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Increasing data suggest that the immune system may be involved in the pathophysiology
of different neuropsychiatric disorders, such as depression, 1 dementia,2 schizophrenia, 3 posttraumatic stress disorder, 4 panic disorder, 5 social phobia, 6 and
obsessive-compulsive disorder (OCD), while supporting the notion of “systemic
disease”. Interestingly, immune system alterations have been described in both
children and adult OCD patients. In children, the main data are derived from a
clinical syndrome resulting from infections driven by group A β-hemolytic streptococcus (GAS), in which changes of the immune system are associated with the
development of rheumatic fever (RF), OCD, and neurological symptoms, namely,
Sydhenam chorea (SC). Since RF and SC are secondary to GAS infections, the
higher incidence of OCD and tics has also been related to the same process.
Therefore, the National Institutes of Mental Health group devoted to OCD study
proposed the term “pediatric autoimmune neuropsychiatric disorders associated with streptococcus (PANDAS)” for this type of OCD frequent in children.7
However, immunological disturbances do not seem to be limited only to childhood, but also to adulthood OCD, as a recent chart-review study8 concluded that
adult OCD patients show an increased rate of immune-related diseases beyond that
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Abstract: Obsessive-compulsive disorder (OCD) is a psychiatric condition characterized by
the presence of obsessions and/or compulsions, which has been commonly associated with
alterations of some neurotransmitters systems, in particular, the serotonin and dopamine ones.
However, it is now evident that these supposed disturbances cannot explain the development
of this disorder, and so other possible mechanisms have been invoked, such as those involving
the immune system that is attracting an increasing interest. According to the current literature,
immune system alterations are reported in OCD of both children and adults. In children, it
has been widely described as a clinical syndrome resulting from infections driven by group A
β-hemolytic streptococci and characterized by rheumatic fever, OCD, and neurological
symptoms called “pediatric autoimmune neuropsychiatric disorders associated with streptococcus”. In adults, available findings are meager and controversial, although intriguing. Such preliminary findings underline the presence of OCD in a number of autoimmune disorders, as well
as of alterations of different immune parameters in OCD patients. This paper aims at presenting
an exhaustive review of the role of the immune system in the development of OCD, with a major
focus on the possible pathophysiological role of cytokines that seems to open novel treatment
options.
Keywords: OCD, cytokines, immune system, inflammation, PANDAS
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observed in other psychiatric disorders.9 Conversely, it is
also true that there is a significant prevalence of comorbidity of OCD in patients suffering from other autoimmune
diseases, such as systemic lupus erythematosus, thyroid
dysfunction,10 and multiple sclerosis.11,12 However, despite
the recent interest in immunological abnormalities in
OCD, only a few studies have examined cytokines in this
disorder.13–16
This paper aims at reviewing the available data on
immunological alterations in OCD, with a special focus on
the possible role of cytokines in this complex disorder.

