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Purpose of review
Schizophrenia (SCZ) and bipolar disorder are severe mental disorders, both placing a significant burden
on individuals’ wellbeing and global health generally. The complex interaction of multiple mechanisms,
underlying these disorders, still needs further elucidation. Increased activation of components of the immune
system may be involved, including alterations in intestinal permeability and gut microbiome. Probiotics,
defined as living microorganisms conferring health benefits to the host when administered in adequate
amounts, seem to have supportive therapeutic effect in psychiatric disorders. The authors in this review
provide an overview of this emerging research field and summarize both the publicated microbiome studies
in SCZ and bipolar disorder and the current clinical research using probiotic supplementation in patients
diagnosed with these disorders.
Recent findings
The current data indicate that there are differences in the microbiome in SCZ and bipolar disorder patients as
compared with healthy controls. Part of these differences may be induced by medication use, others by
smoking and other lifestyle factors. Correlations between microbiome quantification and symptom severity
have been observed in cross-sectional studies, but unfortunately, no replicated findings so far. Probiotic
supplementation was shown not only to alleviate gastrointestinal complaints but also reduce symptom severity,
rehospitalization rates and cognitive improvement. Replication of improvement of cognition is needed.
Summary
Differences in microbiome have been shown in both SCZ and bipolar disorder in comparison to healthy
controls. Evidence that probiotics can improve psychiatric functioning is still very limited.
Keywords
bipolar disorder, gut microbiome, gut–brain axis, inflammation, intestinal permeability, probiotic
supplementation, probiotics, schizophrenia

INTRODUCTION
Current worldwide estimates of schizophrenia (SCZ)
and bipolar disorder patients are 23 and 60 million
people, respectively [1]. Although the introduction
of antipsychotics in the 1950s has substantially
improved clinical symptoms of SCZ [2], the disease
is still causing considerable morbidity and mortality
[3]. In bipolar disorder, lithium is, for many years,
the first-choice maintenance-treatment with anticonvulsants and antipsychotics as major alternatives. However, up to 50% of bipolar disorder
patients do not respond adequately and still suffer
from manic and/or depressive episodes, often
severely affecting functioning [4].

Both psychiatric disorders are characterized by
imbalances in the gut microbiome, which comprises
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KEY POINTS
 Increased intestinal permeability links the gut
microbiome dysbiosis and neuro inflammation in SCZ
and bipolar disorder.
 Current clinical research on the intestinal microbiome
shows alterations in both SCZ and bipolar disorder.
 Current clinical research on using probiotics
supplementation is minimal and inconsistent, with some
studies demonstrating biological and clinical efficacy in
SCZ and bipolar disorder.

the resident bacteria in the human intestine [5–7],
peripheral inflammation associated with increased
intentinal permeability, caused by impaired tight
junction functioning [8], and consequently alterations in the systemic immune system [9–11].
Increased intestinal permeability, reported in
both SCZ and bipolar disorder, leads to translocation of bacterial and food-derived antigens from the
intestinal lumen to the systemic circulation. Leaking Gram-negative bacteria can stimulate the production of proinflammatory cytokines, such as IL-6
and IL-1b, through binding of the lipopolysaccharide (LPS) component of their cell walls to Toll-like
receptors (TLRs; i.e. TLR-4), expressed on monocytes, macrophages and microglia. The released
proinflammatory cytokines signal to the brain
peripherally via the vagus nerve or directly via the
circumventricular organs (regions of the blood–
brain barrier with relative permeability) [12,13].
Microglia, resident macrophage-like cells in the central nervous system (CNS), is one of the main components in developing the whole CNS neural
circuitry [14]. Therefore, overactivation of the
proinflammatory cytokines can affect the patterning and wiring within the CNS [15–17] (Fig. 1).
Probiotics are defined as living microorganisms
conferring health benefits to the host when administered in adequate amounts [18]. The main bacterial
genera used as probiotics in both animal and human
studies are the Lactobacillus and Bifidobacterium genera
[18–21]. Probiotics are now available as tablets, capsules, sachets, wafers, in fermented milks or drinks, in
yogurts and cheese and even in chocolates. Currently,
they can be obtained from pharmacies, drugstores,
grocery stores, health food stores or from webshops
[22]. Recently, Dinan et al. [23] proposed the concept of ‘Psychobiotics’ to emphasize the potential of
probiotics in the treatment of mental disorders.
Hence, a better understanding of gut microbiome dysbiosis and its involvement in the development of SCZ and bipolar disorder could enhance
186
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the treatment outcomes. This review aims to provide an overview on this emerging research field and
summarize the existent microbiome studies in SCZ
and bipolar disorder. This review also summarizes
current clinical research using probiotic supplementation to improve symptoms and cognition in
patients with severe mental disorders.

OVERVIEW OF CURRENT CLINICAL
RESEARCH ON MICROBIOME DYSBIOSIS
IN SCHIZOPHRENIA AND BIPOLAR
DISORDER
Compiled data from the MetaHit and the Human
Microbiome Project identified 2172 species isolated
from human beings, classified into 12 different
phyla, of which 93.5% belonged to Proteobacteria,
Firmicutes, Actinobacteria and Bacteroidetes [24]. The
Bacteroidetes and Firmicutes are conserved almost in
all individuals, although the relative proportions of
these phyla may vary [25]. However, when considered at the level of bacterial species, the variation in
the composition of interindividual microbial communities is considerably greater than that observed
at the phylum level [26].

