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Abstract: Increasing evidence shows that infections and an activated immune status might be involved in the pathogene-
sis of tic disorders. Studies discuss the influence of neurotrophic bacteria and viruses on different psychiatric disorders. In
addition, signs of inflammation and immunological abnormalities have been described especially in schizophrenia and
Tourette’s syndrome (tic disorder). Neuroimaging studies revealed increased microglial activation in psychiatric diseases;
indicating an inflammatory state of the CNS.

However, it still remains unclear what the underlying mechanism is of how infectious agents could contribute to tic symp-
toms. One hypothesis is that not only one particular infectious agent causes directly to the disease; instead different
(chronic) infections influence the immune balance and are therefore involved in the pathology. In tic disorders, infections
with group A streptococci, Borrelia burgdorferi or Mycoplasma pneumoniae seem to be associated with symptoms of the
disease. Studies have shown that immunologic treatment improves and prevents the re-occurrence of clinical symptoms in
Tourette’s syndrome. Also post-infectious events by cross-reactive antibodies(against M-protein) and an altered dopamine
rgic(noradrenergic) neurotransmission as well as inflammatory/immunological dysregulations were considered as possible
mechanisms to cause symptoms. Another contributing factor to the pathogenesis of these diseases could be an activation
of the tryptophan catabolism through infectious agents. Tryptophan functions as a precursor for neurotransmitters like se-
rotonin and becomes degraded to products that can modulate the neurotransmitter balance.

A deeper insight into the precise mechanism of how infectious agents influence immune parameter, tryptophan metabo-

lism and the resulting neurotransmitter availability could help finding new therapeutic strategies.
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BACKGROUND

Gilles de la Tourette’s syndrome (TS), a tic disorder, is
characterized by multiple motor and vocal tics, which wax
and wane over time [1]. Epidemiological studies have re-
vealed that TS is relatively common (2.9-5.2 cases per
10,000) and more prevalent in boys [2]. TS is considered a
multi-factorial condition; Recent studies revealed that also
environmental factors are involved: Infectious agents like
group A B haemolytic streptococcal infections seem to be a
contributing factor to neuropsychiatric and movement disor-
ders [3]. In addition to the infectious hypothesis for TS, it
has been proposed that the involvement of the immune sys-
tem could be a key component contributing to tic disorders.
Beside others, increased levels of pro-inflammatory cyto-
kines [4] and auto-antibodies against basal ganglia have been
identified, but are discussed controversially [5, 6]. Also a
neurotransmitter dysbalance involving dopaminergic [7] and
serotonergic abnormalities has been reported in TS patients
[8]. Another probable mechanism for the influence of infec-
tions on the cerebral immune balance could be the activation
of the tryptophan catabolism via infectious agents and pro-
inflammatory cytokines. Tryptophan breakdown leads to
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neuroactive metabolites that can influence the neurotransmit-
ter balance [9]. Especially in microglia, which are the resi-
dent innate immune cells of the brain, tryptophan gets de-
graded to serotonin and to other products of this metabolism
[10], which function either as a NMDA-receptor agonist or
antagonist and control the neurotransmitter availability [11].
So far, an imaging study of Behen et al. [12] has identified
that in TS there is an abnormal tryptophan metabolism in the
cortical and subcortical area. These results are in line with
plasma kynurenine levels, that have been shown to be ele-
vated in TS [13]. However, these findings are still controver-
sial in literature. Hoekstra et al. [14] observed an unaltered
kynurenine pathway in patients with tic disorders.

Taken this together, TS is a chronic relapsing disorder
that can be associated with marked impairment and disabil-
ity. Although clinical care has improved, a significant num-
ber of patients fail to respond adequately or experience intol-
erable side effects to available treatment options. This review
summarizes recent findings related to this topic and inte-
grates available data into a common pathophysiological
model. Until now, many questions regarding the association
of TS and infections are still unresolved. Discussion contin-
ues whether infectious agents and resulting neuroinflamma-
tion are an underling cause or a resulting condition in TS.

The purpose of this review is to highlight our new in-
sights into the pathophysiology of TS. We focus on the
mechanisms of how infectious agents influence immune
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parameters, tryptophan metabolism and the resulting neuro-
transmitter availability. And what strategies result from this
underling neuroinflammation for future treatment options for
TS? The different levels of dysfunction in TS are illustrated
in Fig. (2).