OCD and the immune system
OCD is a common and debilitating psychiatric condition
with specific symptoms that can be easily diagnosed, which
are obsessions and/or compulsions. Obsessions are defined
as recurrent and persistent thoughts, impulses, or images
that cause anxiety and distress. Compulsions are repetitive
behaviors or mental acts that a person feels driven to perform in response to an obsession, in order to reduce distress
or a dreaded event. OCD has been recognized as a distinct
nosological entity, separated from anxiety disorders in the
latest edition of the Diagnostic and Statistical Manual of
Mental Disorders fifth edition (DSM-5).17
The pathophysiology of OCD is still unknown; however,
two neurotransmitters systems have been largely supposed to
play a major role, in particular, the serotonin (5-HT) and dopamine (DA) systems.18 In any case, as the classical hypotheses
cannot fully explain the complexity of this disorder, alternative
possibilities have been put forward, such as those suggesting
a possible implication of the immune system. Interestingly,
different findings show relationships between 5-HT and the
immune system.19 Indeed, the immune system, via interferon
(IFN-α and IFN-γ), and tumor necrosis factor α (TNF-α) can
activate the indolamine-2,3-dehydrogenase (IDO) enzyme,20–23
which has the function of breaking down tryptophan and
shunting its metabolism from 5-HT to kynurenine production.
Therefore, an upregulation of the tryptophan–kynurenine
pathway can indicate a deficiency of 5-HT that may underlie
different psychiatric symptoms. In addition, kynurenine may
provoke toxic effects on the central nervous system (CNS).
Tryptophan 2,3-dioxygenase (activated by stress hormones)
and IDO (activated by proinflammatory cytokines) are the two
rate-limiting enzymes of kynurenine formation. Therefore,
it is possible that the pathway of tryptophan–kynurenine
represents a potential interaction between genetic and
environmental factors involved in the pathophysiology of different p sychiatric disorders, not only depression.24,25
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The role of the DA system in the immune system is less
clear.26,27 DA may activate human normal naive peripheral
T-cells and trigger their adhesion to fibronectin,28 induce
the chemotactic migration of naive CD8 + T-cells29 and
T-cell cytokine secretion (in particular TNF-α) and the
interleukin-10 (IL-10), and might probably activate T-cell
function indirectly by suppressing T-regulatory cells.19,30
In addition, elevated levels of baseline cortisol have been
widely described in OCD,31–33 although this is a controversial
and unspecific finding.23,34–37
Despite the fact that cytokines studies have led to
contradictory results,38 alterations of the immune system
appear to contribute in pathophysiology of OCD, which is
also associated with autoimmune disorders, streptococcal
infections, and TNF-α polymorphisms.39,40 Moreover, even
an inflammatory process caused by an acute or a chronic
infection may be involved in the pathogenesis of OCD.
OCD appears to share with other autoimmune conditions
decreased levels of peripheral natural regulatory T-cells,
suggesting a predisposition for autoimmune responses correlated to symptom severity.41,42 Decreased natural killer cell
activity, increased CD8+, and decreased CD4+ lymphocytes
have been described in adult OCD patients and are related
to disturbances of stress mechanisms.43 Moreover, reduced
IL-1β levels15 and a trend toward low LPS-stimulated IL-6
levels in adult OCD patients have also been reported.44,45
Genetic influences and environmental triggers determine
if and when the progression from benign autoimmunity to
pathogenic autoimmunity occurs.9

GAS infection and neuropsychiatric
diseases
RF and SC
Although the incidence of pediatric streptococcal infections
is extremely high, only a minority of children with such an
infection develop a neuropsychiatric illness.9
When the infection is determined to be due to GAS, its
common CNS autoimmune complication is RF and its neuropsychiatric expression is SC.46 The presence of psychiatric
disorders in patients with a previous history of RF suggests that
GAS may trigger OCD and related disorders that may persist
throughout life regardless of GAS reinfections. The risk of
developing OCD seems to occur only during acute episodes
of RF.9 Family studies suggested that this relationship could be
familial based as OCD-related and anxiety disorders, such as
generalized anxiety disorders and separation anxiety, aggregate
more frequently in first-degree relatives of RF probands, when
compared with control subjects.47,48 An interesting finding in
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the search for candidate genes is the association of two polymorphisms of the promoter region of the TNF-α gene with
both OCD and RF, as TNF-α is a proinflammatory cytokine
involved in RF and several other autoimmune diseases.39,49
Such a finding would indicate the presence of a shared genetic
vulnerability.50 The relationship between RF and OCD is
strongly supported by the clinical evidence of high incidence
of obsessions and/or compulsions not only in SC subjects51,52
but also in children with GAS infection without SC.9,53–55

PANDAS
PANDAS is commonly characterized by specific OCD
symptoms, that is, to say, obsessions and compulsions, and
neurological disturbances, such as choreiform movements.9,42,56
In PANDAS, cross-reacting antibodies against putamen have
been observed, the so-called D8-17,55,58 even if the exact role
of these antibodies is unclear as their precise involvement in
OC symptomatology mechanism has not yet been explained.
In any case, the presence of antibodies against brain in OCD
patients would be supporting evidence that autoimmune
activity may be involved in CNS damage.9,58
Even in RF patients, OCD symptoms precede the
appearance of any motoric manifestation by days or weeks.53
Symptom presentation is also influenced by sex, with boys
more likely to present with tics and girls more likely to present
with chorea like movements.9 A child’s risk of developing
PANDAS is related to his or her genetic predisposition and to
pathogens and environmental factors. Other trigger factors are
supposed to be infections and generic stress,59,60 with a chronically activated immune system predisposing the triggering of
the symptoms. An epidemiological study showed that the risk
of developing a tic disorder was significantly increased with
a previous history of multiple GAS infections.9,61

Cytokines
Cytokines are soluble glycoproteins of low molecular weight
produced by different cellular types in all organs.62 An altered
cytokine production can provoke a cascade of detrimental
effects on immunological and inflammatory responses that
might contribute to the development of infectious diseases
and progression of autoimmunity.39,63 TNF-α and IL-6 and
(IL)-1β are among the most extensively investigated cytokines in OCD.

