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Abstract
Pediatric autoimmune neuropsychiatric disorders associated with streptococcus infections (PANDAS) originated from the observational work of Swedo and
collaborators, who formalized their definition in 1998 in a set of operational criteria. The application of these criteria, which focuses on tics and obsessive-
compulsive symptoms as core symptoms, has encountered difficulties, eventually leading to a high rate of misdiagnosis. In particular, the core feature represented by
the association between newly diagnosed infections and neuropsychiatric symptom relapses in youths with this diagnosis could not be demonstrated by longitudinal
studies. Exploratory studies aiming to identify clinical or cognitive features that could discriminate PANDAS from other pediatric obsessive-compulsive and tic
disorders present methodological limitations, and therefore are not conclusive. Other behavioral features, in addition to obsessive-compulsive symptoms and tics,
have been included in pediatric acute-onset neuropsychiatric syndromes (PANS) and childhood acute neuropsychiatric syndromes (CANS), two new concepts
recently proposed in order to define a much broader clinical spectrum encompassing etiologically diverse entities. Given the uncertainties on the clinical definition of
PANDAS, it is not surprising that evidence in support of a post-infectious, immune-mediated pathophysiology is also insufficient. Anti-dopamine receptor antibodies
might be relevant to both Sydenham’s chorea (SC)—the prototypical post-streptococcal neuropsychiatric disorder—and some rare forms of encephalitis targeting
the basal ganglia specifically, but studies exploring their association with children fulfilling Swedo’s criteria for PANDAS have been inconclusive. Moreover, we lack
evidence in favor of the efficacy of antibiotic prophylaxis or tonsillectomy in patients fulfilling Swedo’s criteria for PANDAS, whereas a response to immune-
mediated treatments like intravenous immunoglobulins has been documented by one study, but needs replication in larger trials. Overall, the available evidence
does not convincingly support the concept that PANDAS are a well-defined, isolated clinical entity subdued by definite pathophysiological mechanisms; larger,
prospective studies are necessary to reshape the nosography and disease mechanisms of post-streptococcal acute neuropsychiatric disorders other than SC. Research
is also under way to shed further light on a possible relationship between streptococcal infections, other biological and psychosocial stressors, and the complex

pathobiology of chronic tic disorders.
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Introduction

The term pediatric autoimmune neuropsychiatric disorders asso-
ciated with streptococcal infections (PANDAS) refers to children with
abrupt onset of tics and/or obsessive-compulsive symptoms (OCS)
associated with a recent group-A beta-hemolytic streptococcal
(GABHS) infection.! Sydenham’s chorea (SC), a well-characterized

manifestation of rheumatic fever (RF), is considered the prototype
of neurologic disorders caused by aberrant immune responses to
GABHS. SC patients often exhibit OCS together with other
behavioral abnormalities. This contributed to the hypothesis that SC
and PANDAS might be two distinct presentations of cortico-
subcortical network dysfunction triggered by GABHS. Molecular
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mimicry, in which antibodies targeting bacterial antigens cross-react
with brain (basal ganglia) antigens, was proposed as the pathogenic
basis of post-streptococcal neuropsychiatric disorders.?”

PANDAS have become a popular concept among patients,
clinicians, and researchers. However, their clinical definition and
prevalence are still debated. During the last 15 years, several
limitations of the working diagnostic criteria for PANDAS have been
highlighted. Moreover, different attempts to ascertain their frequency
within the general population of youths with tics and OCS were not
successful. Reliable diagnostic biomarkers are still not available and
their pathogenesis remains undefined. This led to a recent nosographic
reappraisal of PANDAS, implying that further work is needed to
define the clinical boundaries of post-streptococcal disorders within the
rubric of acute pediatric neuropsychiatric symptoms. In this review, we
summarize the main points of debate around the clinical and
pathophysiological features of PANDAS, with additional considera-
tions on the possible role of infections and immunity in the natural

history of tic disorders.

Brief historical preface

In his monograph “On Chorea and Choreiform Affectations”
(1894), Osler first described obsessive-compulsive behavior in SC. Half
a century later, this observation was confirmed in larger case series.””
In 1965, Langlois and Force reported in a 6-year-old the coexistence of
tics and SC precipitated by infections, subsequently treated successfully
with antibiotics and neuroleptics. In 1978, Kondo and Kabasawa
reported in an 11-year-old boy a tic disorder started abruptly about 10
days after a febrile illness associated with elevated antistreptolysin O
(ASO) antibody titers and good response to corticosteroids;’ this case
prompted the discussion on the role of biological stressors in tic
disorders, representing relevant background information for the first
description of PANDAS. Kiessling’ reported an association of tics
during pediatric GABHS outbreaks. During the same period, clinical
researchers at the National Institutes of Mental Health (NIMH)
reported SC cases that often exhibited OCS with a fluctuating clinical
course.” ' Allen et al'' identified a subgroup of children who
presented obsessive-compulsive disorder (OCD) and/or tic disorders
following an infectious illness without fulfilling the criteria for SC; they
summarized the essential features of their cases in the acronym
PITANDs (pediatric, infection-triggered, autoimmune neuropsychia-
tric disorders). The PITANDs subgroup was soon renamed
“PANDAS” by Swedo and colleagues'? in 1998 in their seminal

article where they proposed their set of working diagnostic criteria.

