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Abstract

This review and commentary is the product of an invited lecture called “Autoimmunity: PANS/

PANDAS” presented at the 2018 Neurobiology of Diseases in Children Symposium in Chicago, 

IL. The talk addressed clinical and scientific questions and recently published data. At this time, 

among highly experienced and respected clinicians and researchers spanning relevant disciplines, 

there is substantial controversy regarding a role for inflammation in producing tics and obsessive­

compulsive disorder. This commentary summarizes these controversies, discusses reasons for 

opposing views on best clinical practices, and concludes with suggestions for pathways forward.
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This review and commentary is the product of an invited lecture called “Autoimmunity: 

PANS/PANDAS” presented at the 2018 Neurobiology of Diseases in Children 

Symposium in Chicago, IL. The talk addressed Pediatric Acute onset Neuropsychiatric 

Syndrome (PANS) and Pediatric Autoimmune Neuropsychiatric Disorders Associated with 

Streptococcal infections (PANDAS). Both diagnoses differentiate children with acute onset 

from those with more gradual onset symptoms. PANDAS attributes the onset of tics or 

obsessive-compulsive disorder (OCD) to immune mechanisms provoked by streptococcal 

infection; PANS by definition specifies neither etiology nor mechanism, but an autoimmune 

mechanism is presumed in most cases. At this time, among highly experienced and 

respected clinicians and researchers spanning relevant disciplines, there is substantial 

controversy regarding a role for inflammation in producing tics and obsessive-compulsive 

disorder. Individuals with differing views will be referred to in this commentary as skeptics 

and advocates. This commentary summarizes these controversies, emphasizes reasons for 

opposing views, enumerates challenges to progress based on placebo- and nocebo-related 

factors and families’ prejudging of the science, and concludes with suggestions for pathways 

forward. More detailed summaries of the basic, epidemiologic, and clinical evidence relating 
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to these 2 diagnoses lie outside the scope of this article but have recently been published 

else-where.1–4

History and Causal Pathway Models

The overarching questions involve whether and when infections and/or inflammation play 

a role in the production of neuropsychiatric disorders that are currently classified as 

idiopathic. Questions about a role for infection causing neurologic and psychiatric disorders 

date back many decades.5–11 Among doctors caring specifically for children with Tourette 

syndrome and obsessive-compulsive disorder, special interest was generated by observations 

of the temporal associations in the clinical presentation of acute rheumatic fever. In 

particular, doctors were intrigued by tics and obsessive-compulsive disorder, which often 

preceded, waxed during, and waned after this illness.12–15 A causal pathway16 for this 

illness is shown in Figure 1.

Causal pathways, as opposed to statistical correlations, make claims about a directional 

relationship in a pair of observed events or phenomena. For example, the causal pathway 

in Figure 1 does not imply that children with chorea are more likely to get infections 

(eg, because their involuntary movements bring their hands more often to infected surfaces 

and to their faces). Rather, it implies that in some individuals with chorea (or other listed 

findings), were it not for their infection, they would not have acquired chorea. The causal 

pathway in Figure 1 makes a number of testable predictions, including (1) treating with 

antibiotics active against streptococcal infections would diminish symptoms of the disease 

if the action of the infection is direct; (2) treating with antibiotics might not diminish 

symptoms if there is a long latency between infection and symptoms, and if an intervening, 

mediating factor occurs that outlasts the infection; (3) long-term antibiotics might prevent 

recurrences of this disease; and (4) dopamine receptor-2 blocking or dopamine-depleting 

agents for chorea17—treatments that do not directly address the root cause—might improve 

symptoms. A mainstay of management after the diagnosis of acute rheumatic fever 

follows prediction 3, that is, chronic treatment in childhood with penicillin, as secondary 

prevention.18,19 Symptomatic treatments are also often provided following prediction 4.20,21

Given the latency of weeks to months between streptococcal infections and the onset of 

chorea, as well as spatially separated signs and symptoms, particularly cardinal symptoms 

of inflammation in the joints and skin, clinicians hypothesized that the causal pathway 

from infection to manifestations of acute rheumatic fever might be mediated by the body’s 

inflammatory response, which might outlast the infection (see Figure 2).

The pathway in Figure 2 makes a number of additional predictions, including (5) 

inflammatory markers (specific and/or non-specific) in the blood should be present 

in affected patients; and (6) anti-inflammatory drugs might reduce disease symptoms. 

Consistent with prediction 5, diagnostic protocols for acute rheumatic fever include testing 

for inflammatory markers.18,19 Based on prediction 6, Sydenham chorea may be treated with 

steroids.22–25
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Decades of clinical observations of associations of motor and psychiatric symptoms 

in Sydenham chorea yielded an analogous hypothesis in the 1990s whereby group A 

streptococcal infections might cause tics or obsessive-compulsive disorder (see Figure 

3). This proposed clinical entity was designated Pediatric Autoimmune Neuropsychiatric 

Disorder Associated with Streptococcal infection (PANDAS).26 The current taxonomy 

subsumes PANDAS into a broader category, Pediatric Acute onset Neuropsychiatric 

Syndrome (PANS), which is agnostic about the primary triggers but presumes an 

inflammatory mediator in most cases.27

The pathway in Figure 3 makes the same 6 predictions as the pathway in Figures 1 and 2 

with the exception that other antimicrobial agents might be needed if PANS is triggered by 

a different microbe than group A Streptococci, that other inflammatory markers should be 

identified, and that other symptomatic treatments that do not directly address the root cause, 

for example, cognitive behavioral therapy or selective serotonin reuptake inhibitors, might 

improve symptoms.

