 
This strain was also shown to alleviate gastrointestinal symptoms and 
improve quality of life in a population with diarrhea-predominant IBS 
(Majeed et al., 2016), and to ameliorate inflammation in a rodent model 
of dextran sodium sulfate-induced colitis.(Shinde et al., 2020) 

In an exploratory, open-label, single blind study, Miyaoka et al. 
(2018) showed that Clostridium (C.) butyricum MIYAIRI 588, used as 
adjuvant to selective serotonin reuptake inhibitors (SSRIs) or seroto
nin–norepinephrine reuptake inhibitors (SNRIs), improved the Beck 
Depression Inventory (BDI) and HAMD-17 scores in treatment-resistant 
MDD patients.(Miyaoka et al., 2018) They found that this strain reduced 
symptoms of depression assessed by both questionnaires (HAMD and 
BDI) in 70% of the participants, with 35% achieving remission. 
C. butyricum MIYAIRI 588 was also shown to increase lifespan and 
resistance to various stressors, such as pathogens or UV, in Caeno
rhabditis elegans,(Kato et al., 2018) and to modulate antibiotic-induced 
microbiota composition changes in mice.(Hagihara et al., 2018) 
Furthermore, vegetative C. butyricum MIYAIRI 588 cells acted as an 
adjuvant to cholera-toxin immunization by stimulating mucosal immu
nity in mice.(Murayama et al., 1995) 
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Table 1 
Characteristics of the probiotic clinical trials conducted in clinically diagnosed MDD patients.  

Study 
reference 

Study Design Population, study arms, 
n 

Dosage 
Regimen 

Formulation (Trade name, 
Manufacturer) 

Primary outcome Other outcomes 

Akkasheh 
et al. 
(2016) 

Randomized, 
Placebo- 
controlled 
Double-blind 

40 MDD patients taking 
citalopram 
Placebo, n = 20 
Probiotic, n = 20 

1 capsule/ 
day, for 8 
weeks 

Capsules containing 2 × 109 

CFU/g of each: L. acidophilus, 
L. casei, B. bifidum 
(Tak Gene Zist Inc.) 

Significant reduction in BDI 
score after 8 weeks 

Significant decreases in: 
Serum insulin levels, 
homeostasis model 
assessment of insulin 
resistance and serum hs-CRP 
concentrations. 
Significant increase in 
plasma total glutathione 
levels. 

Bambling 
et al. 
(2017) 

Pilot, open-label 
study 

12 patients with 
treatment resistant 
MDD, taking SSRIs 
Probiotic, n = 12 

0.5 dose BID, 
before meals, 
8 weeks. 

Capsules containing 2 × 1010 

CFU of a combination of 
lyophilized probiotics 
(L. acidophilus, B. bifidum, 
S. thermophilus) 
Magnesium orotate 1600 mg. 
(NRGbiotic™, Medlab) 

Significant reduction in 
average BDI and OQ45 scores 
at 8 weeks. 
Out of the 12 participants, 4 
did not respond to probiotic 
treatment. At the 16-week 
follow-up (8 weeks after 
ceasing probiotic) all 
participants had relapsed. 

N.R. 

Ghorbani 
et al. 
(2018) 

Randomized, 
Placebo- 
controlled 
Double-blind 

40 MDD patients taking 
fluoxetine for 4 weeks 
before study start 
Placebo, n = 20 
Probiotic, n = 20 

2 × 500 mg 
capsules/day, 
6 weeks 

Blend of 7 strains:  
L. casei 3 × 108 CFU/g, 
L. acidophilus 2 × 108 CFU/g, 
L. bulgaricus 2 × 109 CFU/g, 
L. rhamnosus 3 × 108 CFU/g, 
B. breve 2 × 108 CFU/g, 
B. longum 1 × 109 CFU/g, 
S. thermophilus 3 × 108 CFU/g, 
FOS 100 mg/capsule. 
(Familact H®, Zist Takhmir Co.) 