Gastrointestinal tract
There is a total of seven studies on the gut microbiome composition in both SCZ and bipolar disorder published within the past 2 years. Out of the
total seven published studies, there were two performed in SCZ patients and five in patients diagnosed with bipolar disorder (Table 1).
The study of Nguyen et al. [27 ] was the first to
provide evidence for an altered intestinal microbiome in 25 chronic SCZ patients in the United
States with reference to 25 nonpsychiatric comparison controls. After controlling demographic and
clinical factors that may influence microbial composition, significant differences in the overall composition and levels of specific bacterial taxa in the
intestinal microbiome between the two groups were
found. Differences in abundance for multiple taxas
have been observed between groups, including
decreased relative abundance of phylum Proteobacteria and genera Haemophilus, Sutterella and Clostridium and increased relative abundance of genus
Anaerococcus in SCZ patients compared with nonpsychiatric comparison controls. In addition, they
found that the composition of the intestinal microbiome was associated with psychopathology.
Increased Ruminococcaceae was correlated with
decreased negative symptoms while increased Bacteroides with worsened depressive symptoms. However, the study had several limitations as a small
&&
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FIGURE 1. Overview of the gut-derived immune activation leading to neuronal inflammation in schizophrenia and bipolar
disorder patients. (1) Different pathogens and/or microbial dysbiosis can impair tight junction via myosin light chain II
phosphorylation and perijunctional actomyosin ring contraction. Impaired tight junctions will result in increased intestinal
permeability. (2,3) Increased intestinal permeability leads to leakage of food-derived, microbial-derived, bacterial-derived and
parasitic antigens from the intestinal lumen to the systemic circulation. Leaking Gram-negative bacteria can stimulate the
production of proinflammatory cytokines, such as IL-6 and IL-1b, through binding of the lipopolysaccharide component of their
cell walls to Toll-like receptors (i.e. Toll-like receptor-4), expressed on monocytes, macrophages and microglia. (4)
Subsequently, that activates an inflammatory response, with the production of proinflammatory cytokines and chemokines that
can signal to the brain peripherally via the vagus nerve or directly via the circumventricular organs. Microglia overactivation
in the brain will be an end result. This inflammatory cascade can affect the central nervous system functioning and increase the
symptom severity in psychiatric disorders.

sample size, not considering several factors such as
psychotropic drug use, differences in nutrition and
lifestyle behaviours between the groups, comorbid

illnesses and their effect on the intestinal microbiome. Furthermore, the cross-sectional design
restricted the ability to test the causality between
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SCZ: 25
NC: 25

SCZ: 64
NC: 53

BD: 113
UR: 39
NC: 77

BD: 32
NC: 10

Shen et al. [28]

Coello et al. [33]

Painold et al. [35]

&&

Sample size

Nguyen et al. [27 ]

Reference

Sex (M/F)
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SCZ: 36/28
NC: 35/18

BD: 41.3 (14.7)
NC: 31.4 (7.6)

BD: 18/14
NC: 4/6

BD: 31 (26–39)
BD: 43/70
UR: 28 (22–34)
UR: 18/21
NC: 29 (24.5–40.5) NC: 30/47

SCZ: 42 (11)
NC: 39 (14)

SCZ: 52.9 (11.2) SCZ: 11/14
NC: 54.7 (10.7)
NC: 10/15

Mean age (SD)

Phylum level: " Actinobacteria
and Coriobacteria (class)
Genus level: #Ruminococcaceae
and Faecalibacterium

Phylum level: N/A
Genus level: Flavonifractor was
present in 61% of patients with
BD, 42% of their unaffected
relatives and 39% of healthy
individuals. In BD PTs, that was
associated with smoking and
female sex

Phylum level: " Proteobacteria,
Fusobacteria
Genus level: " Succinivibrio,
Megasphaera, Collinsella,
Clostridium, Klebsiella and
Methanobrevibacter # Blautia,
Coprococcus and Roseburia

Phylum level: #Proteobacteria
Genus level: "Anaerococcus #
Haemophilus, Sutterella and
Clostridium

Changes in taxonomic
composition (in PT
compared with NC)

Negative correlation between microbial
alpha-diversity and illness duration in
BD (R ¼ 0.408, P ¼ 0.021)
Identified bacterial clades associated
with inflammatory status, serum lipids,
TRP, depressive symptoms, oxidative
stress, anthropometrics and metabolic
syndrome in individuals with BD
The phylum Actinobacteria (LDA ¼ 4.82,
P ¼ 0.007) and the class Coriobacteria
(LDA ¼ 4.75, P ¼ 0.010) significantly
more abundant in BD PTs compared
with NC. Ruminococcaceae
(LDA ¼ 4.59, P ¼ 0.018) and
Faecalibacterium (LDA ¼ 4.09,
P ¼ 0.039) more abundant in NC
compared with BD

N/A

Several metabolic pathways differed
significantly between NC and SCZ
cohorts: vitamin B6, fatty acid, starch
and sucrose, tryptophan, cysteine,
methionine and linoleic acid
metabolism, as well as the
degradation of some xenobiotics

Greater severity of depressive symptoms
was correlated with greater
abundance of genus Bacteroides
(r ¼ 0.70; P ¼ 0.0002)
Increased negative symptoms were
associated with decreased abundance
of family Ruminococcaceae (r ¼ 0.74;
P ¼ 0.0002)
Overall self-reported mental well being
was positively correlated with phylum
Verrucomicrobia (r ¼ 0.63; P ¼ 0.002)

Association with clinical features

Table 1. Clinical trials on gut microbiome dysbiosis in patients with schizophrenia and bipolar disorder

Cross-sectional
Small sample size
All BD in-patients in an acute
episode of bipolar depression
which may influence microbial
diversity (stress associated by
relapse, need of higher doses
of medication and
polypharmacy, lifestyle changes
due to hospital admission; diet,
physical activity, smoking
habits, sleep quality)
-No explicit assessment/
standardization of diet /lifestyle
parameters

Cross-sectional
Small UR sample size
Self-reported physical activity
No dietary information
No information on bowel
movements or stool consistency

Cross-sectional
Small sample size
Limited population (only
Chinese Han nationality)
They did not, completely,
eliminate the effect of
antipsychotics on the gut
microbiome

Cross-sectional
Small sample size
Comorbid medical illnesses
(e.g. diabetes, hypertension),
which can cause microbial
differences, were not taken into
consideration

Limitations

Schizophrenia and related disorders
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BD on AP: 46.0
(12.0)
BD off AP: 51.7
(13.5)

BD: 50.2 (12.8)
NC: 48.6 (16.6)

FEP: 25.9 (5.5)
NC: 27.1 (6.0)

Mean age (SD)

BD on AP:
12/34
BD off AP:
21/48

BD: 32/83
NC: 24/40

FEP: 16/12
NC: 8/8

Sex (M/F)

AP-treated PTs " Lachnospiraceae
Non-AP-treated PTs " Akkermansia
and Sutterella

Phylum level: N/A
Genus level: #Faecalibacterium
#unclassified (family level:
Ruminococcaceae)

Families: FEP " Lactobacillaceae,
Halothiobacillaceae,
Brucellaceae and
Micrococcineae, #
Veillonellaceae
Genera: FEP " Lactobacillus,
Tropheryma, Halothiobacillus,
Saccharophagus,
Ochrobactrum, Deferribacter
and Halorubrum # Anabaena,
Nitrosospira and Gallionella

Changes in taxonomic
composition (in PT
compared with NC)

