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Abstract

The evidence to date, both published and unpublished, which addresses the validity of the proposed unique

subgroup of children with early and abrupt onset of obsessive–compulsive disorder (OCD) and}or tic

disorders subsequent to streptococcal infections was reviewed. The aetiology of OCD and tic disorders is

unknown, although it appears that both disorders may arise from a variety of genetic and environmental

factors. Post-streptococcal autoimmunity has been postulated as one possible mechanism for some. The

acronym PANDAS (for paediatric autoimmune neuropsychiatric disorders associated with streptococcal

infections) has been given to a subgroup of paediatric patients who meet five inclusionary criteria : presence

of OCD and}or tic disorder, pre-pubertal symptom onset, sudden onset or episodic course of symptoms,

temporal association between streptococcal infections and neuropsychiatric symptom exacerbations, and

associated neurological abnormalities. The proposed model of pathophysiology provides for several unique

treatment strategies, including the use of antibiotic prophylaxis to prevent streptococcal-triggered

exacerbations, and the use of immunomodulatory interventions (such as intravenous immunoglobulin or

therapeutic plasma exchange) in the treatment severe neuropsychiatric symptoms. For the latter study group,

long-term (2–5 yr) follow-up revealed continued symptom improvement for the majority of patients,

particularly when antibiotic prophylaxis had been effective in preventing recurrent streptococcal infections. In

addition, the episodic nature of the subgroup’s illness provides for opportunities to study brain structure and

function during health and disease, as well as allowing for investigations of the aetiologic role of anti-neuronal

antibodies and neuroimmune dysfunction in both OCD and tic disorders. Although much research remains to

be done, an increasing body of evidence provides support for the postulate that OCD and tic disorders may

arise from post-streptococcal autoimmunity. The unique clinical characteristics of the PANDAS subgroup, the

presence of volumetric changes in the basal ganglia, and the dramatic response to immunomodulatory

treatments, suggest that symptoms arise from a combination of local, regional and systemic dysfunction.

Ongoing research is directed at understanding the nature of the abnormal immune response, as well as

identifying at-risk children, in order to provide for novel strategies of prevention and treatment.
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Introduction

Although much research has focused on childhood onset

obsessive–compulsive disorder (OCD) and tic disorders,

their aetiology remains unknown. The identificatcon of

specific phenotypes, and the extent to which non-genetic

factors may influence illness expression, are important

issues that deserve continued research attention. It appears

that OCD is a heterogeneous illness with a number of
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different aetiologies and a variety of risk factors. Specific

symptom content, age of onset, course, gender, and

patterns of comorbidity have all been studied in an

attempt to identify potential phenotypes and aetiologic

subgroups. For example, Leckman et al. (1995) and Holzer

et al. (1994) have suggested that tic-related OCD and

non-tic-related OCD may represent two different patient

populations.

OCD associated with tics may be more familial,

more common in boys and early onset cases, and may

require unique pharmacological treatment approaches

(McDougle et al., 1994 ; Pauls et al., 1995). Early age of

onset of OCD may be associated with higher male : female
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ratio, have more severe symptoms, and be more likely to

have comorbid tics and disruptive behaviour disorders

(Geller et al., 1996, 1998). Nestadt et al. (2000) recently

reported that age at onset is valuable in characterizing a

familial subtype. In their large, epidemiologic-based

genetic study, age of onset of OCD in the proband was

strongly related to familiality (having a first-degree

relative with OCD), and no cases of OCD were found

among the relatives of probands whose age at onset of

illness was 18 yr or older (Nestadt et al., 2000).

Recently, post-streptococcal autoimmunity has been

postulated as another potential cause of childhood onset

OCD (Swedo, 1994). This hypothesis was based on

findings from two parallel lines of research : investigations

of childhood onset OCD and Tourette syndrome (TS) and

from studies of Sydenham’s chorea (SC), the neurological

manifestation of rheumatic fever. SC is believed to result

from cross-reactivity of antibodies directed at group A β-

haemolytic streptococcal bacteria (strep.) (GABHS) with

neurons in the central nervous system (CNS) (Husby et al.,

1976). Historical reports, and more recent systematic

investigations, have demonstrated that obsessive–

compulsive (OC) symptoms are common in SC, and that

the time-course ofOCDmirrors that of the chorea (Asbahr

et al., 1999 ; Swedo et al., 1989a, 1993). Further,

recurrences of SC carry a greater risk of OCD, with rates

increasing from 60 to 100% in one study (Asbahr et al.,

1999). The frequency of association, and the presence of

OC symptoms prior to the onset of choreatic movements,

suggested that OCD might arise as a result of post-

streptococcal autoimmunity.