TNF-α
Macrophages and circulating monocytes produce TNFα, which has important functions in several infectious,
inflammatory, and autoimmune conditions.64 Its plasma levels

International Journal of Interferon, Cytokine and Mediator Research 2015:7

Cytokines and OCD

are influenced by age, body mass index, sex, time of the
day, medicine intake, and other factors.16,39,66,67 Finally, there
is evidence that this glycoprotein affects central processes
directly or indirectly through stimulation of vagal afferents
and stimulates its own production and that of IL-1β, like
other proinflammatory cytokines.67–70
TNF-α plays a key role in the CNS function.16,71 Higher
functions, such as memory and learning, at least impaired
in some of the OCD subgroups, seem to be influenced by
TNF-α and IL-6.72–76 Moreover, some studies have detected
hippocampal alterations in OCD,77,78 a region modulated by
TNF-α and IL-6.72,79 In response to injury, TNF-α production
is increased in the brain, where it may act with nitric oxide to
regulate the blood–brain barrier.80 Moreover, TNF-α mediates
activation of the adaptive immune system by stimulating
dendritic cell (DC) migration to regional lymph nodes, where
DCs mature and present antigen to lymphocytes.81,82 TNF-α
and its receptors (TNFR1and TNFR2) play an important role
in innate and adaptive immunity.83 Tumor necrosis factor-α
gene is located on chromosome 6p21.3, a region that has
been found to be associated with OCD.84
Patients with OCD showed increased plasma levels of
sTNFR1, sTNFR2, and chemokines CXCL8, CCL3, that
have been related even to specific symptom clusters or
dimensions, although data are really meager and should
be considered as just mere suggestions.85–89 Although no
difference was found in TNF-α levels between OCD patients
and control subjects, the first group showed increased
plasma levels of sTNFR1 and sTNFR2 that suggest the
presence of a mild inflammatory state.90 The production
and activity of TNF-α may be estimated by measuring the
plasma levels of sTNFR1 and sTNFR2.91,92
Interestingly, a high frequency of polymorphisms in the
promoter region of the TNF-α gene has been described in
OCD patients.93 It is also noteworthy to mention the relationship between the 308G/A polymorphism and RF or other
autoimmune disorders, in particular, lupus erythematosus,
characterized by neuropsychiatric symptoms.94
It has been suggested that the polymorphism at 308G/A
affects TNF-α transcription. Studies with both positive95,96
and negative97–99 findings correlating TNF-α transcription
with TNF-α polymorphisms have been published. Results
from a recent study suggest that the TNF-α−308 G allele
cosegregates with high serum TNF-α level in family studies.65
Similarly, controversial reports concerning the TNF-α–238
G/A polymorphism are also found in the literature,100–103 with
the suggestion that the presence of the A allele may lead to
increased transcription of TNF-α. Finally, considering that
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TNF plasma levels vary with several factors, it is possible
that the presence of a polymorphism may not be sufficient
to explain TNF plasma levels that result from genetic and
environmental factors. Furthermore, changes in behavior
may probably be related to changes in the CNS through
local production of cytokines such as TNF and not to plasma
levels of TNF-α.39,105 Moreover, approximately two-thirds
of adults with OCD have comorbidity of mood disorder.
A meta-analysis has previously demonstrated that several
proinflammatory cytokines, including TNF-α and IL-6, are
elevated in depressed patients.107

IL-6
Several studies demonstrated that IL-6 acts on different
cells and also that it is involved in the regulation of immune
response, acute phase reaction, and in the pathogenesis of
autoimmune and inflammatory disease.108 IL-6 is synthesized
and expressed in small amounts even in the CNS.9,109 It
is supposed to be important in neuroinflammation and
brain-specific activation of microglia and astrocytes that
may lead to neurodegenerative disorders.82,110
Only OCD patients taking specific drugs for the disorder
seemed to be characterized by significantly lower plasma
levels of IL-6, although this finding was not replicated in
drug-free patients. It is, however, noteworthy that in another
study drug-free OCD patients showed increased IL-6
concentrations.16 Therefore, there is a great need of further
data for commenting on the possible role of IL-6 in OCD.

