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Focus Points

* Pediatric autoimmune neuropsychiatric disordesoeaiated with streptococcal infections (PANDAresents a
newly recognized subgroup of pediatric obsessivapdsive disorder (OCD) and tics.

* There is increasing evidence that the symptontsérPANDAS subgroup have an autoimmune etiolog@agous
to that of Sydenham’s chorea, namely inflammatibtasal ganglia secondary to molecular mimicry hyigen
epitopes of the streptococcus in vulnerable indigld.

e Children in the subgroup are typically prepuberteave an abrupt onset of symptoms, have a remitind
recurring course of illness associated temporalith wroup-A b-hemolytic streptococcus infectionsidahave
associated neurologic symptoms including movemisatrders and hyperactivity.

» Treatment of children in the PANDAS subgroup ta&nquite successful, using standard-of-care inteiwes for

OCD and tics; for the most severely affected cbihdheroic treatment with immunomodulatory intet@rs may
also be successful during acute stages.

Abstract

Inspired by clinical observations and supportec systematic investigations, a subgroup of childhobdessiv-
compulsive disorder (OCD) has recently been recogmi this subgroup is known as pediat@@toimmun
neuropsychiatric disorders associated with streptmal infection (PANDAS). Children in this group have an abr
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prepubertal onset of ti and/or OCD, associated neurological abnormalit{feg, adventitious movements riotoric
hyperactivity), and a relapsing and remitting caaine which symptom exacerbations are triggered mug-A S-
hemolytic streptococcus (GAS) infections. The @dilof the tics and OCD in this subgroup is unkndw is
postulated to be similar to that of Sydenl's chorea. That is, in ausceptible host, certain GAS strains ir
production of antibodies, whi crossreact with cellular components in basal ganglia sag inflammation ar
resulting in neuropsychiatric symptoms. Appropridiagnosis can facilitatéreatment and possibly offer progno
and preventiv advantage:

| ntroduction

Sir William Oslet may have been the first to write of the obsen&mbaiation between obsesss@mpulsive disord
(OCD) symptoms and Sydenham’s chorea (SC) wherekeritbed “bizarre” and “perseverativie&haviors in childre
with “chorea minor” in 1894. More recent clinica&ports have noted the associatimwiween SC and OCD in childi

with rheumatic chorea and in adult psychiatric gras with a history of S€&* Studies conducted at the National
Institute of Mental Health (NIMH) have demonstratbdt OCD symptoms were moo®@mmon in children with S

than among children with rheumatic carditand that obsessions and compulsions affected >af0hildren in th

weeks near the onset of their cho‘?ngecently, inS&o Paulo, Brazil, where rheumatic fever (RF) &Qdhave bee
endemic, it has been observed that approximatety ttvirds of children during their initiaépisode of SC al:
demonstrate OCD symptoms. Furthermore, the frequeh©CD increases with repeated episodes of chorea, ¢

100% of children are affected after three or maeurrences of S€.In children with SCthe OCD symptoms &
indistinguishable from those among children withmary OCD and include contamination fears, anxiety alhauin tc
self or others, doubting, concerns with symmetryd ather common obsessions, as wellcampulsive cleanin
checking, ordering, arranging, and hoarding.

Given these clinical observations, it was perhagwvitablethat postinfectious OCD symptoms might be propds

occur even in the absence of acute chdf®kongitudinal observatiofstO of alarge cohort of pediatric patients w
OCD provided support for this postulates a subgroup of the patients was noted to hawzate onset of symptor
an episodic course characterized by periods of tespymptom remissiomterrupted by abrupt and drami
symptom exacerbations, and a close temporal rakltip between relapses and preceding groupH#emolytic

streptococcus (GAS) infections (either scarlet fewe streptococcal pharyngitid}:12 The subgroup was given -
acronym PANDAS, to refer to their shared clinicaldapresumed etiopathogenic features: pediattimmun

neuropsychiatric disorders associated with streyteal infections:?