In the late 1980s, a large cohort of children and

adolescents with OCD was being evaluated prospectively

at the NIMH (Leonard et al., 1992, 1993 ; Swedo et al.,

1989b). Among a subgroup of these children, symptom

exacerbations were noted to occur most frequently

following strep. infections. The subgroup of children

shared a unique clinical course, characterized by an abrupt

onset of symptoms and}or dramatic exacerbations ‘ that

came on overnight ’. Further study revealed that this

subgroup was distinguished by pre-pubertal onset of

symptoms, and neurological abnormalities (choreiform

movements and a unique pattern of motoric hyper-

activity), as well as by their relapsing and remitting

symptom course. A preliminary report described in-

fectious triggered symptoms, although 2 of the 4 cases

were probably virally triggered episodes at the time of

presentation (Allen et al., 1995). These clinical charac-

teristics were used to denote a subgroup of OCD patients

now known by the acronym PANDAS (paediatric

autoimmune neuropsychiatric disorders associated with

streptococcal infections) (Swedo et al., 1998). Patients

with primary tic disorders are also included in the

PANDAS subgroup, based on work by a number of

groups demonstrating an association between strep.

infections and movement disorders, particularly tics and

TS (DiFazio et al., 1998 ; Kerbeshian et al., 1990 ; Kiessling

et al., 1993, 1994).

The major distinguishing feature of the PANDAS

subgroup is the temporal association between neuro-

psychiatric symptom exacerbations and strep. infections.

Amethodological difficulty in establishing this association

stems from the fact that strep. infections occur so

frequently during childhood, that randomly collected

anti-streptococcal titres are frequently elevated. Throat

cultures may also be artifactually positive, particularly

during the grade-school years, when up to 20% of

students are ‘ strep. carriers ’ (positive throat culture, but

no serologic evidence of infection). To avoid these

epiphenomena, the PANDAS criteria specify that strep.

infections must be ‘ temporally related ’ to the OCD}tics

exacerbations. This temporal relationship can only be

established by demonstrating a clear association between

symptom exacerbations and precedingGABHS infections.

As noted in the report of the original PANDAS cohort : ‘ it

is necessary to demonstrate that not only is seropositivity

associated with symptom exacerbations, but also that

seronegativity (or falling titres) is associated with symp-

tom remission ’ (Swedo et al., 1998, p. 269).

Prospective longitudinal evaluations are often the only

means available to make the determination of whether or

not the child belongs in the PANDAS subgroup. The

relationship between OCD}tics symptom exacerbations

and strep. infections is frequently difficult to demonstrate

retrospectively, because the medical records fail to

provide documentation of the presence of strep.

infections. In the original cohort, over 40% of the

OCD}tics symptom exacerbations occurred after an

episode of pharyngitis for which no throat culture had

been obtained (Swedo et al., 1998). If physicians diagnose

a pharyngitis as ‘viral ’ without obtaining a throat culture

(the only means of identifying strep. infections), it not

only obscures the strep.–OCD}tics relationship, but also

raises concerns about the consequence of untreated or

improperly treated strep. infections in vulnerable indi-

viduals.

Phenomenology

The PANDAS subgroup is defined by five clinical

characteristics : (1) presence of OCD and}or a tic disorder ;

(2) pre-pubertal symptom onset ; (3) episodic course of

symptom severity ; (4) temporal association between

symptom exacerbations and strep. infections ; and (5)

associated neurological abnormalities (Swedo et al., 1998).

A group of 50 children meeting these criteria was
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evaluated at the NIMH and revealed that symptom onset

was usually acute and dramatic, and occurred at a very

early age [mean age at onset of tics¯ 6±3 (³2±7) yr and

OCD¯ 7±4 (³2±7) yr]. The symptom course was

characterized by a relapsing–remitting pattern, with

significant psychiatric comorbidity accompanying the

exacerbations. The comorbid symptoms during the

relapses included, not only emotional lability which is a

hallmark of SC, but also separation anxiety, attentional

difficulties, oppositional behaviours, and motoric hyper-

activity. Even during periods of symptom quiescence,

psychiatric comorbidity was common with 40% of

patients meeting DSM-IV criteria for attention deficit

hyperactivity disorder (ADHD), 42% for an affective

disorder, and 32% for an anxiety disorder. Structured

neurological assessments revealed that 25 of 26 children

evaluated at presentation to the NIMH had choreiform

movements (and the 1 without at baseline, developed it

subsequently). Both the choreiform movements and the

tics waxed and waned in severity over time, with

exacerbations temporally linked to streptococcal

infections in a manner similar to the OC symptoms.

Phenomenologically, the children in the PANDAS

subgroup are similar to others previously described with

OCD and}or tic disorders. The content of the obsessive

thoughts and the patterns of motor and vocal tics show

little variation from other samples of childhood-onset

cases (Leonard et al., 1992 ; Swedo et al., 1989b). And, as

with other populations, boys outnumber girls approx.

3 :1.

The clinical characteristic which best delineates the

PANDAS subgroup is the sudden, dramatic symptom

onset. The PANDAS subgroup is also distinguished by

the very early age at onset of symptoms (nearly 3 yr

younger than that of previous groups of childhood onset

OCD and tic disorders), and the relapsing–remitting

symptom course. Additionally, the motoric hyperactivity,

impulsivity, and distractibility, which arise anew at the

onset of the OCD}tic disorder and remit between

episodes, may also characterize this subgroup. The

comorbid symptoms occur so frequently in conjunction

with the strep.-triggered OCD}tic exacerbations, that it

has led some to speculate that some, or all, of these

symptoms may be alternative manifestations of the post-

streptococcal autoimmunity.