Akkermansia # in nonobese AP-treated
PTs

OTU00003 (Faecalibacterium)
associated with improved physical
health, depression and sleep quality
scores; OTU00024 (Anaerostipes) and
OTU00025 (Ruminococcaceae family,
unresolved at genus level) associated
with improved physical health, while
an unclassified genus from the family
OTU00022 (Enterobacteriaceae
family, unresolved at the genus level)
associated with worse physical health
scores

Lachnospiraceae, Bacteroides spp.,
Lactobacillus correlated with increased
psychotic symptoms. Lachnospiraceae,
Bacteroides spp., and predominant
bacteria identified by the authors
Lachnospiraceae (Eubacterium rectale
group), Ruminococcaceae (Clostridium
leptum group), Bacteroides spp.,
Atopobium group, bifidobacteria,
Lactobacillus-group (genera
Lactobacillus, Leuconostoc,
Pediococcus and Weissella)

Association with clinical features

Illness’ duration, disease’s
indicators and symptom severity
were not taken into
consideration
Comorbid medical conditions/
other metabolic biomarkers
effect on microbiome needed
further investigation
No dietary information

Cross-sectional
Inability to control for
medication use and compliance

Small sample size
No community-level
characteristics reported (alpha
and beta-diversity)
A model predicting remission
only used top 5 families rather
than the entire population
More specific information about
the/examination of the impact
of AP medication use

Limitations

"# Arrows indicate an increase or decrease in relative abundance when referring to taxonomic differences. NB: All studies are arranged in a reversed chronological order (from the newest to oldest). AP, antipsychotics;
BD, bipolar disorder; FEP, first episode patients; LDA, linair discriminant analysis; N/A, not available; NC, nonpsychiatric comparison control; PT, patient; SCZ, schizophrenia; TRP, tryptophan; UR, unaffected firstdegree relative.

Flowers et al. [39 ]

BD on AP: 46
BD off AP: 69

BD: 115
NC: 64

Evans et al. [37]

&

FEP: 28
NC: 16

Sample size

Schwarz et al. [36]

Reference

Table 1 (Continued)
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the microbiome dysbiosis and symptom severity.
Another, a larger study, accessing 64 SCZ patients
and 53 nonpsychiatric comparison controls, from
Shen et al. [28] also observed significant differences,
in both phylum and genus levels, in intestinal
microbiome between SCZ patients and nonpsychiatric comparison controls. In addition, several metabolic pathways including vitamin B6, fatty acid,
starch and sucrose, tryptophan, cysteine, methionine and linoleic acid as well as the degradation of
some xenobiotics differed significantly between the
healthy and SCZ cohorts. Despite several limitations
that are very similar to the study mentioned above,
the study managed to introduce the idea of microbiome-based diagnosis for SCZ. As they distinguished the two groups, SCZ patients and
nonpsychiatric comparison controls, based on 12
– characteristic quantity of bacteria. Regarding SCZ
studies, there are general inconsistencies in the
presence of Proteobacteria and Clostridium as studies’
outcomes. This might have arisen from the heterogeneity in sample characteristics across studies. Furthermore, the presence or absence of certain chronic
diseases can affect the intestinal microbiome. Therefore, more studies with better and controlled designs
are required to outline a clearer picture.
Regarding the effect of antipsychotics on the gut
microbiome, a recent large-scale in-vitro study investigated the effect of more than 1000 non-antibiotic
drugs on gut microbiome found that nearly all subclasses of the chemically distinct antipsychotics
exhibited anticommensal activity. Moreover, similarity analysis indicated that they targeted a more
similar pattern of species than what would be
expected from their chemical similarity. This could
mean that direct bacterial inhibition may be relevant
to the mechanism of action and/or side effects of
antipsychotics [29]. The impact of atypical antipsychotics on the gut microbiota has been also investigated. Olanzapine-induced weight gain was observed
in both male and female rats producing an altered
microbiota profile with an increase in Firmicutes and a
decrease in Bacteroidetes. This impact of olanzapine in
rodents is not seen in germ-free animals, supporting
that the weight gain is mediated by the gut microbiota. The weight gain is also attenuated when the
olanzapine is coadministered with antibiotics or prebiotics [30,31]. The impact of chronic (>12 months)
and short-term use of the atypical antipsychotic risperidone on the gut microbiome of paediatric psychiatrically ill male patients was examined in a crosssectional and prospective (up to 10 months) study.
Chronic treatment with risperidone was associated
with an increase in BMI and a significantly lower ratio
of Bacteroidetes: Firmicutes as compared with antipsychotic-naı̈ve psychiatric controls [32].
190
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Five other studies are assessing the intestinal
microbiome dysbiosis in patients with bipolar disorder in comparison with nonpsychiatric comparison
controls. Most recently, a study from Coello et al. [33]
found that the intestinal microbial community of
113 bipolar disorder patients differed from that of 77
nonpsychiatric comparison controls but not from 39
unaffected first-degree relatives. Most noticeable was
an increased abundance of Flavonifractor in the bipolar disorder group compared with nonpsychiatric
comparison subjects and unaffected first-degree relatives. However, this could be caused by the much
higher prevalence of smoking among bipolar disorder patients [34]. Painold et al. [35] also found a
decrease in abundance of Faecalibacterium and Ruminococcaceae in 32 bipolar disorder patients in comparison with 10 nonpsychiatric comparison controls. In
addition to this, they found that both the phylum
Actinobacteria and the class Coriobacteria were significantly more abundant in bipolar disorder compared
with nonpsychiatric comparison controls. An additional study from Schwarz et al. [36] compared 28 first
episode psychosis bipolar disorder patients with 16
nonpsychiatric comparison controls. They found
multiple significant differences in multiple bacteria
strains (details mentioned in Table 1). They concluded that the numbers of Lactobacillus were elevated in the first episode bipolar disorder patients,
which correlated significantly with severity along
different symptoms domains. Stronger microbiome
differences also seemed to indicate poorer response
up to 12 months of treatment. Study design could
have been improved by adding bipolar disorder
patients with long-term illness. Evans et al. [37] studied the gut-microbiome changes in bipolar disorder
patients compared with nonpsychiatric comparison
mortals and tested for relationships with burden of
disease measurements. They reported that less abundance of a strain of Faecalibacterium was associated
with improved physical health, improvement on
depression scores and sleep quality scores. However,
they did not take medication use into account
while lithium, antidepressants and other psychopharmacology agents have been proven to have an
antibiotic effect [38]. An attempt to disentangle medication and disease factors on the intestinal microbiome in BP was conducted by Flowers et al. [39 ]
comparing two groups of bipolar disorder patients,
46 patients on atypical antipsychotics users and 69
non-users. This study found differences in abundance in Lachnospiraceae, Akkermansia and Sutterella.
The first one was increased in the group using atypical
antipsychotics and the latter two were increased
in the nonatypical antipsychotics group. Common
limitations are that all performed studies are crosssectional and most have a relatively small sample
&
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size. In addition, it is always difficult to differentiate
between disease factors, medication effect and
effects due to illness-related behaviour. Especially
in the field of microbiome studies these factors are
heavily intertwingled and cannot be isolated with
current available studies. It can be concluded that
there are clear differences between the microbiome
of bipolar disorder patients in comparison with
nonpsychiatric controls but there is a little overlap
of observed differences in bacterial strains in-between
studies.
In regard to the effect of psychotropics on the
gut microbiome, a recent in-vitro study showed
fluoxetine and escitalopram to have differential
antimicrobial effects. In addition, lithium, valproate
and aripiprazole administration significantly
increased microbial species richness and diversity,
whereas the other treatments were not significantly
different from controls. At the genus level, several
species belonging to Clostridium, Peptoclostridium,
Intestinibacter and Christenellaceae were increased
following treatment with lithium, valproate and
aripiprazole when compared with the control
group. Rats treated with escitalopram, venlafaxine,
fluoxetine and aripiprazole exhibited an increased
permeability in the ileum [31].