Significant reduction in 
HAMD-17 score at the end of 
the study 

N.R. 

Majeed 
et al. 
(2018) 

Randomized, 
Placebo- 
controlled 
Double-blind 

40 MDD patients with 
IBS, not taking 
antidepressants 
Placebo, n = 20 
Probiotic, n = 20 

1 cap/day, 30 
min before a 
meal, for 90 
days 

B. coagulans MTCC 5856 (2 ×
109 spores/capsule) 
(Lactospore®, Sabinsa) 

Significant improvement in 
primary efficacy outcomes 
compared to placebo at 60 and 
90 days, assessed by the 
HAMD-17, MADRS, CES-D, 
and IBS-QoL questionnaires. 

Significant improvement in: 
CGI-I rating scale (60 and 90 
d) 
CGI-S rating Scale (90 d) 
Dementia Total frequency 
scoring (90 d) 
GI-DQ (60 and 90 d) 
mESS (60 and 90 d) 
Serum myeloperoxidase (90 
d) 

Miyaoka 
et al. 
(2018) 

Open-label, 
Randomized, 
Placebo- 
controlled, 
Single-blind 
(rater) 

40 patients meeting 
criteria for treatment 
resistant depression, 
taking SSRIs or SNRIs 
for at least 1 month. 
Placebo, n = 20 
Probiotic, n = 20 

20 mg orally 
BID (week 1) 
and 20 mg 
orally TID 
(weeks 2–8). 

C. butyricum MIYAIRI 588 
60 mg 
(MIYARISAN Pharmaceuticals 
Co., Ltd.) 

Significant reduction in 
HAMD-17 score at the end of 
the trial versus placebo. 
Positive response to treatment 
was seen in 70% of the 
participants, with a remission 
rate of 35% (score lower than 
7). 

Significant reduction in BDI 
and BAI scores at the end of 
the trial versus placebo. 

Kazemi 
et al. 
(2019b) 

Randomized, 
placebo- 
controlled 
Double-blind 

110 MDD patients 
taking SSRIs 
Placebo, n = 36 
Prebiotic (GOS), n = 36 
Probiotic, n = 38 

1 sachet daily, 
8 weeks. 

Sachets containing ≥10 × 109 

CFU/5 g of a combination of L. 
helveticus Rosell®-52 and 
B. longum Rosell®-175 
(CEREBIOME®, Lallemand 
Health Solutions Inc.) 

Significant reduction in the 
BDI score at the end of the 
study compared to placebo. 
No significant differences 
were observed in the prebiotic 
group. 

Significant reduction in the 
KYN/tryptophan ratio in the 
Probiotics group versus 
placebo. 
Increased appetite. 
Increased serum BDNF 
levels. 

Rudzki 
et al. 
(2019) 

Randomized, 
Placebo- 
controlled 
Double-blind 

79 MDD patients taking 
SSRIs, 
Placebo, n = 39 
Probiotic, n = 40 

1 capsule BID, 
8 weeks. 

L. plantarum 299v (10 × 109 

CFU/capsule) 
(Sanprobi IBS®; probiotic 
capsules manufacturer - 
Lallemand Health Solutions 
Inc.; strain owner - Probi AB). 

There was no difference 
between groups in HAMD-17, 
SCL-90, or PSS-10. 

Significant improvements in 
cognitive functions were 
observed: Work Speed in 
Attention and Perceptivity 
Test, CVLT total recall of 
trials 1–5. 
Significant decrease in KYN 
levels and significant 
increase in the 3HKYN:KYN 
ratio versus placebo. 

Wallace 
et al. 
(2020) 

Pilot, open-label 
study 

12 MDD patients, 
treatment-naïve 
Probiotic, n = 12 

1 sachet daily, 
8 weeks. 

Combination of L. helveticus 
Rosell®-52 and B. longum 
Rosell®-175 (3 × 109 CFU/day) 
(CEREBIOME®, Lallemand 
Health Solutions Inc.) 

