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Abstract
Objective: In this article, the author aims to discuss and review the relationship between gut
microbiota and Tourette syndrome, and whether the change in gut microbiota can affect the
severity of Tourette syndrome.
Sources: Literature from PubMed, Google Scholar, and China National Knowledge Infrastructure
was mainly reviewed. Both original studies and review articles were discussed. The articles were
required to be published as of May 2022.
Summary of the findings: Current studies on the gut microbiome have found that the gut micro-
biome and brain seem to interact. It is named the brain-gut-axis. The relationship between the
brain-gut axis and neurological and psychiatric disorders has been a topic of intense interest.
Tourette syndrome is a chronic neurological disease that seriously affects the quality of life of
children, and there appears to be an increase in Ruminococcaceae and Bacteroides in the gut of
patients with Tourette syndrome. After clinical observation and animal experiments, there
appear to be particular gut microbiota changes in Tourette syndrome. It provides a new possible
idea for the treatment of Tourette syndrome. Probiotics and fecal microbial transplantation
have been tried to treat Tourette syndrome, especially Tourette syndrome which is not sensitive
to drugs, and some results have been achieved.
Conclusions: The relationship between gut microbiota and Tourette syndrome and how to allevi-
ate Tourette syndrome by improving gut microbiota are new topics, more in-depth and larger
sample size research is still needed.
© 2022 Published by Elsevier Editora Ltda. on behalf of Sociedade Brasileira de Pediatria. This is
an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/
by-nc-nd/4.0/).
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Introduction

Tourette syndrome (TS) is a chronic neurological disease,
which is common in children. As one of the most serious sub-
types of tic disorder (TD), the symptoms of TS include
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uncontrolled stereotyped movements and special sounds
(which can occur alternately), and the total duration of the
disease is more than 1 year.1 Epidemiology shows that the
incidence rate of TS in children is about 0.5%-0.8%.2,3

Although it is generally believed that most patients can
recover by themselves before the age of 18, in fact, about
1/3 of patients will continue their symptoms to adulthood.
At present, it is considered that the overall prevalence rate
of adults is about 0.01% - 0.09%.3 TS with severe symptoms
may have uncontrollable obscene behavior and obscene
speech (coprolalia), which will seriously affect the patient’s
quality of life and normal social activities.1,4 More effective
treatments are needed now.

The existing treatment methods mainly include non-drug
treatment and drug treatment Non-drug treatment mainly
includes comprehensive behavioral intervention for tics
(CBIT), psychoeducation and supportive therapy (PST),5 acu-
puncture, etc.6 However, because the above treatment
methods need the guidance of professionally trained doctors
and the active cooperation of patients (more suitable for
patients over 9 years old), the beneficiary population is rela-
tively small. At present, the drugs widely used in the treat-
ment of TS mainly include dopamine modulating agents,
alpha-2-adrenergic agonists, GABAergic medicines, and
other atypical neuroleptics; the development of the above
drugs is mainly based on the main etiology of TS, neurotrans-
mitter disorder, especially the disinhibition of the Cortical-
Striatum-Thalamus-Cortical Circuits. These drugs can allevi-
ate tic symptoms by adjusting neurotransmitter levels and
changing receptor sensitivity. Since most patients are chil-
dren, their nervous system is not fully developed, and ner-
vous system drugs are easy to affect their normal
development. Only a few drugs are recommended by
national guidelines, such as haloperidol, pimozide, aripipra-
zole, and tiapride.7,8 Even so, a large number of adverse
events have been reported, including sedation, dizziness,
drowsiness, muscle tremor, dyskinesia, other extrapyramidal
symptoms, and metabolic syndrome.9 At the same time,
because the total course of treatment may be more than
one year (sudden or rapid withdrawal may lead to the aggra-
vation of tic symptoms), this poses a great challenge to the
mental pressure and economic burden of patients. Now
more effective and safer methods are needed, especially for
TS with severe symptoms and poor response to drugs.