Oropharynx
Substantial, oropharynx microbiome changes were
also reported in SCZ patients. One metagenomic
study assessed the bacteriophage genomes in the
oral pharynx of 41 SCZ patients and 33 nonpsychiatric comparison controls. A significant difference
was found in one bacteriophage genome; Lactobacillus phage phiadh, what correlated with the prevalence of immunological disorders as well as with the
administration of valproate [40]. Lactobacillus phage
phiadh modulates the host bacteria level Lactobacillus gasseri, which has been shown to modulate the
immune system, largely by alterations in the function of dendritic cells, enterocytes and other components of the innate immune system [41,42].
Another metagenomic study investigated the oropharyngeal microbiome in 16 SCZ patients and
16 nonpsychiatric comparison controls. A relatively
high abundance of lactic acid bacteria was reported
in SCZ patients, including species of Lactobacilli and
Bifidobacterium, which have been shown to modulate chronic inflammation. A significant difference
was observed in L. gasseri (about 400 times more
abundant in SCZ compared with nonpsychiatric
comparison controls) [43]. Both oropharynx and
gut mediated inflammation seem to share a similar
mechanism and contribute to the development of
psychiatric disorders of action.

Overall, for these studies assessing the microbiome in both SCZ and bipolar disorder, a general
trend can be observed of differences in commensal
microorganisms between these psychiatric disorders
patients and nonpsychiatric controls. These differences have been found to correlate with the severity
of psychiatric symptoms. However, vast conclusions
should be taken with some consideration as all
studies have major differences in study design and
a lot have not taken outside factors proven to be of
influence in microbiome composition into account
(e.g. medication, metabolic syndrome, diet and
smoking).

POSSIBLE THERAPEUTIC VALUE OF
PROBIOTICS IN SCHIZOPHRENIA AND
BIPOLAR DISORDER
To treat dysbiosis of the microbiome and thus indirectly increased intestinal permeability probiotic supplementation could be of aid. Probiotics are defined as
living microorganisms that confer health benefits to
the host when administered adequately [18]. They
may elicit positive immunomodulatory effects by calibrating the responses of the host’s immune system
against pathogens and nonpathogenic organisms. As
they stimulate pattern recognition receptors, which
mediate the detection of bacterial antigens, and then
activate signaling cascades regulating the immune
response [44]. Studies assessing the effect of probiotics
on hippocampal brain-derived neurotrophic factor
(BDNF) in a model of low-grade colitis (AKR mice),
which was associated with decreased levels of hippocampal BDNF, showed that the abnormal behaviour
was reversed. They suggest that in rats probiotics
promote expression of the neurotrophin under conditions of chronic stress, inflammation and ageing,
most likely by reducing microglia activation [45,46].
In addition, changes have been observed in the expression of other neurotrophic factors such as glial-derived
neurotrophic factor and nerve growth factor in antibiotic-treated mice [47]. A recent study in obese-insulin resistant rats showed that hippocampal oxidative
stress, apoptosis and microglial activation were significantly decreased with probiotic supplementation
restoring cognitive function [48].
Another reason to consider probiotic supplementation in SCZ and bipolar disorder patients is
the high prevalence of gastrointestinal symptoms.
In SCZ, constipation is a prevalent symptom [49–
51]. Probiotics have been shown to improve constipation in different populations but haven’t yet been
studied in SCZ [52–54]. Bipolar disorder, in contrast,
is associated with diarrhoea and satiety, a gastrointestinal symptom for which probiotics are recognized to be efficacious [55]. Therefore, probiotics
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could form a potential add-on treatment in SCZ and
bipolar disorder especially in patients with increased
intestinal permeability.

OVERVIEW OF CURRENT CLINICAL
RESEARCH USING PROBIOTICS IN
SCHIZOPHRENIA AND BIPOLAR
DISORDER
Currently, there are a total of six clinical studies
published in which probiotics are administered in
both SCZ and bipolar disorder patients (Table 2).
Out of the total six published studies, there are four
targeting SCZ patients and only two targeting bipolar disorder patients.

Probiotics for patients with schizophrenia
A recent study of Okubo et al. [56], illustrates the
potential effect of Bifidobacterium breve strain A1 in
improving anxiety and depressive symptoms in 29
patients with SCZ. However, they found this potential effect in an open-label, single-arm study so a
placebo effect cannot be excluded. In another pilot
study, the group of Severance et al. [57] found that
the administration of probiotics in patients with
SCZ significantly helped normalize Candida albicans
antibody levels and C. albicans-associated gut discomfort in 22 male individuals. In a study by Tomasik et al. [58] 47 immune-related serum proteins
were measured in 57 chronic SCZ patients after
supplementation with probiotics. They found that
probiotic add-on treatment significantly reduced
levels of von Willebrand factor and increased levels
of monocyte chemotactic protein-1 and BDNF,
which may suggest lower intestinal permeability.
In addition to this, a borderline difference in chemokine (C-C motif) ligand 5 and macrophage
inflammatory protein-1 beta was found. Lastly,
Dickerson et al. [59] did not find significant differences on the Positive and Negative Syndrome Scale
(PANSS) score in a study, whereas 33 patients
received probiotic supplementation and 32 received
a placebo. However, patients diagnosed with SCZ in
the probiotic group were less likely to develop severe
bowel difficulty over the course of the trial.
Consistent is that these studies found that probiotics could possibly alleviate bowel discomfort,
which is a common nuisance in SCZ. However,
results of studies so far displayed limited consistency
regarding reduction of psychiatric symptoms.