INFECTIONS AND TOURETTE’S SYNDROME

The ethiology of TS is considered to be multi-factorial.
In the past years research has focused on infections as a
possible contributing factor to the disease or at least to a
subgroup of TS patients. It has been observed that children
with streptoccoal infections can develop movement disorders
such as Sydenham’s chorea. These specific movement ab-
normalities with the clinical phenotype of poststreptococcal
tics and obsessive—compulsive disorders are termed pediatric
autoimmune neuropsychiatric disorders associated with
streptococcal infection (PANDAS) [3].

PANDAS are characterized by the following criteria: 1.
prepubertal onset; 2. chronic tic disorder or obsessive—
compulsive disorder; 3. sudden periods of severe exacerba-
tions (“‘saw tooth’’)—relapsing-remitting course; 4. tempo-
ral association of onset and one or more exacerbations with
clinical evidence of a streptococcal infections; 5. the pres-
ence of subtle neurological findings such as reduced fine
motor coordination or increased motor hyperactivity (but not
overt chorea) [15]. However, comparing epidemiological
studies and case reports on PANDAS reveals that there is no
consistent use of these criteria [16]. Therefore the PANDAS
concept itself remains controversial. Like in other post-
streptococcal diseases auto-antibodies seem to be involved in
the pathology. Also the detection of elevated levels of anti-
bodies to the caudate nucleus and putamen in patients with
tic-type hyperkinesias supports the association of the striate
area in disease development and provides evidence of the
autoimmune nature of the process [17, 18]. In addition to
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streptococci, several other infectious agents have been pro-
posed to play an essential role in the pathogenesis of TS.
Two case reports revealed that Mycoplasma pneumoniae
might be associated with tic symptoms [19, 20]. This as-
sumption was strengthened by a study that compared 29
Tourette patients to healthy controls regarding the My-
coplasma infection rates. The study found significantly more
elevated antibody titers against Mycoplasma pneumoniae in
TS patients as compared to controls [21]. Furthermore, an
association between herpes simplex virus 1 and the exacer-
bation of tics was stated [22]. Also an acute infection with
Borrelia burgdorferi presenting as TS was reported [23]. Our
own group also identified infectious agents as contributing
factors in TS: A significantly higher rate of TS patients had
elevated antibody titers against Chlamydia trachomatis as
compared to controls and trend towards a higher prevalence
in the Tourette’s group was shown for Toxoplasma gondii
[24].

Unitl now, none of these infectious agents has been
linked consistently with TS. Thus a hypothesis is that infec-
tions do not directly cause symptoms of the disease, instead
they could contribute to TS by triggering an immune re-
sponse. Therefore the observations of a dysbalanced immune
system will be discussed for TS.

IMMUNE PARAMETERS IN TOURETTE’S SYN-
DROME AND POSSIBLE UNDERLYING MECHA-
NISMS OF THE ASSOCIATION OF TS AND INFEC-
TIOUS AGENTS

In TS patients nonspecific markers of immune activation
have been found to be elevated: The parameter neopterin
serves as a biomarker of cell-mediated immunity. It is pro-
duced by human monocytes/macrophages during Thl-type
immune responses, after stimulation with interferon-y. In-
creased levels of neopterin have been observed in association
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with several autoimmune diseases [25, 26]. Also in TS,
neopterin levels at baseline were elevated in patients com-
pared to healthy controls [13]. Another marker is c-reactive
protein (CRP), which is an acute-phase protein. It gets se-
creted mainly in the liver and is modulating inflammatory
responses, although the exact mechanism remains controver-
sial. Luo et al. tried to identify a biomarker from patients
with serologically defined PANDAS. The authors observed
that at baseline, patients demonstrated significantly higher
levels of D8/17-reactive cells (a marker ofrheumatic fever)
and neopterin, compared with control subjects,but there was
no consistent pattern of change when exacerbation time
points were compared with baseline or follow-up time
points. Unlike neopterin levels, a comparison of CRP levels
for patients versus control subjects at baseline indicated no
significant difference between TS and controls [27].

