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Abstract

OBSESSIVE–COMPULSIVE DISORDER (OCD) IS A COMMON and debilitating neuropsychi-
atric disorder. Although it is widely believed to have a genetic basis, no specific ge-
netic factors have been conclusively identified as yet, leading researchers to look
for environmental risk factors that may interact with an underlying genetic suscepti-
bility in affected individuals. Recently, there has been increasing interest in a possi-
ble link between streptococcal infections and the development of OCD and tic dis-
orders in children. It has been suggested that OCD in some susceptible individuals
may be caused by an autoimmune response to streptococcal infections, that is, a
similar biological mechanism to that associated with Sydenham’s chorea. The term
“pediatric autoimmune neuropsychiatric disorders associated with streptococcal
infections” (PANDAS) has been used to describe a subset of children with abrupt
onset or exacerbations of OCD or tics, or both, following streptococcal infections.
Affected children have relatively early symptom onset, characteristic comorbid
symptoms and subtle neurological dysfunction. Neuroimaging studies reveal in-
creased basal ganglia volumes, and the proposed cause involves the cross-reaction
of streptococcal antibodies with basal ganglia tissue. Vulnerability to developing
PANDAS probably involves genetic factors, and elevated levels of D8/17 antibod-
ies may represent a marker of susceptibility to PANDAS. Prophylactic antibiotic
treatments have thus far not been shown to be helpful in preventing symptom ex-
acerbations. Intravenous immunoglobulin therapy may be an effective treatment in
selected individuals. Further understanding of the role of streptococcal infections in
childhood-onset OCD will be important in determining alternative and effective
strategies for treatment, early identification and prevention of this common and de-
bilitating psychiatric disorder.

Obsessive–compulsive disorder (OCD) is a common and debilitating disor-
der, which an estimated 2%–4% of individuals will develop before the age
of 18 years.1 The pathogenesis is presumed to involve basal ganglia dys-

function2,3 and underlying genetic factors.4,5 Compared with adults, children with
OCD are more likely to be male1 and to have comorbid Tourette’s syndrome,
which is another highly familial disorder attributed to basal ganglia dysfunction6

that many investigators believe may result from the same underlying diathesis.7,8

Recently, there has been increasing interest in a possible link between strepto-
coccal infections and OCD and tic disorders in children.9 A subtype of childhood
OCD known as “pediatric autoimmune neuropsychiatric disorders associated with
streptococcal infections” (PANDAS)9,10 has been postulated. The purpose of this re-
view is to provide clinicians with an overview of the PANDAS concept and infor-
mation regarding the clinical presentation, prevalence, pathophysiology, predispos-
ing factors and treatment of this condition.

Sydenham’s chorea: a medical model for OCD

Sydenham’s chorea, which is a neuropsychiatric syndrome that usually occurs in
prepubertal children, may represent a “medical model” of onset of OCD in child-
hood. Sydenham’s chorea develops following group A β-hemolytic streptococcal
infections and is one manifestation of rheumatic fever according to the Jones crite-
ria.11 In a process known as “molecular mimicry,” antistreptococcal antibodies
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cross-react with basal ganglia proteins, triggering an in-
flammatory response and producing the symptoms of
Sydenham’s chorea.9

In addition to the chorea that gives the syndrome its
name, there are characteristic psychiatric symptoms, in-
cluding a syndrome similar to at-
tention-deficit hyperactivity dis-
order and emotional lability.12–14

Obsessive–compulsive symptoms,
which were first described in pa-
tients with Sydenham’s chorea by
Osler,15 have been well docu-
mented in prospective studies of
the syndrome14,16 leading to the
suggestion that OCD may repre-
sent a “forme fruste,” or an atypi-
cal, incomplete form, of Syden-
ham’s chorea.17

PANDAS: a proposed OCD subtype

Longitudinal studies of children with OCD identified a
subgroup with a course of illness characterized by the dra-
matic onset of symptoms or their exacerbation, or both,9,10

one-third of whom exhibited “choreiform” movements re-
sembling the chorea of Sydenham’s chorea.18 The exacerba-
tions of symptoms in some of these children were corre-
lated with a history of recent streptococcal infections.9,10

Studies of children presenting with tics19 also raised the

possibility that some children with neuropsychiatric disor-
ders have symptoms caused or exacerbated by streptococcal
infections.