These causal models and associated predictions have been sufficiently compelling to 

generate a great deal of basic, translational, epidemiologic, and therapeutic research. For 

PANS/PANDAS advocates, this has also influenced clinical decision making regarding 

testing and treatment. In contrast, PANS/PANDAS skeptics at most accept these as 

rare disorders comparable to other autoimmune encephalitides. They view the PANS/

PANDAS causal model as scientifically unsubstantiated, they believe that advocates vastly 

overestimate its incidence, and they interpret the results of research to date as not meeting 

common standards of evidence for causality.2,28,29 As a result, although advocates order 

many tests, skeptics order few or none, and whereas advocates treat with antibiotics or 

anti-inflammatory drugs as well as (or in place of) symptom-based treatments, skeptics treat 

with only the latter. Progress depends in part on understanding reasons for these differing 

views and practices. Skeptics have offered pointed criticisms of methodologies of specific 

basic, epidemiologic, and clinical studies.4,30–32 Examples of skeptics’ questions include the 

following:

1. Prevalence and coincidental associations: Given the high prevalence of 

streptococcal and other infections in childhood, and the high prevalence 

of obsessive-compulsive disorder and Tourette syndrome, chance temporal 

associations are likely. Throat cultures and blood antibody tests may fail to 

distinguish a carrier state, unlikely to trigger a systemic response, from a new 

infection.33 How would a clinician determine in an individual child that a 

temporal association between any streptococcal infections and neuropsychiatric 

symptoms is causal versus coincidental? If this cannot be done precisely, how 

would clinicians avoid over-diagnosing PANDAS?34

2. Primacy of acute-onset: Many neurologic diseases, for example, epilepsy, 

begin suddenly and dramatically (see Table 1), and developmental milestones, 

for example, walking or putting words together, can seem to occur “almost 

overnight.” Rapid changes in the nervous system can occur in the absence 

of inflammation. What evidence is there to support categorizing acute­
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onset obsessive-compulsive disorder as inflammatory/distinct from idiopathic 

obsessive-compulsive disorder?

3. Attribution of a restricted range of symptoms to inflammation: Most 

inflammatory diseases of the nervous system cause some combination of 

seizures, continuous dyskinetic movements, altered mental status to the point 

of confusion, and/or central or peripheral nervous system demyelination or 

destruction.1 Tics, obsessive-compulsive disorder, and restricted food intake27 

alone seem atypical for the disease category of autoimmune encephalitis. Why 

are PANS/PANDAS inflammatory with such a narrow range of symptoms?

4. Prevalence: Most inflammatory diseases affecting the nervous system in children 

are rare. How can advocates justify their claim that 1% to 2% of children have 

PANS/PANDAS?35 Why have no specific diagnostic tests emerged?36

5. Negative and small treatment studies: PANDAS was proposed more than 20 

years ago.26 During that time period, randomized, placebo-controlled trials 

involving more than 100 patients have been published in pediatric migraine,37 

absence epilepsy,38 Tourette syndrome,39 and obsessive-compulsive disorder.40 

All controlled trials for PANDAS have enrolled fewer than 50 children. Why is 

there no large study with high-quality evidence supporting PANDAS treatments?

On the basis of their view that evidence addressing these questions is unsatisfactory, the 

skeptic’s view is that PANS/PANDAS are not distinct but rather that disorders like Tourette 

syndrome and obsessive-compulsive disorder are heterogeneous conditions resulting from 

multiple small genetic risks mediated by various environmental factors,41 and that these 

have a spectrum of time courses ranging from acute to more indolent.

This commentary addresses PANDAS and PANS controversies in terms of the following 

questions: (1) How do the definitions of PANDAS and PANS influence the views of 

both advocates and skeptics? (2) How does inflammation research compare for obsessive­

compulsive disorder and tics versus more common conditions of depression and anxiety? 

(3) How are skeptics and advocates reasoning differently about causality? (4) How can 

clinicians and researchers who are skeptics and advocates move forward?

Influence of Definitions of PANS and PANDAS on Advocates and Skeptics

The causal pathways (Figures 1–3) and research definitions of PANDAS have played a 

fundamental role in generating research questions. Study results have been interpreted in 

distinct ways by advocates and skeptics.

PANDAS: Pediatric Autoimmune Neuropsychiatric Disorders Associated With 
Streptococcal Infections

In 1998, investigators at the National Institute of Mental Health (NIMH) published their 

seminal paper reporting a series of 50 patients, evaluated beginning in 1991, whom they 

had painstakingly characterized. They proposed a distinct, clinical entity, PANDAS, with 

5 diagnostic criteria: (1) presence of obsessive-compulsive disorder and/or a tic disorder; 

(2) prepubertal symptom onset (age 3 years to the beginning of puberty); (3) episodic 
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course characterized by acute, severe onset and dramatic symptom exacerbations; (4) 

temporal relationship between group A beta-hemolytic streptococcal (GABHS) infections 

and symptom onset and exacerbations; (5) association with neurologic abnormalities. 