Clinical phenomenology

The original series of 50 PANDAS patients presented with episodic
OCD and/or tic disorders with abrupt onset, following GABHS
pharyngeal infections and exhibiting a remitting-relapsing course in
association with infections (not necessarily streptococcal).'? Their
natural history was similar to that of SC, which may also relapse, often
triggered by infectious or hormonal factors. Swedo et al'? suggested
five operational criteria to define PANDAS, which have been
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extensively discussed after their first publication (see Table 1 caption
for further details). In this report it is underscored that, given the
potentially long duration of antistreptococcal antibody titer elevation,
longitudinal screening of patients is required to confirm that clinical
exacerbations occur in association with rising titers and clinical
remissions in association with falling titers. Beside the core features,
these children also manifested emotional lability (66%), deteriorated
school performance (60%), personality change (54%), separation
anxiety (46%), nightmares (18%), bedtime rituals (50%), deterioration
in handwriting (36%), oppositional behaviors (32%), and motoric
hyperactivity (50%)."? Interestingly, the majority of these features are
also detectable in acute SC.

Course of illness and diagnosis

Probably the main weakness
PANDAS-—and the principal source of debate around their defini-
tion—is the difficulty in demonstrating an association between new
GABHS infections and exacerbations of tics/OCS throughout the
course of the illness. Recent work has underscored that unequivocal

of the proposed criteria for

bona fide new GABHS infections with expected immune response
require a precisely documented acquisition of GABHS followed by
significant increase in both ASO and anti-deoxyribonuclease B (anti-
DNAseB) antibody titers."”® The detection of only one antibody rise
may be neither sensitive nor specific enough for accurately diagnosing
a new GABHS infection; moreover, it is crucial to demonstrate the rise
in antibody titer, which requires serial monitoring, since antibody titers
may remain elevated for more than 1 year after the inciting infection."?
As a result of the difficulty in performing appropriate prospective
analyses of clinical symptoms and infectious markers, the diagnosis of
PANDAS has often been erronecously formulated in the community
setting. In many instances, this overdiagnosis originated from
inaccurate diagnosis of a new GABHS infection, often based on
single-point-in-time detection of antibody titers at the upper limit of
normal range.'*

Besides this frequent, inappropriate attribution of the PANDAS
diagnostic label, multicenter studies that applied rigorous prospective
evaluations failed to confirm a clearly higher rate of GABHS-related
exacerbations in PANDAS than in non-PANDAS tic disorder and/or
OCD. Kurlan et al'® followed up 40 matched PANDAS/non-
PANDAS case—control pairs for 24 months. PANDAS patients met
all the five diagnostic criteria; in particular, an antecedent bona fide
GABHS infection had to be present at onset plus one symptom
exacerbation or for two exacerbations; exacerbations were declared
according to group consensus criteria (i.e., when the site investigator
identified a clinically relevant worsening of OCS or tics lasting for >5
days, unrelated to medication changes). In this study, PANDAS cases
presented with a slightly higher rate of GABHS-related exacerbations,
but the majority of exacerbations in both groups were not associated
with this pathogen. Leckman et al'® compared in a 25-month
longitudinal study 31 subjects with PANDAS (diagnosed as in
Kurlan et al') to 53 non-PANDAS, assessing them for clinical
symptoms, throat cultures, and antistreptococcal antibody titers. The
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Table 1.

Operational Criteria for PANDAS, PANS, and CANS'#%>26

Macerollo A, Martino D

PANDAS

PANS

Idiopathic CANS

I. Presence of OCD and/or a tic disorder
The patient must meet lifetime diagnostic criteria
(DSM-IlI-R or DSM-IV) for OCD

or a tic disorder.

2. Pediatric onset

Symptoms of the disorder first become evident
between 3 years of age and the beginning of

I. Abrupt, dramatic onset of
obsessive-compulsive disorder or
severely restricted food intake

2. Concurrent presence of
additional neuropsychiatric
symptoms, with similarly severe
and acute onset, from at least

puberty. two of the following seven
3. Episodic course of symptom severity categories
Clinical course is characterized by the abrupt onset 1) Anxiety

of symptoms or by dramatic symptom

2) Emotional lability and/or depression

Acute onset before age 18
of behavioral and motor
signs encompassing

1) Primary criterion
Obsessive-compulsive
disorder

2) Secondary criteria

1) Anxiety

2) Psychosis

3) Developmental regression
4) Sensitivity to sensory

exacerbations. Often, the onset of a specific
symptom exacerbation can be assigned to a
particular day or week, at which time the symptoms
seemed to “explode” in severity. Symptoms usually
decrease significantly between episodes and
occasionally resolve completely between
exacerbations.'

4. Association with Streptococcal infection
Symptom exacerbations must be temporally related
to Streptococcal infection, i.e., associated with
positive throat culture and/or rising anti-
streptococcal antibody titers.”

5. Association with neurological abnormalities
During symptom exacerbations, patients will have
abnormal results on neurological examination.
Motoric hyperactivity and adventitious movements
(including choreiform movements) are particularly
common.?

and a few weeks.

authors did not find any group difference in the number of clinical
exacerbations (confirmed through a rigorous two-stage algorithm based
on rating scale score changes) or in the number of diagnosed GABHS
infections; moreover, in patients with PANDAS, only 12% of newly
diagnosed GABHS infections were associated with exacerbations of tics
or OCS within 2 months. Although the selection of PANDAS cases may
vary across specialty clinics within a multicenter study'’ and the inter-
rater reliability of data collection was not clearly reported, these

longitudinal studies used published operational criteria and a rigorous

definition of exacerbations. These results do not support the existence of

a chronic tic/ OCS disorder with a relapsing—remitting course associated

3) Irritability, aggression and/or severely
oppositional behaviors

4) Behavioral (developmental) regression
5) Deterioration in school performance
6) Sensory or motor abnormalities

7) Somatic signs and symptoms, including
sleep disturbances, enuresis or urinary
frequency.