In recent years, the relationship between intestinal
microorganisms and nervous system diseases has gradually
attracted the attention of scholars all over the world.10,11

Intestinal microorganisms in the human body include bacte-
ria, archaea, microbial, eukaryotes, fungi, and viruses, with
a total number of 1013 to 1014, of which the total weight of
bacteria in the adult intestine can reach 1kg. These microor-
ganisms contain 100 times or more genes than human cells
do.12 The abundance, quantity and ratio of gut microbes are
dynamic and influenced by many factors. The human body
can limit oxygen access to the intestinal lumen in a number
of ways to maintain a physiologic hypoxic state in the intes-
tinal lumen.13 Intestinal microorganisms can affect the
activity of enzymes and thus the synthesis of neurotransmit-
ters. Some of their metabolites can repair the nervous sys-
tem and protect the blood-brain barrier. They can also
reduce or increase the secretion of inflammatory factors by
affecting the increment and recruitment of immune cells, so
12
as to change the inflammatory state of the intestinal and
nervous systems. Alterations in the gut microbiota appear to
correlate somewhat with the severity of many neurological
diseases, such as autism spectrum disorder (ASD), Parkin-
son’s disease (PD), depression, and epilepsy.14�17 At the
same time, fecal microbiota transplantation (FMT) seems to
improve the symptoms of these neurological diseases. It pro-
vides a new idea for the treatment of TS.

The aims of this review were as follows: (1) to explore
whether there are gut microbiota changes in patients with
TS; (2) whether such changes are characteristic; (3) brief
discussion of antipsychotic medications on gut microbiota;
(4) to discuss the current state of research on oral probiotics
and FMT for the treatment of TS.
Retrieval strategy and method

Literature from PubMed, Google Scholar, and China National
Knowledge Infrastructure was mainly reviewed. Keywords
include but are not limited to tic disorder, Tourette syn-
drome, gut microbiota, intestinal flora, brain-gut axis, fecal
microbial transplantation, and probiotics. The articles were
required to be published as of May 2022. Two researchers
(Junze Geng, Can Liu) screened the retrieved literature. If
there were differences, the third researcher (Xinmin Li)
would decide whether to include the literature in the discus-
sion. Finally, 8 articles met the requirements, including 3
animal experiments with 5 clinical types of research.
Brain-gut axis

Existing studies show that not only the brain can regulate
gastrointestinal function and homeostasis, but also the
intestine can affect people’s mood, sleep, and even the
development and repair of the nervous system in a variety
of ways. This two-way communication between the brain
and intestine is called BGA.16,18 The realization of this two-
way communication is mainly through the regulation of the
neuroimmune endocrine system, in which the central ner-
vous system (CNS), autonomic nervous system, enteral ner-
vous system (ENS), and hypothalamic-pituitary-adrenal
(HPA) axis are all involved. A variety of neurotransmitters
are synthesized in the gastrointestinal tract, including sero-
tonin (5-HT), dopamine, epinephrine, norepinephrine, and
g-aminobutyric acid (GABA). They are introduced into CNS
through ENS to affect the physiological function of the brain.
Gut microbiota can affect the production of neurotransmit-
ters by changing the activity of enzymes in the neurotrans-
mitter synthesis pathway or competitive consumption of
neurotransmitter precursors, such as tryptophan.19 Existing
studies have found that Lactobacillus and Bifidobacterium
affect the synthesis of acetylcholine and GABA, and the syn-
thesis of serotonin, dopamine, and norepinephrine
is affected by Streptococcus, Enterococcus, and
Escherichia.14,20,21 At the same time, products produced by
microbial metabolisms, such as short-chain fatty acid
(SCFA), can affect the development of a nervous system and
immune signal transmission. Through the comparison of
germ-free mice, mice treated with antibiotics, and normal
mice, it is found that the damage of gut microbiota will
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reduce the maturity and number of microglia and astro-
cytes, thus affecting the immune function and signal trans-
mission of the central nervous system.22,23

The gastrointestinal tract is considered as the interface
where the human body has the greatest contact with the
external environment. And the intestinal mucosa is the first
barrier between the human body and the intestinal lumen
before, and its proper function or not affects the body to
the intestinal lumen for material exchange and the invasion
of pathogens.24 Bacteria living in the intestine can change
the barrier effect of intestinal mucosa by promoting inflam-
matory response and degrading biofilm on the mucosal sur-
face.25 At the same time, many drugs, such as aripiprazole,
have also been reported to change the mucosal barrier of
the intestine,26 which may lead to changes in signal trans-
mission between brain and intestine.
Characteristics of gut microbiota in patients
with TS

