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and may be followed by compulsive mental or motor rit-
uals performed to reduce or neutralize these uncomfort-
able feelings  [1, 2] . Generally, OCD symptoms tend to 
organize themselves into four to five different thematic 
clusters, including contamination/washing, sexual/reli-
gious, aggressive/checking, symmetry and ordering, and 
hoarding themes  [3] .

  Once believed to be a form of anxiety disorder, in-
creasing evidence from a number of disciplines (e.g. clin-
ical sciences, genetics and neuroimaging) has emerged 
supporting the unique diagnostic status of OCD. Indeed, 
this distinctiveness has been acknowledged in the most 
recent edition of the DSM diagnostic system (DSM-5)  [4] , 
where OCD is at the core of a new category termed ‘ob-
sessive-compulsive and related disorders’, together with 
body dysmorphic disorder, hoarding disorder, trichotil-
lomania and excoriation disorder  [5] .

  Until the 1950’s, OCD was considered to be utterly rare, 
affecting only 0.05% of the general population according to 
pioneering German epidemiological studies  [6] . However, 
since the 1980’s, modern investigations prompted by the 
North American Epidemiological Catchment Area, ECA, 
study have increasingly suggested that OCD is a common 
condition. OCD is now recognizable among the four most 
frequent psychiatric conditions, affecting between 1.94 and 
3.29% of individuals across the five ECA sites  [7] .
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  Abstract

  The etiopathogenesis of obsessive-compulsive disorder 
(OCD) remains elusive. Clinical observation of the elevated 
frequency of obsessive-compulsive symptoms in patients 
with rheumatic fever, a post-streptococcal autoimmune dis-
ease, prompted the study of immune parameters in OCD. 
Anti-basal ganglia antibodies have been described in a sub-
set of OCD patients. The assessment of circulating cytokines 
and immune cells confirmed unequivocal changes in at least 
some patients, although it is difficult to establish a particular 
immune profile in OCD. Several factors, including the use of 
psychotropic drugs and the presence of comorbid condi-
tions, seem to influence these immune parameters.

  © 2014 S. Karger AG, Basel

  Introduction

  Obsessive-compulsive disorder (OCD) is character-
ized by different combinations of obsessive thoughts, im-
ages or urges that are associated with anxiety or distress, 
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  Despite being quite frequent and often incapacitating, 
OCD has been less frequently investigated, at least from 
the pathophysiological standpoint, than other less fre-
quent mental illnesses such as schizophrenia or bipolar 
disorder. In recent years, great attention has been direct-
ed to the role played by the immune system in the patho-
genesis of several neuropsychiatric disorders. This paper 
discusses the evidence on the role of immune dysfunction 
in OCD.

  Overview of OCD Etiopathogenesis

  The available data support a model whereby OCD-re-
lated genes confer susceptibility to individuals that, once 
exposed to certain environmental scenarios, exhibit OCD 
symptoms  [2] . Although somewhat simplistic and poten-
tially applicable to several different mental illnesses, this 
model provides a framework to test different etiopatho-
genic hypotheses, including whether other factors may be 
involved in the pathway towards the emergence of OCD.

  Several family and twin studies have provided evi-
dence for heritability of OCD. A multitude of genetic as-
sociation studies in OCD have been performed in the last 
2 decades, but few consistent findings have been achieved. 
A recent comprehensive meta-analysis examining a total 
of 230 polymorphisms from 113 genetic-association 
studies found that OCD was associated with serotonin-
related polymorphisms  (5-HTTLPR  and  HTR2A)  and, in 
males only, with polymorphisms involved with catechol-
amine modulation  (COMT  and  MAOA)   [8] . Secondary 
analysis comprising polymorphisms that were evaluated 
in fewer than five data sets identified other candidate 
polymorphisms that were associated with trophic factors, 
neurotransmitters and an immunologic factor, i.e.  TNFA  
(rs361525)  [8] .