Criteria 3, 4, and 5 support specific research questions.

Criterion 3, the acute, severe onset of symptoms.—Criterion 3 is critical to 

both PANDAS and PANS. Fundamental principles of medical diagnosis include (1) that 

the healthy body has a limited repertoire of responses to multiple pathogenic processes, 

and that therefore a broad differential diagnosis should be considered, and (2) that it is 

important to include the symptom/sign complex plus the time course of illness in refining 

and limiting the differential diagnosis. When considering acute or subacute presentations, 

the following categories generally dominate: trauma, vascular pathology, infections, and 

inflammatory diseases. However, recent discoveries have shown that in the nervous system 

genetic diseases are also important. Table 1 shows instructive examples of diagnoses with 

rapid onset. In some cases, specific test results such as antibodies or tumors support 

an inflammatory pathophysiology. In other cases, genetic discoveries have clarified our 

understanding of pathophysiology.

Criterion 4, infections and re-infections with group A streptococci.—Many 

neurologic and psychiatric conditions have a waxing and waning course. PANDAS was 

initially emphasized to have a distinct, extreme exacerbation pattern referred to as a 

“sawtooth time course.” This framework, along with the belief that group A streptococcal 

infection is the primary causal agent, has guided many advocate clinicians to swab a child’s 

throat to test for streptococci whenever tics or obsessive-compulsive disorder symptoms 

worsen, even in the absence of fevers or other infections symptoms or signs, and to treat 

with antibiotics, even in the absence of positive test results.34,42 There are parallels to this 

practice by practitioners who attribute neuropsychiatric symptoms to chronic Lyme disease, 

although chronic antibiotic treatment was recently shown, in a randomized controlled trial, 

to have equivalent benefits to placebo.43

Taken together, criteria 3 and 4 provided the incentive for 2 highly intensive, multicenter 

prospective research studies, funded by the National Institute of Mental Health and 

the National Institute of Neurological Disorders and Stroke. The principal investigators 

collaborated, rigorously and prospectively applying all 5 original PANDAS criteria. 

Intensive scheduled and peri-illness/peri-exacerbation throat cultures and blood tests were 

used to attempt to validate causal pathways, namely, that streptococcal infections, possibly 

mediated by inflammation, cause clinical exacerbations in PANDAS. The studies enrolled 

prepubertal children meeting all 5 criteria for PANDAS (n = 71) matched demographically 

and geographically to non–acute onset / non–sawtooth course tic / obsessive-compulsive 

disorder controls (n = 93), tracking symptoms and test results for 2 years. Surprisingly, 

both groups experienced similar rates of infections and exacerbations, and the vast majority 

of exacerbations were not temporally associated with streptococcal infections.44,45 Skeptics 

conclude from these results that even if a streptococcal infection does trigger the onset 

of tics or obsessive-compulsive disorder in a child, this likely represents an unmasking of 

symptoms that would have occurred anyway and that over time, recurring infections play 
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no demonstrable role in symptom severity. Thus skeptics test, at most, judiciously. PANS/

PANDAS advocates responded by attempting to marginalize these studies, suggesting the 

investigators enrolled patients who “may have represented a distinctive population.”46

Criterion 5, movement disorder.—During symptom exacerbations, but not necessarily 

between exacerbations in obsessive-compulsive disorder–PANDAS cases, patients should 

have “motoric hyperactivity and adventitious movements.” These adventitious movements 

could include “choreiform movements” but not “frank chorea.” Although one could 

anticipate some confusion in the presence of symptoms due to ambiguous terminology, 

in cases diagnosed retrospectively, clinicians might have even more difficulty distinguishing 

between degrees of chorea. For minor chorea or adventitious movements, this raised the 

possibility of diagnostic misclassification between PANDAS and Sydenham chorea. For tics, 

this raised the possibility of diagnostic misclassification between PANDAS and Tourette 

syndrome. Of the original PANDAS series, 26 of 50 were diagnosed with tic disorder, 

whereas 24 of 50 were diagnosed with obsessive-compulsive disorder.26 Tics are common, 

and many families describe their onset as sudden.47 Skeptics believe that some PANDAS 

cases are mild Sydenham chorea. Advocates see these as separate diagnoses.

Net results of the PANDAS framework.—Skeptics in pediatrics, infectious diseases, 

immunology, and child neurology believe that the best evidence to date does not 

support PANDAS as a distinct neuropsychiatric diagnosis or that it is, at most, a rare 

condition.29,48,49 Advocates have continued to pursue evidence for the PANDAS causal 

models. Convinced that these children’s disorders were biologically distinct from routine 

obsessive-compulsive disorder, a group of clinicians and researchers convened a workshop 

in 2010 and developed research criteria for PANS.27

Recent PANS/PANDAS research has included epidemiologic50 or laboratory51 studies. 

Clinical publications have predominantly described open-label treatment.3 In contrast, to 

date, controlled studies of antibiotics for PANDAS have not provided strong evidence. 