3. Symptoms are not better

stimuli

5) Emotional lability

6) Tics

7) Dysgraphia

8) Clumsiness

9) Hyperactivity

3. Mono- or polyphasic
course

explained by a known neurologic or
medical disorder

Such as Sydenham’s chorea,

systemic lupus erythematosus,

Tourette disorder, or others.

Abbreviations: OCD, Obsessive-Compulsive Disorder; PANDAS, Pediatric Autoimmune Neuropsychiatric Disorders Associated with Streptococcal Infections; PANS,
Pediatric Acute-Onset Neuropsychiatric Syndrome; CANS, Childhood Acute Neuropsychiatric Syndromes.

'Parents are often able to indicate precisely the time of symptom onset or exacerbations.

2According to Swedo et al'? the association between group-A beta-hemolytic streptococcal infection and neuropsychiatric symptoms should be preferably observed on

at least two occasions (i.e., two exacerbations). The time lag between infection and exacerbations may vary within and across individuals, often between several days

*The presence of frank chorea, however, suggests a diagnosis of Sydenham’s chorea rather than PANDAS.

with GABHS infections, suggesting that this core diagnostic criterion of
PANDAS should be reconsidered.

Is there a specific clinical phenotype that distinguishes PANDAS?

Subsequent studies have attempted to characterize in more detail
the phenomenology of PANDAS, in order to better discriminate
PANDAS from non-PANDAS acute OCS/tics already at first
presentation, and reduce the need for costly and potentially
unrewarding follow-up. Bernstein and colleagues'® compared 21
children from their center who fulfilled Swedo et al’s PANDAS criteria
to 19 children with non-PANDAS OCD. The fulfillment of the
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PANDAS diagnostic criteria, however, was mostly based only on
retrospective review of clinical records. A correction for multiple
comparisons was applied to only 19 of 51 yes/no items of a “PANDAS
questionnaire”, specifically developed for this study and not properly
validated, and comprising a mix of clinical features either reported in the
literature as associated with PANDAS or observed in PANDAS patients
from their center. This part of the analysis showed that separation
anxiety, urinary urgency, oppositional defiant behavior, mood swings,
inattention, hyperactivity, impulsivity, deterioration in handwriting, and
decline in school performance were more likely to occur in PANDAS.
However, the fact that these symptoms were preselected based also on
their common occurrence in children with PANDAS from the same
center suggests circular reasoning. Murphy et al'® conducted an
exploratory analysis on 109 children with tics and/or OCD, aged 4-17
years, with personal and family history, diagnostic interview, physical
examination, medical record review, and measurement of baseline levels
of streptococcal antibodies; 41 fulfilled Swedo’s PANDAS criteria and
68 did not. As in Bernstein et al’s study, this study also retrospectively
reviewed clinical records to assign the diagnosis of PANDAS based on
the five criteria. An independent clinician reviewed a subsample of
clinical records, yielding high inter-rater reliability (intraclass correlation
coefficient=0.86); to our knowledge, this is the only study to date
reporting a reliability measure for the application of the five operational
criteria for PANDAS, but the statistical power of this reliability analysis
was not clear. Murphy et al’s'® results can only be interpreted as
preliminary, given the high number of comparisons performed and the
lack of correction for multiple testing. A history of tonsillectomies/
adenoidectomies and remission of symptoms during antibiotic therapy
were more frequent in PANDAS (p<<0.01). Among motor/behavioral
features, clumsiness was slightly more common among PANDAS
(p<<0.05). Some of the features highlighted in Bernstein et al’s study'®
were also analyzed by Murphy et al,'® who failed to demonstrate
significant difference according to PANDAS caseness. Overall, neither
of these exploratory studies allows definitive conclusions on the existence
of “PANDAS-specific” phenomenological features, and larger, more
adequately powered studies are warranted. Fine motor skills underlying
handwriting, manual dexterity, and related school performance deserve
special attention.

Is there a neurocognitive endophenotype of PANDAS?

Neurocognitive functioning in PANDAS has been investigated by two
independent studies. Hirschtritt et al®® administered a battery of tests
measuring response execution, response selection, stimulus selection,
and executive functioning (Wisconsin Card Sorting Test and Tower of
Hanoi) to PANDAS patients (aged 516 years, and diagnosed according
to the five criteria, assessed in extensive clinical interviews) and healthy
volunteers accurately matched by age, sex, and 1Q). Owing to limitations
of the study design, sample sizes differed across cognitive tests, ranging
between 22 and 45 case—control pairs. PANDAS subjects differed from
controls only on the response accuracy in a test of attention and
suppression, whereas attention deficit hyperactivity disorder (ADHD)
comorbidity and age predicted reaction times within the response
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execution task. A subsequent study from Lewin and colleagues®'
provided a more comprehensive exploratory analysis of visuospatial and
executive functioning in 26 well-characterized young patients with
PANDAS with OCD, whose performance was compared with
normative data obtained from test manuals or a compendium for
pediatric neuropsychological testing. The diagnosis of PANDAS was
based on the fulfillment of the five criteria, assessed through the review
of clinical records by a child-adolescent psychiatrist expert in
psychoneuroimmunology. The only difference between PANDAS
patients and the normative population was an impairment of visual—
constructive and visual-spatial recall memory (Rey—Osterrieth Complex
Figure test [ROCK]: copy, immediate recall, and delayed recall tasks).
Moreover, compared to those with normal titers, patients with current
ASO titer elevations had elevated OCD severity, lower speeded
dexterity, and scored worse on the immediate and delayed recall tasks
of the ROCIF test, as well as on the Stroop Color-Word Interference
test, that measures inhibitory control. This study was limited by the use
of normative control data rather than ad hoc selection of a control
group, small sample sizes, lack of correction for multiple comparisons
and correlational analyses using single-point-in-time ASO titers, lack of
inclusion of patients with PANDAS without OCD (i.e., tic disorder
only), and lack of evaluation of the influence of comorbidities such as
ADHD or of IQ measures on cognitive performance. Despite both
studies identifying defective cognitive performances in PANDAS, the
lack of a control group of patients with non-PANDAS tic disorder and/
or OCD does not allow conclusions either in favor or against a specific
cognitive endophenotypic trait of PANDAS.

