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Abstract
BACKGROUND—Post-infectious autoimmunity and immune deficiency have been implicated
in the pathogenesis of Tourette syndrome (TS). We asked here whether B cell immunity of
patients with TS differs from healthy subjects.

METHODS—In two independent cross-sectional samples, we compared serum levels of IgG1,
IgG2, IgG3, IgG4, IgM, IgA, and IgE in 21 patients with TS from Yale University (17 males, 4
females, 8–16 years) versus 21 healthy controls (13 males, 8 females, 7–17 years); and in 53
patients with TS from Groningen University (45 males, 8 females, 6–18 years) versus 53 healthy
controls (22 males, 31 females, 6–18 years), respectively. We also investigated correlations
between Ig concentrations and symptom severity. In 13 additional patients (9 males, 4 females,
age range 9–14), we established Ig profiles at time points before, during, and after symptom
exacerbations.

RESULTS—IgG3 levels were significantly lower in Yale patients compared to healthy children
(medians 0.28 versus 0.49 mg/ml, p = .04), while levels of IgG2, IgG4, and IgM in patients were
lower at trend-level significance (p ≤ .10). Decreased IgG3 (medians 0.45 versus 0.52 mg/ml; p = .
05) and IgM (medians 0.30 versus 0.38 mg/ml; p = .04) levels were replicated in the Groningen
patients. Ig levels did not correlate with symptom severity. There was a trend-level elevation of
IgG1 during symptom exacerbations (p = .09).

CONCLUSION—These pilot data indicate that at least some patients with TS have decreased
serum IgG3, and possibly also IgM levels, though only few subjects had fully expressed Ig
immunodeficiency. Whether these changes are related to TS pathogenesis needs to be investigated.
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INTRODUCTION
Tourette syndrome (TS) is a chronic neuropsychiatric disorder characterized by the presence
of involuntary, rapid, recurrent, non-rhythmic movements, and/or vocalizations, often
accompanied by obsessions and/or compulsions. The onset of symptoms occurs mostly
between 5 to 7 years of age, symptoms typically wax and wane over time, and the disorder is
often outgrown by young adulthood, except in a minority of cases (Leckman, 2002;
Lombroso and Scahill, 2008).

Strong evidence indicates that the disorder is hereditary, but the exact mechanisms involved
in the genetic transmission are not resolved (Hoekstra et al., 2004). It appears that TS is
genetically heterogeneous and that environmental factors may influence the onset, course,
and severity of symptoms. Among multiple environmental factors, infections with group A
beta hemolytic streptococcus (GABHS) have been proposed to play a key role in the
pathogenesis of TS in at least some patients. This has received significant attention after a
wave of infections with GABHS in Rhode Island was followed by increased frequency of tic
disorders in pediatric practice (Kiessling et al., 1993). A subgroup of patients with TS with a
medical history of GABHS infection prior to the onset of TS symptoms was designated as
PANDAS (pediatric autoimmune neuropsychiatric disorders associated with streptococcal
infections ((Swedo et al., 1998). In addition, other infections were implicated in TS by
studies demonstrating that common cold preceded TS symptom exacerbations (Hoekstra et
al., 2005) and that antibodies against mycoplasma pneumoniae are elevated in patients with
TS (Muller et al., 2004), and by case reports suggesting relations of TS with Lyme disease
(Riedel et al., 1998) or toxoplasmosis (Brynska et al., 2001). Establishing evidence for the
role of post-infectious autoimmunity in the pathogenesis of TS has proven quite challenging
and the concept remains controversial (reviewed in (Giovannoni, 2006; Martino et al.,
2009). This is mainly due to the complexity of neuro-immune interactions and the limited
accessibility to the site of pathology, particularly in children. Nevertheless, this line of
investigation is important as it may prove relevant not only to TS itself, but also to other
pediatric neuropsychiatric diseases, for example autism spectrum disorders, where a role of
the immune system was implicated and which has a well-established clinical link with TS
(Baron-Cohen et al., 1999; Ivarsson and Melin, 2008).