For example, a randomized, placebo-controlled trial of the antibiotic cefdinir in children 

with recent-onset obsessive-compulsive disorder and/or tics was negative, and furthermore 

showed large symptom improvements in the placebo arm.52 The speculation that 

tonsillectomies might reduce or prevent tics or obsessive-compulsive disorder appears to 

be unfounded.53,54

In general, all controlled clinical trials for treatment of PANDAS have been negative, small, 

and/or had high risk of bias.3 The most recent immune modulatory study, which randomized 

children diagnosed with PANDAS to intravenous immunoglobulin versus placebo, failed 

to show differential benefit.55 Skeptics have concluded that treatment studies do not 

support antibiotic or immunomodulatory interventions for PANDAS.4 Advocates published 

treatment guidelines supporting both.46,56

PANS: Pediatric Acute-Onset Neuropsychiatric Syndrome

The criteria for PANS include (1) abrupt, dramatic onset of obsessive-compulsive 

disorder or severely restricted food intake and (2) concurrent abrupt onset of additional 

severe neuropsychiatric symptoms from at least 2 of the following 7 categories: (a) 
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anxiety; (b) emotional lability and/or depression; (c) irritability, aggression, and/or severe 

oppositional behaviors; (d) behavioral (developmental) regression; (e) deterioration in school 

performance; (f) sensory or motor abnormalities, including heightened sensitivity to sensory 

stimuli, hallucinations, dysgraphia, complex motor and/or vocal tics; and (g) somatic signs 

and symptoms, including sleep disturbances, enuresis, or urinary frequency.27

This new formulation was applicable in some cases to children whose only brain-based 

symptoms were psychiatric, for example, obsessive-compulsive disorder plus anxiety and 

emotional lability. No precipitant was specified, and the diagnosis no longer required 2 or 

more episodes. However, the presumption remained that most cases were inflammatory.57

Criteria-based, initial PANS research.—Initial clinical research recapitulated the 

PANDAS trajectory, including presentation of a case series of 47 children.58 But taking 

causal research further, as done for PANDAS, has posed special problems. The lack of 

a specific etiology in PANS criteria provides at most limited guidance for epidemiologic 

or biological studies with specific hypotheses. PANS advocates therefore to date utilize 

methodologies such as surveys of self-selected samples. These have generated claims of 

triggers ranging from known neurotropic microbes to vaccines to food additives to winter 

weather and have even suggested that PANS might include non-acute cases.59 Perhaps 

unsurprisingly, then, a randomized controlled trial of the antibiotic azithromycin in 31 

children diagnosed with PANS showed no statistical advantage over placebo at 4 weeks for 

either tic scores or obsessive-compulsive disorder scores.60

Although this ever-widening scope of PANS poses scientific challenges for researchers, 

it provides benefits for other stake-holders. For suffering children and families, a broader 

diagnosis of PANS with inflammatory mediation of symptoms mitigates the painful social 

stigma of psychiatric diagnoses. It also provides a more satisfying “root cause” than 

idiopathic psychiatric diagnoses: a biological entity rather than a categorical label. For 

purveyors of therapies in cash-pay clinics, this offers another opportunity to profit from 

desperate families by offering evaluations and treatments with no strong empirical or 

biological rationale. For some members of the PANS physician research community, this has 

provided profitable opportunities to claim that vaccines cause reimbursable suffering.61,62

For scientists, however, a result of the PANS framework is that a more productive approach 

is to focus less on putative triggers and more on the basic science of inflammation. To place 

this emphasis on inflammation in clinical context, the next section compares the state of 

research on inflammation in PANS to that of inflammation in major depression and includes 

results of research using immunomodulatory agents.

Inflammation Research in PANS/PANDAS vs Depression and Anxiety

Identifying a causative role of inflammation in generating neuropsychiatric symptoms could 

benefit children and adults.63 This is an active area of research,64 and PANS/PANDAS 

researchers’ work57,58 is part of this broad effort. A goal is the development of treatment 

protocols using biologically targeted medications to treat persons whose symptoms may 

have an inflammatory basis, and for whom standard symptomatic treatments are ineffective.
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To date, has treatment research targeting inflammation in PANS/PANDAS penetrated high­

level clinical journals? One brute force method for assessing the amount of research 

in these areas is to quantify recent publication numbers. To do this, I used the OVID 

platform for a PubMed search on October 1, 2018, querying inflammation using an 

OR search with the keywords cytokine, antibody, allergy, histamine, histamine receptors, 

encephalitis, and autoimmunity. I then queried separately anxiety OR depression, as these 

higher-prevalence mental health conditions would likely have more “hits.” Finally, I queried 

Obsessive Compulsive Disorder OR Tourette OR Tic Disorder. I limited this search to 

articles published in the past 5 years and, further, to those published in journals designated 

in the Abridged Index Medicus as “Core Clinical Journals.”

As seen in Table 2, to date research in inflammation appears limited to 1% to 2% of 

publications. In the last 5 years, strikingly, the core clinical journals, that is, high-impact 

journals that reflect the most rigorous science and influence clinical practice, have no 

inflammatory publications for obsessive-compulsive disorder / tic. For anxiety/depression, 

there were only 5, an average of 1 per year.