PANDAS and rheumatic fever

Another aspect that raised concerns on the definition of PANDAS is
its counterintuitive lack of association with other clinical features of
RF, which assimilates PANDAS to another isolated post-streptococcal
illness like post-streptococcal reactive arthritis.”> Unlike SC patients,
for whom the co-occurrence of rheumatic manifestations is important
to confirm the diagnosis, children with PANDAS do not exhibit
echocardiographic abnormalities typical of rheumatic carditis, suggest-
ing that PANDAS are unlikely to be part of the RF spectrum. Snider et
al conducted a study on 60 children with PANDAS, recruited at the
NIMH according to the five criteria. These authors failed to find an
increased risk of rheumatic carditis in these patients.”” This was
confirmed by Segarra and Murphy,24 who did observe any valvular
msufficiency in these children, leading to the conclusion that their
cardiac risk is similar to that of the general population.

Childhood acute neuropsychiatric syndromes and pediatric
acute-onset neuropsychiatric syndrome

Over the years, it has become evident that, given the difficulties in
consistently and reliably applying PANDAS diagnostic criteria in
routine clinical practice, a reappraisal of their definition was necessary.
More recently, two groups independently emphasized the need to
move beyond PANDAS, postulating a broader definition of the whole
spectrum of acute neuropsychiatric syndromes with young onset.
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Singer et al*> developed childhood acute neuropsychiatric syndromes
(CANS), including in this concept all neuropsychiatric symptoms with
acute, fulminant onset in childhood, and highlighting that a variety of
conditions (infectious, post-infectious, drug-induced, toxic, traumatic,
vascular, autoimmune, hypoxic, psychogenic) could present with acute
OCS and other neuropsychiatric symptoms.> Therefore, the etiologic
evaluation of CANS would require a comprehensive diagnostic battery
that, according to the characteristics of each individual case, may
include routine blood tests and autoimmune screening, urinalysis,
toxicological screening, cerebrospinal fluid analyses, brain imaging,
electroencephalogram, and review of videotaped symptoms if move-
ment disorders are prominent. Given the breadth of the spectrum,
future work should operationalize the diagnostic work-up through
algorithmic flow-charts; this would also be useful to evaluate whether
a ‘post-streptococcal’ variant of CANS, defined by precise, new
diagnostic criteria, can be identified. In this article, “idiopathic
CANS” consists of all patients for whom a precise etiology could not
be identified after a comprehensive examination, and their definition is
summarized in Table 1. Notably, they de-emphasized the importance
of tics, which became a secondary criterion (Table 1). In their
conclusions, Singer et al® strongly recommend “that a national
centralized registry be established for the collection of standardized
and longitudinal information on this cohort” of idiopathic CANS,
since this is the only way to better define diagnostic criteria, identify
possible subtypes, and delineate trials of rational therapy.

The second group of authors discussed the assessment of more than
400 youths diagnosed with PANDAS by six expert clinicians.?® These
clinicians were asked to identify the symptoms which best character-
ized the collective group of patients, and the approved key clinical
feature was ‘“acute and dramatic symptom onset”, and in some
particular cases ‘“‘severe enough that parents took the child to the
emergency room”. On this consensual basis, they proposed criteria for
pediatric acute-onset neuropsychiatric syndrome (PANS), summarized
in Table 1. A new interesting conclusion of this article is the relevance
given to anorexia, which constitutes, together with OCD, a primary
criterion. As in CANS, tics lost prominence in the diagnostic
definition.”®

Overall, CANS and PANS represent very similar concepts, and it
seems unlikely they will eventually co-exist in routine clinical practice.
Both might be useful conceptualizations of the wide spectrum of acute
neuropsychiatric syndromes in childhood associated with basal ganglia
dysfunction, helping clinical researchers to improve the nosology of
this group of disorders. Greater efforts should, however, be made to
integrate these two concepts.

“Post-streptococcal”’ neurologic and psychiatric disorders
beyond SC and PANDAS: Where is the evidence?

The characterization of PANDAS incited a number of anecdotal
case reports and small case series of motor and behavioral disorders
with abrupt onset in association with a recent GABHS infection. Many
of these cases merely demonstrated an intriguing co-occurrence
between the neuropsychiatric disorder and the infection, generally
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without providing robust evidence in favor of an etiologic link. These
cases included patients presenting with acute myoclonus,?” generalized
dystonia associated with infantile bilateral striatal necrosis,® parox-
ysmal dystonic choreoathetosis,” restless legs syndrome,”” and even a
combination of “functional” and organic movement disorders.”’ A
larger case series of different hyperkinetic movement disorders rapidly
following GABHS pharyngeal infection was reported by Dale and
colleagues,”™ comprising 40 children manifesting chorea (n=20),
motor tics (n=16), dystonia (n=5), tremor (n=3), stereotypies (n=2),
opsoclonus (n=2), and myoclonus (n=1); of note, emotional disorders
occurred in 47.5%, including OCD (27.5%), generalized anxiety
(25%), and depressive episodes (17.5%). In a relevant proportion of
these cases, the temporal association with GABHS infections appeared
to be strengthened by the detection of serum anti-striatum auto-
antibodies; however, the clinical and pathophysiological significance of
these antibodies has been, since then, widely reconsidered and remains
unclear. In line with the PANS concept, four cases of anorexia nervosa
linked by an antecedent streptococcal infection were described by
Sokol, who postulated the existence of a “PANDAS-anorexia nervosa”
presentation, identified by specific descriptive criteria that require
validation.*