Peterson et al. (2000) recently reported an association

between ADHD and elevated anti-streptococcal antibody

titres. Antistreptolysin-O (ASO) and antideoxyribo-

nuclease B titres were compared among 105 patients

diagnosed with chronic tic disorder (CTD), OCD, or

ADHD, and 37 community controls (of note, both groups

were selected without regard for their history of strepto-

coccal exposure). A diagnosis of ADHD was associated

with significant increases in both ASO and anti-DNAse B

titres, and this remained significant after controlling for

the effects of CTD and OCD comorbidity. Although the

study was limited by significant between-group age

differences (the younger age of the ADHD group could

have contributed to the finding of elevated anti-strepto-

coccal titres as a result of school exposures), the results

suggested that post-streptococcal neuropsychiatric dis-

orders might include ADHD. Given the similarities of

brain regions involved in ADHD, OCD and tic disorders,

this would not be surprising. If the cross-reactive

antibodies induce basal ganglia dysfunction, the resulting

symptoms could vary from OCD, tics or ADHD alone, to

a combination of all three (as was seen in 40% of patients

in the PANDAS subgroup) (Swedo et al., 1998).

Novel treatment strategies for the PANDAS

subgroup

The pathophysiological model proposed for SC and the

PANDAS subgroup offers several opportunities for

intervention. If strep. infections are the inciting agent for

OCD}tics exacerbations, then antibiotic prophylaxis

could be used to eliminate future recrudescences, as is

done for children with rheumatic fever. The cross-reactive

antibodies could be cleared with therapeutic plasma

exchange (TPE) or administration of intravenous immuno-

globulin (IVIG), which have additional immuno-

modulatory effects that might be of benefit (Garvey

et al., 1996). Finally, if the precise nature of the abnormal

immune response were known, then targeted immuno-

modulatory therapies could be used to correct the

deficit and reduce the neuropsychiatric symptom severity.

Unfortunately, despite decades of research, the specific

immune abnormalities in SC are not yet known, so that

the latter alternative is still not possible.

Initial case reports of open immunomodulatory treat-

ments in several patients were published (Allen et al.,

1995 ; Tucker et al., 1996). To systematically investigate

whether or not immunomodulatory therapies would be

of benefit to children in the PANDAS subgroup, a

randomized, placebo-controlled trial of therapeutic plasma

exchange TPE and IVIG was conducted (Perlmutter et al.,

1999). Thirty children participated in the trial, which was

approved by the institutional review board of the NIMH.

Children were randomized to receive TPE (five single-

volume exchanges over a 2-wk period), IVIG (1 g}kg

daily on 2 consecutive days), or saline solution (placebo)

administered in a manner identical to IVIG. Investigators

and subjects were unaware of whether the child received

IVIG or placebo, but were not blinded to the TPE arm.

The outcome was assessed at 1 month. After symptom

ratings were completed, the IVIG}placebo blind was
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broken ; if the child received placebo and had experienced

no improvement in symptoms, open treatment with IVIG

or plasmapheresis was offered.

Of the 29 subjects that completed the trial ; 10 received

TPE, 9 IVIG, and 10 placebo. At 1 month, both TPE and

IVIG had produced significant improvements from base-

line in OC symptoms (58 and 45% decrease, respectively),

anxiety (47 and 31%), depression (44 and 26%) and

global impairment (35 and 33%) (p! 0±01 for all).

Significant improvements in tic severity were seen in the

TPE group (49% decrease vs. 12% in placebo and 19% in

IVIG groups.) Of interest, OC symptoms, anxiety and

depression showed little or no response to placebo

administration (3, 3, and 2%, respectively.) Treatment

gains were maintained at 1 yr, with 82% (14}17) children

‘much ’ or ‘very much ’ improved over baseline. The

results of this systematic, controlled trial suggest that

immunomodulatory therapies may provide benefits to

some children in the PANDAS subgroup. However,

because of the invasive nature of the currently available

therapies, we recommend that they be reserved for

severely ill children with clear evidence of immune

dysfunction. Children with mild-moderately severe

symptoms should not undergo TPE or IVIG adminis-

tration, as the risk :benefit ratio is not clearly tipped

towards the immunomodulatory therapy. Similarly, chil-

dren without evidence of immune-mediated symptoms

should not be treated with these therapies, as they are

unlikely to be helpful, and carry a risk of adverse effects

(vasovagal reactions during TPE, and nausea, vomiting,

headache with IVIG administration.)

The lack of benefit of TPE for ‘non-PANDAS OCD’

was confirmed by a recent study conducted by Nicolson

and colleagues at the NIMH. Five patients with severe,

treatment-refractory OCD who did not meet criteria for

inclusion in the PANDAS subgroup were treated with a

course of TPE similar to that used in the randomized trial.

No patient showed meaningful improvements in response

to the therapy (Nicolson et al., 2000). The negative results

were not surprising, given the lack of psychotropic effects

of TPE, and suggested that the benefits seen in the

PANDAS group were a direct result of the immuno-

modulatory effects of the therapy, and not a placebo

response to the high-tech nature of the procedures.

Antibiotic prophylaxis

Penicillin is routinely used to prevent recurrences in

rheumatic fever and SC, and its efficacy is well established

(Stollerman, 1975). A double-blind, placebo-controlled

trial of penicillin prophylaxis was undertaken to test the

hypothesis that neuropsychiatric symptom exacerbations

could be prevented by penicillin prophylaxis against

strep. infections (Garvey et al., 1999). Thirty-seven

children were enrolled in the 8-month long cross-over

study and were randomly assigned to receive either

penicillin-V 250 mg b.i.d or placebo for 4 months, and

then the alternate compound for the next 4 months.