Significant improvements in 
mood (MADRS, QIDS-SR16), 
anhedonia (SHAPS), anxiety 
(GAD-7, STAI), and subjective 
sleep quality (PSQI). 

N.R. 

BDI, Beck Depression Inventory; BDNF, Brain-derived neurotrophic factor; BID, twice a day (“bis in die”); B. coagulans, Bacillus coagulans; B. bifidum, Bifidobacterium 
bifidum; B. breve, Bifidobacterium breve; B. longum, Bifidobacterium longum; CES-D, Center for Epidemiologic Studies Depression Scale; CFU, Colony forming units; 
CGI–I, Clinical Global Impression Improvement rating Scale; CGI–S, Clinical Global Impression Severity rating Scale; C. butyricum, clostridium butyricum; CVLT, 
California Verbal Learning Test; FOS, Fructooligosaccharides; GAD-7, Generalized Anxiety Disorder 7-item scale; GI-DQ, Gastrointestinal discomfort questionnaire; 
GOS; Galactooligosaccharides; HAMD, Hamilton depression rating scale; hs-CRP, high-sensitivity C-reactive protein test; 3HKYN:KYN, 3-hydroxykynurenine: 
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Rudzki et al. (2019) showed that despite not improving on depres
sion outcomes, MDD patients who received Lactiplantibacillus (L.) plan
tarum 299v for 8 weeks demonstrated significant improvements in 
cognitive functions in the Work Speed in Attention and Perceptivity Test 
and CVLT total recall of trials 1–5.(Rudzki et al., 2019) This beneficial 
effect was accompanied by a significant increase in the 3-hydroxykynur
enine (3-HKYN): kynurenine (KYN) ratio versus placebo. The signifi
cance of this finding is unclear as 3-HKYN is considered neurotoxic and 
KYN, neuroprotective. While several reasons could explain this result, 
more studies are required to validate the mechanisms behind the 
improvement in cognitive functions by L. plantarum 299v. Of note, in a 
previous study on healthy young adults under examination stress, 
administration of this strain for 14 days prior to the examination 
significantly reduced the pre-test cortisol levels on day 10 compared to 
the placebo group.(Andersson et al., 2016) Furthermore, this strain was 
shown to improve symptoms of IBS,(Ducrotté et al., 2012) and exerted 
beneficial effects on intestinal barrier integrity in various animal 
models.(Mangell et al., 2002; Mangell et al., 2006; Hulst et al., 2015; 
Wang et al., 2019) 

Among multi-strain psychobiotics studied in MDD populations, few 
were also studied at the mechanistic level in animals. Kazemi et al. 
(2019b) reported a significant reduction in the BDI score in patients with 
mild-to-moderate MDD who received a combination of L. helveticus 
Rosell®-52 and Bifidobacterium (B.) longum Rosell®-175 for 8 weeks as 
an adjuvant to SSRIs.(Kazemi et al., 2019b) This beneficial effect on 
depression outcome was accompanied by a reduction in the KYN: 
tryptophan ratio after adjusting for isoleucine levels, which suggests an 
increased availability of tryptophan for the synthesis of serotonin cen
trally, and away from the inflammatory pathways. The levels of circu
lating pro-inflammatory cytokines were unchanged, but urinary cortisol 
levels were slightly reduced in the psychobiotic group in a potentially 
clinically important but not statistically significant manner.(Kazemi 
et al., 2019b) Post-hoc analyses of this population revealed that the 
psychobiotic improved appetite and increased circulating BDNF levels in 
MDD patients.(Heidazardeh-Rad et al., 2020; Kazemi et al., 2020) The 
effect of the L. helveticus Rosell®-52 and B. longum Rosell®-175 psy
chobiotic formulation was also assessed in self-referred individuals with 
symptoms of depression, scoring 14 or more on the depression subscale 
of the Depression, Anxiety and Stress Scale (DASS)-42, but not currently 
taking antidepressant treatment since at least 2 months.(Romijn et al., 
2017) In this population likely to be heterogeneous in terms of past 
medication history, treatment responsiveness, and disease chronicity or 
severity, there was no effect on depression symptoms over placebo. 
Interestingly, an exploratory post-hoc analysis of the data revealed a 
potential role for vitamin D levels; the participants in the psychobiotic 
group with higher levels of vitamin D showed a greater improvement in 
mood and functioning assessed by the Improved Clinical Global Im
pressions Severity scale (iCGI-S), the Quick Inventory of Depressive 
Symptomatology 16-Item Self-Report (QIDS-SR16), and the Global 
Assessment of Functioning (GAF) scores than those with lower levels at 
baseline, while this association was not observed in the placebo group. It 
was hypothesized that the persistence of the disease in this population 
who had been exposed to antidepressants without amelioration could 
have overrepresented patients with treatment-resistant MDD even if 
SSRIs exerted a positive effect on average. 