Nonetheless, the observed association between psychiatric symptoms and autoimmune 

conditions such as Sydenham chorea remains compelling. There is also the imperative 

to improve outcomes in persons with severe psychiatric symptoms. These rationales have 

been sufficiently strong to foster randomized controlled trials. In one study, 60 adults with 

major depression were randomized to either the tumor necrosis factor alpha antagonist 

infliximab or placebo. Baseline status included 40% unemployment, a mean of 9 lifetime 

episodes, mean duration of greater than 15 years, and comorbid medical illnesses afflicting 

approximately 50%. After treatment, improvements in depressive symptoms were clinically 

significant. However, tremendous gains occurred equally in the placebo and treatment arms, 

a statistically negative result. Despite the negative clinical result, the authors chose to 

highlight in the abstract a variety of exploratory analyses relating treatment responses to 

baseline levels of inflammatory biomarkers.65 Subsequently, a meta-analysis did not provide 

strong support for immunologic treatments for depression, and moreover published studies 

had a high risk of bias.66

The possibility of inflammatory causes of children’s obsessive-compulsive disorder 

symptoms,57 although supported by fewer studies, has also provided a strong incentive 

for clinical trials of immunomodulatory agents in PANS/PANDAS. These have had 

negative results.55 Despite the negative results, PANS/PANDAS advocates published 

treatment guidelines recommending aggressive, escalating treatments with NSAIDs, 

steroids, intravenous immunoglobulin, plasmapheresis, rituximab, and mycophenylate.56

Concurrently, members of parent advocacy groups believe very strongly that these 

immunomodulatory treatments are essential, even life-saving. They have lobbied state 

legislatures to have these treatments reimbursed by insurance companies.67 Some have 

also argued for a broader clinical diagnosis that includes chronic, non–acute onset cases 

as well as cases with other clinical presentations, including symptoms of autism spectrum 

disorder.42
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Reasoning About Causality in PANS/PANDAS

To better understand the contrasting views of advocates and skeptics surrounding PANS/

PANDAS, it is instructive to compare causal research in PANS/PANDAS to anti–N-methyl-

D-aspartate (NMDA) receptor encephalitis. In 1999, Taylor and colleagues published a case 

report describing a woman with an ovarian tumor and encephalomyelitis and proposed 

the etiology was inflammatory and paraneoplastic.68 In 2007, Dalmau and colleagues 

published a case series of 12 women with encephalomyelitis and proposed a biological 

pathway whereby ovarian teratomas induce an inflammatory process involving antibodies 

against the NMDA receptor, causing psychiatric symptoms, delirium, movement disorders, 

and seizures.69,70 Subsequent case series, including in children, in whom psychiatric 

presentations are less frequent,71 have shown that many cases lack tumors and some occur 

following herpes simplex virus encephalitis.72 Twelve years later, anti-NMDA receptor 

encephalitis has widely accepted diagnostic approaches and treatments, including tumor­

resection surgery and aggressive and expensive immune-modulatory therapy, despite no 

large randomized, blinded, placebo-controlled trials.1

Are PANS/PANDAS skeptics inconsistent, or even hypocritical, in accepting anti-NMDA 

receptor encephalitis and rejecting PANS/PANDAS? Skeptics could pose several reasons for 

the difference. First, as exemplified by the conditions in Table 1, the anti-NMDA receptor 

disease resembled most encephalopathies in producing delirium with cognitive, continuous 

motor, and psychiatric symptoms, whereas this is not the case for PANS/PANDAS. Second, 

the early cases presenting with ovarian teratomas allowed categorization of anti-NMDA 

receptor encephalitis within the accepted medical framework of paraneoplastic syndromes 

(as is the case for opsoclonus myoclonus ataxia syndrome, where some but not all cases 

are associated with neuroblastomas). This is not the case for PANS/PANDAS. Third, 

the proposed analogous condition, acute rheumatic fever, has other organ involvement; 

PANDAS does not. Fourth, the anti-NMDA receptor antibodies are quantifiable, highly 

correlated with disease, and more prevalent in cerebrospinal fluid than in blood. Although 

many tests in wide use, even newborn screening tests, face some challenges regarding 

implementation and improving test characteristics,73,74 research published to date suggests 

that the anti-streptococcal antibodies and the commercialized PANS/PANDAS inflammatory 

diagnostic test panel have not reached a high level of specificity.33,36,75 Finally, the low 

incidence and high severity allowed the clinical manifestations of anti-NMDA-receptor 

encephalitis to be studied intensively in academic centers, whereas PANDAS/PANS 

researchers collect data in less reliable settings such as outpatient practices58,76 and even 

Web-based surveys.59

Another instructive comparison is with the 100-year-old theory that focal infections and 

abscesses anywhere in the body could produce psychosis.9 Vigorous promotion of an 

invasive surgical approach to psychosis by Dr Henry Cotton generated media attention but 

also fostered a ground-breaking, for its time, clinical trial. This rigorous, pseudo-randomized 

study, which notably enrolled more participants than any of the randomized trials of 

PANDAS to date, showed that surgery did not improve outcomes.77
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To understand where the PANS practice guideline currently falls along a Cotton/Dalmau 

evidence spectrum, it is advisable to think formally about the pathway in Figure 3 as 

it relates to levels of reasoning about causality. Human reasoning about causality can 

be schematized to involve 3 tiers on a ladder of causation: (1) passive observations of 

connections where causal inference is based on observation of temporal association; (2) 

active interventions generating sequences of events that support causal inference; and (3) 

counterfactual causal statements, generated based on repeated or powerful life experiences 

and the human tendency and ability to reason about possible alternative realities.78 These 

processes, summarized in Table 3, are helpful for clarifying the current state of PANS/

PANDAS science, reasons for disagreements between skeptics and advocates, and routes 

forward.