Probiotics for patients with bipolar disorder
Regarding clinical studies with probiotic supplementation in bipolar disorder, Dickerson et al.
192
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[60 ] found that probiotics are associated with a
lower rate of rehospitalization in 66 patients who
have been recently discharged following hospitalization for mania. The probiotic’s effect was
increased in individuals with elevated levels of systemic inflammation at baseline based on IgG class
antibodies to the NR2 peptide fragment of the NMethyl-D-aspertic acid (NMDA) receptor; IgG class
antibodies to gliadin; IgG class antibodies to the
Mason-Pfizer monkey virus gag protein, and IgM
class antibodies to Toxoplasma gondii. Another
recent study from Reininghaus et al. [61] found a
significant improvement in performance concerning attention and psychomotor processing speed in
20 patients and thus hypothesized that probiotic
supplementation helps individuals with bipolar disorder to improve cognitive functioning. As a single
arm study design was used, any influence of a placebo effect cannot be excluded.
These studies point to probiotic supplementation alleviating bowel discomfort so more data
underlining these findings will be valuable. The
available results seem to hint to improved cognition
in at least bipolar disorder and possibly SCZ. It
would be valuable if future studies could take cognitive functioning into account, as well as subjective
wellbeing and immunological/inflammatory biomarkers. For a full picture, future studies should also
stratify for sex and baseline inflammation to work to
individualized treatment.

Intestinal permeability
To make a precise assesment of intestinal permeability
in future studies, reliable biomarkers need to be established. Several studies report that patients experiencing SCZ and bipolar disorder have abnormal reactions
to food-derived antigens, indicative for increased
intestinal permeability. Patients with SCZ were found
to have increased IgA to gliadin, b-lactoglobulin and
casein [62]. A large study of SCZ patients and nonpsychiatric comparison controls from the The Clinical
Anti-psychotic Trials for intervention Effectiviness
(CATIE) study demonstrated that 23.1% of patients
had moderate-to-high levels of IgA to gliadin (IgAantigliadin antibodies) compared with 3.1% in the
control group [63]. In another study, patients with
the recent-onset of psychosis and patients with multiepisode SCZ had increased levels of IgG and IgA antibodies to gliadin compared with controls. In this
study, PANSS scores for negative symptoms correlated
with casein a and b antibodies [64].
Dickierson et al. found that bipolar disorder
patients had elevated serum concentrations of IgG
to gliadin and deamidated gliadin in comparison
with controls [65]. In a follow-up study, it was found
Volume 32  Number 3  May 2019
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Mean age

Sex
(M/F)

Study compound
(way of administration:
orally)

Biomarker(s)/outcome
measurements

Difference between
INT and comparison
groups

Association with
clinical features
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BD: 20

INT: 51.5
(11.5)

INT: 11/9 Strain(s): Lactobacillus casei W56,
Lactobacillus acidophilus W22,
Lactobacillus paracasei W20,
Bifidobacterium lactis W51,
Lactobacillus salivarius W24,
Lactococcus lactis W19,
Bifidobacterium lactis W52,
Lactobacillus plantarum W62,
Bifidobacterium bifidum W23
Daily amount: 2.25  1010 cfu
Form: sachet
Frequency: once daily (empty
stomach)
Treatment time: 12 weeks

TMT-A, digit symbol test, TMT-B Digit symbol test
Digit-span-test, Mittenecker
(P < 0.001), TMT-B
Pointing Test
(P < 0.05)

Probiotic supplementation may
increase cognitive function in
patients with BD

Treatment received after
hospital discharge was not
standardized
The sample may not have fully
representative of patients
hospitalized for mania
Effect of probiotics on gut
microbiome/inflammation in
CNS is not directly measured
Open-label, single-arm study
Small sample size
Small cognitive test battery
Medications/lifestyle changes
were not taken into
consideration

Open-label, single-arm study
Not able to detect all targeted
cytokines in clinical samples
Investigated SCZ patients on
stable, long-term
antipsychotics, but immune
modularly effect still possible
A small number of immunerelated serum proteins
identified as significantly or
borderline different between
two groups
Not a detailed measurement
of gastrointestinal functioning
No complete history of
participants’ gastrointestinal
symptoms and associated
symptoms obtained

Interpretation of study results
is limited by exploratory
nature and small sample sizes

Short treatment duration (4
weeks)
Open-label, single-arm study

Limitations

NB: Publications are arranged in a reversed chronological order (from newest to oldest). BD, bipolar disorder; BPRS, Brief Psychiatric Rating Scale; CNS, central nervous system; HADS, Hospital Anxiety and Depression
Scale; INT, intervention; MADRAS, Montgomery-Åsberg Depression Rating Scale; PANSS, Positive and Negative Syndrome Scale; PL, placebo; SCZ, schizophrenia; TMT-A, Trial Masking Test A; TMT-B, Trial Masking
Test B; YMRS: Young mania rating scale.

Reininghaus
et al. [61]

PANSS, query gastrointestinal PANSS (P ¼ 0.25),
Probiotic supplementation may
Dickerson et al. SCZ: 65 (33/32) INT: 44.4 INT: 23/47 Strain(s): Lactobacillus rhamnosus
functioning
gastrointestinal
make SCZ patients less likely
[59]
(11.0)
PL: 19/40
strain GG, Bifidobacterium
functioning (P ¼ 0.003)
to develop severe bowel
PL: 48.1 (9.4)
animalis subs. Lactis strain Bb12
9
difficulties
Daily amount: 10 cfu (per
organism)
Form: tablet
Frequency: once daily (w. food)
Treatment time: 14 weeks
BD: 66 (33/33)
INT: 37.9
INT: 9/24 Strain(s): Lactobacillus rhamnosus
Time to psychiatric inpatient
Time to psychiatric inpatient Probiotic supplementation may
Dickerson &
(11.7)
PL: 15/18
strain GG, Bifidobacterium
rehospitalization, BPRS,
rehospitalization
alter clinical course following
et al. [60 ]
PL: 33.3 (13.3)
animalis subs. Lactis strain Bb12
symptom assessment (YMRS),
(P ¼ 0.017)
mania and lessen psychiatric
Daily amount: >108 cfu
MADRAS
BPRS (P < 0.0001), YMRS
symptom severity in BD
Form: tablet
(P < 0.0001)
Frequency: once daily (w. food)
Treatment time: 24 weeks