  To overcome the limitations related to association 
studies (e.g. variable statistical power) and the intrinsic 
heterogeneity of OCD, a genome-wide association study, 
GWAS, has been proposed. The first GWAS study of 
OCD that analyzed 400 trios, 1,465 cases and 5,557 con-
trols for 469,410 autosomal and 9,657 X-chromosome 
single-nucleotide polymorphisms (SNPs) was recently 
published  [9] . No SNPs were identified to be associated 
with OCD at a genome-wide significant level in the com-
bined trio-case-control sample. It is worth mentioning, 
however, that the top-ranked SNPs from the trio-case-
control analysis related to transcriptional regulation and 
glutamatergic neurotransmission and signaling. As with 
other complex neuropsychiatric disorders, OCD suscep-

tibility seems to be determined by the sum of a large num-
ber of genes with modest effect, and most of them are 
related with neurotransmitter systems in OCD.

  Neuroimaging studies have demonstrated that OCD is 
associated with hyperactivation of specific frontostriatal 
circuits, especially those involving the orbitofrontal cor-
tex and the ventral striatum (component of the basal gan-
glia)  [10] . By affecting these circuits with drugs (e.g. sero-
tonin reuptake inhibitors), cognitive-behavioral therapy, 
neurosurgery or neurostimulation techniques, it is pos-
sible to mitigate OCD symptoms  [1, 11] . Therefore, ab-
normal modulation of these frontostriatal circuits, for in-
stance, by gene-associated dysfunction in neurotransmit-
ter systems, may confer susceptibility to OCD. Structural 
lesions (e.g. stroke) compromising frontostriatal circuits 
can also be followed by obsessive-compulsive phenome-
na  [12] . This seems to be the case in neurological condi-
tions evolving with chorea (random and purposeless in-
voluntary movements), like neuroacanthocytosis and 
Sydenham’s chorea (SC). The neuroacanthocytoses are a 
group of genetic diseases presenting peripheral blood 
acanthocytes and progressive pathology in the basal gan-
glia that account for the characteristic choreic symptoms 
and elevated rates of OCD  [13] .

  Rheumatic Fever: A Model for Autoimmune OCD

  In the late 1980’s, Swedo et al.  [14]  at the National In-
stitute of Mental Health (NIMH, Bethesda, Md., USA) 
reported increased frequency of obsessive-compulsive 
symptoms in children and adolescents with SC. SC is a 
delayed neurological complication of group A β-hemolytic 
streptococcal (GABHS) pharyngitis and constitutes one 
of the major criteria of acute rheumatic fever (RF), an in-
flammatory autoimmune disease affecting mainly the 
heart valves. In SC, the typical age at onset of motor symp-
toms is around 9 years old with a female preponderance 
 [15] . The initial findings of higher frequency of obsessive-
compulsive symptoms and OCD in SC was not only con-
firmed, but also extended, in subsequent studies, to pa-
tients with present or past history of RF with or without 
SC  [16–18] .

  Pathological studies performed in the first half of the 
20th century indicated that SC is associated with localized 
infiltration of mononuclear cells, perivascular cuffs and 
neuronal loss in the basal ganglia  [19] . Later structural 
and functional neuroimaging studies confirmed basal 
ganglia compromise in SC  [20] . The immune basis of SC 
has also been defined, and SC fulfills the modified Wi-
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tebsky’s criteria for autoimmune disease  [21] : (i) the pres-
ence of autoreactivity marked by anti-neuronal or anti-
basal ganglia antibodies (ABGA); (ii) recognition of a 
specific autoantigen (e.g. tubulin); (iii) induction of the 
disease in an animal model, and (iv) passive transfer of 
the disease to the animal  [22, 23] . Molecular mimicry be-
tween  N -acetyl-β- D -glucosamine, the dominant epitope 
of the group A streptococcal carbohydrate, and mamma-
lian gangliosides (i.e. lysoganglioside GM1) has been con-
sidered the mechanism underlying the autoimmune pro-
cess in SC  [24, 25] . In this context, the basal ganglia have 
been implicated as a target of post-streptococcal autoim-
mune mechanisms in SC.

  The presence of psychiatric disorders in patients with 
a previous history of RF suggests that GABHS may trigger 
OCD and related disorders that may persist throughout 
life regardless of GABHS reinfections. Family studies 
have suggested that this relationship could be familial 
based on findings that obsessive-compulsive-related dis-
orders and anxiety disorders, such as generalized anxiety 
disorders and separation anxiety, aggregate more fre-
quently in first-degree relatives of RF probands when 
compared with controls  [26, 27] . In the search for candi-
date genes, two polymorphisms of the promoter region of 
the tumor necrosis factor-α (TNF-α) gene have been as-
sociated with both OCD and RF, which is an interesting 
finding as TNF-α is a proinflammatory cytokine involved 
in RF and several other autoimmune diseases  [28, 29] . 
Therefore, it is possible that both obsessive-compulsive-
related disorders and RF share a common genetic vulner-
ability mediated by genes relevant for immunologic pro-
cesses.