Following up on these early clinical observations, a group
based at the US National Institute of Mental Health re-

cruited children with presumed
streptococcal-induced OCD
based on a set of diagnostic crite-
ria that they had developed. The
term “pediatric autoimmune
neuropsychiatric disorders associ-
ated with streptococcal infec-
tions” (PANDAS) was coined to
describe a putative subtype of
children with OCD and tic disor-
ders who met all 5 working crite-
ria.9 Table 1 summarizes these
criteria and other diagnostic

guidelines gleaned from the current literature.10,20

The prevalence of PANDAS is unknown. There is one
report on the prevalence of streptococcal-induced exacer-
bations in a group of children presenting with tics, 11% of
whom had a history of exacerbations within 6 weeks of a
streptococcal infection.21 Limitations of this study include
its setting in a highly specialized clinic, which limits its gen-
eralizability to other populations with tic disorders, and its
reliance on retrospective historical data instead of objective
laboratory findings such as antistreptococcal antibodies.
Two studies have evaluated antistreptococcal antibodies in
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Table 1: Criteria for the diagnosis of PANDAS* and guidelines for the clinician

Diagnostic criteria for PANDAS† Guidelines for diagnosis

Presence of OCD or a tic disorder, or
both

• Based on lifetime DSM-IV criteria20

• Other symptoms correlating with exacerbations of tics and 
obsessive–compulsive symptoms: emotional lability, 
separation anxiety, ADHD symptoms

Pediatric onset, with symptoms beginning
between the age of 3 yr and puberty

• Mean age of symptom onset is 6–8 yr, earlier than is typical 
for childhood-onset OCD

Episodic course characterized by the
abrupt onset of symptoms or by dramatic
symptom exacerbations

• Onset or the exacerbation can typically be assigned to a 
particular day or week, and symptoms either decrease 
significantly or resolve completely between episodes

Temporal association between symptom
exacerbations and GABHS infection

• Generally requires more than one exacerbation of symptoms 
associated with elevated titres of anti-GABHS antibodies (ASO 
or anti-DNAse B) and either a positive throat culture or a 
recent history of pharyngitis

• Latency between infection and neuropsychiatric symptoms 
may be longer with the first exacerbation (up to 9 mo) than 
with later exacerbations (days to weeks)

• Fever and other nonspecific illness stressors may increase 
symptom severity, therefore the exacerbations should not 
occur exclusively during periods of acute physical illness

Association with neurological
abnormalities during symptom
exacerbations

• Typical neurological abnormalities: motoric hyperactivity, tics,
choreiform movements, deterioration in handwriting

Note: PANDAS = pediatric autoimmune neuropsychiatric disorders associated with streptococcal infections, OCD = obsessive–compulsive
disorder, ADHD = attention-deficit hyperactivity disorder, GABHS = Group A β-hemolytic streptococcal, ASO = antistreptolysin O, antiDNAse B
= antideoxyribonuclease-B.
*Adapted from Swedo et al.10

†All 5 criteria are required for the diagnosis of PANDAS.

Childhood-onset obsessive–compulsive
disorder

• Lifetime prevalence: 2%–4%
• Pathogenesis: genetic causes, basal ganglia

dysfunction
• Children with this disorder are more likely

to be male and to have comorbid Tourette’s
syndrome or tics



subjects with Tourette’s syndrome compared with controls,
and in both of these studies significantly elevated titres
were observed in the subjects with Tourette’s syndrome.22,23

Antistreptococcal antibody levels were found to correlate
with severity of symptoms in one report.22

The PANDAS syndrome is believed to result from anti-
streptococcal antibodies that have cross-reacted with basal
ganglia tissue, as has been demonstrated in Sydenham’s
chorea. Consistent with this model, the following findings
have been reported: significantly elevated antineuronal anti-
bodies in children with PANDAS24 and related neuropsy-
chiatric disorders,25–27 increased basal ganglia volumes on
volumetric MRI28 in subjects with PANDAS and higher an-
tistreptococcal antibodies that correlated with increased
basal ganglia volumes in subjects with either attention-
deficit hyperactivity disorder or OCD.29 Taken together,
these findings are consistent with autoimmune-mediated in-
flammation of the basal ganglia, although further research is
required to confirm this association, and many unanswered
questions remain. For example, it is not clear whether this
autoimmune mechanism is specific to OCD and tic disor-
ders or has implications for other childhood neuropsychi-
atric disorders. This was highlighted by a recent study re-
porting a significant correlation of antistreptococcal
antibody titres with a diagnosis of attention-deficit hyperac-
tivity disorder, but not with OCD or tic disorders.29

Predisposing factors for PANDAS

Streptococcal infections are ubiquitous in childhood,
however, neuropsychiatric disorders are not, suggesting
that only certain individuals are predisposed to develop the
PANDAS phenotype.9 Vulnerable individuals may have a
genetic predisposition to developing neurotransmitter dys-
function or to formation of antistreptococcal antibodies
that cross-react with neuronal proteins, or may have a form
of immune dysregulation, or both.