Over the last decade, the work done by Dale and collaborators has
led to the description of a form of acute disseminated encephalomye-
litis (ADEM) possibly triggered by GABHS infections. The phenotype
of this putatively “post-streptococcal” ADEM showed very minimal
spinal involvement, and was mainly characterized by movement
disorders (50%, mainly dystonia) and behavioral changes (70%)
including emotional lability, inappropriate laughter, separation
anxiety, confusion, and hypersomnolence.”* Again, in addition to
raised ASO titers, most patients showed antibodies to human striatal
proteins. A proportion of these patients responded to immunotherapy.
This phenotype seems very similar to the recently defined spectrum of
“basal ganglia encephalitis”, in which motor, psychiatric, sleep, and
autonomic disturbances coexist, often in association with antibodies to
human dopamine receptors. The etiology of “basal ganglia encepha-
litis” is, nevertheless, likely heterogeneous, and GABHS infections
could only be one amongst a wide spectrum of immunogenic triggers
linked to its onset.”

Finally, an autoimmune sleep disorder like narcolepsy/cataplexy has
intriguingly been put in relationship with GABHS infections. A
retrospective case—control study compared 200 patients with a recent
onset of narcolepsy/hypocretin deficiency and 200 age-matched
healthy controls for ASO and anti-DNAseB titers. The highest anti-
streptococcal antibody titers were observed close to disease onset,
whereas these tended to be lower as the disease progressed.”® Kleine -
Levin syndrome, another rarer sleep disorder characterized by
recurrent episodes of hypersomnia and behavioral disturbances, has
been diagnosed in co-occurrence with PANDAS in an 11-year-old girl.
Her sleep disorder responded to penicillin prophylaxis.®”

Opverall, the association of this miscellaneous group of motor and
behavioral disorders with GABHS infections remains unproven, as it is
based exclusively on cross-sectional or retrospective data, often derived
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from relatively small and uncontrolled observational case series.
Whether other pathogens might also show an association with some of
these disorders or immune regulatory mechanisms might predispose to
abnormal immune responses to, or reinfection by, GABHS remain

unanswered questions.

Considerations on pathophysiology

The pathophysiology of PANDAS has been put in relationship to
disease mechanisms in SC. The latter condition is putatively associated
with autoimmune mechanisms triggered by GABHS pharyngitis. This
is primarily based on the very strong clinical association between the
motor and behavioral disorder typical of SC, the previous inciting
GABHS infection, and the frequent coexistence of other manifesta-
tions of RF; moreover, several studies suggest SC responds to immune-
modifying treatments.”® ** Nevertheless, the exact mechanisms under-
lying SC are still incompletely defined, although, based on available
evidence, an autoantibody-mediated process is favored as the most
likely. An early model suggested that neuropsychiatric disturbances
occurring suddenly after GABHS infections result from basal ganglia
dysfunction secondary to autoimmune processes consisting of anti-
bodies or immune cells cross-reacting between GABHS and cerebral
cells, a hypothesis classically known as “molecular mimicry”.*!
Pathological data from PANDAS patients are lacking, and imaging
studies on these subjects are also very limited. Magnetic resonance
imaging on the original cohort from Swedo et al'* revealed
enlargement of caudate, putamen, and globus pallidus, most
pronounced early in the course of illness.*? This was interpreted as a
consequence of regional inflammatory change,*? but it has never been
properly replicated. Only very few of these studies assessed circulating
anti-striatum autoantibodies in patients fulfilling PANDAS criteria,
and a reliable immunological marker for this subgroup of patients has
not been as yet identified. When direct comparisons were performed
between PANDAS and TS patients, it appeared that circulating
autoantibodies did not differentiate between these two groups.*’
Moreover, serial measurement of cytokine levels in children with a
rigorously applied diagnosis of PANDAS did not yield significant
differences between time at exacerbations associated with GABHS
infections and time at exacerbations not associated with GABHS
infections.** Finally, other potential immunological markers, e.g., the
B-cell marker D8/17 (a monoclonal antibody directed against a non-
HLA-B-cell marker), have been explored over the years with
disappointing results.*’

More recently, a new pathogenic model of SC has been proposed, in
which antibodies to dopamine D1 and D2 receptors bind to striatal
neurons, leading to alterations in dopaminergic neurotransmission and

post-synaptic intracellular signaling.*®

This model does not support the
hypothesis of molecular mimicry, at least until a streptococcal
“dopamine receptor-mimicking” antigen is clearly identified. The
longer latency between the inciting infection and SC onset, compared
with other features of RF, might be consistent with other immune-
mediated phenomena, e.g., epitope spreading, eventually leading to

the production of pathogenic anti-D1 and anti-D2 antibodies
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(Figure 1). PANDAS differ, however, from SC in that the latency
between infection and neuropsychiatric onset seems shorter. Hence, it
might be expected that, if an immune-mediated mechanism is relevant
in PANDAS, this might partially differ from the pivotal mechanism of
SC. Not surprisingly, there is controversy also in respect to anti-
dopamine receptor antibodies expression in PANDAS. Antibodies
binding to the neuronal surface were originally found in the sera of
patients with SC and PANDAS,; the latter diagnosed according to the
five criteria; these antibodies caused elevated calcium/calmodulin-
dependent protein kinase II signaling in neuronal cell lines, and were
proposed to target dopamine D1 and D2 receptors.”” However, when
a highly specific quantitative methodology was implemented to identify
autoantibodies against neuronal surface antigenic targets (i.e., a flow
cytometry-based approach on human embryonic kidney cells
1 detected anti-D2
12 of 17 patients with “basal ganglia