Also cytokines have been proposed to be involved in TS.
Leckmann et al. found that interleukin (IL)-12 and tumor
necrosis factor alpha concentrations at baseline were ele-
vated in patients compared with control subjects. Both of
these markers were further increased during periods of
symptom exacerbation[4].

Also other immunologic studies of early-onset OCD and
tic disorders have found and focused on the link between
newly acquired streptococcal infections and symptom exac-
erbations [15, 27, 28] and the presence of potentially patho-
genic antineural antibodies [29]. However, it remains con-
troversial which parallels can be drawn from peripheral cy-
tokines to processes in the central nervous system (CNS). It
is known that peripheral cytokines influence brain cells
through various mechanisms such as passive transport into
the CNS, second messengers and active transport during
pathological conditions [30, 31]. In some patients with TS,
Bos-Veneman et al. showed that they have decreased serum
immunoglobulin (Ig) G3, and possibly also IgM levels,
though only few patients had fully expressed Ig immunode-
ficiency as compared to controls [32].

One explanation of how an altered immune balance
caused by infectious agents could contribute to psychiatric
symptoms is the ‘kindling hypothesis’, which is used to
convey the conceptof the development of persistent hyper-
sensitivity to a given stimulus. While regularly a certain
stimulus is mandatory for the initiation of the immune re-
sponse, i.e. the release of cytokines and other mediators of
immune activation, kindling is associated with an increased
release of cytokines after re-exposure to the same stimulus -
or a weaker stimulus is necessary for the same amount of
activation [33].

So, is the connection between infectious agents and im-
mune system relevant for disease pathology? New acquired
or chronic neurotrophic infections can influence the immune
balance and cause neuroinflammation and/or persistent im-
mune changes. The question is how these immune changes
might contribute to clinical symptoms?

Therefore the characteristics of neuroinflammtion need to
be taken into consideration:

Inflammation in the brain is characterized by activation
of glial cells (mainly microglia and astrocytes) and expres-
sion of key inflammatory mediators as well as neurotoxic

Krause and Maller

free radicals. Not much is known so far about the role of
neuroinflammation in TS. However, this tic disorder shows a
lot of pathophysiological parallels to other psychiatric dis-
eases (e.g. considering the neurotransmitter dysbalance). It
has been suggested that neuroinflammation is associated
with neurodegenerative disorders—both acute (e.g. stroke,
injury) and chronic (e.g. multiple sclerosis, Alzheimer’s
disease). In this context, microglia cells play a crucial role
and therefore microglia and cytokines have been extensively
studied in these conditions. In the CNS, microglia are the
resident phagocytes of the innate immune system. In an
activated state, microglia produce various pro-inflammatory
cytokines and other immune mediators that create a neuro-
toxic milieu leading to disease progression [34, 35]. Micro-
glia are one of three glial cell types in the CNS. They play an
important role as immunocompetent and phagocytic cells in
the event of injury and disease. Del Rio Hortega determined
in 1927 that microglia belong to a distinct glial cell type
apart from astrocytes and oligodendrocytes [36]. Since the
1970s there has been wide recognition that microglia are
immune effectors in the CNS that respond to pathological
conditions and participate in initiation and progression of
neurological and psychiatric disorders by releasing poten-
tially cytotoxic molecules such as pro-inflammatory cyto-
kines, reactive oxygen intermediates, proteinases, and com-
plement proteins [37]. This means that their phagocytic func-
tion can be beneficial while their inflammation related func-
tions might be detrimental for neuropsychiatric diseases.

A probable mechanism of how infections can influence
the cerebral immune balance could be the activation of the
tryptophan catabolism via infectious agents and elevated
proinflammatory cytokines [9]. In the CNS tryptophan deg-
radation takes place especially in microglia (also partly in
astrocytes and neurons). The essential amino acid tryptophan
gets degraded either to serotonin or over the kynurenine
pathway (KP) to other products [10], which function either
as a NMDA- receptor agonist or antagonist and control the
neurotransmitter availability [11]. The activation of this KP
has been shown to play an important role in the pathophysi-
ology of neuropsychiatric disorders (e.g. schizophrenia) [38].
Also for TS, Behen et al. have identified in an imaging study
that TS patients have an abnormal tryptophan metabolism in
the cortical and subcortical area [12].