Why children with TS would be prone to post-infectious autoimmune disorders remains
unclear. Two recent epidemiological studies brought new insight into possible immune
mechanisms in these patients by revealing that children with a newly diagnosed tic disorder
or obsessive-compulsive disorder (OCD) were significantly more likely to have had a
GABHS infection in the previous year than unaffected control subjects (Leslie et al., 2008;
Mell et al., 2005). A higher vulnerability to infections may be due to some form of immune
deficiency. Patients with immune deficiencies (even the isolated deficiencies that were
originally considered to be benign, such as isolated immunoglobulin (Ig) A deficiency) are
now known to have increased occurrence of autoimmune disorders (Bussone and Mouthon,
2009; Woof and Kerr, 2006). Previous studies have suggested that patients with TS may
have enhanced activity of T cell immunity (Gabbay et al., 2009; Leckman et al., 2005)
(Moller et al., 2008), implying that the deficient immune mechanisms may concern humoral
branch of the immunity. In our first pilot study, we found decreased plasma IgA levels in
patients with TS and/or OCD, particularly in the subgroup fulfilling the PANDAS criteria,
implying that mucosal immunity may be compromised in these patients (Kawikova et al.,
2010).

In this second pilot study, we continued to investigate the hypothesis that humoral immune
deficiency may be present in patients with TS. We used existing archived samples and
included a larger number of subjects from two clinical sites, focused on patients with mostly
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non-PANDAS TS and established detailed serum Ig profiles (including IgG subclasses and
IgE). We chose to not specifically enrich the sample for PANDAS cases as we did in an
earlier pilot study (Kawikova et al., 2010), since other microorganisms than GABHS have
been implicated in TS (Hoekstra et al., 2005; Muller et al., 2004; Muller et al., 2000).

METHODS
Subjects

The study involved samples of convenience from cross-sectional collections that were
obtained and archived at two distinct clinical sites. Additionally, we assessed changes during
symptom exacerbations in serum samples collected longitudinally in one of the sites. Table
1 shows demographic and clinical characteristics of all subjects.

Selection of samples from these collections was performed based on the diagnosis of TS (TS
patients with and without OCD symptoms were included, while patients who had OCD but
no TS symptoms were excluded), on the severity of clinical symptoms (patients with
moderate and severe symptoms were included), and on the availability of age-matched
control subjects.

Cross-sectional samples—The first sample consisted of 21 patients with TS and 21
age-matched healthy control subjects recruited at the Child Study Center of Yale University
New Haven, CT. Patients fulfilled Diagnostic and Statistical Manual of Mental Disorders
fourth edition, text revised (DSM-IV-TR) criteria for TS or another chronic tic disorder.
Information concerning the patients, including assessment of PANDAS status according to
criteria proposed by Swedo et all (Swedo et al., 1998), was collected in a two-stage process
as previously described (Leckman et al., 2005). Healthy volunteers were recruited by use of
telemarketing lists of telephone numbers. Exclusion criteria included an intelligence quotient
of < 75, presence of a serious medical illness, major sensory handicaps (e.g., blindness,
deafness), major neurological diseases (including a seizure disorder), head trauma resulting
in loss of consciousness, or a current (past 6 months) psychiatric disorder that could interfere
with participation, such as major depression, psychosis, or an autism spectrum disorder
(Leckman et al., 2005). Serum samples of these subjects were collected between the years
2000 and 2003, and were since stored unthawed in a –80°C freezer.

The second sample involved 53 pediatric patients who also fulfilled DSM-IV-TR criteria for
TS or another chronic tic disorder, and 53 age-matched healthy volunteers. Patients had
either been recruited through the Groningen University Child and Adolescent Psychiatry
outpatient clinic in the Netherlands (n = 40) or through the Dutch TS Association (n = 13);
healthy volunteers had been recruited through advertisements in local newspapers. Patients
and parents were asked whether the onset or exacerbations of tic symptoms were
temporarily associated with GABHS infections. None of the patients reported such an
association. To prevent inclusion of patients with acute inflammatory disease, patients with
clinical signs of an active infection and/or patients with C-reactive protein (acute phase
protein) above its physiological levels of 10 mg/l were excluded from the study (this was the
case in 2 patients). Further exclusion criteria were presence of an atopic condition,
autoimmune disorder, or autism. These samples were collected in 2007, and since then were
stored in a −20°C freezer.