  Based on the association between GABS with obses-
sive-compulsive spectrum disorders, an autoimmune 
model for childhood-onset neuropsychiatric disorder has 
been proposed. Swedo et al.  [14]  argued that a subset of 
childhood tic disorders and OCDs could be causally re-
lated to streptococcal infection outside the context of RF, 
the so-called PANDAS, an acronym for ‘pediatric auto-
immune neuropsychiatric disorders associated with 
streptococcal infection’.

  The concept of PANDAS was challenged by several 
subsequent studies. For instance, Kurlan et al.  [30]  have 
provided reliable information based on an elegant pro-
spective, blinded, case-control study of children who met 
diagnostic criteria for PANDAS. Their striking finding 
was that the large majority of psychiatric exacerbations in 
this subgroup of patients could not be related to GABHS 
infections, contradicting the hallmark of the PANDAS 
hypothesis. Their findings suggest that OCD and Tou-

rette syndrome are complex and heterogeneous condi-
tions that may include subgroups prone to be triggered 
by a possible array of precipitants, including GABHS in-
fections. Despite the great controversy associated with 
the concept of PANDAS, it was relevant to foster the in-
vestigation of immune-mediated basal ganglia disorders 
and also the immune basis of OCD.

  ABGA: More Than a Biomarker?

  The spectrum of post-streptococcal autoimmune dis-
orders has been significantly enlarged in the last decade, 
comprising not only psychiatric syndromes, but also a se-
ries of extrapyramidal movement disorders like dystonia, 
myoclonus, tremor and parkinsonism  [31] . The main 
laboratory evidence supporting this group of disorders 
comes from the identification of increased titers of ABGA 
and/or anti-streptolysin O (ASO) antibodies.

  In children and adolescents with OCD, a series of 
studies investigated ABGA and ASO antibodies in the 
blood, finding inconsistent results with positive and 
negative findings  [32] . More recently, two independent 
cross-sectional studies with adult OCD patients assess-
ing ABGA and ASO reached similar conclusions. Maina 
et al.  [33]  performed a case-control study comprising 74 
OCD patients and 44 controls with major depressive ep-
isodes, finding a higher percentage of positive ASO titers 
in OCD subjects than controls (16.3 vs. 2.3%), but com-
parable levels of a series of autoantibodies (anti-nuclear, 
anti-double stranded DNA, anti-neutrophil cytoplas-
mic, anti-thyroglobulin, anti-thyroid peroxidase and 
anti-thyrotropin receptor antibodies). The difference 
regarding ASO titers could be partially explained by the 
younger mean age of the OCD patients (35.3 ± 12.7) in 
comparison with controls (56.0 ± 16.8). Interestingly 
only 4 out 74 OCD patients and none of the controls re-
sulted positive for ABGA. The authors concluded that 
the majority of adult OCD patients do not seem to have 
major autoimmune dysfunction, but ABGA are present 
in a small group of patients and may play a pathogenic 
role.

  Nicholson et al.  [34]  tested 96 adult OCD patients and 
50 controls (33 with chronic depression and 17 with 
schizophrenia) for the presence of ASO and ABGA. The 
rates of positivity for ASO in both the OCD and control 
groups were low and the differences were not significant. 
Positivity for ABGA was observed in 19/96 (19.8%) par-
ticipants with OCD compared with 2/50 (4%) controls
(p = 0.012). The majority of positive OCD sera (13/19) 
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had antibodies against the enolase antigen. They also con-
cluded that antibody-mediated autoimmunity might play 
a pathogenic role in a subset of OCD patients.