Patients were seen monthly for symptom ratings, throat

culture, and anti-streptococcal titres (ASO and anti-

DNaseB). Nineteen children were randomized to receive

penicillin followed by placebo and 18 to receive placebo

followed by penicillin. A total of 35 streptococcal

infections occurred during the study – 14 of these

occurred during the penicillin phase. Thirty-six children

had a total of 73 symptom exacerbations during the

study, and there were no differences in the distribution

across the placebo or penicillin phase. Repeated-measure

ANOVA showed significant improvement in the NIMH

depression and NIMH anxiety scales during the penicillin

phases compared to the placebo phase. There were no

between phase differences in the ratings of tic or OCD

severity. Similarly, the GAS and the CGI ratings were not

significantly improved during the penicillin phase.

The 14 documented strep. infections which occurred

during the penicillin phase indicated that the antibiotic

failed to achieve adequate levels of prophylaxis. Thus, it

was not surprising that it also failed to improve OCD}tics

severity. Overall, the study failed to provide support for

the use of penicillin prophylaxis in children with neuro-

psychiatric disorders. The study did provide important

information about the shortcomings of current prophy-

lactic strategies, and future trials may show that antibiotics

with a longer half-life or easier administration may be

effective. Until that time, the management of children in

the PANDAS subgroup should include careful surveil-

lance and appropriate treatment for strep. infections, but

not prophylactic antibiotics administration.

Neuroimaging studies in PANDAS

The cerebral magnetic resonance images (MRI) of 34

children with PANDAS were compared to those from 82

healthy controls (Giedd et al., 2000). The average size of

the caudate, putamen, and globus pallidus (but not the

thalamus) were larger in the PANDAS group than the

control. There were no significant correlations between

basal ganglia size and symptom severity for the group as

a whole, although at least one subject showed a decrease

in caudate (24%), putamen (12%), and globus pallidus

(28%) volumes concomitant with response to therapeutic

plasma exchange (Giedd et al., 1996). The basal ganglia

enlargements found were similar to those reported for SC

(Giedd et al., 1995) and in keeping with the finding by
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Peterson et al. (2000) that patients with ADHD or OCD

have structural changes in putamen and globus pallidus

nuclei volumes.

The neuroimaging studies are consistent with the

hypothesis of selective cross-reactive antibody-mediated

inflammation of the basal ganglia underlying the de-

velopment of post-streptococcal OCD or tics. They may

also be consistent with previous findings from a study

using computerized tomography to evaluate caudate size

in adult males with childhood-onset OCD (Luxenberg et

al., 1988). That study found significant decreases in

caudate size among the OCD patients, compared with

age-}sex-matched healthy volunteers. It is tempting to

speculate that the volumetric decreases were the result of

scarring or caudate atrophy resulting from repeated strep.-

mediated autoimmunity or prolonged inflammation of

the basal ganglia tissues. However, it is not possible to

reconstruct the clinical histories necessary to support such

conjecture, so proof of the hypothesis must await future,

prospective studies of basal ganglia structural changes

occurring after documented episodes of post-strepto-

coccal autoimmunity. Such studies might include not only

volumetric assessments, but also functional studies and

investigations of the integrity of the blood–brain barrier

during acute illness.

Anti-neuronal antibodies and the immune system

Husby et al. (1976) demonstrated that children with SC

had elevated titres of ‘ anti-neuronal antibodies ’ recog-

nizing human caudate and subthalamic tissue. The anti-

neuronal antibodies were adsorbed out by strep. cellular

components, consistent with the hypothesis that they had

been produced initially in reaction to foreign antigens on

the strep. bacteria, and then had mistakenly cross-reacted

with CNS tissue. Replication of these findings led to

the hypothesis that SC was an ‘anti-neuronal-antibody

mediated disorder ’ (Kotby et al., 1998).

In children with TS, Kiessling et al. (1993, 1994) and

Singer et al. (1998, 1999) have attempted to identify

similar anti-neuronal antibodies. Early results were prom-

ising, with children and adolescents with TS having

significantly higher serum levels of anti-neuronal anti-

bodies against putamen than did controls (Singer et al.,

1998) and having a higher median, but not mean, levels of

anti-neuronal antibodies (as measured by the HTB-10

neuroblastoma cell membrane assay) (Singer et al., 1999).

However, it should be noted that 20–40% of the healthy

controls also demonstrated anti-neuronal antibodies in

their serum. Further, Black et al. (1998) tested serum from

13 adult patients (4 of those with pre-pubertal onset of

illness) with OCD for panels of autoantibodies and did

not find any evidence of humoral autoimmunity. In one

small study, 20 adults with OCD had increased

CD8 and decreased CD4 lymphocytes when com-

pared to healthy controls, which suggests that a continued

study of immunological profiles in OCD patients is

required (Marazziti et al., 1999).