This article outlines two case studies of PANDASIdren and subsequently describes the clinfealtures of tk
proposed subgroup of childhood OCD (and tic) dismsdreview the evidence for its autoimmune etiology,
outlines treatment strategies for children in whibke pathology is suspected. The clinician shouté &way fromthis
article an increased awareness of the entity, #ityash searching fordiagnostic support for it, and a strategy
treatment and perhaps for prevention.

Case Studies

The cases described below represent compositagjliitbey are seemingly extreme, tiveyuld be quite recognizat
to families whose lives have been turned upsiderdoythe disorder. The following cases should bel@seguides

the clinical identification of children in the PAM{S subgroup and should be examinedconjunction with th
remaining sections of this article.
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Case l: Harry

Bright, verbal, compliant, and attractive, Harrysariving in first grade. After a 48-hour “virugi which vomiting
was more prominent than sore throat, the 6-yearaildtned to school, apparently in hisual state of health. (He |
not seen a physician, and only later did family learn that streptococcal pharyngitis haegérb&locumented in
classmate.) But the following Saturday morning e from his bedroom tearful because he had noticiegn” to
wear. By the end of the day, the household was deaos, trying to comply with Harrg’new and inflexible rule
regarding contamination. Anyone entering his road to remove shoes and walk onlyaireas outlined by him wi
tape on the carpet. Soon only his mother couldrattall, and finally not even she. No clothing wagontaminate
and he spent the day wrapped in a sheet. He e¢agddntly and without provocation afrdquently screamed at fam
members for minor infractions, behaviors which wguée out of character for him.

Harry was noted to be motorically activated, fidiggtin his chair at the dinner tabier a few minutes before jumpi
up to pace about the room. He had urinary frequemew onset of nocturnal enuresis, and even amn@gpisf daytime
enuresis. The contamination fears, irritabilityddryperactivity continued faseveral weeks. It was a month befor
could return to school, and even then the teachere surprised by the changes in him. He was imats restless,
irritable, and tearful. His handwriting had becomeually illegible. On theplayground, this previously develop
athlete was clumsy and uncoordinated.

Case 2: Hermione

Another composite child, described here, is pratioil of the less severely affectpdtient. Always an intense ¢
sensitive child, Hermione had an abrupt onsalyofiptoms 10 days after a mild streptococcal doeat. Subsequent
the 8-year-old girl began to constantly ask forssemance that she had not donesaid something hurtful. Within
days of onset, the symptom was consuming all offdh@ly’s energy. After consultation with a chilehéh adolescent
psychiatrist, Hermione was referred to a skilledrobve-behavioral therapistVorking with the family, and with tt
child’s enthusiastic compliance, the therapist whie to bring the symptom quickly under controld dherapy was
terminated. But 6 weeks later the symptom recuwedse than previously anguite abruptly. Hermione had a s
throat but no fever, and hardly seemed sBikt she had begun clearing her throat loudly aitld annoying frequenc
and she was brought to the pediatrician for thasoa. A throat culture revealed GAS, which wastéetavith a 10day
course of amoxicillin. Cognitive-behaviordlerapy was resumed. Once again, the symptomdfatekly and did nc
recur. The throat clearing disappeared more slo@lize therapist advised the family make no further comme
about it to Hermione.) The psychiatrist carefudigucated the family about OCD symptoms and aduisech to tak
the child to her pediatrician at once if any OCIngyoms appeared, even in absence of typical dtrepttsymptoms.

Clinical Features of PANDAS

Inclusionary criteria for the PANDAS subgroup wereblished in 1998 and remain the working definition. Tt
include presence of tic disorder and/or OCD, preptalb age of onset, usually 3—12 years of adeupt onset «
symptoms, a relapsing-remitting episodic coursejptaral association between symptom exacerbations and
infections, and neurologic abnormalities preseminduexacerbations.