SCZ: 29

Sample size
(INT/PL)

INT: 45 (16) INT: 11/17Strain(s): Bifidobacterium breve A-1 HADS, PANSS, blood test,
HADS (P ¼ 0.037), PANSS Probiotic supplementation may
Daily amount: 1011 cfu
faecal microbiome
(P ¼ 0.004)
reduce the severity of anxiety
Form: sachet
and depressive symptoms in
Frequency: twice daily (w. food)
SCZ by enhancement of gut
Treatment time: 4 weeks
epithelial barrier function
Levels of antibodies to C.
Severance et al.
SCZ: 56
INT: 44.7
C. albicans IgG level in
INT: 22/8 Strain(s): Lactobacillus rhamnosus
Probiotic supplementation may
albicans and S. cerevisiae
[57]
(11.4)
males (P < 0.001),
PL: 15/11
strain GG, Bifidobacterium
lead to improvement of bowel
PANSS, query gastrointestinal PANSS in seronegative
PL: 48.11 (9.6)
animalis subs. Lactis strain Bb12
functions due to correction of
9
functioning
C. albicans males
Daily amount: 10 cfu (per
yeast overgrowth
organism)
(P < 0.06)
Form: tablet
Frequency: once daily (w. food)
Treatment time: 14 weeks
47 immune-related serum
von Willebrand factor
Probiotic supplementation may
Tomasik
SCZ: 57 (30/27) INT: 44.8
INT: 22/9 Strain(s): Lactobacillus rhamnosus
proteins
(P ¼ 0.047), monocyte
improve gastrointestinal
et al. [58]
(11.2)
PL: 16/11
strain GG, Bifidobacterium
chemotactic protein-1
leakage control in SCZ
PL: 48.1 (9.2)
animalis subs. Lactis strain Bb12
9
(P ¼ 0.054), brain-derived
Daily amount: 10 cfu (per
organism)
neurotrophic factor
Form: tablet
(P ¼ 0.063), RANTES
Frequency: once daily (w. food)
(P ¼ 0.069), macrophage
Treatment time: 14 weeks
inflammatory protein-1
beta (P ¼ 0.080)

Okubo et al.
[56]

Publication

Table 2. Clinical trials on probiotic supplementation in patients with schizophrenia and/or bipolar disorder
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that patients with manic symptoms had increased
baseline IgG to gliadin, which normalized after
6 months of treatment [66]. In the same study,
rehospitalized patients during a 6-month followup period were more likely to have increased IgG
to gliadin compared to at the beginning of the
follow-up. Two markers of bacteria translocation,
soluble CD14 (sCD14) and LPS are reliabile canditates as Severance et al. compared serum samples of a
cohort of 141 individuals with SCZ, 75 bipolar disorder and 78 nonpsychiatric comparison controls
and from a second cohort of individuals with firstepisode SCZ 78 who were antipsychotic-naı̈ve or 38
who had received antipsychotic medication. sCD14
was significantly higher in both SCZ and bipolar
disorder. LPS-binding protein was higher in SCZ
than bipolar disorder but there was no significant
difference between nonpsychiatric comparison controls and cases. Both markers where significantly
correlated with c-reactive protein [67].

CONCLUSION
Although the multiple interactions between the gut
microbiota, the immune system, and the CNS have
not been fully understood yet, the current data
indicate that there are differences in the microbiome in both SCZ and bipolar disorder patients
as compared with nonpsychiatric comparison controls. Part of these differences may be caused by
medication use, other by smoking and other lifestyle
factors. Correlations between microbiome quantification and symptom severity have been observed in
cross-sectional studies, but no relications have been
conducted thus far. Probiotic supplementation was
shown not only to alleviate gastrointestinal complaints in bipolar and SCZ patients but also to reduce
rehospitalization rates, improvement on cognitive
tasks and potentially reducement of symptom severity. Replication of findings as well as studies investigating the predictive role of intestinal permeability
biomarkers is needed. Although the term probiotic
has gained substantial public attention and become
part of the wider vocabulary, it is important to
clarify that many commercially available strains
marketed as probiotics have never been tested in
clinical trials and therefore by definition would not
meet the criteria of conferring a health benefit.
Acknowledgements
The authors thank Jenny Borkent, Anouk van Mourik,
Bea Sloothaak and Saskia van Hemert for their critical
reading of the article. We would also like to thank Ahmed
Eltokhi, Doaa Ali, Ahmed M. Disouky, Amr El-Araby
and Abdelrahman A. Fouad for their assistance and
suggestions.
194

www.co-psychiatry.com

Financial support and sponsorship
The research was supported by grants from the Stanley
Medical Research Institute and ZonMW.
Conflicts of interest
There are no conflicts of interest.