Tier 1 causality.

Scientists reading case reports or small case series routinely reject level I causal claims with 

phrases like “association does not imply causality” or “the plural of individual cases is not 

data.” PANS/PANDAS research includes not only case reports and case series but also large 

epidemiologic studies. However, these have not generated high odds ratios or consensus 

among experts.2,79 Arguments from level I can be difficult to resolve, even when both the 

hypothesized cause and effect are objective and measurable. The skeptical view is informed 

by bringing together the biological and epidemiologic data and assessing the strength of the 

observational causality argument using Hill criteria80 and finding this evidence for causality 

to be weak.4 Moving forward, additional epidemiologic studies may provide circumstantial 

evidence relating infections to features of PANDAS, such as obsessive-compulsive disorder, 

but ultimately are unlikely to be sufficiently convincing. This is because hidden biases, 

for example, relating to differences in health care utilization, can confound such studies. 

Most critically, large-scale diagnostic code–based, observational studies lack clinical detail 

to differentiate PANS/PANDAS from other psychiatric illnesses. It is not unreasonable to 

pursue such studies, but they will do little to resolve the controversies regarding appropriate 

treatment for affected children.

Tier 2 causality.

At the second level of causation, rigorous, controlled, blinded interventional studies with 

objective outcomes may be accepted by clinicians and scientists as implying causality and 

be sufficient to guide clinical practice. Advocates point out that PANDAS research has 

included clinical trials and case series of antibiotics and immunomodulatory agents from 

high-profile authors and medical centers. Skeptics will argue that for PANS/PANDAS, 

interventional studies suffer from biases, small sample sizes, subjective rating scale 

outcomes, and negative statistical outcomes3 and that therefore causality is also not 

supported. In adopting this view, the skeptics align with standard medical and scientific 

arguments that use rigorous standards to limit type I error81,82 and with best practice 

guidelines by major medical societies, published in high-impact journals, which make 

conservative treatment recommendations based on standards of evidence and quantitative 

analyses of rigorously conducted studies.83 The recent PANS guidelines for antibiotics46 

and immunomodulatory treatments56 depart from this pattern of scientific arguments, 
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accepting expert opinion based on clinical experience as sufficient for recommendations 

of interventions.

Moving forward, only a randomized, blinded, placebo-controlled trial with low risk of bias 

and conducted in a large, carefully diagnosed, generalizable group of patients with moderate 

to severe neuropsychiatric symptoms will support widespread acceptance of these treatment 

recommendations. Ideally, studies should have statistically and clinically meaningful effects, 

and be replicated. Further open label trials will not support causal reasoning and should be 

discouraged from publication, even if currently available biomarkers are utilized.

Tier 3 causality.

Tier 3 reasoning about causality supports a version of Figure 3 for anti-NMDA receptor 

encephalitis whereby an ovarian teratoma or an undiagnosed microbe causes the production 

of an inflammatory response that causes the characteristic neuropsychiatric syndrome in 

newly encountered patients. Clinicians and researchers, based on an accepted biological 

framework, strong basic science, objective clinical data, and powerful experiences of 

clinically meaningful treatment results then reflect on individual new cases and attempt to 

discern what features are necessary or sufficient to explain the neuropsychiatric syndrome. 

In evaluating new patients, they generate causal statements in the form of the following 

counter-factuals: (1) were it not for the ovarian tumor, the anti NMDA receptor antibodies 

would not have been produced; (2) were it not for the inflammatory response evidenced 

specifically by the presence of the anti-NMDA receptor antibodies in cerebrospinal fluid, 

the neuropsychiatric symptoms would not have occurred; and, weeks to months later, (3) 

were it not for early diagnosis and the tumor resection plus aggressive immunomodulatory 

treatment, the patient would not have improved.

Analogously, based on tier 3 causal reasoning, a large, multidisciplinary group of 

clinicians and scientists believe the PANS/PANDAS causal pathway should guide testing 

and treatment.27,79 According to the summary statement,79 the 2017 PANS/PANDAS 

guidelines46,56,84 are based on “clinical experience with more than 1000 children with 

PANS/PANDAS.” In other words, while continuing to do basic, translational, and clinical 

research, advocates have embraced the biological framework of autoimmune encephalitis, 

the supportive basic science, and the open-label clinical data. For parent advocates who 

are nonscientists, the embrace emanates more directly from a personal experience such 

as “OCD happened to my child’s brain around the time of an infection, and it got better 

after antibiotics (or IVIG, etc).” As a result, parallel to anti–NMDA receptor encephalitis 

causal reasoning, PANS/PANDAS advocates reason as follows: (1) were it not for the 

streptococcal (or other) infection, the inflammation / obsessive-compulsive disorder in my 

patient / my child would not have occurred; (2) were it not for inflammation, as evidenced 

by antistreptococcal antibodies or other blood inflammatory tests, the obsessive-compulsive 

disorder in my patient / my child would not have occurred; and (3) were it not for the early 

diagnosis and treatment with antibiotics and/or immunomodulatory therapies, my patient / 

my child would not have been rescued from his obsessive-compulsive disorder symptoms.