As noted, obsessions and compulsions in the PANBAroupare not distinguishable from those in unsele
children with OCD, nor are the tics in any way weqOn the other hand, the average age of ongke subgroup i

approximately 3 years younger than that previowsported for childhood-onset oc¢hl3and 2 years younger tt

the average age of onset for tic disordéras is typical of childhood tics and OCD general, children in tl
PANDAS subgroup do not seem to be evenly dividetliveen boys and girls. Rather, boys outnumbés lgyr almos

three to one i older children, and nearly five to one among akitd<8 years cagel?
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The PANDAS subgroup becomes most distinguishableutih prospective observation of its unique clihicaurse
Onset of symptoms, including tics and/or obsessamtscompulstions, isften dramatically abrupt, even overnigr
some cases. Symptoms may remain at peak severitsef@ral weeks or longer, and then gradually siebsiften
disappearing completely. Children often returnhteirt normal baseline untilsubsequent GAS infection precipitate:
exacerbation of symptoms. This remitting-recurregyrse is in striking contrast to the gradual orsset persister
symptoms usually seen in childhood-onset @&band differs considerably from the typicabxing and wanin

course of childhood tic disordetg.

Interestingly, the PANDAS subgroup shares clinfeatureswith SC in addition to OCD symptoms. Since thestiof
Osler, clinicians have noted emotional labilityattentiveness, separation anxiety, and motoric fagpeity in SC?

patientsl:7 all of which are common in PANDAS children as wellAdditional findings in the PANDAS subgroup

include urinary frequency and nocturnal and daytie1nmresi§,m5 deterioration in handwritinﬂf’ and choreiforr
movements of hands and fingers. These latter attieeist movements may well be relatedtbe apparent difficultie
with handwriting and can be elicited during struetliexaminations, such as the Physical and Neuoalbgxam fo

Subtle Signs,’ which searches for soft neurological signs.

Etiopathogenesis

Both the choreiform movements and the OCD symptanes thought to be due to dysfunction in corticastd
thalamocortical circuitry8 In SC, both structural and functional neuroimagstugdied®-21 have confirmed patholo
of basal ganglia, specifically caudate, putamen, ginbus pallidus. Autopsy studf@s?3have also suggested prim
basal ganglia involvement. A volumetric magnetisoreance imaging stuéy of 34 children who metriteria for thi

PANDAS subgroup also documented enlargement oktkesctures, and in one c&Smormalization of caudate size
following immunomodulatory treatment of the acubeess was observed.

The etiopathogenesis of symptoms in both SC andP*$Ichildren may well be triggered by “moleculammicry” of
the GAS (in which the shape or sequence of molscptevokes immune response that also targetsrsséfeules’

which may cause loss of self-tolerance. SC occurd(0% to 30% of acute RF caé®several months after the
precipitating GAS infectio?’28and may be the only manifestation of acute?RFhe evidence for an autoimmt

mechanism in SC is considerable: in a study pudtish 1976 nearly 50% of S(atients demonstrated an antib
reacting preferentially with neuronaytoplasm of human caudate and subthalamic nutiei;antineuronal antibo
was absorbed out by GAS membrane. Presence okamimal antibodies correlatedth the severity and duration

the chorea. Few control sera or sera from othezadis states were positive. In a more recent studg|l-wall M-
proteins from three serotypes of GAS known to pkavBF were us¢ to evoke rabbit antibodies that then were fc
to cross-react with multiple human brain proteifibere was evidence of preference for basal gangimeins
Additionally, M-protein—specific antibrain antib@d were found in the plasma of a patient with SC.

In patients with SC evaluated at the NIMHntineuronal antibodies directedjainst human caudate tissue \
demonstrated in 10 of 11 subjects. Out of 18 cosbjects, 9 were positive. Nine of the subjeetd throat cultures

positive for GAS at the time of diagnosis of th8iE. In anothe study®! acute SC patients had significantly hig
titers of antibasal ganglia antibodies than werenébin the sera of patients witdonvalescent SC, RF without SC
healthy controls.

