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Abstract The underlying pathophysiological mecha-

nisms in Tourette’s syndrome (TS) are still unclear.

Increasing evidence supports the involvement of infec-

tions, possibly on the basis of an altered immune status.

Not only streptococci but also other infectious agents may

be involved. This study investigates the association

between the neurotrophic agents Chlamydia, Toxoplasma

and TS. 32 patients with TS and 30 healthy matched

controls were included. For each individual, IgA/IgG

antibody titers against Chlamydia trachomatis/pneumo-

niae and Toxoplasma gondii were evaluated and analyzed

with Fisher’s exact test. We found a significantly higher

rate of TS patients with elevated antibody titers against

Chlamydia trachomatis (P = 0.017) as compared to con-

trols. A trend toward a higher prevalence in the Tourette’s

group was shown for Toxoplasma (P = 0.069). In con-

clusion, within the TS patients a higher rate of antibody

titers could be demonstrated, pointing to a possible role of

Chlamydia and Toxoplasma in the pathogenesis of tic

disorders. Because none of these agents has been linked

with TS to date, a hypothesis is that infections could

contribute to TS by triggering an immune response. It still

remains unclear whether tic symptoms are partly due to

the infection or to changes in the immune balance caused

by an infection.
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Introduction

Gilles de la Tourette’s syndrome (TS) is characterized by

multiple motor and vocal tics which wax and wane over

time [17]. The onset of this disease is usually at childhood

or adolescence with the median age of 7 years [4]. Epi-

demiological studies have revealed that TS is relatively

common (2.9–5.2 cases per 10,000) and more prevalent in

boys [38]. A range of neuroimaging, biochemical, neuro-

physiological, and genetic studies support the concept that

TS is an inherited, developmental disorder of synaptic

neurotransmission. The involvement of the basal ganglia

and the cortico-striato-thalamocortical circuits has been

suggested [12, 20, 22] and biological therapy options such

as deep brain stimulation are therefore being tested [1].

Recent studies revealed that group A b hemolytic

streptococcal infections are an important contributing fac-

tor to neuropsychiatric and movement disorders. At pres-

ent, the clinical phenotype of poststreptococcal tics and

obsessive–compulsive disorders is termed as PANDAS

(pediatric autoimmune neuropsychiatric disorders associ-

ated with streptococcal infection) [24].

In addition to streptococci, several other infectious

agents have been proposed to play an essential role in the

pathogenesis of TS. Two case reports revealed that

Mycoplasma pneumoniae might be associated with tic

symptoms [10, 28]. This assumption was strengthened by a

study that compared 29 Tourette patients to healthy con-

trols regarding the Mycoplasma infection rates. The study

found significantly more elevated antibody titers against

Mycoplasma pneumoniae in TS patients as compared to
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controls [27]. Furthermore, an association between herpes

simplex virus 1 and the exacerbation of tics was stated [5].

Moreover, an acute infection with Borrelia burgdorferi

presenting as TS was reported [32].

In addition to the infectious hypothesis for TS, it has

been proposed that the involvement of the immune system

could be a key component contributing to tic disorders.

Beside others, increased levels of pro-inflammatory cyto-

kines [21] and auto-antibodies against basal ganglia have

been identified, but are discussed controversially [26, 36].

Also a neurotransmitter dysbalance involving dopaminer-

gic [19] and serotonergic abnormalities has been reported

in TS patients [37].

In this study, we investigated the prevalence of intra-

cellular infectious agents that can establish an infection of

the central nervous system for Tourette’s syndrome

patients. In particular, Toxoplasma gondii, Chlamydia

trachomatis and pneumonia were measured.