  To further investigate the role of ABGA in OCD, Bhat-
tacharyya et al.  [35]  examined ABGA in the serum and 
cerebrospinal fluid (CSF), and measured CSF amino ac-
ids (GABA, glutamate, glycine and taurine) in 23 drug-
naïve adult OCD patients compared with 23 healthy con-
trols. There was no significant difference in serum auto-
antibodies binding to basal ganglia homogenates (as 
assessed by Western blot), but there was more binding of 
CSF autoantibodies in OCD patients in contrast with 
controls, possibly indicating intrathecal ABGA synthesis. 
CSF glutamate and glycine levels were also significantly 
higher in OCD subjects compared with controls. Interest-
ingly, CSF glycine levels were significantly increased in 
OCD patients with CSF ABGA, suggesting that the ab-
normal levels of excitatory neurotransmitters reported in 
OCD might be related to ABGA. In sum, these ABGA in 
OCD could be: (i) biomarkers of an autoimmune process 
(related or not to streptococcal infection); (ii) produced 
as a result of neuronal damage, or (iii) represent an epi-
phenomenon. Although it has been largely accepted that 
ABGA may support an immune basis for at least some 
OCD patients, further studies are warranted to demon-
strate their pathogenic role.

  Infectious Diseases and OCD

  As mentioned above, in addition to GABHS, other in-
fectious diseases may be of paramount importance in the 
development of OCD.  Toxoplasma gondii  is a ubiquitous 
parasite that has already been implicated in the pathogen-
esis of schizophrenia  [36] . This is mainly supported by 
serological studies showing higher prevalence of anti-
 Toxoplasma  IgG antibodies in schizophrenic patients in 
comparison with controls. As the parasite has a strong 
tropism for the central nervous system, with preferential 
localization in the basal ganglia, Miman et al.  [37]  inves-
tigated the seropositivity rate for anti- Toxoplasma  IgG 
antibodies in 42 OCD patients and 100 controls. The se-
ropositivity rate was significantly higher in OCD patients 
(47.6%) than in controls (19%; p < 0.01), suggesting a role 
for chronic toxoplasmosis in OCD pathogenesis. The 
mechanisms by which  T. gondii  affects neural functions 
are uncertain, but may involve direct neuronal and glial 
damage, changes in neurotransmitter pathways and in-
duction of immune response with the release of several 
cytokines  [36] .

  Borna disease virus is an RNA virus that primarily 
determines neurological syndromes, including extrapy-
ramidal symptoms, in higher vertebrates like horses, 
sheep and cattle. In the early 1990’s Borna disease virus 
was associated with psychiatric disorders, mainly mood 
disorders. Dietrich et al.  [38]  reported an association be-
tween Borna disease virus-specific circulating immune 
complexes and dysfunction in the cingulate cortex of 
OCD patients submitted to a mental flexibility test. It 
was suggested that Borna disease virus-induced im-
mune response would be responsible for enhanced lev-
els of glutamate, leading to thalamocortical dysfunction 
 [39] .

  Therefore, the immune system seems to play a pivotal 
role in OCD cases associated either with the autoimmu-
nity triggered by β-hemolytic streptococcal infection, or 
with  T. gondii  or Borna disease virus infections. Based on 
these unexpected but interesting associations, several 
studies have assessed immune parameters in OCD.

  Changes in Immune Parameters in OCD

  A series of studies has investigated the levels of circu-
lating cytokines in OCD patients in comparison with 
control subjects, with mixed results  [32] . To overcome 
this, a meta-analysis was performed by Gray and Bloch 
 [40] , concluding that IL-1β is decreased in patients with 
OCD, while no difference was found in IL-6 and TNF-α 
levels. In stratified subgroup analysis, moderating effects 
of age and inclusion of patients under pharmacological 
treatment and with comorbid mood disorders were re-
ported. For instance, IL-6 levels were significantly in-
creased in drug-free OCD adults, while IL-6 levels were 
significantly lower in children with OCD who were taking 
psychotropic drugs  [40] .