The most specific molecular biological descriptadrihe autoimmune phenomena in SC was publishe;dremantly.26

Human hybridoma lines derived from an SC patientewieund to recognize the major GAS surface cartodtgN-
acetyl-d-glucosamine, and to attach to human bgesadlia tissue sections. The antibodies crossedawith centra
nervous system lysoganglioside. Binding of thelady to neuronsctivated calcium/calmodulin dependent prc
kinase Il, postulated to affect neurotransmittentsgsis and release. Moreover, the cross-reactivaoatonal
antibodies provokein vitro neuronal cell signaling, did sera from active, but not convalescent, SGestt
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Further Evidence of Autoimmunity

There is also support for a postinfectious etioldgytic disorders. As an example, agsociation was documen
between a community outbreak of GAS infections ariDfold rise in the number of children presenting watimev

onset of tics2 Additionally, in a group of Italian schoolchildreexposure to GAS, as documented by antistreptelysi
O titers, correlated with the onset of tics; angigtolysin-O titers also correlated with severityios.33

In an 8-month longitudinal stud{ of school-aged children in the United States, stigatorsfound the incidence
motor tics (and problem behaviors) significantlgherduring the winter months compared to the springntim® GAS
rates were not determined, but this time periodrlape with the seasonal prevalence of GiAfections in this ac
group, and the study provides indirect evidenca wmporal correlation between GAS infection ans. ti

Antibodies against human caudate were found to igeifisantly higher in children with newnset moveme
disorders (including Tourette’s syndrome [TS], eticanotor or vocal tics, chorea, and choreifarmavements) than

children without those movement disord&sThe children with movement disorders were also makelyi to haw
evidence of preceding streptococcal infection. Aeironal antibodies recognizing tipeitamen were significan

higher in 41 children meeting criteria for TS thar89 controls> In this study?° there was not a cleassociation wit
preceding streptococcal infection. TS patients weund tc have significantly higher levels of total antineoal an
antinuclear antibodies than healthy controls intlaeo study, which examined these factarsd antistreptococc

antibodies in children and adults with TS, SC, atier autoimmune disorde?&.However, markers for prior G/
infection were equivocal in that investigationthat the correlation did not appear as strong antioaghild patients.

Animal models have provided partial support for greposed autoimmune mechanism ofdisorders. Intrastriat
microinfusions ofy-globulins from TS patients have induced stere@y@ind episodic utterances in rats, thouglkto

analogous to tic-like behaviors in humarsPostinfusion immunohistochemical analysis confilntiee presence of
globulin selectively bound to striatal neurons. dukse, oral stereotypies weteemonstrated in rats after bilat
infusions into the ventrolateral striatum of sen@anf patients with TS, and there were higher rateseveotypies irthe

rats infused with the sera from patients with tlghbst levels of antineuronal antibodi®s.

The Autoommunein PANDAS

Antibodies directed against the caudate aotamen were found to be significantly higher isaanple of childre

presentin with new-onset OCD or OCD symptoms than in clihiantrols without such symptonig.Considering th
studies of tics and OCD as a single unit providgspsrt for an autoimmune etiology of some childhoodet OCI
and tic disorders. The etiology of the neuropsyitissymptoms in the PANDAS subgroup postulated to |
analogous to that of SC: a rheumatogenic straiGA$ infects a susceptible host and induces an abnammaline
response, with inflammatory reaction and possilgyugphtion of putative blood-brain barrighere may be spontane:
resolution and then subsequent exacerbation whadtenged by antigen or even by nonspecific factors.

The Role of Streptococcal Infections

Evidence for the etiologic role of GAS infectiomsRF remains circumstantial, though it is also lyeaverwhelming
Epidemiologic investigations have demonstratedcthee temporatelationship between epidemics of scarlet fevel
subsequent outbreaks of RF. Recrudescence of REvented by penicillin prophylaxis. Ongoing stdagthe NIMH
and elsewhere are attempting to apply a similav@astve strategy talemonstrate a causal relationship between
infections and the OCD and tic symptoms of the PAS$Dsubgroup. Prospective longitudinal assessmexts heen
effective in some cases in demonstrating the diffee between a child w standard OCD and a child who falls i
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the PANDAS subgroup.