In both samples, tic severity was assessed by using the Yale Global Tic Severity Scale
(YGTSS; (Scahill et al., 1996). This is a well-validated semi-structured interview which
records the number, frequency, intensity, complexity, and interference of motor and vocal
tics separately (Leckman et al., 1989). Moreover, we used the Children’s Yale-Brown
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Obsessive Compulsive Scale (CYBOCS, a semi-structured interview measuring obsessive-
compulsive symptom severity (Scahill et al., 1997).

Longitudinal sample—Serum samples of 13 additional patients with TS were
investigated to evaluate possible changes in Ig profiles during tic exacerbations. The
samples were collected in the course of a 24-month prospective longitudinal study at the
Yale Child Study Center during which children were evaluated every 3 months, or earlier if
an exacerbation of symptoms occurred (Leckman et al., 2005). This enabled us to select
serum samples obtained when patients had well-defined tic exacerbations and to compare
serum Ig profiles obtained at visits before and after an exacerbation of tics. An exacerbation
was defined as a total YGTSS score exceeding the score established at the previous visit by
nine points and the total YGTSS score exceeding 19 points (Leckman et al., 2005). Yale
University is one of the few sites where prospective longitudinal studies have been
performed. Similar samples were not available at Groningen University at this time.

Informed consent from parents and children of 12 years or older, and assent from children
between 6 and 12 years had been obtained. The study had been approved by the relevant
Institutional Review Boards.

Analysis of serum samples
All samples were analyzed at the Yale site. Samples of TS cases and control subjects of all
three groups (Yale cross-sectional, Groningen cross-sectional, and Yale longitudinal) were
proportionally represented on each plate of the assay. The person who performed the assays
was blinded to the clinical status of samples.

Ig concentrations were measured in archived sera using a Luminex based Ig Isotyping
reagent kit for measurement of IgG1, IgG2, IgG3, and IgG4, and IgM, IgA, and IgE (Bio-
Rad Laboratories, Hercules, CA, catalog number 171-A3001M) in 10,000 fold diluted serum
samples according to manufacturer’s instructions. Briefly, anti-isotype-conjugated beads
were pipetted in a 96-well pre-wet filtration plate (Catalog number MSBVN1210) and
incubated with 50 μl of 10,000 times diluted sample on a microplate shaker (IKA NTS 2/4
digital microtiter, catalog number 3208000), followed by three washes using multiscreen
resist vacuum manifold (Millipore, Billerica, MA, catalog number MSVMHTS00). Then,
biotinylated detection antibody solution was added, incubated for 30 minutes on a
microplate shaker, and washed three times. Subsequently, streptavidin-phycoerythrin was
added and incubated for 10 minutes while shaking and then washed three times. The
fluorescence signal was analyzed using a Bioplex 200 suspension array system (Bio-Rad
Laboratories, Hercules, CA, catalog number 171-000201) and Bioplex manager software
(Bio-Rad Laboratories, Hercules, CA). To establish inter-assay variability, three samples
were measured on each of the assay-days. The values obtained on the two following assay-
days differed less than 9% from those obtained on the first assay. The intra-assay variability
was established by comparing values of duplicates and the differences were less than 11%.

Statistical analyses
The Mann-Whitney test was used to compare difference in median Ig concentrations
between groups of subjects (healthy controls versus patients, patients with medication versus
patients without medication, or female subjects versus male subjects). Spearman’s
correlation coefficient was used to determine relationships between serum Ig levels and
YGTSS and CYBOCS ratings. Repeated-measures analysis of variance (ANOVA) was
employed in the longitudinal analysis of Ig levels in patients with symptom exacerbation to
assess differences in Ig profiles before, during, and after a tic exacerbation. If serum levels
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yielded at least trend-level statistically significant differences between time points (defined
as a p value ≤ 0.1), Bonferroni Post Hoc analyses were performed.