The monoclonal antibody D8}17 that identifies a B

lymphocyte antigen with expanded expression in nearly

all patients with rheumatic fever is thought to be a trait

marker for susceptibility (Zabriskie et al., 1985). Pilot data

from NIMH reported that the frequency of D8}17-

positive individuals was significantly higher in children

with PANDAS (n¯ 27) and in SC (n¯ 9) in comparison

to normal controls (n¯ 24) (Swedo et al., 1997). This had

led to discussions as to whether children who present with

OCD and or TS, and who may have post-streptococcal

autoimmunity, may also have expanded expression of the

D8}17 marker.Murphy et al. (1997) reported that patients

with a childhood onset of OCD or TS had significantly

greater B-cell D8}17 expression than comparison sub-

jects, suggesting that it might serve as a marker for

susceptibility among some forms of childhood onset

OCD and TS, but it may not be specific to PANDAS. At

this point, this investigational assay is not used clinically,

and systematic longitudinal prospective investigations

are needed to clarify the issues.

Other infectious triggers of OCD and tic disorders

It is not known whether other infectious triggers may be

implicated in the onset of some OCD or tic disorders. For

rheumatic fever, the inciting organism is always a strep.

bacteria, but recrudescences can be caused by a variety of

organisms, including non-strep. bacteria and viruses.

Berrios et al. (1985) noted that recurrences of rheumatic

fever were caused more commonly by viruses than by

strep. infections, and suggested that the inciting strep.

infection had ‘primed ’ the immune system for hyper-

reactivity. If cross-reactive antibodies are the aetiologic

agent of the post-infectious autoimmunity, then any

infection (or antigenic stimulus) could trigger a recurrence

of symptoms, because of the non-specific nature of the

initial immune response. Essentially, once the pathologic

mechanism is in place, any immunogenic stimulus may be

associated with exacerbations.

It is also possible that viral-triggered illnesses occur via

a different mechanism entirely. In fact, Von Economo’s

description of post-influenza OCD was the earliest report

of infection-triggered symptomatology (Von Economo,

1931). Further, Fallon et al. (1993, 1994, 1998) have

suggested that Lyme borreliosis (Lyme disease) can produce

OCD and}or tics. Lyme disease, a tick-born spirochetal

illness, is a multisystemic illness in which up to 40% of

patients have neurological involvement. Recently, Riedel
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et al. (1998) reported the case of a 9-yr-old boy who

developed Tourette-like symptoms of severe motor and

vocal tics subsequent to CNS Lyme disease. Treatment

with intravenous antibiotics resulted in rapid resolution of

the tics. [Of note, 5 yr earlier, the boy had a simple motor

(blinking) tic that had resolved within a year.] The authors

concluded that the rapid efficacy of antibiotic treatment

followed by a decrease in Borrelia-specific antibody titres

were evidence that the multiple motor and vocal tics were

caused, at least in part, by the tertiary stage of borreliosis.

Mycoplasma pneumoniae encephalitis has also been

reported to cause a Tourette-like syndrome. Two children

with mild tics were reported to have a dramatic ex-

acerbation in symptoms concomitant with their M.

pneumoniae infection. In both cases, the tics resolved

rapidly in response to successful antibiotic treatment of

the infection (Muller et al., 2000). Mycoplasma pneumoniae

encephalitis has been reported to cause basal ganglia

lesions and movement disorders, but this was the first

report of severe motor and vocal tics. The authors

suggested that tics might be a final common pathway of

various disorders that have different aetiologies. A variety

of infectious and non-infectious illnesses that impact on

the basal ganglia could cause similar symptoms, if regional

localization was similar.

Does PANDAS represent a rheumatic fever spectrum

disorder?

Although the SC model has proven to be a useful research

model of pathophysiology for post-streptococcal OCD}
tic disorders (PANDAS), the OCD}tic disorders are not

candidates for inclusion in the rheumatic fever spectrum.

In fact, evidence of rheumatic fever (carditis, chorea,

and}or arthritis) excludes children from the PANDAS

subgroup, because it carries therapeutic requirements (i.e.

mandatory antibiotic prophylaxis until age 25 yr) that are

not appropriate for the PANDAS research subgroup.

Therefore, studies of children in the PANDAS subgroup

cannot answer the question of whether or not OCD}tic

disorders represent alternative manifestations of rheu-

matic fever.

That question can only be answered by examining

adult cohorts of early-onset OCD}tic disorders. If adult

OCD patients meet criteria (by history) for the PANDAS

subgroup, and have evidence of increased rates of post-

rheumatic fever heart disease, then it would suggest that

post-streptococcal OCD}tic disorders are part of the

rheumatic fever spectrum. On the other hand, if rates of

rheumatic fever are not elevated in the population, it

would not argue against the PANDAS model, as nearly

three-quarters of SC patients also lack evidence of

rheumatic heart disease. Further, the spectrum of post-

streptococcal autoimmune disorders is broader than

rheumatic fever, and includes such diverse disorders

as glomerulonephritis and post-streptococcal arthritis.

Therefore, OCD}tic disorders may fall outside the

rheumatic fever spectrum, and still be the result of post-

streptococcal autoimmune mechanisms.

Although there is an increased rate of OCD in SC, this

does not mean that PANDAS is in the spectrum of

rheumatic fever. Although one might speculate that

PANDAS represents a dual genetic vulnerability (OCD}
tics and rheumatic fever) this will require systematic

family studies to determine whether it is valid. Preliminary

family studies of first-degree relatives of PANDAS

probands reported that the rates of tic disorders and OCD

were higher than those reported in the general population

and similar to those reported previously for tic disorders

and OCD (Lougee et al., 2000). Identification of risk of

genetic vulnerability for rheumatic fever, will have to

come from future genetic studies (e.g. identification of

HLA profiles).