In a follow-up open-label pilot trial enrolling treatment-naïve MDD 
patients, the L. helveticus Rosell®-52 and B. longum Rosell®-175 com
bination showed a positive effect on depression-related outcomes over 8 
weeks (mood: MADRS, QIDS-SR16, anhedonia: Snaith Hamilton 

Pleasure Scale, anxiety: Generalized Anxiety Disorder 7-item scale, 
State-Trait Anxiety Inventory; subjective sleep quality: Pittsburgh Sleep 
Quality Index), in the absence of concomitant antidepressant treatment. 
This raises the possibility that this formulation could be appropriate 
non-solely as an adjuvant in treatment-responsive MDD patients, but 
also on its own to alleviate depression in its early stages. However, this 
promising pilot trial requires further confirmation in a randomized 
controlled trial.(Wallace et al., 2020) The L. helveticus Rosell®-52 and 
B. longum Rosell®-175 psychobiotic formulation also alleviated stress- 
induced intestinal disturbances,(Diop et al., 2008) as well as symp
toms of depression in healthy individuals experiencing stress using the 
Hospital anxiety and depression scale (HADS), and the global severity 
index of the Hopkins symptoms checklist (HSCL-90), which was asso
ciated with a decrease in free urinary cortisol levels in the supplemented 
group.(Messaoudi et al., 2011a) Furthermore, a subgroup analysis in 
participants with low cortisol levels at baseline revealed a significant 
improvement of psychological distress measures on the HADS- 
Depression, HSCL-90 and coping checklist.(Messaoudi et al., 2011b) 

Pretreatment with the L. helveticus Rosell®-52 and B. longum 
Rosell®-175 psychobiotic formulation before surgically-induced 
myocardial infarction (MI) in rats prevented the typical post-MI 
depressive-like behavioral impairments in the social interaction, 
forced swimming and passive avoidance step-down tests compared to 
the sham controls and restored intestinal barrier integrity.(Arseneault- 
Bréard et al., 2012) This psychobiotic also reduced MI-induced 
apoptosis in the amygdala and dentate gyrus as assessed by the Bax/ 
Bcl-2 ratio and caspase-3 levels compared with placebo,(Girard et al., 
2009) and these beneficial effects were abolished by vagotomy.(Malick 
et al., 2015) The positive behavioral effects of the formulation were also 
observed when the psychobiotic was administered at the time of 
reperfusion in rats fed a low polyunsaturated fatty acids diet. In this 
model, the L. helveticus Rosell®-52 and B. longum Rosell®-175 psycho
biotic formulation reduced the expression of the apoptosis marker 
caspase-3 and decreased the number of TUNEL-positive cells in the 
dentate gyrus and medial amygdala.(Gilbert et al., 2013) In mice sub
jected to chronic psychological stress by WAS, the same psychobiotic 
formulation prevented the negative effect of WAS on the stress response, 
hippocampal neurogenesis and hypothalamic synaptic plasticity-related 
gene expression changes. The L. helveticus Rosell®-52 and B. longum 
Rosell®-175 psychobiotic formulation attenuated HPA axis and auto
nomic nervous system activities as shown by the reduced corticosterone 
and norepinephrine levels, and reduced c-Fos and upregulated the 
glucocorticoid receptor and BDNF mRNA levels in different areas of the 
brain. Moreover, the formulation also reduced visceral pain and restored 
intestinal tight junction barrier integrity in WAS-subjected mice.(Ait- 
Belgnaoui et al., 2014; Ait-Belgnaoui et al., 2018) In rats, the L. helveticus 
Rosell®-52 and B. longum Rosell®-175 psychobiotic formulation also 
displayed anxiolytic-like activity assessed by the conditioned defensive 
burying test,(Messaoudi et al., 2011a) and counteracted the negative 
effect of LPS on neuroinflammatory and memory processes.(Moham
madi et al., 2019) Furthermore, in rats of the Flinders Sensitive Line, the 
psychobiotic formulation was found to regulate 1-Carbon and cate
cholamine metabolisms without affecting behavior in this genetic model 
depression. Specifically, the formulation reduced the flow of methyl 
groups via betaine, increased liver S-adenosyl-methionine, and 
decreased plasma dopamine and norepinephrine levels. Of note, dopa
mine and norepinephrine were unchanged in the brain suggesting that 
the uptake of these catecholamines or the extraneuronal pathways of 
metabolism were modified.(Tillmann et al., 2018) 