This pilot study was hypothesis driven and values of p ≤ .05 were considered as significant.
We did not perform correction of multi-comparisons in this study considering that immune
disturbances could be present in only a subset of TS patients and too stringent criteria in this
first evaluation of complete Ig profiles in TS patients could disguise the existence of such a
subgroup. In order to validate our data using this approach, we included samples from two
distinct clinical sites and asked whether similar changes can be observed at both sides. To
avoid type II (false negative) errors, we also report trend-level significant findings. All tests
were two-sided.

RESULTS
Cross-sectional analyses

Ig serum levels in control subjects from Yale University versus those from Groningen
University significantly differed. This could be due to differences in environmental factors
to which the subjects were exposed at the different sites, as well as due to differences in
temperature and length of sample storage. The existence of these differences prevented
pooling the samples from the two clinical sites. We therefore compared patients with versus
age-matched healthy controls at each clinical site separately.

In the Yale sample, serum IgG3 levels were significantly lower in the patients with TS than
in healthy control subjects, and there were trend-level decreased serum IgG2, Ig4, and IgM
concentrations in patients (see Table 2a and Figures 1A and 1B). In the Groningen sample
that involved a larger number of subjects, the decrease in serum IgG3 and IgM levels was
replicated (Table 2b and Figures 1A and 1B). The findings of decreased IgG2 and IgG4
levels in the Yale patients were not confirmed. In addition, significantly increased IgG4
levels and trend-level decreased IgE levels were found.

In the Groningen sample, patients and control subjects were not fully gender-matched. To
address the possibility of gender effect on Ig levels, we compared levels in the healthy
control females with those of the healthy control males at both sites. In the Yale sample, no
differences were identified between the healthy male (n= 13) and female (n=8) subjects. In
the Groningen sample, however, serum IgM levels were significantly lower in the healthy
male (n=22) compared to the healthy female (n=31) children (respective medians 0.32 mg/
ml versus 0.40 mg/ml, U = 232.0, z = −1.968, p = .05). No other significant or trend-level
differences were found. Since TS affects mainly boys and there was a preponderance of
males in the Groningen patient groups (45 males versus 8 females), it is possible that the
differences in IgM between the Groningen patient and control subjects might have been
influenced by gender.

To address whether medication (Table 1) affected Ig levels, we compared Ig profiles in
patients with or without medication. In the Yale sample, no differences were present. In the
Groningen sample, patients with psychotropic medication (n=33) had lower serum levels of
IgG4 compared to those who were medication free (n=20) (respective medians 0.22 mg/ml
versus 0.32 mg/ml, U = 224.0, z = −1.945, p = .05), but no other effects were observed on
remaining Ig isotypes and subclasses.

In both the Yale and Groningen samples, no statistically significant, nor trend-level
significant, correlations were present between any of the serum Ig levels and YGTSS or
CYBOCS ratings.
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In the earlier pilot study, we observed a decrease of IgA, mainly in PANDAS cases. This
was not revealed here. For the purpose of assessing the consistency in IgA findings between
these two studies, we pooled all PANDAS patients in the current study (three patients in the
Yale University cross-sectional sample and five patients in the Yale University longitudinal
sample) and compared them to values of the Yale non-PANDAS subjects (n=23). The mean
IgA level of PANDAS cases was 13.4 mg/dl, while in the non-PANDAS cases this was 18.8
mg/dl. This is implies similar decrease in IgA in PANDAS cases as in our earlier study. The
difference, however, was not statistically significant, emphasizing the importance of
reproducing the data with larger groups of age- and gender matched PANDAS and non-
PANDAS subjects.