Wang detected the gut microbiota of 40 children with TS and
compared them with healthy children at the phylum level.
The results showed that the relative abundance of Firmi-
cutes in the feces of patients with TS was less than that of
healthy children; on the contrary, the relative abundance of
Proteobacteria increased. After one month of acupuncture
and massage treatment (87.5% of TS patients’ symptoms
were significantly improved), the fecal microbial character-
istics of the two groups were compared again. The results
showed that the fecal microbial characteristics of the two
groups were similar. Wang’s study illustrated a possible dis-
turbance of gut microbiota in patients with TS and that
improvement of gut microbiota may have a correlation with
an improvement of tic symptoms.27

Xi conducted a more in-depth study. He compared the
fecal microorganisms of 35 TD children who had not received
drug treatment with those of healthy children. The results
showed that compared to healthy children, treatment-naive
TD children had significantly higher abundances of Bacter-
oides plebeius and Ruminococcus lactaris and lower abun-
dances of Prevotella stercorea and Streptococcus
lutetiensis; among them, children with TS have a significant
increase in Ruminococcus lactaris, which is different from
children with a chronic tic disorder. They show a higher level
of Bacteroides plebeius.28 Xi also analyzed the composition
of fecal microorganisms in 12 TD children treated with dopa-
mine receptor antagonist (DRA). The results showed that
there was no significant difference in fecal microorganisms
between these children and TD children and healthy chil-
dren, which may indicate that the fecal microorganisms of
TD children are approaching healthy children after drug use.
The three groups of children were compared at the same
time. It was found that there were significantly more Bacter-
oides plebeius and Ruminococcus lactaris in treatment-naive
children, which were considered to be related to a variety of
autoimmune diseases.29�31 This suggests that Ruminococcus
lactaris and its metabolites may be involved in oxidative
stress and promote the production and aggregation of
inflammatory factors.31 In addition to this, Xi found that the
level of GABA degradation was significantly increased in TD
13
children with or without previous medication, and the gut
microbiota was changed correspondingly. Klebsiella pneu-
moniae, a GABA-degrading bacteria,32 showed a positive
correlation with the deterioration of TD symptoms, and the
Eubacterium spp., Bifidobacterium spp., and Akkermansia
muciniphila, which were considered to be related to GABA
production,33,34 were more significantly negatively corre-
lated with YGTSS score. But there are exceptions. Several
bacteria of the Bacteroides genus, such as B. thetaiotaomi-
cron and B. eggerthii were positively correlated with the
increase of YGTSS score, even if they were recognized as
GABA producers.28

In order to verify the association between gut microbiota
and TS, Li conducted an animal experiment.35 He used 3,3’-
iminodipropiononitrile (IDPN) to establish TS mouse models
and analyzed the fecal microorganisms of TS mice and
healthy mice, which underwent fecal microbiota transplan-
tation (FMT) with feces from TS mice (HTSM). The results
showed that the relative impairment of Turicibacteraceae
and Ruminococcaceae in TS mice was significantly increased
compared with healthy mice. In HSTM, the levels of Firmi-
cutes and Actinobacteria decreased, and Bacteroidetes and
Proteobacteria increased. Li’s experimental results are simi-
lar to Wang’s clinical trial results. But unfortunately, Li
didn’t report whether there was twitch behavior in HTSM,
which only shows that there are changes in gut microbiota in
TS mice, and this change can be infectious. Because the
impact of ipdn on gut microbiota can not be ignored, the
authors can not accurately judge the relationship between
twitch behavior and gut microbiota changes. Based on the
above, whether the abnormal change of gut microbiota is
the key factor of TS remains to be further studied.
Effect of antipsychotic medications on gut
microbiota

The effect of antipsychotic medications is not only on the
nervous system. Because they are mostly taken orally, their
effect on gut microbiota may be earlier than that on the ner-
vous system. In fact, there have been some reports on the
antibacterial ability of antipsychotic medications. For exam-
ple, in vitro experiments have proved that sertraline has an
antibacterial effect on Staphylococcus aureus, Escherichia
coli and Pseudomonas aeruginosa.36,37 The effect of psy-
chotic drugs on gut microbiota may lead to the change of dis-
ease and the occurrence of gastrointestinal adverse events.
The drugs commonly used in the treatment of TS mainly
include aripiprazole, risperidone, and a variety of DRA
drugs.26,38 Most of them have a certain impact on gut
microbiota.39,40