  The low number of studies assessing ex vivo cytokine 
production has prevented a meta-analysis of these data. 
These limited studies suggested that ex vivo IL-6 produc-
tion may be reduced, with no significant changes in the 
production of IL-1β and TNF-α  [40] . It is worth empha-
sizing that this reduction in inflammatory cytokines, in-
dicating a noninflammatory profile in OCD, is in the op-
posite direction to that reported for other major psychi-
atric disorders, like schizophrenia and bipolar disorder. 
This decrease in IL-1β also deserves a more thorough in-
vestigation as this cytokine may play a role in central ner-
vous system repair, especially in remyelination  [41] , and 
OCD has been associated with several structural changes, 
including in the corpus callosum  [42] .
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  We performed the largest study to date evaluating cy-
tokines, chemokines and other inflammatory mediators 
in adult patients with OCD. In comparison with healthy 
controls, patients with OCD exhibited increased plasma 
levels of soluble receptors of TNF-α type 1 (sTNFR1) and 
type 2 (sTNFR2), and the chemokines CXCL8/IL-8 and 
CCL3/MIP-1α  [43] . The discrepancy between the studies 
may be ascribed to sample differences, including the age 
of patients, disease duration and severity, and use of psy-
chotropic drugs. Increased circulating levels of sTNFR1 
and sTNFR2 in the absence of increased TNF-α levels has 
already been reported and can be tentatively explained by 
TNF-α molecule instability and its consequent short half-
life. The assessment of sTNFR1 and sTNFR2 was report-
ed to be reliable surrogate markers of the overall produc-
tion and activity of TNF-α  [44] . Interestingly, plasma lev-
els of sTNFR1 correlated positively with the severity of 
washing symptoms in our OCD sample. This could indi-
cate that certain subsets of OCD patients would be more 
associated with immune dysfunction than others. It re-
mains to be determined whether these patients are the 
same OCD group with increased circulating levels of 
ABGA. We hypothesized that increased sTNFR1-related 
washing symptoms might represent some sort of behav-
ioral correlate to deal with infectious agents  [43] . Al-
though this hypothesis is highly speculative, Murphy and 
Pichichero  [45]  have already reported that 75% of pa-
tients diagnosed with PANDAS had germ- or illness-re-
lated obsessions, causing compulsive hand washing or ex-
cessive toilet hygiene rituals.

  Only two studies have investigated CSF levels of cyto-
kines in OCD. Mittleman et al.  [46]  compared CSF levels 
of IL-2, IL-4, IL-5, IL-10, TNF-α, IFN-γ and lymphotoxin 
among three groups of childhood psychiatric disorders, 
OCD, schizophrenia and attention-deficit/hyperactivity 
disorder, with no healthy control group. They found a 
relative skewing of CSF cytokines toward a Th1 profile in 
patients with OCD, and a relative preponderance of Th2 
profile in schizophrenia. Carpenter et al.  [47]  did not find 
significant difference in CSF levels of IL-6 between adult 
OCD patients and matched healthy controls.

  Studies assessing immune cell phenotype in OCD are 
also scarce  [32] . Marazziti et al.  [48, 49]  reported that OCD 
patients showed a significant increase of CD8+ and de-
crease of CD4+ T lymphocytes when compared with con-
trols. Interestingly, these immunophenotypic changes were 
reverted by treatment with selective serotonin reuptake in-
hibitors, in parallel with clinical improvement  [48] . There-
fore, the alterations of immune cells should be considered 
a state-dependent marker, perhaps related to stress  [48] .

  Stress modulates immune function through the activa-
tion of the hypothalamic-pituitary-adrenal axis and the 
consequent release of glucocorticoids that exert immuno-
suppressive effects. This could partly explain the reduced 
ex vivo production and circulation of proinflammatory 
cytokines  [40] . The presence of comorbid conditions, es-
pecially major depression, and the use of psychotropic 
drugs are also factors that influence immune activity and 
could contribute to the contradictory findings described 
in the literature. However, the real mechanisms underly-
ing the immune imbalance in psychiatric disorders, in-
cluding OCD, remain to be determined.

  Concluding Remarks

  OCD is a chronic and sometimes incapacitating neu-
ropsychiatric disorder with a complex etiopathogenesis. 
The observation of a higher frequency of OCD in patients 
with RF and its precipitance with infectious diseases 
prompted the study of immune parameters in the disease. 
Although the results to date are difficult to interpret as no 
discrete immune profile has emerged, there are unequiv-
ocal immune changes in at least some OCD patients. Fu-
ture challenges include: (i) defining whether these im-
mune changes are trait or state dependent, or secondary 
to the response of disease burden and their potential to be 
regarded as biomarkers; (ii) identifying the OCD sub-
types more associated with immune physiopathology 
(possibly some cases of early onset – with contamination/
washing symptoms?); (iii) testing the efficacy of immune-
based strategies in eligible subgroups of OCD.
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