Of course, the frequency of occurrence of bothrdess—OCD/tics and GAS pharyngitis—is such thabcodrrenc
could be random yet relatively frequent. OCD ocanrs% to 2% of school-age childresmd transient motor tics oci

in as many as 10% to 25% of early elementary scistodlents*40 During school outbreaks of streptococcal
pharyngitis, 15% to 50% of children will be foundthvsubclinical infection ¢ carrier status (based on positive th

cultures)*! The determination, therefore, that a child meleésRANDAS criteria must be maderough prospecti
evaluation and documentation of the presence of @#&tions in temporal association with at leasb pisodes (
abrupt onset of neuropsychiatric symptoms (tics’@n@®CD), as well as through demonstrationnefyative throi
culture or stable titers during times of neuropsytlt symptom remission. A child who has multiple synm
exacerbations without evidence of streptococcatdmdns would not be considered a member of RWNDAS
subgroup, nor would a child who has numerous sioggical infections without subsequent symptom eked®ns.

Alternative Viewpoints

Arguments against an autoimmune etiology of PAND@Sst be consideretf Crosskeactive antibodies are 1
universally present among patients with poststi@atoal tics or OCD. Furthermore, the antibodies/e bee
demonstrated in sera from healthy children withewidtence ofmeuropsychiatric illness. The episodic courseha
children in the PANDAS groups may be temporallyt et causally, related to GAS infections. Tih&ctions coul
be an incidental finding or the exacerbations mighhonspecific reactions to the stress of illnesther than related to

GAS-triggered autoimmunitﬂﬁ Moreover, the neuropsychiatric symptocwmuld have a periodicity inherent in tt

pathobiology** and the exacerbations might occur with the GA8dtibns coincidentally and randombs was note
above.

Treatment

The strongest support for the autoimmune hypothesise etiology of the PANDAS subgroup mbg offered by tr
successful treatment of severely affected childsth immunomodulatory interventions. In a randondizelacebo-

controlled triaf® conducted at the NIMH, both intravenous immunoglob(IVIG) and plasmaexchange transfusio
produced significant improvements in child with tics and/or OCD meeting PANDAS criteria. OGPmptoms wel
reduced by 45% to 58% at 1 month posttreatment MG or plasma exchange respectively, whilacebo (sha
IVIG) administration had no effect on OCD symptoavexrity. Ticsymptoms were also improved, with a 49% deci
in the TS Unified Rating Scale. Moreover, follow-tpyear later revealed that 14 of 17 children (828bp had
received plasma exchange or IVIG were “much” ormjveuch” improved frombaseline. The effectiveness of tr
immunomodulatory therapies suggests thatulating immune factors play a role in the pghysiology of th
symptoms. However, both treatments have a broadirsppe of potential mechanisms attion, from clearance

circulating antibodies and cytokines, to activatioh subpopulations of T-cells and dlls. Thus, the speci
mechanism of therapeutic effect remains speculative

IVIG and plasma exchange are not so widely availadnhd both treatments haattendant risks to be considered in
risk-benefit calculation. Immunoglobulin, a pooledman blood product, had been in short supply thcemhen it i
available, it carries a risk of transmitting occultectiousagents. In addition, administration of IVIG is anoganie:
by a variety of adverse effects, including feved dreadache. Plasma exchange sometiraggires placement of
central venous line in a child of small staturehvattendant risks of bleeding and infection.

Less Intensive M easures
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Whereas immunomodulatory treatments may be indicitea severelympaired child, standard OCD treatments
GAS prophylaxis are the mainstays of treatment ostchildren in the PANDAS subgroup. Cognitivehaviore

therapy (CBT), for one, has documented effectivemeshildhood OCI¥® and there is anecdotal evidence of its u
in the OCD symptoms of the PANDAS subgroup. Thattreent requires an emotionallgady and developmente
capable child, but the family must also be ready alle to participate in the treatment, since cluteth OCD ofte
enlists family members in perpetuating and reinfacts cognitions and behaviors. Althoutite treatments have b¢

manualized’ the therapist should be experienced and skiliuinmplementing them. Capable therapists are more
widely available than in the recent past and majobad through referral bghild/adolescent psychiatrists, through

Web site of the Obesessive-Compulsive Founddffar, through the Web site of thessociation for the Advancem

of Behavior Therap§? It is often helpful, as well, to suggest readingtenials intended for famili@8->2 at the
beginning of interventions. Both the child atite family may need help to appreciate that whay rappear to |
bizarre and even frightening ideas and behavi@setually the result of meurobiological disruption, readily treate
now and in future recurrences.