Studies have shown that aripiprazole can induce an
increase in Firmicutes, particularly Ruminococcus. At the
same time, it enhances the permeability of the ileum,41

which may affect the barrier function of the intestinal
mucosa. Long-term use of risperidone will reduce the Bac-
teroidetes: Firmicutes ratio and affect the metabolism of
butyrate and propionate, which may lead to higher levels of
SCFA production, leading to weight gain.42 The effect of DRA
drugs on the gut microbiota of TS children is not limited to
bringing them closer to healthy children. At the same time,
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DRA drugs improve the levels of several potential pathogenic
bacteria, such as Bacteroides dorei, Escherichia coli, Bacter-
oides caccae, and Ruminococcus gnavus. It affects the meta-
bolic function of the gut microbe and then affects the
nervous system. Specifically, it includes the significant
reduction of L-tryptophan biosynthesis, mannan degradation
and pyruvate fermentation, the significant increase of 3-
phenylpropionate, and 3-(3-hydroxyphenyl) propionate deg-
radation, enterobactin biosynthesis, and fatty acid beta-
oxidation.28

The discussion of the effects of antipsychotic medications
on gut microbiota is mostly based on studies of other neuro-
logical and psychiatric disorders, and whether their distinct
effects on gut microbiota in children with TS still warrant
further investigation.
Treatment of TS acting on gut microbiota

Oral probiotics

Based on the existence of abnormal intestinal microorgan-
isms in TS children, scholars have begun to explore whether
oral probiotics can relieve tics symptoms in animal experi-
ments and clinical trials. Liu used Lactobacillus plantarum
PS128 (PS128), a probiotic that has been shown to amelio-
rate anxiety-like behaviors in naive mice and germ-free
mice,43,44 for the treatment of TS rats, a 2,5-Dimethoxy-4-
iodoamphetamine (DOI)-induction model. The results
showed that PS128 could significantly improve the twitch
behavior of rats, compared with the blank control group,
PS128 increased Bacteroidaceae in rats, especially Prevotel-
laceae, and decreased the level of Lachnospiraceae in Firmi-
cutes.45 The experimental results also showed that PS128-
fed rats not only presented with elevated dopamine (DA)
metabolites but were resistant to DOI-induced DA changes,
which illustrated that PS128 might enhance the stability of
the dopamine system in rats. The flora changes found in this
experiment are slightly different from others, which may be
because the TS-inducing drug used in this experiment is DOI,
not IPDN. This also suggests that different TD types may
have different characteristics of gut microbiota, which may
need to be further studied in the future. It is important to
note that findings from animal experiments can only be
investigated as possible mechanisms and cannot account for
the mechanism of action of probiotics in humans. At present,
much remains to be learned about the mechanisms of action
and therapeutic effects of probiotics in humans.

Wang conducted a 12-week randomized controlled trial
involving 130 TS children.46 All participants were divided
into three groups and treated with tiapride (tiapride group),
Live Combined Bifidobacterium, Lactobacillus and Entero-
coccus Capsules, Oral (probiotics group), and
tiapride + probiotics (combined treatment group). The
results showed that compared with the other two groups,
the combined treatment group improved the Yale Global Tic
Severity Scale (YGTSS) score of TS children most significantly
(12.60§ 4.51 vs 14.92§ 5.98 vs 21.12§ 6.88). The improve-
ment of the probiotics group is the least. The results showed
that oral probiotics could be considered as an adjunctive
treatment for the treatment of TS, and the effect of probi-
otics taken alone was not significant.
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FMT

Although oral probiotics can affect the gut microbiota, the
effect is not obvious because they need to be taken for a
long time and are affected by diet, probiotic types, and
other factors. FMT, as a treatment still under exploration,
has been tried to be applied to a variety of refractory ner-
vous system diseases with intestinal microbiological abnor-
malities, such as ASD,47 PD,48 epilepsy.49 In recent years,
Zhao’s team tried to use FMT for TS. The first case of TS
treated with FMTwas reported in 2017.50 A 9-year-old male
patient with a total course of 2.5 years still had convulsive
symptoms after treatment with herbal medicine and tiapr-
ide. After taking probiotics and tiapride, he was relieved for
about 6 months, although the tic symptoms became serious
later, suggesting that the child may have gut microbiota dis-
order, which made Zhao consider the feasibility of FMT. The
feces for treatment came from a 14-year-old healthy boy
after screening. The prepared fecal microbial suspension
was applied to the patient’s small intestine and colon
through gastroscopy and enteroscopy. After FMT, patients
were still required to take 100mg of tiopride orally every
day. Before treatment, the patient’s YGTSS score was 31,
and in the 8th week after treatment, the YGTSS score
decreased to 5 The parents of the child said that tic behavior
was hardly observed, and the child’s attention was more
focused than before. This shows that FMT has a certain ther-
apeutic effect on TS. Subsequently, Zhao treated 5 male
children diagnosed with TS with FMT,51 and the specific
treatment method was the same as before.50 The results
showed that the YGTSS score of 4 children decreased by
more than 25%, ranging from 7 to 35, and 2 patients said
that the symptoms disappeared completely. However, one
participant’s YGTSS score increased by 4. This may indicate
that FMT is not applicable to all children with TS, or the
changes in gut microbiota are complex, and its effect on TS
needs to be further studied. Although only 6 cases of TS
treated with FMT have been reported, it still provides a new
idea for the treatment of TS in the future.