Methods

Characterization of the patient and control population

For this study, 32 patients with TS (29.6 age ± 15.1 years;

81.0% male) fulfilled the pertinent diagnostic criteria, as

defined by the IV edition of the Diagnostic and Statistical

Manual (DSM-IV). TS patients reached on the Yale Global

Tic Severity Scale (YGTSS) a median number of 40.8

(SD = 17.5). The disease onset of Tourette’s syndrome was

at mean age of 9.5 years (±6.98 years). Patients were

recruited through the Department of Psychiatry of the

Ludwig-Maximilians University Munich, Germany. Healthy

control subjects were recruited via advertisement. The 30

people of the control population (age 33.7 ± 16.1 years;

58.0% male) were matched with the TS patients group

considering ethnicity and age. Controls and TS patients were

all Caucasians living in Bavaria, Germany. So patients and

volunteers were recruited from the same rather homogenous

region with regard to socioeconomic status. All study par-

ticipants gave their informed consent prior to study inclusion.

For this study, the responsible authorities (ethics committee)

approved the procedure for sample collection and analysis, in

accordance with the ethical standards laid down in the 1964

Declaration of Helsinki. A concomitant organic disease or

acute infections were exclusion criteria. Healthy controls

underwent a psychiatric and clinical interview in order to

exclude a history of psychiatric or neurologic disorders,

autoimmune diseases, and acute medical illness. In the TS

group, 70.2% were on antipsychotic treatment at the time of

study inclusion. All individuals underwent a clinical and

laboratory examination (blood analysis, C-reactive protein)

for signs of inflammation or acute infections.

Measurement of antibodies

Serum blood samples were obtained from the participants

by venipuncture. The samples were stored at -80�C and

tested for antibodies using enzyme-linked immunosorbent

assay (ELISA) at Max von Pettenkofer-Institute for

hygiene and microbiology (Immunoassay systems from

Siemens Medical Solution, Diasorin). Serum IgG and IgA

antibodies were measured for Toxoplasma gondii, Chla-

mydia trachomatis, and Chlamydia pneumoniae.

Definition of cut-off values for positive antibody titers

Chlamydia pneumoniae IgG and IgA were counted as

negative when the antibody titers were \10 U/ml. For

Chlamydia trachomatis IgG and IgA values were classified

as negative, when the index was\1. Values of Toxoplasma

gondii IgA and IgG were evaluated as negative if\5 U/ml.

Data analysis

For the statistical analysis of categorical variables the

Fisher’s exact test was applied. Since we performed an

exploratory study (no estimation of the role of Chlamydia

or Toxoplasma was found) no correction for multiple

testing was performed.

Results

Antibody titers of three different infectious agents were

measured from 32 TS patients and 30 healthy controls.

Bacterial and protozoan antibody prevalence in TS

and controls

In the group of TS patients, significantly more positive IgG

antibody titers against Chlamydia trachomatis (P = 0.017)

compared to healthy controls were found. For all tested

antibodies against Chlamydia a higher prevalence was

shown for the TS group, which reached significance in our

sample only for Chlamydia trachomatis IgG. In addition,

for Toxoplasma gondii IgG a trend towards a higher

prevalence of positive antibody titers within the TS group

was calculated (P = 0.069). For Chlamydia pneumoniae

no statistically significant differences were evaluated,

however, there was a higher rate of IgG and IgA in the

Tourette’s group. Also the prevalence of IgA for Chla-

mydia trachomatis and Toxoplasma gondii was elevated for

TS patients. These results are shown in Table 1.

In order to evaluate to influence of gender on the distri-

bution of antibodies, the antibody titers of male and female

were calculated separately. There were no significant
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differences between male and female patients. For results see

Table 2.

In addition, as some of the TS patients were treated with

medication, we measured whether the medication status

has an impact on antibody distribution. For Chlamydia

trachomatis IgG a trend towards more positive titers could

be found in patients treated with medication (P = 0.06).

No significant values could be shown for the other infec-

tious agents. Results are provided in Table 3.

Also the effects of the symptom severity on the antibody

prevalence were evaluated with the YGTSS scale. It

revealed that higher scores for symptoms severity showed

significantly more Chlamydia trachomatis infections. See

Table 4.