At least in the case of the PANDAS subgroup, thaesssible recurrences might well be preventablelofatg the
model of RF, antibiotic prophylaxis could provele useful. That interventioremains the subject of studies ongt
at NIMH. In the meantime, given the possible linktweeen GAS and PANDAS, antibiotics are clearly saifel
appropriate to treat proven infections quickly attequately. It is standard to treat GAS pharyngiith a 10day
course of penicillin or erythromycin.

In the case of a child with PANDAS, having a lowes$hold of GAS suspicion seems in order. Given (AG
pharyngitis is often minimally symptomatic, if tlehild has an abru recurrence of tics, OCD, or other neurol
symptoms, a rapid strep test should be obtainetkeobup by a 48-hour throat culture if the rapist e negative
Previously effective interventions for the OCD syomps should beeinstituted in any case. It can be hoped
prompt treatment of the infecti will minimize the severity and duration of all sgptoms, and there is sorsapport fo

that propositiont>

There have been two recent reports of children wlagparent PANDAS symptoms resolved after tonsilhay 2354

In both reports, pairs of siblings, one with ticglaone with OCD, had sustaingdprovements after surgery termine
their recurrent GAS tonsillar infection©n the other hand, unreported clinical experieatéhe NIMH include
children whose PANDAS had begun only after tonsileny. Thus, the NIMH was unabldased on availak
evidence, to offer advice about the utility of tillestomy for poststreptococcal neuropsychiatrisodders Of course
there are other clear indications for surgery,udtig recurrent bouts of streptococcal pharyngitis, ittarsabsces:

obstructive sleep apnea, and otrsS

Whereas childhood OCD at one time was thought te kapoor prognosis?’ more recent studies demonstrate

>50% of children actually do well, while a signifidapercentage learn to manage their illness witlcess3:57:98¢
seems safe to assume children in the PANBABgroup will do as well, and they may in factatmsiderably bette
since some exacerbations may be preventable. Ohtslpte is the subject of ongoing investigatiothatNIMH.

Not yet mentione( but part of the treatment armamentarium for OC, the serotonin reuptakehibitors. At leas
three (clomipramine, sertraline, and fluvoxamingvér secured Food and Drug Administration indicatioms
childhood OCD and should be considered for a chittb has significant symptoms and is unable or Umgilto
participate in CBT, or for whom that approach hagerbineffective Medications can also be helpful as adjunc
measures to behavioral therapies, especially aarlthe course of the illness to provide symptomagtef. On
occasion, a neuroleptic may be indicated on a teampabasis if the child’sdistress is overwhelming or if t
obsessions seem delusional; at such a point, theuttation of an experienced child and adolescegtlgatrist is
invaluable.

Tics are sometimes the primary symptom of the PASD#Ibgroup? and can be as severe and disabkisgOCIL
symptoms. If indicated, the standard pharmacoltigiatments of childhood tic disorders-dgonists and sometinr
neuroleptics) may be appropriate.

http://www.primarypsychiatry.com/aspx/article ppa8articleid=63 3/28/201(



Untitled Pag Page8 of 11

Conclusion

There is clinical and mounting laboratory evidesopporting the existence of a subgroup of childh@&€D and tic:
called PANDAS, which has a postulated autoimmumn@cgly analogous to that of SC. Antigerepitopes, probab
from bacterial cell membranes, mimic human cemealoussystem molecules, and the autoimmune phenomet
follow result in a myriad of symptoms. There aréesand effective treatments for the most troubkygiptoms of th
disorder, and these should be available in mostnwamties where child mental health specialists practicee
symptoms respond to standard therapies, but tregm@émn that symptoms may have a poststreptocoetalogy
should lead to evaluation and treatment of streqatoal infections in the acute stages of the illnBgs
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