transfected with dopamine receptors), Dale et a
receptor antibodies in
encephalitis” and in 10 of 30 SC patients, but in none of the 22
patients labeled as PANDAS. In this study, serum samples were taken
from the latter group of patients during acute exacerbations related to
a GABHS infection; however, although all patients had one or more
exacerbations associated with GABHS, not all patients had a GABHS-
related relapsing—remitting course, and the five criteria were not
rigorously applied. Similar findings were obtained by the same group
using the same methodology on a neuroblastoma cell line (SH-
SY5Y).*® Assay methodology, patient selection, and limitations in the
clinical definition of PANDAS might have accounted for this
discrepancy.

The attempts to replicate the behavioral disorder of PANDAS in
rodents using passive transfer based on stereotactic striatal micro-
infusion of patients’ immunoglobulins has also led to inconsistent
results.***” A more convincing approach is the active immunization of
mice with GABHS protein homogenate, which generated repetitive
behavior similar to human stereotypies that correlated with peripheral
anti-neural antibodies and immune deposits in the brain;®! moreover,
mice transfused with IgG; from previously immunized mice developed
a similar phenotype, suggesting that immune activation against this
pathogen might lead to antibody-mediated neuronal dysfunction.’?
More work is needed to understand the mechanisms linking antibody
deposition to neuronal dysfunction, and to clarify whether dopamine
receptors are indeed a relevant antigenic target. Also, more evidence is
needed from clinical studies on the relative contribution of antibody-
mediated and cytokine-mediated mechanisms. Finally, hematopoietic-
derived microglia were shown to play a role in the pathogenesis of
repetitive behaviors in rodents, e.g., trichotillomania, but its involve-
ment in tic disorders and OCS in humans needs to be explored
further.”®

Considerations on treatment

Given the existing uncertainties around the clinical definition and
pathophysiology of PANDAS, it is not surprising that aspects related to
the treatment of these patients are still undefined. Penicillin
prophylaxis is known to be effective in reducing the frequency of RF
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recurrences, including SC. Because of the hypothesized pathophysio-
logic similarities between SC and PANDAS, it was hypothesized that
penicillin prophylaxis would reduce neuropsychiatric exacerbations in
children with PANDAS. Indeed, several studies revealed mixed results.
Early uncontrolled observational case series suggested significant and
rapid improvements of OCD, anxiety, and tics in PANDAS patients
following antibiotic treatment, which in some cases was associated with
good long-term prognosis.”* The first randomized controlled trial
conducted by Garvey et al™
treatment in patients specifically diagnosed with PANDAS. In this
early trial, however, active treatment did not meet its primary

failed to provide support for the use of this

endpoint of reducing the frequency of GABHS infections, and
therefore it cannot be considered really informative. In a subsequent
clinical trial, Snider et al’® showed that antibiotic prophylaxis, using
either penicillin or azithromycin, reduced neuropsychiatric symptom
exacerbations in children with PANDAS. However, this was an active

-

Group A
Streptococcus
(rheumatogenic
strains?)
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comparator study that lacked a placebo arm, and clinical data at
baseline were collected on a retrospective basis. Therefore, rando-
mized placebo-controlled trials testing safety and efficacy of antibiotic
prophylaxis in PANDAS are currently still not available. New studies
are necessary on this topic and currently under way (Clinical Trials.gov
Identifier: NC'T01860300). Besides the bactericidal effect, it has been
intriguingly suggested by Murphy'” that penicillins could exert a
protective effect in these patients through less explored immunomo-
dulatory, or even neuroprotective, mechanisms.

Earlier anecdotal reports presented cases of children who fulfilled
PANDAS criteria and were treated with tonsillectomy. Orvidas and
Slattery”” originally reported on two siblings with a history of more
than three episodes of streptococcal pharyngitis in 1 year despite
adequate antibiotic treatment. These patients manifested behavioral
changes (mainly tics and OCS), concomitant with recurrent infectious
episodes. After tonsillectomy, both were free from GABHS infection

Molecular mimicry
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Thymas Porphery
-
>
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C I

Tissue target coll
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(reference 47)

(reference 45)
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Figure 1. Post-streptococcal Neuropsychiatric Disorders (including PANDAS) Might Be Associated with Antineuronal Antibodies. The molecular
mimicry hypothesis is one of the mechanisms through which autoantibodies targeting brain structures might be abnormally produced in these conditions. Not all the
autoantigens targeted by these antibodies in Sydenham’s chorea or PANDAS seem, however, to be involved in antigenic mimicry between group A streptococcus and
brain cells. Other mechanisms, such as bystander activation or epitope spreading, may also be relevant to the synthesis of pathogenic autoantibodies. Part of the figure
adapted from Chervonsky AV. Influence of microbial environment on autoimmunity. Nat Immunol 2010;11:28-35.
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recurrences and OCS/tic exacerbation for a follow-up of 11 months.
Similarly, Heubi and Shott®® described clinical improvement after
tonsillectomy of a fluctuating tic disorder and OCD in two patients
with recurrent tonsillitis. In the first of these cases, the strength of the
antistreptococcal immune response is unclear, given that antistrepto-
coccal antibody titers were only minimally raised and the duration of
follow-up was only 2 months. The second case did not present with
relevant behavioral oscillations temporally linked to recurrent infec-
tions. Hence, it is doubtful whether the diagnosis of PANDAS had
been appropriately assigned to these patients. Batuecas Calerio et al®?
described a PANDAS patient with symptoms of obstructive sleep
apnea syndrome and recurrent bacterial tonsillitis. Following tonsil-
lectomy, his obstructive sleep apneas and ocular-facial tics underwent
complete remission. Overall, these and other anecdotal cases reported