Discussion

The present study reveals that TS patients had a signifi-

cantly higher rate of positive antibodies against infectious

agents as compared to healthy controls. These results

emphasize a role of infections in the pathogenesis of (a

subtype of) TS patients.

To our knowledge, we are the first ones to demonstrate

an association between Chlamydia trachomatis and TS.

Previously, the involvement of mainly intracellular agents,

like viruses (herpes) and intracellular bacteria (Myco-

plasma and Borrelia) in the pathogenesis of tic disorders,

has been described [5, 27, 32]. In this study, we have

focused only on intracellular agents such as Chlamydia and

Toxoplasma.

In addition to intracellular agents, another prominent

finding regarding the infectious hypothesis of Tourette was

the connection to streptococci infections (PANDAS) [24].

However, the causality has yet to be proven [34]. Con-

sidering the pathomechanism of this association, it has

been suggested that antibodies in PANDAS react with the

neuronal cell surface and caudate-putamen and induced

calcium–calmodulin-dependent protein kinase II activity in

neuronal cells. Therefore, the streptococci antibodies might

influence neuronal cell signalling [18]. Furthermore, it was

suggested that neurotrophic infections could provoke an

abnormal developmental process that moderates or medi-

ates the expression of the TS phenotype. This phenotype

would be more susceptible to exacerbations by infectious

agents or other unspecific factors [6]. In the case of TS, one

possible factor could be that infectious agents do not

directly cause psychiatric symptoms but influence the

immune balance via the status of a chronic infection. We

have seen in our study mainly IgG and not IgA antibodies

were elevated in TS. This could indicate that the infections

have progressed to dormant infections with a persistent

immune response. For this study, we chose to investigate

IgA antibodies instead of IgM, because they seem to be

more sensitive for the detection of Toxoplasma and Chla-

mydia [3, 7]. As especially Chlamydia trachomatis seems

Table 1 Percentage of positive bacterial and protozoan antibody

titers in comparison of TS and controls

Bacteria/protozoan Prevalence of positive

antibodies in %

Fisher’s

exact test

Tourette’s

patients

Healthy

controls

Chlamydia trachomatis IgG 19.2 0.0 P = 0.017

Chlamydia trachomatis IgA 19.2 10.0 Not sigificant

Chlamydia pneumoniae IgG 60.7 43.3 Not sigificant

Chlamydia pneumoniae IgA 42.8 36.7 Not sigificant

Toxoplasma gondii IgG 57.1 20.0 P = 0.069

Toxoplasma gondii IgA 14.3 0.0 Not sigificant

Table 2 Analysis of positive antibody titers considering gender

differences

Male (%) Female (%) Odds ratio P value

Chlamydia trach. IgG 20.0 5.4 0.24 0.14

Chlamydia trach. IgA 13.3 13.5 1.02 1

Toxoplasma IgG 30.8 30.0 0.97 1

Toxoplasma IgA 7.7 0 0 0.39

The table shows the percentage of positive antibody titers for male

and female patients with regard to Chlamydia and Toxoplasma

infection

Table 3 Analysis of the influence of medication status on antibody

titers

No

medication

(%)

On

medication

(%)

Odds

ratio

P value

Chlamydia trach. IgG 3.0 20.0 7.68 0.06

Chlamydia trach. IgA 15.2 15.0 0.99 1

Toxoplasma IgG 24.1 60.0 4.46 0.19

Toxoplasma IgA 0 20.0 Inf. 0.18

The percentage of positive antibody titers to infectious agents is

shown in comparison for patients on and off medication

Table 4 Values of YGTSS (scale for symptom severity) with regard

to positive and negative antibody titers to infectious agents

YGTSS values per infectious agent

Antibodies

positive

Antibodies

negative

P value

Chlamydia trach. IgG 52.8 18.08 0.006

Chlamydia trach. IgA 20.88 21.44 0.85

Toxoplasma IgG 19.8 7.0 0.10

Toxoplasma IgA 44.0 22.48 0.11

The absolute scores of the YGTSS are shown for patients with either

positive or negative antibodies to infectious agents
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to be involved in autoimmune processes (for example