Current theories of post-streptococcal autoimmunity

include theories of humoral (presence of anti-neuronal

antibodies), cell-mediated (cytokine shifts and}or V-beta

abnormalities), and super-antigen aetiologies. All of these

mechanism are possible explanations for post-strepto-

coccal OCD}tic disorders, but none have been proven

and further research is needed before any conclusions can

be drawn (Mittleman et al., 1997 ; Trifiletti and Packard,

1999). In addition, the prevalence and magnitude of

autoimmune factors in unselected cases of TS or OCD, the

specificity and sensitivity of anti-streptococcal and anti-

neuronal antibodies, and the presence of genetic risk

factors merit further study (Kurlan, 1998). Thus, as the

field debates the boundaries of PANDAS, it is clear that

longitudinal documentation of the relationship between

strep. infections and neuropsychiatric symptomatology is

desperately needed (Murphy et al., 2000 ; Shulman, 1999).

Summary

The identification of a subgroup of children with OCD

and}or tic disorders has diagnostic, aetiologic, and

treatment implications. First, children who develop OCD,

tics, and motor hyperactivity as sequelae of streptococcal

infection (e.g. PANDAS) may share a common symptom

profile that is distinct from other (non-PANDAS) cases of

the disorders, and thus require unique diagnostic assess-

ments. Secondly, the OCD}tics of the PANDAS sub-

group may respond to different short-term (antibiotic or

immunomodulatory therapy) and long-term monitoring

(surveillance for strep. infections), which raises the

possibility that novel therapies might be developed to

treat the underlying pathological process, rather merely
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providing symptom palliation. Finally, such a subgroup

might provide opportunities for identifying at-risk indi-

viduals, and developing strategies for prevention of

disease onset.

In summary, the working diagnostic criteria appear to

define a meaningful subgroup of patients with childhood-

onset OCD and tic disorders, and with further study,

other neuropsychiatric symptoms may also be found to be

appropriately included in the PANDAS spectrum.

References

Allen AJ, Leonard HL, Swedo SE (1995). Case study : a new

infection-triggered, autoimmune subtype of pediatric OCD

and Tourette’s Syndrome. Journal of the American Academy

of Child and Adolescent Psychiatry 34, 307–311.

Asbahr FR, Ramos RT, Negrao AB, Gentil V (1999). Case

series, Increased vulnerability to obsessive compulsive

symptoms with repeated episodes of Sydenham chorea.

Journal of the American Academy of Child and Adolescent

Psychiatry 38, 1522–1525.

Berrios X, Quesney F, Morales A, Blazquez J, Bisno AL

(1985). Are all recurrences of ‘pure ’ Sydenham chorea true

recurrences of acute rheumatic fever? Journal of Pediatrics

107, 867–872.

Black JL, Lamke GT, Walikonis JE (1998). Serologic survey of

adult patients with obsessive–compulsive disorder for

neuron-specific and other antibodies. Psychiatry Research 81,

371–380.

DiFazio MP, Morales J, Davis R (1998). Acute myoclonus

secondary to a case of acute beta-hemolytic streptococcus

infection. Journal of Child Neurology 13, 516–518.

Fallon BA, Kochevar JM, Gaito A, Nields JA (1998). The

underdiagnosis of neuropsychiatric Lyme disease in

children and adults. Psychiatric Clinics of North America 21,

693–703.

Fallon BA, Nields JA (1994). Lyme disease : a neuropsychiatric

illness. American Journal of Psychiatry 151, 1571–1583.

Fallon BA, Nields JA, Parsons B, Liebowitz MR, Klein DF

(1993). Psychiatric manifestations of Lyme borreliosis. Journal

of Clinical Psychiatry 54, 263–268.

Garvey MA, Perlmutter SJ, Allen AJ, Hamburger S, Lougee L,

Leonard HL, Witowski E, Dubbert B, Swedo SE (1999). A

pilot study of penicillin prophylaxis for neuropsychiatric

exacerbations triggered by streptococcal infections.

Biological Psychiatry 45, 1564–1571.

Garvey MA, Swedo SE, Shapiro MC, et al. (1996).

Intravenous immunoglobulin and plasmaphersis as effective

treatments of Sydenham’s chorea. Neurology 46, A147.

Geller DA, Biederman J, Griffin S, Jones J, Lefkowitz TR

(1996). Comorbidity of juvenile obsessive–compulsive

disorder with disruptive behavior disorders. Journal of the

American Academy of Child and Adolescent Psychiatry 35,

1637–1646.

Geller D, Biederman J, Jones J, Park K, Schwartz S, Shapiro S,

Coffey B (1998). Is juvenile obsessive compulsive disorder

a developmental subtype of the disorder? A review of the

pediatric literature. Journal of the American Academy of Child

and Adolescent Psychiatry 37, 420–427.

Giedd JN, Rapoport JL, Garvey MA, Perlmutter S, Swedo SE

(2000). MRI assessment of children with obsessive

compulsive disorder or tics associated with streptococal

infection. American Journal of Psychiatry 157, 281–283.