. . 57-60
in the literature’

provide a tenuous link between this treatment and
symptom remission, since possible confounders such as pharmacolo-
gical treatment (antibiotics, anti-tic medications), stress, or fatigue were
not adequately taken into account. An important contribution was

recently provided by Murphy et al,®" who enrolled 112 patients in a

PANDAS: An Evolving Concept

prospective study (the majority within a 7-12 years age range) with
DSM-IV-R criteria for OCD and/or tic disorder, 43 of whom
classified as PANDAS (based on infection-related behavioral abnorm-
alities, regression, deterioration in school performance, emotional
lability, and urinary symptoms) and 69 classified as non-PANDAS.
Within this cohort, clinical and laboratory measures were compared
between the 36 patients who received tonsillectomy and/or adenoi-
dectomy and the 76 who did not. The group of surgical patients did
not differ from the non-surgical group on antistreptococcal antibody
titers (ASO, anti-DNAse B, and anti-A carbohydrate), as well as on
OCS and tic severity scores. Neuropsychiatric symptom onset
occurred after a mean time period of 2.4-2.9 years after surgery in
more than 50% of patients in the surgical group; however, PANDAS
cases were two times more likely to have undergone surgery than non-
PANDAS, possibly as a consequence of a higher rate of GABHS
infections in the former group. The main limitation of this study is that
patients whose OCD/tic disorder remitted between surgery and the
start of the study could not be enrolled due to design characteristics,
thus possibly under-representing a clinical subgroup highly relevant to

Table 2. Summary of Evidence of Immunological Changes in Tourette Syndrome from Case—Control Cross-sectional or Case-only Prospective Studies with =10

Subjects per Group

(only statistical trend)

Immune cell subpopulations in peripheral blood

Press; 2013. p 301-328.

References
Gene expression profiling of peripheral blood mononuclear cells
Age-related overexpression of genes related to natural killer cell pathways and regulation 76,77
of anti-viral responses
Cytokine expression
Increased concentration of interleukin-12 and tumor necrosis factor- o in serum during 82
symptom exacerbations 82
Increased concentration of interleukins 4, 5, 6, and 10 in serum during symptom exacerbations 78

Decreased concentration of monocyte-derived cytokines (interleukin 2 receptor antagonist, soluble CD [4)

Increased number of CD4+CD95+ and CD8+CD95+ T-cells 84
Increased number of CD69+ B-cells 84
Decreased number of T regulatory cells 85
Immunoglobulin synthesis

Decreased concentration of serum IgG; and IgA (the latter in patients fulfilling criteria for PANDAS) 86, 87
Oligoclonal bands of intrathecal synthesis in the cerebrospinal fluid of 40% of patients with Tourette 90
syndrome

Past medical and family history

Higher rate of maternal history of autoimmune diseases 88
Higher rate of past history of common allergic illnesses 89

Abbreviations: PANDAS, Pediatric Autoimmune Neuropsychiatric Disorders Associated with Streptococcal Infections.
Adapted from Martino D. Immunity and stress response in Tourette syndrome. In: Martino D, Leckman JF (editors). Tourette syndrome New York: Oxford University
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Figure 2. Hypothesized Immune Regulatory Abnormalities. Summary
diagram of the hypothesized immune regulatory abnormalities in patients with
Tourette syndrome (see text for details).
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the study aims. Nevertheless, the results of this cohort study, the largest
to date on this topic, do not support a positive impact of tonsillectomy/
adenoidectomy on the course of children with OCD/tics, regardless of
whether they had been diagnosed with PANDAS or not.

Over the last 25 years, first-line immune-modulating treatments
(steroids, plasma exchange [PE], intravenous immunoglobulins [IVIg])
have all demonstrated efficacy in the treatment of acute SC.
Perlmutter et al®® conducted a randomized sham-controlled trial of
PE and IVIg in 30 children fulfilling the five criteria; sham control was
implemented only for the IVIg active arm for ethical reasons. At 1-
month follow-up, IVIg led to a 45% decrease in OCS severity
(superior to placebo), whereas PE led to a 58% decrease; for tics, PE
decreased severity by 42%. Interestingly, this improvement was
maintained in 82% of cases after an average 12-month follow-up
period. This study had a relatively small sample size and has not been
replicated since; a new trial is, however, currently under way
(ClinicalTrials.gov Identifier: NC'T01281969).

Until the clinical definition of PANDAS is definitely settled and
more robust trials evaluating potential etiologic treatments become
feasible, children fulfilling Swedo et al’s criteria for PANDAS should
receive the mainstay of treatment for OCS, tics, and associated
behavioral symptoms. Anecdotal evidence confirms that serotonin
reuptake inhibitors (SSRIs), drugs of choice for the treatment of OCD,
may be effective also in patients fulfilling these criteria. Interestingly,
SSRIs may also exhibit anti-inflammatory effects, suppressing the
synthesis of interferon-gamma.'”%® Likewise, cognitive-behavioral
therapy has also been explored in PANDAS-associated OCD.
Storch et al®* reported on a small series of seven children with
PANDAS (range 9-13 years) treated for 3 weeks with intensive
cognitive-behavioral therapy. Six of seven showed improvement on the
Children’s Yale-Brown Obsessive-Compulsive Scale and Anxiety
Disorder Interview Schedule for DSM-IV Child Interview Schedule-
Parent version; at long-term follow-up, three of these six patients
continued to show clinical improvement. Albeit limited, this anecdotal
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evidence suggests that patients fulfilling PANDAS criteria are not
refractory to routine treatments for OCS and tics.