reactive arthritis [9, 33]), this suggests that Chlamydia

might trigger (auto-)immune responses also in TS. This

assumption is further strengthened since TS has been dis-

cussed as an autoimmune disease [15]. The underlying

pathophysiology of how Chlamydia might cause movement

disorders remains elusive. An in vitro study investigated a

microglia cell line that has been infected with Chlamydia

and showed an enhanced production of proinflammatory

cytokines after infection [16].

Another probable mechanism for the influence of

infections on the cerebral immune balance could be the

activation of the tryptophan catabolism via infectious

agents and proinflammatory cytokines [8]. Especially in

microglia, which are the resident innate immune cells of

the brain, tryptophan gets degraded to serotonin and to

other products of this metabolism [13], which function

either as a NMDA-receptor agonist or antagonist and

control the neurotransmitter availability [30]. So far, an

imaging study of Behen et al. [2] 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 elevated in

Tourette’s syndrome [31]. However, these findings are still

controversial in literature. Hoekstra et al. [14] observed an

unaltered kynurenine pathway in patients with tic disor-

ders. In summary, this indicates that infectious agents

might influence the cerebral neurotransmitter balance via

the tryptophan catabolism. The association of infections

and the kynurenic pathway could have therapeutic impli-

cations, as at present inhibitors of certain metabolites of

this pathway are available [8].

There are also some limitations to our study. The first

one has to do with the age of the participants. The disease

onset of Tourette’s syndrome was at a mean age of

9.5 years and study participants showed a mean age of

29.6 years, it is difficult to draw conclusions whether the

higher infection rates show a pathophysiologic cause or a

secondary phenomenon. Chlamydia infection rates in early

childhood are as low as 4.7% [35] and increase especially

when sexual activity begins. In 2006, among youths aged

10–14 years, 12.364 cases of Chlamydia were reported in

females and 1.238 in males according to the US ‘Nation-

ally Notifiable Disease Surveillance System’ [11]. There-

fore, further studies investigating the clinical amelioration

of TS with regard to antibiotic treatment are needed.

The majority of our sample of TS patients was on

antipsychotic treatment. It is known that antipsychotics can

reduce infections and influence the immune balance [23,

29], so it would be import to conduct another study that

investigates drug-naı̈ve or unmedicated TS patients. In

unmedicated patients, an even higher rate of positive

antibody titers could be expected, as it has been shown in

the cerebrospinal fluid in schizophrenic patients [23]. In

this study no significant differences of the antibody dis-

tribution were found with regard to medication status, but

there was a slight trend towards more positive antibodies to

Chlamydia trachomatis IgG for medicated TS patients.

A further limitation could be that there were more males in

the Tourette’s group (81%) than in the control group

(58%). This is of importance because infection rates of

Chlamydia differ between sexes. In 2007, the overall rate

of reported chlamydial infection among women in United

States (543.6 cases per 100,000 females) was almost three

times higher than the rate among men (190.0 cases per

100,000 males). This could be explained by the fact that a

greater number of women are screened for this infection

and that many of the sexual partners of women with

Chlamydia are not being diagnosed or reported as having

Chlamydia [25]. The present study revealed no differences

between the antibody distributions regarding gender. The

antibody distribution showed only differences for symp-

toms severity. This demonstrates that TS patients who

suffer from severe symptoms (high YGTSS score) had a

significantly higher rate of positive titers against Chla-

mydia trachomatis: An indicator for the prominent role of

Chlamydia in profoundly ill patients.

In conclusion, this exploratory study showed an

increased prevalence of infections in TS patients, but fur-

ther research is needed to clarify the involvement of

infectious agents, the immune system, and the neuro-

transmitter balance on the pathogenesis of TS.
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