Giedd JN, Rapoport JL, Leonard HL, Richter D, Swedo SE

(1996). Acute basal ganglia enlargement and

obsessive–compulsive symptoms in an adolescent boy.

Journal of the American Academy of Child and Adolescent

Psychiatry 35, 913–915.

Giedd JN, Rapoport JL, Kruesi MJ, Parker C, Schapiro MB,

Allen AJ, Leonard HL, Kaysen D, Dickstein DP, Marsh WL

(1995). Sydenham’s chorea : magnetic resonance imaging of

the basal ganglia. Neurology 45, 2199–2202.

Holzer JC, Goodman WK, McDougle CJ, Baer L, Boyarsky

BK, Leckman JF, Price LH (1994). Obsessive–compulsive

disorder with and without a chronic tic disorder : a

comparison of symptoms in 70 patients. British Journal of

Psychiatry 164, 469–473.

Husby G, van de Rihn I, Zabriskie JB, Abdin ZH, Williams

Jr. RC (1976). Antibodies reacting with cytoplasm of

subthalamic and caudate nuclei neurons in chorea and acute

rheumatic fever. Journal of Experimental Medicine 144,

1094–1110.

Kerbeshian J, Burd L, Pettit R (1990). A possible post-

streptococcal movement disorder with chorea and tics.

Development Medicine and Child Neurology 32, 642–644.

Kiessling LS, Marcotte AC, Culpepper L (1993). Antineuronal

anti-bodies in movement disorders. Pediatrics 92, 39–43.

Kiessling LS, Marcotte AC, Culpepper L (1994). Antineuronal

anti-bodies : tics and obsessive–compulsive symptoms.

Journal of Developmental Behavior in Pediatrics 15, 421–425.

Kotby AA, El Badawy N, El Sokkary S, Moawad H, El

Shawarby M (1998). Antineuronal antibodies in rheumatic

chorea. Clinical and Diagnostic Laboratory Immunology 5,

836–839.

Kurlan R (1998). Tourette’s syndrome and ‘PANDAS’. Will

the relation bear out? Neurology 50, 1530–1534.

Leckman JF, Grice DE, Barr LC, de Vries AL, Martin C, Cohen

DJ, McDougle CJ, Goodman WK, Rasmussen SA (1995).

Tic-related vs non-tic related obsessive–compulsive

disorder. Anxiety 1, 208–215.

Leonard HL, Lenane MC, Swedo SE, Rettew DC, Gershon ES,

Rapoport JL (1992). Tics and Tourette’s Syndrome: a 2- to

7- year follow-up of 54 obsessive compulsive children.

American Journal of Psychiatry 149, 1244–1251.

Leonard HL, Swedo SE, Lenane M, Rettew DC, Hamburger

SD, Bartka JJ, Rapoport JL (1993). A 2- to 7- year follow-

up study of 54 obsessive–compulsive disorder children and

adolescents. Archives of General Psychiatry 50, 429–439.

Lougee L, Perlmutter SJ, Nicolson R, Garvey MA, Swedo SE

(2000). Psychiatric disorders in first-degree relatives of

children with pediatric autoimmune neuropsychiatric

disorders associated with streptococcal infections

(PANDAS). Journal of the American Academy of Child and

Adolescent Psychiatry 39, 1120–1126.

D
ow

nloaded from
 https://academ

ic.oup.com
/ijnp/article/4/2/191/794974 by guest on 21 August 2022



198 H. L. Leonard and S. E. Swedo

Luxenberg JS, Swedo SE, Flament M, Friedland RP, Rapoport

JL, Rapoport SL (1988). Neuroanatomic abnormalities in

obsessive–compulsive disorder detected with quantitative

x-ray computed tomography. American Journal of Psychiatry

145, 1089–1093.

Marazziti D, Presta S, Pfanner C, Gemignani A, Rossi A,

Sbrana S, Rocchi V, Ambroqi F, Cassano GB (1999).

Immunological alterations in adult obsessive–compulsive

disorder. Biological Psychiatry 46, 810–814.

McDougle C, Goodman W, Leckman JJ, Lee NC, Heninger

GR, Price LH (1994). Haloperidol addition in fluvoxamine

refractory obsessive compulsive disorder. Archives of

General Psychiatry 51, 302–308.

Mittleman BB, Castellanos FX, Jacobsen LK, Rapoport JL,

Swedo SE, Shearer GM (1997). Cerebrospinal fluid

cytokines in pediatric neuropsychiatric disease. Journal of

Immunology 159, 2994–2999.

Muller N, Riedel M, Forderreuther S, Blendinger C, Abele-

Horn M (2000). Tourette’s syndrome and Mycoplasma

pneumoniae infection [letter]. American Journal of Psychiatry

157, 481–482.

Murphy TK, Goodman WK, Ayoub EM, Voeller KK (2000).

On defining Sydenham’s chorea : where do we draw the

line? Biological Psychiatry 47, 851–857.

Murphy TK, Goodman WK, Fudge MW, Williams Jr. RC,

Ayoub EM, Dalal M, Lewis MH, Zabriskie JB (1997). B

lymphocyte antigen D8}17 : a peripheral marker for

childhood-onset obsessive–compulsive disorder and

Tourette’s syndrome. American Journal of Psychiatry 154,

402–407.