kynurenine; IBS-QoL, Irritable Bowel Syndrome Quality of Life questionnaire; L. acidophilus, Lactobacillus acidophilus; L. bulgaricus, Lactobacillus bulgaricus; L. casei, 
Lacticaseibacillus casei; L. helveticus, Lactobacillus helveticus; L. plantarum, Lactiplantibacillus plantarum; L. rhamnosus, Lacticaseibacillus rhamnosus; MADRS, Montgomery- 
Åsberg Depression Rating Scale; MDD, Major Depressive Disorder; mESS: Modified Epworth Sleepiness Scale; N.R., none reported; OQ45, Outcome Questionnaire 45; 
PSQI: Pittsburgh Sleep Quality Index; PSS, perceived stress scale; QIDS-SR16: Quick Inventory of Depressive Symptomatology 16-item self-report; SCL-90: Symptom 
Checklist; SHAPS: Snaith Hamilton Pleasure Scale; SNRI, Serotonin–norepinephrine reuptake inhibitor; SSRI, Selective serotonin reuptake inhibitor; STAI: State-Trait 
Anxiety Inventory; S. thermophilus, Streptococcus thermophilus; TID, three time a day (“ter in die”). 
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Akkasheh et al. (2016), using another multi-strain formulation con
taining Lactobacillus (L.) acidophilus, Lacticaseibacillus (L.) casei, and 
B. bifidum, showed that an 8-week intervention in clinically diagnosed 
MDD patients (DSM-IV and ≥ 15 on HAMD-17, referred from Hospital) 
significantly reduced BDI total score compared with the placebo. 
(Akkasheh et al., 2016) The treated group showed a significant decrease 
in serum insulin levels (− 2.3 ± 4.1 vs. 2.6 ± 9.3 μIU/mL, P = 0.03), 
homeostasis model assessment of insulin resistance (− 0.6 ± 1.2 vs. 0.6 
± 2.1, P = 0.03), and serum c-reactive protein concentrations (− 1138.7 
± 2274.9 vs. 188.4 ± 1455.5 ng/mL, P = 0.03), as well as a significant 
increase in plasma total glutathione levels (1.8 ± 83.1 vs. -106.8 ±
190.7 mmol/L, P = 0.02). Ghorbani et al. (2018) reported a significant 
improvement in HAMD-17 scores in MDD patients who consumed a 
formulation containing 7 strains (L. casei, L. acidophilus, L. bulgaricus, 
L. rhamnosus, B. breve, B. longum and Streptococcus (S.) thermophilus) for 
8 weeks compared to placebo.(Ghorbani et al., 2018) A similar formu
lation of these 7 strains at slightly different dosage and provided along 
with yogurt containing L. bulgaricus and S. thermophilus for 6 weeks 
produced a significant improvement in DASS scores (18.9 ± 3.2 vs. 9.4 
± 4.0, P = 0.006) in healthy petrochemical workers. In this population 
known to experience high levels of stress, the 7-strain formulation also 
improved General Health Questionnaire scores (measuring somatic 
symptoms, anxiety and insomnia, social dysfunction, and severe 
depression), but did not affect outcome measures of HPA axis activity (i. 
e. KYN, tryptophan, neuropeptide Y, cortisol, or ACTH levels). 
(Mohammadi et al., 2016) 