Longitudinal analysis
Comparison of serum Ig levels before, during, and after a tic exacerbation by repeated-
measures ANOVA revealed a trend-level increase in IgA and IgG1 during exacerbations.
The trend to an increase of IgG1 remained present after post hoc analyses (Table 3 and
Figure 2).

DISCUSSION
This pilot study represents the first comparison of detailed serum Ig profiles in children and
adolescents with TS versus healthy age-matched subjects. The data were obtained by
analysis of two independent cross-sectional samples and indicate that at least some patients
with TS have lower serum levels of IgG3, and possibly also IgM, than control subjects.
Similar decreases in IgG3 and IgM serum levels were recently also reported in patients with
autism by a study involving 116 patients with autistic disorder versus several relevant
control groups (Heuer et al., 2008).

IgG3 and pentameric IgM are the most potent activators of the classical complement cascade
that leads to the formation of membrane attack complexes and the destruction of microbial
pathogens. In patients with TS, there has been no report about the activity of complement
cascade. In children with autism, however, a decrease in plasma levels of complement
protein C4 has been reported (Warren et al., 1994). Both IgG3 and monomeric IgM also
play a role in phagocytosis (Meyts et al., 2006; Shibuya et al., 2000). Since IgG3 and IgM
are involved in immune responses against multiple microorganisms (Goldstein et al., 2008;
Noyes et al., 1986; Oxelius et al., 1986), decreased levels may compromise the immune
defense to diverse pathogens.

The levels of Ig isotypes in healthy control subjects are within the range of previously
reported results (Ritchie et al., 1998). The decrease in IgG3 and IgM that we observed in
patients with TS does not correspond to fully expressed immunoglobulin deficiencies
(defined as a decrease of two standard deviations below the appropriate age mean levels).
Only four Yale University patients (19%) and one Groningen University patient (1.9%)
fulfilled these criteria for Ig deficiency. Also, only one patient had low levels of both IgG3
and IgM, suggesting that different TS patients may suffer different types of
dysgammaglobulinemia. Individuals with isolated IgG3 and IgM deficiencies are known to
have recurrent infections affecting mainly the upper respiratory tract (pharyngitis, rhinitis, or
sinusitis) (Meyts et al., 2006; Yel et al., 2009). Similarly, patients with TS suffer more
frequently from upper respiratory infection (Leslie et al., 2008; Mell et al., 2005). These
findings point to the need to investigate further whether patients with TS who have Ig
abnormalities suffer infectious diseases more often, and whether these infections are
causally related to the onset, course, and/or severity of TS symptoms.
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The observations in the present cross-sectional analyses differ somewhat from the results of
our recent pilot study. Previously we measured total and antigen specific levels of IgG, IgA,
and IgM in patients with TS. We observed a decrease in IgA levels, but not in IgG and IgM
levels (Kawikova et al., 2007), . The earlier study significantly differs from the current study
in several aspects, however. First, in the previous study, the patient group involved 39%
PANDAS cases, whereas in the current study, the Yale University group involved only 14%
and the Groningen University had no PANDAS cases. The decrease in IgA in the pilot study
was observed predominantly in PANDAS cases. In the present study, we observed a
tendency to a similar decrease in PANDAS cases compared to non-PANDAS cases. The
number of PANDAS cases, however, was low which could be the reason for lack of
statisticaly significant difference. Second, in the earlier pilot study, we measured total IgG
and observed no differences. In the current study, we measured IgG subclasses and found a
decrease in IgG3 levels. IgG3 represents only 4–8% of total IgG and thus it is
understandable that the differences could not be revealed in the pilot study where total IgG,
but not subclasses, were measured. Third, in our previous study, we did not observe changes
in IgM levels, similarly to Libbey at all (Libbey et al., 2008). With larger numbers of
subjects in the current study, we found a decrease in both the Yale and Groningen groups,
but the possibility of a confounding effect of gender cannot be excluded in the Groningen
group. Future studies will need to resolve the uncertainty.