D8/17, which is a monoclonal antibody that identifies a
specific B lymphocyte cell-surface marker, is one possible
susceptibility factor for PANDAS. Significantly elevated
levels of this marker have been found in individuals with
rheumatic fever and to a lesser extent in their family mem-
bers when compared with controls. It is, thus, considered a
possible trait marker, indicating genetic susceptibility to
rheumatic fever (and by inference, to Sydenham’s
chorea).30,31 To date, elevated levels of antibodies that rec-
ognize the D8/17 marker have been demonstrated in chil-
dren with PANDAS,32 and more generally in subjects with
early onset OCD and tic disorders.33,34 In a sample of chil-
dren with autism, D8/17 expression was shown to be signif-
icantly correlated with compulsive behaviour.35 Although
the D8/17 data are suggestive, the functional significance
of this marker is unknown,30,31 and further investigation is
needed to clarify its etiological and clinical significance.

Elevated rates of tic disorders and OCD have been re-
ported in first-degree relatives of children with PANDAS,

which is comparable to previous observations in relatives of
individuals with OCD and tic disorders, indicating that ge-
netic factors may be important in conferring vulnerability
to the PANDAS subtype.36 However, although a number of
candidate genes have been implicated in OCD,37–41 there are
no published reports of molecular genetics studies of indi-
viduals with PANDAS.

A few studies have measured cytokines or immune cells
in subjects with OCD. In addition to acting as protein mes-
sengers between immune cells, cytokines are also known to
influence central nervous system signalling and, therefore,
may play a role in the pathophysiology of a number of psy-
chiatric and neurological disorders.42 A relative skewing to-
ward type 1 cytokine production in cerobrospinal fluid has
been demonstrated in pediatric patients with OCD.43 Vari-
ous immunological abnormalities reported in adult subjects
with OCD44–47 have not been consistently replicated, and
other studies have produced negative findings.48–50

In summary, although it is presumed that individuals
who develop PANDAS in the presence of streptococcal in-
fections are vulnerable as a result of a genetic predisposi-
tion or a form of immune dysregulation, or both, this has
yet to be clearly demonstrated. Interesting preliminary
findings in PANDAS that require further investigation in-
clude the presence of elevated levels of D8/17 antibodies,
elevated rates of tic disorders and OCD in first-degree rela-
tives, and immunological abnormalities reported in individ-
uals with OCD.

Approach to the diagnosis of PANDAS

We recommend evaluation of all children who present
with the sudden onset or exacerbation of obsessive–
compulsive symptoms, using the approach summarized in
Fig. 1. This diagnostic algorithm, which is based on the lit-
erature summarized earlier as well as our clinical judge-
ment, begins with a history-taking, mental status examina-
tion and focused physical examination. Initial investigations
in children with a history suggestive of streptococcal infec-
tion or a strong family history of rheumatic fever, or both,
should include throat cultures and antistreptolysin O titres.
These titres should be repeated after an interval of approxi-
mately 3–4 weeks, because a correlation of symptom sever-
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Sydenham’s chorea

• Poststreptococcal syndrome that usually occurs in pre-
pubertal children

• Pathogenesis: mechanism of “molecular mimicry” in
which antistreptococcal antibodies cross-react with
basal ganglia proteins

• Psychiatric symptoms: obsessive–compulsive behav-
iour, emotional lability, “attention-deficit hyperactivity
disorder–like” syndrome



ity with changes in antibody levels is far more informative
than an isolated antistreptolysin O titre. We recommend
antistreptolysin O titre, because the other antistreptococcal
test reported in the PANDAS literature, namely, anti-
deoxyribonuclease-B (antiDNAse B), is expensive and not
widely available in Canada. The D8/17 marker is an experi-
mental assay that is not available for routine clinical use.