4. Discussion 

Overall, the positive effects of some psychobiotics on symptoms of 
depression or anxiety appear consistent between human and animal 
studies. Importantly, while systematic reviews are usually aiming at a 
general overview of psychobiotics as a whole, there may be strain- 
specific effects; that is, not all psychobiotics are expected to share the 
same modes of action or result in significant outcomes using different 
assessment tools, which suggests that subtypes of patients may show 
different responses to different formulations.(Vaghef-Mehrabany et al., 
2020) Considering that depression severity assessment tools were shown 
to vary significantly in their psychometric properties, with some tools 
focusing largely on specific types of symptoms and overlooking others (i. 
e. emotional, physical, behavioral, or cognitive domains),(Fried, 2020; 
Newson et al., 2020) the choice of assessment tool(s) in clinical trials 
should be evaluated carefully, taking into account the spectrum of 
depression symptoms, trial setting (inpatient or outpatient), partici
pants’ limitations towards self-assessments (i.e. open-label design or 
participant’s age or literacy), and overall burden for participants or 
assessors. 

As research on the classification of NPD patients’ subtypes is 
evolving rapidly, as well as research on the characterization of specific 
changes in the microbiome associated with specific NPDs, there is much 
left to discover on the mechanisms by which psychobiotics act. This is 
exemplified by the mixed results between healthy or non-clinically 
diagnosed individuals experiencing depressive symptoms, with or 
without anxiety, when comparing all psychobiotics together. Never
theless, some formulations or strains that showed beneficial effects on 
depressive symptoms in clinically diagnosed MDD patients have also 
shown positive effects on depression- and anxiety-like symptoms or low 
mood in non-depressed individuals. This suggests that while some psy
chobiotics show efficacy as treatment once the symptoms are estab
lished, the antidepressant- and anxiolytic-like effects observed in 
healthy individuals experiencing stressful events or situations may 
reflect a protective effect against stress before the establishment of a 
depressive state. 

Stress and adversity being directly linked with the incidence of NPDs 
in vulnerable individuals, especially for those who experienced stress 
and adversity during early life, the potential preventive role of 

psychobiotics warrants further studies. While no clinical trials have yet 
examined the preventive effect of an early-life psychobiotic intervention 
on the development of depression in humans, cognitive outcomes were 
assessed in two studies where psychobiotics were provided to mothers of 
children at-risk of allergic diseases, with conflicting results. One pilot 
study showed a reduction in the number of Asperger’s disease and 
attention deficit hyperactivity disorder cases at age 13 in a cohort who 
took L. rhamnosus GG or placebo during the first 6 months of life.(Partty 
et al., 2015) Another study with a similar design but including more 
participants, who were also children at risk of allergic disease, did not 
show any benefit on neurocognitive outcomes assessed at 11 years old 
following supplementation with L. rhamnosus HN001 or B. animalis 
subsp. lactis HN019 supplementation from 35 weeks gestational age 
until 2 years old.(Slykerman et al., 2018) Despite the obvious gaps in 
knowledge on the potential protective role of psychobiotics on the 
incidence of NPDs from human trials, the extensive research conducted 
in animal models of ELS appears to support this notion. As ELS was also 
associated with the response to antidepressants in MDD patients,(Wil
liams et al., 2016) future studies on psychobiotics could include 
outcome assessment tools measuring exposure to ELS or childhood 
adversity (e. g. CTQ) to gather insight into the complex interplay be
tween psychobiotics, the MGBA, ELS and MDD. 