Thus, when PANS/PANDAS doctors say their views are based on thousands of 

patients59,85,86 and personal experiences in clinic, it is not that they reject good clinical 
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science or standard forms of causal reasoning. If they did, they would not have performed 

placebo-controlled trials, nor would they be continuing to seek funding for basic research 

and larger clinical trials. But it is also the case that, to date, the level II results do 

not support causal conclusions. Moving forward, recent mathematical advances have 

resulted in algorithmic approaches that researchers can use in certain circumstances 

to validate counterfactual causal statements without requiring a level II, controlled 

experimental intervention.78 Such analyses have been employed to evaluate relationships 

between pesticides and cognitive decline87 and blood pressure and stroke outcomes.88 This 

algorithmic approach, the mathematics behind the ladder of causation, may provide a better 

path forward into research on PANS/PANDAS etiology. However, skeptics will still seek 

confirmation of treatment recommendations by rigorous randomized controlled treatment 

trials.

Although innate patterns of tier 3 causal thinking generally serve us well throughout life, 

they can also result in wrong conclusions.89 It is the role of the scientific method to provide 

data supporting our understanding of causal pathways such that we avoid those mistakes. 

But, as science is a human enterprise, this also requires humble acknowledgment that there 

are many ways for us as scientists and clinicians to “fool ourselves,” particularly when we 

as clinicians sincerely wish our patients will get better. An important exercise then is to 

enumerate all of the other possible causes that could explain our observations.90 With regard 

to PANS/PANDAS, there are 2 fundamental features that may contribute to the observed 

effects and where attribution of causality to inflammation may be overestimated or in error. 

These could be studied more comprehensively by both skeptics and advocates as a means 

forward. The first involves acute onset. The second involves the treatment response with 

particular attention to placebos, nocebos, and the current clinical practice environment where 

the parents obtain information from the Internet prior to seeing a physician.

Pathways Forward in the PANS/PANDAS Controversy

Acute Onset

A key feature that induces the advocate’s view that PANS/PANDAS is distinct from other 

psychiatric illness is the rapid change in the child. If PANS/PANDAS is as common as 

advocates believe, the challenges for genetic research may rival those for genetic research 

of other DSM5 conditions. Large-scale genetics studies of Tourette syndrome and obsessive­

compulsive disorder in progress may offer insights. But genetic variation may underlie 

increased risk factors that are not sufficient causes, so research should also emphasize 

nongenetic factors. The inflammatory hypothesis emphasizes infectious triggers preceding 

acute clinical presentations and maintaining ongoing symptoms. However, researchers 

should also study factors that may amplify early symptoms or diminish the probability 

of expected attenuation of acute-onset symptoms.

Consider the common clinical presentation of new-onset tics. This can range from one 

simple facial tic to one self-injurious tic. It can range from several simple facial or phonic 

tics to a cascade of multiple tics in multiple body areas. Today, the more severe the 

presentation, or the more anxious the care-giver, the more likely the family will seek 
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information from the Internet and then seek medical attention from a physician or from a 

practitioner that will recommend nonvalidated therapies.91–93

In this clinical setting, the primary physician may suggest a watch and wait approach (“Tics 

are common in childhood and most often a cause is unknown; fortunately, they often get 

better on their own.”) Alternatively, a primary clinician may provide a possible biological 

reason (“This started suddenly: I think this could be PANDAS”), a biological test (“Let’s do 

a throat swab, but remember, negative test results can be false negatives”), and a biological 

treatment (“We will treat with 14 days of antibiotics and see how he does”). How will 

previsit parental expectations, influenced by prereading from Internet sites, interact with 

the watch and wait vs the PANS/PANDAS approaches? The PANS/PANDAS approach may 

create, or validate, a parental expectation that these symptoms are to be feared because 

the brain is under inflammatory attack and may diminish expectations for spontaneous 

resolution. They may ultimately set the child up for multiple courses of antibiotics and/or 

immune modulatory treatments in response to natural waxing and waning of symptoms. 

In considering one standard treatment, a selective serotonin reuptake inhibitor, a parent 

who reads expert opinions that children with PANS are extrasensitive to side effects of 

psychiatric medications42 may come to expect those side effects.

Taking this idea a step further, Table 4 shows a variety of possible sequential scenarios. Each 

of those in the table are commonly seen in child neurology clinics today, and can result in 

substantial frustration for families and physicians.

Table 4 provides questions for research that could clarify, for example, when both skeptics 

and advocates should consider noninflammatory factors that could amplify symptoms, even 

in cases triggered by infections. For example, how does parental anxiety at the time of 

the child’s tic onset relate to impairment 6 months later? Are symptoms more likely to 

amplify and/or less likely to wane in the presence of more anxious caregivers? How does 

a parent’s attitude toward stigmatization of mental illness at obsessive-compulsive disorder 

onset relate to obsessive-compulsive disorder severity or impairment 6 months later? Are 

symptoms more likely to persist if parents are uncomfortable with psychiatric explanations 

and/or believe an underappreciated external biological process must be ongoing? Finally, 

if there is a possibility of secondary financial gain, as in vaccine lawsuits, are parents less 

likely to pursue psychological or psychopharmacologic interventions?