Considering the involvement of neuroinflammation in the
course of TS, it strengthens the association between infec-
tious agents activating the tryptophan breakdown either
directly or through resulting pro-inflammatory cytokines and
therefore influencing the neurotransmitter balance.

NEW THERAPEUTIC OPTIONS FOR TOURETTE’S
SYNDROME

In TS several immunologic changes have been identified.
Therefore the question of a possible therapy targeting spe-
cific immune parameters has been raised. This idea is further
strengthened by the finding of auto-antibodies in TS. Zykov
et al. showed that antibodies to caudate nucleus proteins
were detected in patients with Tourette’s syndrome (the
caudate nucleus is a structure, which is functionally impor-
tant for the appearance of hyperkinesias). The detection of
neuroantibodies suggests the possible participation of auto-
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immune mechanisms in the pathogenesis of this disease [39].
The presence of neuroantibodies could be an evidence for
impairment of the functions of the blood-brain barrier, which
regulates the release of elements of neural structures into the
bloodstream, their contact with immune system cells, and the
transport of neuroantibodies to the CNS and subsequent
influencing the neurotransmitter balance. The precise
mechanism of the appearance of autoimmune processes in
various nervous system diseases remains a subject of inves-
tigation and still it is unclear whether these autoimmune
processes are consistently part of TS pathology. So far stud-
ies remain controversial: Brilot et al. found serum autoanti-
bodies that bind to neuronal cell surface antigens are present
in Sydenham chorea but not in PANDAS or TS. The find-
ings of this group weaken the autoantibody hypothesis in
PANDAS and TS [40].

Thus, is the observation of antibodies to caudate nucleus
proteins a justification to treat TS patients with immu-
noglobulins? First studies are showing positive effects after
the administration of immunoglobulins to patients with TS in
the treatment of tic-type hyperkinesias and provide evidence
of the involvement of autoimmune mechanisms inducing
damage to the dopaminergic system of the striatum. One
case report demonstrated that a 14-year-old boy with TS,
familial susceptibility, and an increase in the antibody titer of
streptococcal antigens was treated with 75 immunoglobulins
i.v. over 5 days. Response to this therapy was good regarding
motor tics, vocal tics, and behavioural symptoms such as
disturbed impulse control which still persisted after 9 months
[41].

Other studies addressed the possibility of using immu-
noglobulins for intravenous administration and plasma ex-
change in the treatment of TS. Perlmutter et al. wanted to
test if post-streptococcal autoimmunity is the cause of the tic
exacerbations. In this case, children might respond to immu-
nomodulatory treatments. Patients received either plasma
exchange or i.v. immunoglobulins or i.v. placebo. The au-
thors found that the i.v. immunoglobulin group and the
plasma-exchange group showed striking improvements in
obsessive-compulsive symptoms, anxiety and overall func-
tioning. Tic symptoms were also significantly improved by
plasma exchange compared to placebo. The treatment gains
were maintained at one year, with 82% of children “much”
or “very much” improved over baseline [42].

The long-term effects of the i.v. immunoglobulins might
be associated with the immunomodulatory actions of normal
antibodies on T-lymphocytes and macrophages, as well as B-
lymphocyte functions and their regulatory actions on the
membrane-damaging components of the complement sys-
tem. Therefore the suggestion that autoimmune mechanisms
are involved in the pathogenesis of tic-type hyperkinesias
might allow widening of the therapeutic approach to TS in
the future.

Taken this together, immunotherapy can be effective in a
case in which antibodies to caudate nucleus proteins are
detected, which is evidence for the pathogenetic approach of
this therapy and further supports the hypothesis that there is
an autoimmune variant of tic-type hyperkinesias. However,
data on these therapies remains very limited and maybe these
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new therapeutic options are only applicable to a subset of TS
patients.

The discussed infectious and immunologic abnormalities
in TS indicate that infectious agents and immune parameters
might influence the cerebral neurotransmitter balance via the
tryptophan catabolism. The association of infections and the
kynurenic pathway could have therapeutic implications, as at
present inhibitors of certain metabolites of this pathway are
available [9].
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