REFERENCES AND RECOMMENDED
READING
Papers of particular interest, published within the annual period of review, have
been highlighted as:
&
of special interest
&& of outstanding interest
1. World Health Organization. Mental disorders 2018, Available from: https://
www.who.int/news-room/fact-sheets/detail/mental-disorders.
2. Tandon R, Nasrallah HA, Keshavan MS. Schizophrenia, ‘just the facts’ 5. Treatment
and prevention. Past, present, and future. Schizophr Res 2010; 122:1–23.
3. Saha S, Chant D, McGrath J. A systematic review of mortality in schizophrenia: is the differential mortality gap worsening over time? Arch Gen
Psychiatry 2007; 64:1123–1131.
4. Perlis RH, Ostacher MJ, Patel JK, et al. Predictors of recurrence in bipolar disorder:
primary outcomes from the Systematic Treatment Enhancement Program for
Bipolar Disorder (STEP-BD). Am J Psychiatry 2006; 163:217–224.
5. Fond G, Boukouaci W, Chevalier G, et al. The ‘psychomicrobiotic’: targeting
microbiota in major psychiatric disorders: a systematic review. Pathol Biol
2015; 63:35–42.
6. Nemani K, Hosseini Ghomi R, McCormick B, Fan X. Schizophrenia and the gut–
brain axis. Prog Neuropsychopharmacol Biol Psychiatry 2015; 56:155–160.
7. Dickerson F, Severance E, Yolken R. The microbiome, immunity, and schizophrenia and bipolar disorder. Brain Behav Immun 2017; 62:46–52.
8. Ohland CL, Macnaughton WK. Probiotic bacteria and intestinal epithelial barrier
function. Am J Physiol Gastrointest Liver Physiol 2010; 298:G807–G819.
9. Anderson G, Maes M. Bipolar disorder: role of immune-inflammatory cytokines, oxidative and nitrosative stress and tryptophan catabolites. Curr Psychiatry Rep 2015; 17:8.
10. Rosenblat JD, Cha DS, Mansur RB, McIntyre RS. Inflamed moods: a review of
the interactions between inflammation and mood disorders. Prog Neuropsychopharmacol Biol Psychiatry 2014; 53:23–34.
11. Leboyer M, Berk M, Yolken RH, et al. Immuno-psychiatry: an agenda for
clinical practice and innovative research. BMC Med 2016; 14:173.
12. Daulatzai MA. Chronic functional bowel syndrome enhances gut–brain axis
dysfunction, neuroinflammation, cognitive impairment, and vulnerability to
dementia. Neurochem Res 2014; 39:624–644.
13. Kelly JR, Kennedy PJ, Cryan JF, et al. Breaking down the barriers: the gut
microbiome, intestinal permeability and stress-related psychiatric disorders.
Front Cell Neurosci 2015; 9:392.
14. Schafer DP, Lehrman EK, Kautzman AG, et al. Microglia sculpt postnatal
neural circuits in an activity and complement-dependent manner. Neuron
2012; 74:691–705.
15. Maezawa I, Jin LW. Rett syndrome microglia damage dendrites and synapses
by the elevated release of glutamate. J Neurosci 2010; 30:5346–5356.
16. Lee AS, Azmitia EC, Whitaker-Azmitia PM. Developmental microglial priming
in postmortem autism spectrum disorder temporal cortex. Brain Behav Immun
2017; 62:193–202.
17. Hui CW, St-Pierre A, El Hajj H, et al. Prenatal immune challenge in mice leads
to partly sex-dependent behavioral, microglial, and molecular abnormalities
associated with schizophrenia. Front Mol Neurosci 2018; 11:13.
18. Butel MJ. Probiotics, gut microbiota and health. Med Mal Infect 2014;
44:1–8.
19. Bercik P, Park AJ, Sinclair D, et al. The anxiolytic effect of Bifidobacterium
longum NCC3001 involves vagal pathways for gut–brain communication.
Neurogastroenterol Motil 2011; 23:1132–1139.
20. Tillisch K, Labus J, Kilpatrick L, et al. Consumption of fermented milk product
with probiotic modulates brain activity. Gastroenterology 2013;
144:1394–1401; 401.e1–4.
21. Savignac HM, Kiely B, Dinan TG, Cryan JF. Bifidobacteria exert strain-specific
effects on stress-related behavior and physiology in BALB/c mice. Neurogastroenterol Motil 2014; 26:1615–1627.
22. McFarland LV. From yaks to yogurt: the history, development, and current use
of probiotics. Clin Infect Dis 2015; 60(Suppl 2):S85–S90.
23. Dinan TG, Stanton C, Cryan JF. Psychobiotics: a novel class of psychotropic.
Biol Psychiatry 2013; 74:720–726.
24. Hugon P, Dufour JC, Colson P, et al. A comprehensive repertoire of prokaryotic
species identified in human beings. Lancet Infect Dis 2015; 15:1211–1219.
25. Lozupone CA, Stombaugh JI, Gordon JI, et al. Diversity, stability and resilience
of the human gut microbiota. Nature 2012; 489:220–230.

Volume 32  Number 3  May 2019

Copyright © 2019 Wolters Kluwer Health, Inc. All rights reserved.

Dysregulation of the gut--brain axis Genedi et al.
26. Eckburg PB, Bik EM, Bernstein CN, et al. Diversity of the human intestinal
microbial flora. Science 2005; 308:1635–1638.
27. Nguyen TT, Kosciolek T, Maldonado Y, et al. Differences in gut microbiome
&&
composition between persons with chronic schizophrenia and healthy comparison subjects. Schizophr Res 2018. [Epub ahead of print]
This was the first publication to provide evidence for an altered intestinal microbiome in chronic schizophrenia patients.
28. Shen Y, Xu J, Li Z, et al. Analysis of gut microbiota diversity and auxiliary
diagnosis as a biomarker in patients with schizophrenia: a cross-sectional
study. Schizophr Res 2018. [Epub ahead of print]
29. Maier L, Pruteanu M, Kuhn M, et al. Extensive impact of nonantibiotic drugs on
human gut bacteria. Nature 2018; 555:623–628.
30. Davey KJ, Cotter PD, O’Sullivan O, et al. Antipsychotics and the gut microbiome: olanzapine-induced metabolic dysfunction is attenuated by antibiotic
administration in the rat. Transl Psychiatry 2013; 3:e309.
31. Cussotto S, Strain CR, Fouhy F, et al. Differential effects of psychotropic
drugs on microbiome composition and gastrointestinal function. Psychopharmacology 2018. [Epub ahead of print]
32. Bahr SM, Tyler BC, Wooldridge N, et al. Use of the second-generation
antipsychotic, risperidone, and secondary weight gain are associated with
an altered gut microbiota in children. Transl Psychiatry 2015; 5:e652.
33. Coello K, Hansen TH, Sorensen N, et al. Gut microbiota composition in
patients with newly diagnosed bipolar disorder and their unaffected firstdegree relatives. Brain Behav Immun 2019; 75:112–118.
34. Biedermann L, Zeitz J, Mwinyi J, et al. Smoking cessation induces profound
changes in the composition of the intestinal microbiota in humans. PLoS One
2013; 8:e59260.
35. Painold A, Morkl S, Kashofer K, et al. A step ahead: exploring the gut
microbiota in inpatients with bipolar disorder during a depressive episode.
Bipolar Disord 2018. [Epub ahead of print]
36. Schwarz E, Maukonen J, Hyytiainen T, et al. Analysis of microbiota in first
episode psychosis identifies preliminary associations with symptom severity
and treatment response. Schizophr Res 2018; 192:398–403.
37. Evans SJ, Bassis CM, Hein R, et al. The gut microbiome composition associates
with bipolar disorder and illness severity. J Psychiatr Res 2017; 87:23–29.
38. Lieb J. The immunostimulating and antimicrobial properties of lithium and
antidepressants. J Infect 2004; 49:88–93.
39. Flowers SA, Evans SJ, Ward KM, et al. Interaction between atypical anti&
psychotics and the gut microbiome in a bipolar disease cohort. Pharmacotherapy 2017; 37:261–267.
The first clinical study to assess the effect of atypical antipsychotics on the gut
microbiota between two groups of patients with bipolar disorder.
40. Yolken RH, Severance EG, Sabunciyan S, et al. Metagenomic sequencing
indicates that the oropharyngeal phageome of individuals with schizophrenia
differs from that of controls. Schizophr Bull 2015; 41:1153–1161.
41. Luongo D, Miyamoto J, Bergamo P, et al. Differential modulation of innate
immunity in vitro by probiotic strains of Lactobacillus gasseri. BMC Microbiol
2013; 13:298.
42. Selle K, Klaenhammer TR. Genomic and phenotypic evidence for probiotic
influences of Lactobacillus gasseri on human health. FEMS Microbiol Rev
2013; 37:915–935.
43. Castro-Nallar E, Bendall ML, Perez-Losada M, et al. Composition, taxonomy
and functional diversity of the oropharynx microbiome in individuals with
schizophrenia and controls. PeerJ 2015; 3:e1140.
44. Reid G, Younes JA, Van der Mei HC, et al. Microbiota restoration: natural and
supplemented recovery of human microbial communities. Nat Rev Microbiol
2011; 9:27–38.
45. Bercik P, Verdu EF, Foster JA, et al. Chronic gastrointestinal inflammation
induces anxiety-like behavior and alters central nervous system biochemistry
in mice. Gastroenterology 2010; 139:2102–2112.e1.
46. Liang S, Wang T, Hu X, et al. Administration of Lactobacillus helveticus NS8
improves behavioral, cognitive, and biochemical aberrations caused by
chronic restraint stress. Neuroscience 2015; 310:561–577.