5. Conclusions 

In summary, the effects of psychobiotics on brain biochemistry and 
behavior appear to be mediated in part by the regulation of the HPA axis 
activity and by the vagus nerve, but also possibly by the maintenance of 
the intestinal barrier integrity, the regulation of the inflammatory status, 
or the modulation of epigenetic mechanisms via a yet unknown mech
anism, possibly involving gender-related differences.(Codagnone et al., 
2019a) In addition, the possible effects of psychobiotics on microglia 
activation warrant further studies in the context of MS; microglia is 
activated during MS in rodents,(Roque et al., 2016) and a recent study 
showed that Bifidobacteria strains could normalize microglia reactivity 
in germ-free mice.(Luck et al., 2020) In parallel, psychosocial studies on 
the effect of ELS on NPDs have yielded conflicting results regarding the 
changes in the activation or inhibition of the HPA axis and stress 
responsiveness in different pathologies, as well as depending on the type 
of ELS experienced (i.e. physical abuse or emotional neglect).(Syed and 
Nemeroff, 2017) The high number of factors, either known or yet un
known, influencing the interplay between the microbiome and mental 
health trajectories during early-life,(Cowan et al., 2020) and especially 
after ELS in humans,(Agorastos et al., 2019; Codagnone et al., 2019b; 
Provensi et al., 2019) present countless challenges in the context of an 
interventional clinical trial. However, insights from animal models 
suggest that psychobiotics may have the potential to modulate the 
mental health trajectory post-ELS in some individuals, perhaps as part of 
a comprehensive strategy including nutritional and psychosocial sup
port. Future studies will help unravel potential novel mechanisms and 
contribute to our understanding of the interactions between psycho
biotics and the MGBA. In terms of clinical trials, several elements of trial 
design should be considered in the future, and perhaps more importantly 
the heterogeneity in outcome measures used to assess symptom severity 
or effect of treatment, with the aim of evaluating several domains across 
the depression symptomatology by collecting results from multiple 
questionnaires. Importantly, one should consider inclusion/exclusion 
criteria involving a medical assessment of depression severity (rather 
than self-reported or subclinical symptoms), an evaluation of treatment 
history and responsiveness, as well as the addition of outcomes with 
potential mechanistic value, such as an evaluation of ELS or childhood 
trauma, and microbiome profiling. Overall, on the basis of the positive 
effect on disease outcomes seen in MDD patients with several formula
tions and via an heterogenous array of assessment tools, psychobiotics 
hold the promise of benefitting both individuals at-risk or diagnosed 
with neuropsychiatric or neurodegenerative disorders sharing similar 
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pathophysiological mechanisms,(Kelly et al., 2020; Long-Smith et al., 
2020; Misiak et al., 2020) including, among others, HPA axis or vagus 
nerve dysfunctions, epigenetics, intestinal barrier permeability, sub
clinical inflammation, or microglia activation. 
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Tompkins, T.A., 2018. Bifidobacterium longum and Lactobacillus helveticus 
synergistically suppress stress-related visceral hypersensitivity through 
hypothalamic-pituitary-adrenal Axis modulation. J. Neurogastroenterol. Motil. 24 
(1), 138–146. 

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 response to probiotic administration in patients with major depressive 
disorder: a randomized, double-blind, placebo-controlled trial. Nutrition 32 (3), 
315–320. 

Amirani, E., Milajerdi, A., Mirzaei, H., Jamilian, H., Mansournia, M.A., Hallajzadeh, J., 
Ghaderi, A., 2020. The effects of probiotic supplementation on mental health, 
biomarkers of inflammation and oxidative stress in patients with psychiatric 
disorders: a systematic review and meta-analysis of randomized controlled trials. 
Complement. Ther. Med. 49, 102361. 
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