Treatment of PANDAS

Current first-line treatments for OCD include pharma-
cological treatment with serotonin reuptake inhibitors

(SRIs) and cognitive behavioural therapy. Researchers have
reported response rates of between 50% and 75% for phar-
macotherapy1 and  from 67% to 100% for cognitive behav-
ioural therapy.1,51 With the accumulating evidence that
PANDAS represents a distinct autoimmune subtype, it is
now possible to examine various therapies for the disorder
targeting either the infectious trigger for the illness or the
immune response itself. Recently, 2 randomized controlled
trials have evaluated these approaches to the treatment of
children with PANDAS.52,53 In the first study, patients re-
ceived either 4 months of penicillin V administered orally
followed by 4 months of placebo, or placebo followed by
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Fig. 1: Assessment and treatment of children presenting with abrupt-onset obsessive–compulsive
disorder (OCD) or tic disorders. ADHD = attention-deficit hyperactivity disorder, ASO = anti-
streptolysin O, CBT = cognitive behavioural therapy, SRIs = serotonin reuptake inhibitors,
NIMH = US National Institute of Mental Health, PANDAS = pediatric autoimmune neuropsy-
chiatric disorders associated with streptococcal infections.

Yes No

Take throat swab and send for
culture. Perform ASO titre

Initiate, augment or switch standard
treatments  (e.g., CBT or SRIs for OCD)
according to established guidelines

Consider switching or augmenting initial psychotropic medications
Consider antibiotic prophylaxis in consultation with a pediatrician
Consult with a child psychiatrist or neurologist or refer to the NIMH PANDAS study

Treat infection with antibiotics 

Is there evidence of a streptococcal infection temporally associated with symptom
onset or exacerbation? OR Is there a strong family history of rheumatic fever?

Monitor symptoms over time
Treat recurrent infections promptly with antibiotics
Repeat ASO titres (suggest every 3–4 weeks for an additional 1-2 titres) and observe
trends

Is there evidence of repeated exacerbations of symptoms associated with either increased
titres or clinical evidence of streptococcal infections?     No

        Yes

Initiate, augment or switch standard
treatments  (e.g., CBT or SRIs for OCD)
according to established guidelines

Is the throat swab positive?

Yes No

Screen for comorbid symptoms: separation anxiety, emotional lability, ADHD
symptoms
Take medical history, focusing on a history of symptoms suggestive of streptococcal
infection and neurological problems
Perform mental status examination
Perform focused physical examination looking for signs of streptococcal infection
and abnormal movements (e.g., tics, choreiform movements)
Take family history, screening for OCD or tic disorders as well as rheumatic fever or
Sydenham’s chorea

Preadolescent child with sudden onset or exacerbation of OCD symptoms or tics

•

•
•
•

•

•

•
•

•

•
•



penicillin V. There was no difference between the active
and placebo phases in the severity of obsessive–compulsive
symptoms or tics. However, the penicillin regimen used
was ineffective in preventing infections and, consequently,
no conclusions could be drawn regarding the efficacy of
penicillin prophylaxis in preventing exacerbations of tics or
OCD symptoms.52

In the second study, children with severe PANDAS re-
ceived one of 3 treatments: plasma exchange, intravenous
immunoglobulin, or placebo (sham intravenous im-
munoglobulin). When subjects were assessed one and 12
months post treatment and compared with the placebo
group, both plasma exchange and intravenous im-
munoglobulin were associated with striking improvements
on standardized scales that measure obsessive–compulsive
symptoms, anxiety and overall functioning.53 An open trial
of plasma exchange in a small group of children with treat-
ment-refractory OCD without a history of streptococcal
infections failed to show any therapeutic benefit.54 These
findings demonstrate that immunomodulatory treatments
may represent an efficacious treatment for PANDAS
specifically and are probably ineffective in treating other
forms of OCD. Plasma exchange and intravenous im-
munoglobulin are highly invasive, require admission to
hospital and have not been directly compared with more
traditional therapies such as serotonergic medications and
cognitive behavioural therapy. However, as a result of re-
cent publicity surrounding PANDAS, parents and physi-
cians in the United States have been seeking immunomod-
ulatory treatments for children with OCD and tic
disorders despite the potential risks. This has led the US
National Institute of Mental Health to issue a warning to
parents and clinicians that plasma exchange and intra-
venous immunoglobulin are not to be used outside re-
search protocols.55

Our recommended approach to treatment, based on the
literature summarized above as well as our clinical judge-
ment, is summarized in Fig. 1. Standard therapies shown to
be efficacious in the treatment of OCD51 and tic disorders56

should still be used as first-line treatment, accompanied by
careful monitoring and early treatment of group A β-

hemolytic streptococcal infections. However, in treatment-
refractory children with a clear PANDAS course, prophy-
lactic antibiotics might be considered in consultation with a
pediatrician. To our knowledge, immunomodulatory treat-
ments are not currently available anywhere in Canada for
the treatment of childhood neuropsychiatric disorders.
Physicians who are seeking treatment for a child with
PANDAS are encouraged to contact the US National In-
stitute of Mental Health directly (www.nimh.nih.gov) re-
garding ongoing clinical trials.
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