Treatment Responses

There are a large number of ways in which expectations about treatment responses may lead 

to placebo and nocebo effects,94,95 as represented in Figure 4. Placebo and nocebo responses 

are positive and negative changes that are not explained by the mechanism of action of 

the treatment. In a clinical trial with informed consent and a 1:1 ratio of active to placebo 

treatment, the parental expectation of benefit would ideally be neutral—canceled out in a 

way that allows causal attribution of symptom change to biological effects of treatment. 

Beneficial effects in studies with substantial and equivalent treatment and placebo effects 

could be due to general benefits of frequent contact with the study team, or perhaps a 

high level of optimism that the roll of the randomization dice has been favorable, both of 

which might have occurred in a high-profile study of pediatric migraine in which the active 
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treatment to placebo ratio was 4:1.37 In routine patient care, expectation of placebo and 

nocebo may play a large role, contributing to, augmenting, or even completely confounding 

the biological effects of the treatment.

Placebo and nocebo effects may be established, reinforced, and perpetuated as conditioned 

responses. Examples of this, shown in Table 5, are not exhaustive but represent a variety 

of pathways whereby causes outside of straightforward pharmacologic ones may contribute 

to outcomes. In some cases, expectation may be the sole cause of the benefit. In others, 

expectation may mediate responses. A better understanding of the biology underlying these 

paths may also guide both advocates and skeptics in designing effective treatment strategies. 

As can be seen, a large number of combinations of events involving prior biology and 

prior expectations might be expected to result in PANS/PANDAS treatment seeking over an 

extended period of time.

Summary

Skeptics and advocates, employing the same definitions of PANS/PANDAS, currently argue 

for opposing diagnostic and treatment practices. Both use the same definitions, but, after 

both designed and participated in the most intensive prospective studies,44,45 collaborations 

have been limited. Advocates have leap-frogged the published literature in even more 

prevalent conditions such as depression and promulgated treatment recommendations 

despite negative clinical trials to date. Advocates employ causal reasoning similar to 

that used for anti–NMDA receptor encephalitis, but skeptics rightly note that objective, 

quantifiable data about critical nodes in causal pathways is lacking for PANS/PANDAS.

A better understanding of factors that may mediate symptom acceleration and chronicity, 

or limit symptom attenuation, could yield improved treatment strategies for these patients. 

Relevant research questions include: Are there current physician practices that increase 

nocebo effects? Can patients most prone to nocebo effects be identified, and strategies for 

mitigation be tested? Could the placebo effect’s biological mechanisms be identified and 

utilized to improve the outcomes of children with acute-onset obsessive-compulsive disorder 

or tics? Are placebo effects causal in isolation or are they mediating pharmacologic benefits? 

Are there safer, less costly treatments that would be equally effective?

The surest path forward for PANS/PANDAS science to improve the care of affected children 

is not epidemiologic studies and not open-label treatment studies. Rather, as in other DSM5 

conditions, if PANS/PANDAS is really common, the best approach will have to be large, 

randomized, placebo-controlled trials. In addition, it would behoove skeptics and advocates 

to collaborate in pursuing both good science and sound patient care, while eschewing 

pseudoscientific approaches and calling out profit-seeking behaviors such as cash-pay 

clinics, Internet diagnoses, and expert witness testimony. Using the current controversy as an 

opportunity to understand placebo and nocebo effects may also yield substantial benefit.
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Figure 1. 
Direct causal pathway for acute rheumatic fever. Infection is with group A streptococcal 

bacteria. Disease manifestations are the major Jones criteria for acute rheumatic fever.
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Figure 2. 
Causal pathway for acute rheumatic fever. Infection is with group A streptococcal bacteria. 

The infection triggers an inflammatory response, the specific elements of which may involve 

antibodies and molecular mimicry, but which may not be directly measured (open circle).
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Figure 3. 
Causal pathway for Pediatric Acute Onset Neuropsychiatric Syndrome (PANS). For PANS 

subtype PANDAS, the inciting factor is infection with group A streptococcal bacteria. 

For PANS, the inciting factor is other infections or noninfectious causes that may not be 

identified (open circle, dashed border). This may trigger an inflammatory response, the 

specific elements of which may not be understood (open circle), which in turn causes 1 or 

more neuropsychiatric symptoms (see text).
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Figure 4. 
Causal pathway for PANS/PANDAS treatment. Treatment may exert a direct effect and 

produce the desired outcome. Alternatively, parental expectation may play a large role, 

with placebo or nocebo effects mediating positive or negative outcomes. In cases where the 

treatment is inert, all of the benefit may accrue due to parent expectation.

Source: Figure modified from Shahar et al.96
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Table 2.

2018 PubMed Search of Immunology and OCD/Tics/Tourette.

Anxiety, depression OCD, tics, Tourette

Immunity/inflammatory terms 620 000

Psychiatric terms 76 560 11 150

Inflammatory and psychiatric terms 962 (1.3%) 193 (1.7%)

Limit: to last 5 years 342 (36%) 52 (27%)

Limit: to OVID “Core Clinical Journals” 5 (1.5%) 0 (0%)

Abbreviation: OCD, obsessive-compulsive disorder.
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