To determine whether worsening of TS symptoms is associated with changes in Ig profiles,
we employed an additional group of patients with well-defined symptom exacerbations and
compared their serum Ig profiles obtained at pre-exacerbation, during exacerbation, and at
post-exacerbation time points (Leckman et al., 2005). This preliminary analysis revealed a
trend towards an increase of IgG1, which might be interesting since anti-basal ganglia IgG1
and IgG3 antibodies levels were elevated in cerebrospinal fluid of patients with Sydenham’s
chorea (a neuropsychiatric component of post-streptococcal rheumatic fever that clinically
resembles some aspects of TS) and IgG1 levels were also increased in serum of mice
involved in an experimental model of PANDAS where Ig was shown to be necessary for the
elicitation of symptoms (Yaddanapudi et al., 2009).

We observed here deviations in B cell immunity of patients with TS that appear relatively
mild. However, the existence of subtle changes in such a gross parameter as is a
concentrations of total Igs warrants further investigation of antigen-specific Ig profiles in the
context of total Igs. A frequently raised concern is that changes in immune parameters in
subjects with neuropsychiatric disorders may not be the cause of the disease, but rather a
consequence of stress induced by the presence of the chronic disorder. Patients with TS do
have enhanced responsiveness to acute stress (Chappell et al., 1994; Corbett et al., 2008),
psychosocial stress negatively impacts their symptoms (Lin et al., 2007), and basal levels of
cortisol negatively correlates with TS symptoms (Corbett et al., 2008). The immune changes
that were previously reported in subjects with TS, including enhanced activity of T
lymphocytes (Gabbay et al., 2009; Leckman et al., 2005; Moller et al., 2008), decreased
numbers of regulatory T cells (Kawikova et al., 2007), and altered activity of natural killer
cells (Du et al., 2006; Lit et al., 2007) are also present in patients with chronic stress
conditions, such as post-traumatic stress disorder (Gill et al., 2009; Gotovac et al., 2010;
Inoue-Sakurai et al., 2000; Sommershof et al., 2009). However, to our knowledge, no
changes in IgG3 or IgM levels have been reported in chronic stress conditions. Instead,
rather elevated levels of Igs were found in chronic stress (Boscarino, 2004; Kosor Krnic et
al., 2007). In light of this, it seems relevant to consider that the decrease in IgG3 and
possibly IgM in the present study might reflect primary dysgammaglobulinemias in TS
subjects which should be confirmed in the future by testing B lymphocyte functions in
patients with TS.
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Several limitations of our study need to be acknowledged. First, the patients of the
Groningen sample were age- but not gender-matched. Second, an important possible
confounding factor is the effect of medications. Although in our study, serum levels of IgG3
and IgM did not differ between patients with and without medication use, other studies
reported various effects of psychiatric medications on multiple immune parameters. Thus,
future studies should ideally involve medication free patients. Lastly, the analysis of Ig
profiles during exacerbations involved a relatively small number of subjects. Future studies
involving larger numbers of patients are required to replicate and solidify these longitudinal
data.

In summary, this study demonstrates patients with TS may have abnormalities in their
humoral immunity, though only few subjects had fully expressed isolated Ig
immunodeficiency. These data also imply that even non-PANDAS patients may have
immune disturbances, which was previously neglected. Future studies need to address
whether the abnormalities represent a primary dysgammaglobulinemia and whether they are
related to more frequent infections that were previously reported in patients with TS and
whether these infections are involved in the pathogenesis of TS symptoms. Future studies
should also address whether there is any relationship between stress, cortisol levels, and
alterations of immune parameters.
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Figure 1.
Serum IgG3 levels in children with TS and healthy subjects of the Yale and Groningen
samples. The bars represent the medians in each group.
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Figure 2.
Serum IgM levels in children with TS and healthy subjects of the Yale and Groningen
samples. The bars represent the medians in each group.
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Figure 3.
Serum IgG1 levels of 13 children with TS before, during, and after an exacerbation of tics.
Patients showed increased IgG1 levels during exacerbation: F(2, 24) = 2.63, p = .09.
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