What is the role of infections and immunity in chronic tic
disorders?

Research focused on the clinical and pathophysiological character-
ization of PANDAS has led to increased interest in the involvement of
GABHS and other pathogens (e.g., common cold viruses,® Mycoplasma
pneumoniae,’® Borrelia burgdorferi,”” herpesviruses®) as biological stressors
modulating the clinical course of tic disorders and OCD, regardless of
whether they fulfill or not the proposed diagnostic criteria for
PANDAS. Cross-sectional studies showed that T'S patients across
different ages exhibit higher circulating levels of antistreptococcal
antibodies and higher GABHS carriage rate than healthy peers.®” One
sophisticated array-profiling study addressing antistreptococcal anti-
body reactivity in children with tic disorders found that these patients
express higher rates of antibodies directed against a significantly
broader number of antigens than healthy children or children with
acute pharyngitis, indicating abnormal reactivity to the pathogen.”
Large, community-based retrospective studies in the United States
have shown that children with OCD or tic disorders were more likely
to have contracted a GABHS throat infection in the 3 months prior to

71,7
onset,” "2

although this could not be replicated by a similar UK-based
study from Schrag and coworkers.” Finally, community- and service-
based prospective studies looking at this association have been largely
inconsistent so far. In a longitudinal observation of 693 elementary
school-age children (ages 812 years), Murphy and colleagues’” failed
to report an association between tics and GABHS infections during the
observation period, probably due in part to the intrinsic fluctuations of
tic severity over time. Interestingly, they found that, over 8 months,
repeated GABHS infections represent a risk factor on the development
of behavioral symptoms consistent with attention deficit hyperactivity
disorder (relative risk 1.71; p<<0.0001), suggesting that GABHS
infections could modulate the clinical course of a broader spectrum
of disorders related to fronto-striatal networks. In our Italian survey on
168 TS children and 177 controls, we detected a higher GABHS
carriage rate, and antistreptococcal and antineural antibodies in T'S
patients, but prospective follow-up failed to show an effect of new
infections on rigorously defined clinical exacerbations.®” Interestingly,
ASO titers were persistently elevated in almost 60% of T'S patients in
this study, confirming enhanced antistreptococcal immune response.®?
Finally, the prospective study from Lin et al” in Yale on 45 patients
and 41 controls followed up for 2 years showed that GABHS infections
could triple the effect of psychosocial stress in predicting short-term
future tic severity, suggesting interaction between streptococcal
infections and stress.

Opverall, the relationship between TS and GABHS may be rather
complex. On one hand, these patients show a very strong antibody
response to this pathogen, even stronger than those in patients with
acute pharyngitis;”” on the other hand, there is preliminary evidence
that the regulation of immune responses may be altered in these
patients and this might make them more prone to develop both
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infections (including streptococcal infections) and autoimmune pro-
cesses, thus giving rise to a complex vicious cycle. A summary of these
abnormalities, involving both innate and adaptive immune responses, is
provided in Table 2 and Figure 2. Dysfunctional innate responses are

supported by gene expression profiling of peripheral lymphocytes,”®”’

78
Innate

and by measurements of monocyte-derived cytokines.
immunity dysfunction might cause incomplete elimination of pathogens
with subsequent chronic immune-inflammatory activity: this is sup-
ported by the markedly raised antibody response to GABHS,®%7°
Chlamydia  trachomatis, and Toxoplasma gondii.”® Acute inflammatory
markers like neopterin were raised in independent cohorts of TS
patients.”®%*#! Cytokine levels may also covary with symptom severity
in “garden-variety” youth with tics/OCS, but not in PANDAS.**%?
Abnormal regulation of adaptive responses are suggested by increased
numbers of B and T lymphocytes with activated phenotype.®> ® Some
findings also suggest predisposition to autoimmunity, e.g., decreased
numbers of T regulatory lymphocytes, important regulators of immune
tolerance,”® reduced IgG3 and IgA levels,”®®” and higher degree of
maternal family history of autoimmune diseases.” Finally, TS patients
could be prone to common allergic illnesses, including asthma, atopic
dermatitis, conjunctivitis, and rhinitis.*’

The complex relationship between biological (including GABHS)
and psychosocial stressors and the natural course of chronic tic
disorders and related obsessive-compulsive symptoms is currently
being explored by a pan-European study, which is following up
hundreds of patients and unaffected relatives (www.emtics.eu). We also
look forward to the results of ongoing novel transcriptomic analyses on
post-mortem specimens of T'S patients, which might provide a deeper
insight into the role of immune competent cells in the central nervous
system (CNS) in this condition.

Conclusions

Almost two decades after their first characterization, PANDAS
(and, more generally, the whole group of “post-streptococcal
neuropsychiatric disorders”—with the exception of SC) still need
diagnostic criteria that are of relatively simple applicability and at the
same time with a proven high reliability across raters. Advances in
knowledge on this putative entity could have been hindered by the
uncontrolled application of this diagnostic label to a “garden-variety”
of patients with tics and OCS. The development of concepts such
as PANS or CANS, if adequately integrated, may help in defining
the boundaries of their “post-streptococcal” subgroup, but other
approaches, such as focusing on a direct revision of the Swedo
operational criteria for PANDAS, could also be rewarding. We
believe this nosographical problem is a priority issue, and its solution
may be crucial to improve our understanding of the prevalence and
pathomechanisms of post-streptococcal acute neuropsychiatric dis-
orders other than SC.
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