IL-1β
Blood monocytes and tissue macrophages, such as microglia,
are the major sources of production of IL-1β, a proinflammatory
cytokine, through activation of macrophage and lymphocyte
functions.109–112 In addition, IL-1β promotes the expression
of other mediators and fever and stimulates the production
of Il-6 by endothelial cells109–113 and also of a variety of cellmediated immune reactions.114–116 Only one paper5 and one
meta-analysis demonstrated a significant reduction in IL-1β
plasma levels in OCD patients compared with control subjects,
and so no clear conclusion can be drawn on the involvement
of this cytokines in OCD pathophysiology.82

Treatment implications
The pharmacological treatment of OCD represents one of the
most successful achievements of the last decades of previous
millennium, when it was demonstrated that this disorder
responds specifically to drugs enhancing the 5-HT levels, in
particular, to clomipramine, a tricyclic antidepressant, and the
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selective serotonin reuptake inhibitors (SSRIs; fluoxetine, fluvoxamine, paroxetine, sertraline, citalopram, and escitalopram).
However, similar to what occurs in other psychiatric conditions,
one third of OCD patients do not respond to first-line drugs or
different augmentation strategies. Therefore, there is a great
need for novel treatments in OCD, which might involve other
neurotransmitters besides the classical 5-HT and DA, such as
the glutamate, or second messenger modulators, ie, inositol,
or immune-modulator compounds.17,117,118
As far as PANDAS is concerned, the difficulty in
distinguishing it from other phenotypes of OCD or tics, and
occasionally from SC, makes it difficult to establish practical
treatment protocols. In spite of the fact that the pathophysiology of PANDAS has not yet been fully clarified, the current
treatment for young patients fulfilling the PANDAS diagnostic
criteria continues to be the standard-of-care practices for
patients who suffer from OCD or Tourette’s syndrome. In any
case, conclusive evidence that the antibiotics reduced clinical
exacerbations was found in a clinical trial involving the use
of prophylactic oral penicillin in treating apparent episodes
of PANDAS. The successful treatment of PANDAS children
with a trial of plasmapheresis or intravenous immunoglobulin
indirectly supported the immunological etiology of at least
one subtype of OCD and tics disorder.9
The different immunological abnormalities described
in different psychiatric disorders, including OCD, support
that there is a potential role for anti-inflammatory agents
in their treatment. Cycloxygenase (COX)-2 is an enzyme
that is expressed in brain cells, which converts arachidonic
acid to prostaglandin H2 that is converted by specific
tissue isomerases in inflammatory products (tromboxanes,
prostacyclins, and prostaglandins), including prostaglandins D2 and E2. Receptors for prostaglandins E2 are
present in most brain cells.119 The production of proinflammatory cytokines, such as lymphocytes Th1-like cytokines,
type-1 and type-2 immune response,120 and neuronal death
induced by kainic acid, are all reduced by COX-2 inhibitors. The therapeutic effect of COX-2 inhibitors seems
to be mediated by glutamatergic processes. Recently, it
was shown that celecoxib (COX-2 inhibitor) may be used
as augmentation strategy of fluoxetine, as it accelerated
the onset of therapeutic effects compared to treatment
with fluoxetine alone. The effect of celecoxib on OCD
can be explained by some immunological mechanisms,
such as inhibition of the synthesis of prostaglandins121
(in particular PGE2), and increased noradrenergic and
s erotonergic neurotransmission. 120–123 These f indings,
although preliminary, would indicate that COX-2 inhibitors
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may be a new kind of treatment for OCD. However, there are
probably different degrees of inflammation disturbances in
OCD, and perhaps the assessment of plasma cytokine levels
before and after treatment may be useful in predicting the
possible response to COX-2 inhibitors.42
Interestingly, immune cell alterations seem to normalize
after successful treatment with different SSRIs in adult OCD
patients.124

Conclusion
Scattered findings suggest that there are unequivocal immune
changes in at least some subgroups of OCD patients, in both
childhood and adulthood. In childhood, a strong relationship
between GAS infection and the development of a clinical
syndrome defined PANDAS was described, which is often
characterized by neuropsychiatric symptoms, including
symptoms of the OCD. In adult OCD patients, although
the sample sizes were small and the patients heterogenous,
alterations of different immunological parameters have been
reported, in particular, some cytokines, especially TNFα,
IL-6, and IL-1β.
Altered levels of selected cytokines may support the hypothesis of immunologic involvement in the pathophysiology of
OCD, as well as that different OCD symptoms/dimensions
may be related to distinctive immune profiles. Furthermore,
the fact that there is a preliminary evidence of possible
efficacy of some immunotherapeutic treatments, such as
antibiotic prophylaxis, on OCD symptoms would suggest a
supportive role for immune triggers in the onset or worsening
of these conditions and provide additional tools for improving outcome.
Similarly, although the first data on the possible efficacy
of immune modulators, such as COX inhibitors, are promising, nevertheless they need to be supported by further and
more robust data.
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