Nestadt G, Samuels J, Riddle M, Bienvenu 3rd OJ, Liang KY,

La Buda M, Walkup J, Grados M, Hoehn-Saric R (2000). A

family study of obsessive compulsive disorder. Archives of

General Psychiatry 57, 358–363.

Nicolson R, Swedo SE, Lenane M, Bedwell J, Wudarsky M,

Gochman P, Hamburger SD, Rapoport JL (2000). An open

trial of plasma exchange in childhood-onset obsessive–

compulsive disorder without poststreptococcal

exacerbations. Journal of the American Academy of Child and

Adolescent Psychiatry 39, 1313–1315.

Pauls DL, Alsobrook JP, Goodman W, Rasmussen S, Leckman

JF (1995). A family study of obsessive–compulsive

disorder. American Journal of Psychiatry 152, 76–84.

Perlmutter SJ, Leitman SF, Garvey MA, Hamburger S,

Feldman E, Leonard HL, Swedo SE (1999). Therapeutic

plasma exchange and intravenous immunoglobulin for

obsessive–compulsive disorder and tic disorders in children.

Lancet 354, 1153–1158.

Peterson BS, Leckman JF, Tucker D, Scahill L, Staib L, Zhang

H, King R, Cohen DJ, Gore JC, Lombraso P (2000).

Preliminary findings of anti-streptococcal antibody titers

and basal ganglia volumes in tic, obsessive–compulsive,

and attention deficit}hyperactivity disorders. Archives of

General Psychiatry 57, 364–372.

Riedel M, Straube A, Schwarz MJ, Wilske B, Muller N (1998).

Lyme disease presenting as Tourette’s syndrome [letter].

Lancet 351, 418–419.

Shulman ST (1999). Pediatric autoimmune neuropsychiatric

disorders associated with streptococci (PANDAS). Pediatric

Infectious Disease 18, 281–282.

Singer HS, Giuliano JD, Hansen BH, et al. (1998). Antibodies

against human putamen in children with Tourette

syndrome. Neurology 50, 1618–1624.

Singer HS, Giuloiano JD, Hansen BH, et al. (1999). Antibodies

against a neuron-like (HTB-10 neuroblastoma) cell in

children with Tourette syndrome. Biological Psychiatry 46,

775–780.

Stollerman G (Ed.). (1975). Rheumatic Fever and Streptococcal

Infection). New York : Grune and Stratton.

Swedo SE (1994). Sydenham’s chorea. A model for childhood

autoimmune neuropsychiatric disorders. Journal of the

American Medical Association 272, 1788–1791.

Swedo SE, Leonard HL, Garvey M, Mittleman B, Allen AJ,

Perlmutter S, Louqee L, Dow S, Zamkoff J, Dubbert BK

(1998). Pediatric Autoimmune neuropsychiatric disorders

associated with streptococcal infections : clinical description

of the first 50 cases. American Journal of Psychiatry 155,

264–271.

Swedo SE, Leonard HL, Mittleman BB, Allen AJ, Rapoport JL,

Dow SP, Kanter ME, Chapman F, Zabriskie J (1997).

Identification of children with pediatric autoimmune

neuropsychiatric disorders associated with streptococcal

infections by a marker associated with rheumatic fever.

American Journal of Psychiatry 154, 110–112.

Swedo SE, Leonard HL, Schapiro MB, Casey BJ, Mannheim

GB, Lenane MC, Rettew DC (1993). Sydenham’s Chorea :

physical and psychological symptoms of St. Vitus’s Dance.

Pediatrics 91, 706–713.

Swedo SE, Rapoport JL, Cheslow DL, Leonard HL, Ayoub

EM, Hosier DM, Wald ER (1989a). High prevalence of

obsessive–compulsive symptoms in patients with

Sydenham’s chorea. American Journal of Psychiatry 146,

246–249.

Swedo SE, Rapoport JL, Leonard HL, Lenane M, Cheslow D

(1989b). Obsessive–compulsive disorder in children and

adolescents : Clinical phenomenology of 70 consecutive

cases. Archives of General Psychiatry 46, 335–341.

Trifiletti RR, Packard AM (1999). Immune mechanisms in

pediatric neuropsychiatric disorders : Tourette’s syndrome,

OCD, and PANDAS. Child and Adolescent Psychiatric Clinics

of North America 8, 767–775.

Tucker DM, Leckman JF, Scahill L, Wilf GE, La Camera R,

Cardona L, Cohen P, Heidmann S, Goldstein J, Judge J,

Snyder E, Bult A, Peterson BS, King R, Lombroso P (1996).

A putative poststreptococcal case of OCD with chronic tic

disorder, not otherwise specified. Journal of the American

Academy of Child and Adolescent Psychiatry 35, 1684–1691.

Von Economo C (1931). Encephalitis Lethargica : Its Sequelae and

Treatment. London : Oxford University Press.

Zabriskie JB, Lavency D, Williams Jr. RC, Fu SM, Yeadon CA,

Fotino M, Braun DG (1985). Rheumatic fever associated

B-cell alloantigen as identified by monoclonal antibodies.

Arthritis and Rheumatism 28, 1047–1051.

D
ow

nloaded from
 https://academ

ic.oup.com
/ijnp/article/4/2/191/794974 by guest on 21 August 2022