47. Aguilera M, Cerda-Cuellar M, Martinez V. Antibiotic-induced dysbiosis alters
host-bacterial interactions and leads to colonic sensory and motor changes in
mice. Gut Microbes 2015; 6:10–23.
48. Chunchai T, Thunapong W, Yasom S, et al. Decreased microglial activation
through gut–brain axis by prebiotics, probiotics, or synbiotics effectively
restored cognitive function in obese-insulin resistant rats. J Neuroinflammation 2018; 15:11.
49. De Hert M, Dockx L, Bernagie C, et al. Prevalence and severity of antipsychotic related constipation in patients with schizophrenia: a retrospective
descriptive study. BMC Gastroenterol 2011; 11:17.
50. De Hert M, Hudyana H, Dockx L, et al. Second-generation antipsychotics and
constipation: a review of the literature. Eur Psychiatry 2011; 26:34–44.
51. Koizumi T, Uchida H, Suzuki T, et al. Oversight of constipation in inpatients
with schizophrenia: a cross-sectional study. Gen Hosp Psychiatry 2013;
35:649–652.
52. Chmielewska A, Szajewska H. Systematic review of randomised controlled
trials: probiotics for functional constipation. World J Gastroenterol 2010;
16:69–75.
53. Miller LE, Ouwehand AC. Probiotic supplementation decreases intestinal
transit time: meta-analysis of randomized controlled trials. World J Gastroenterol 2013; 19:4718–4725.
54. Dimidi E, Christodoulides S, Fragkos KC, et al. The effect of probiotics on
functional constipation in adults: a systematic review and meta-analysis of
randomized controlled trials. Am J Clin Nutr 2014; 100:1075–1084.
55. Sherwin E, Sandhu KV, Dinan TG, Cryan JF. May the force be with you: the
light and dark sides of the microbiota–gut–brain axis in neuropsychiatry. CNS
Drugs 2016; 30:1019–1041.
56. Okubo R, Koga M, Katsumata N, et al. Effect of Bifidobacterium breve A-1 on
anxiety and depressive symptoms in schizophrenia: a proof-of-concept study.
J Affect Disord 2018; 245:377–385.
57. Severance EG, Gressitt KL, Stallings CR, et al. Probiotic normalization of
Candida albicans in schizophrenia: a randomized, placebo-controlled, longitudinal pilot study. Brain Behav Immun 2017; 62:41–45.
58. Tomasik J, Yolken RH, Bahn S, Dickerson FB. Immunomodulatory effects of
probiotic supplementation in schizophrenia patients: a randomized, placebocontrolled trial. Biomark Insights 2015; 10:47–54.
59. Dickerson FB, Stallings C, Origoni A, et al. Effect of probiotic supplementation
on schizophrenia symptoms and association with gastrointestinal functioning:
a randomized, placebo-controlled trial. Prim Care Companion CNS Disord
2014; 16:.
60. Dickerson F, Adamos M, Katsafanas E, et al. Adjunctive probiotic microor&
ganisms to prevent rehospitalization in patients with acute mania: a randomized controlled trial. Bipolar Disord 2018; 20:614–621.
The first clinical study to assess the effect of probiotic supplementation on bipolar
disorder patients.
61. Reininghaus EZ, Wetzlmair LC, Fellendorf FT, et al. The impact of probiotic
supplements on cognitive parameters in euthymic individuals with bipolar
disorder: a pilot study. Neuropsychobiology 2018; 1–8. [Epub ahead of print]
62. Reichelt KL, Landmark J. Specific IgA antibody increases in schizophrenia.
Biol Psychiatry 1995; 37:410–413.
63. Cascella NG, Kryszak D, Bhatti B, et al. Prevalence of celiac disease and
gluten sensitivity in the United States clinical antipsychotic trials of intervention effectiveness study population. Schizophr Bull 2011; 37:94–100.
64. Dickerson F, Stallings C, Origoni A, et al. Markers of gluten sensitivity and
celiac disease in recent-onset psychosis and multiepisode schizophrenia. Biol
Psychiatry 2010; 68:100–104.
65. Dickerson F, Stallings C, Origoni A, et al. Markers of gluten sensitivity and
celiac disease in bipolar disorder. Bipolar Disord 2011; 13:52–58.
66. Dickerson F, Stallings C, Origoni A, et al. Markers of gluten sensitivity in acute
mania: a longitudinal study. Psychiatry Res 2012; 196:68–71.
67. Severance EG, Gressitt KL, Stallings CR, et al. Discordant patterns of
bacterial translocation markers and implications for innate immune imbalances in schizophrenia. Schizophr Res 2013; 148:130–137.

0951-7367 Copyright ß 2019 Wolters Kluwer Health, Inc. All rights reserved.

www.co-psychiatry.com

Copyright © 2019 Wolters Kluwer Health, Inc. All rights reserved.

195