Li conducted an animal experiment to verify the effect of
FMTon the gut microbiota of TS mice.38 He transplanted the
feces of healthy mice into TS mice to alleviate the symptoms
of TS mice. At the same time, after completing FMT, the
serum 5-HT level of TS mice increased, which indicates that
FMT can regulate the production of neurotransmitters by
improving gut microbiota, so as to treat TS.

Deficiency and outlook

The relationship between gut microbiota and TS began to be
deeply studied in recent 5 years. This may be related to
fewer reports of gastrointestinal symptoms such as abdomi-
nal pain, abdominal distension, and constipation in TS chil-
dren. The reason may be that children’s perception and
expression of the above sensory symptoms are not significant
or easy to be ignored. At the same time, the change in gut
microbiota may be more reflected in its impact on the ner-
vous system, emotion (such as irritability, hyperactivity,
autism, etc.), and personality. Existing studies have shown
that patients with TS do have gut microbiota disorders,
including the increase of Ruminococcaceae and Bacteroides,
especially Ruminococcus lactaris and Bacteroides plebeius.
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However, whether the analysis of gut microbiota can be used
as one of the specific diagnostic criteria remains to be con-
sidered and further verified. On the other hand, whether
the abnormal changes in gut microbiota can cause TS
remains to be verified. Although Li tried to transplant the
feces of TS mice to healthy mice, there were no reports of
twitching in healthy mice, which needs further animal
experiments. In fact, the relationship between gut micro-
biota and neurological development and neurological dis-
eases in children remains to be further explored. The
diversity and richness of gut microbes are influenced by
many factors, including genetic factors, drugs, dietary hab-
its, diseases, taking probiotics, and so on. This makes the
relationship between gut microbes and the nervous system
quite complex and requires further study. The mechanisms
of action of probiotics and FMT on disease are also obscure
and require intensive study and cautious use.

There are more and more reports on the treatment of TS
based on gut microbiota. FMTand probiotics are tried to be
used in the treatment of TS. Interestingly, acupuncture,
massage, and herbal medicine have also been proved to
treat TS by affecting the gut microbiota. Wang alleviated
the symptoms of 35 TS children (35/40) through acupunc-
ture and massage. At the same time, it was found that after
the treatment was effective, his gut microbiota was also
close to the characteristics of gut microbiota of healthy
children.27 This is noteworthy, indicating that not only diet
and drugs can affect the gut microbiota, but there may be
many undiscovered mechanisms. Qinglong Zhidong Decoc-
tion, a traditional Chinese medicine prescription, has been
shown to regulate the composition of the intestinal micro-
biota by increasing the abundance of Lactobacillus and
Bacteroides, but reducing the abundance of Alloprevotella
and Akkermansia to treat TS.52 This provides a new idea,
including the use of probiotics, FMT, and other ways to
influence the gut microbiota to treat TS. From the existing
research, it is found that these treatment methods have
almost no adverse events, which has great advantages and
great development potential compared with antipsy-
chotics. This is beneficial to the treatment of TS patients
who are not sensitive to drugs, especially because the
change in gut microbiota is related to human drug toler-
ance.53�55 Of course, because FMT and other methods are
rarely reported in the treatment of TS, and most of them
are small sample studies, their effectiveness and safety
still need to be proved by larger clinical trials and animal
experiments.
Conclusions

Existing studies suggest that changes in the gut microbiota
appear to be present in children with TS, but because there
are fewer studies, the outcome is subject to further consid-
eration. Therapies targeting the gut microbiota seem to be
able to effectively improve tic symptoms. But studies on the
characteristics of gut microbiota in patients with TS, how
the gut microbiota affects the severity of TS, and the effi-
cacy and safety of FMT in treating TS still need to be
explored in depth in more multicenter, large sample size
studies.
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