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POPULAR SCIENCE SUMMARY OF THE THESIS 
In recent years, it has become increasingly clear that disorders of the immune system can 
initiate or worsen psychiatric symptoms, and that the underlying cause of certain psychiatric 
diseases may be of inflammatory or autoimmune nature. This opens up for new treatment 
possibilities of sometimes severe and disabling psychiatric symptoms, if we just knew which 
patients we could help in this way. 

A little more than 20 years ago, Dr. Susan Swedo and colleagues described a sub-group of 
children and adolescents with neuropsychiatric disorders who had an abrupt onset of severe 
psychiatric symptoms following a common throat infection, and that the symptoms presented 
periodically in an atypical way. She called the syndrome Pediatric Autoimmune 
Neuropsychiatric Syndrome Associated with Streptococcal infections (PANDAS). Since then, 
a lot of research efforts have been made to clarify the connection between streptococcal 
infections and the psychiatric syndrome described as PANDAS, yet without being able to find 
firm scientific evidence. A decade after Dr. Swedo’s first description of PANDAS, the wider 
syndrome description of Pediatric Acute-onset Neuropsychiatric Syndrome (PANS) was 
introduced. The main difference is that PANS does not require the presence of a streptococcal 
infection at onset. 

The overall purpose with this research project was to give children and adolescents with 
suspected PANS access to better care based on research evidence. In order to do that we first 
needed to increase our understanding. We followed a group of PANS patients over time, 
described the syndrome in a systematic way and worked with the development of clinical 
routines. We initiated collaborations with colleagues in neurology and rheumatology, which 
was necessary for several reasons: firstly, PANS patients often present with both psychiatric 
symptoms and symptoms from the body, such as movement disorder, pain, urinary problems, 
skin rashes or joint inflammation;  secondly, PANS patients seem to be more vulnerable to 
other inflammatory or autoimmune diseases and these sometimes present at the same time as 
the PANS symptoms; and thirdly, medical treatments directed at the immune system should be 
handled in collaboration with doctors who are specialized in inflammation. 

Our research show that PANS can vary a lot between patients, for some resulting in severe and 
disabling symptoms. We saw that a majority of the patients improved significantly over time, 
while a third developed more chronic symptoms. This chronic patient group was younger and 
had more impairment at onset, they needed more psychological and medical treatments and 
their daily life with school and leisure activities were more impacted. For the whole group, we 
saw an association with autoimmune disease, which means that a large proportion of the 
patients had a family history of autoimmune disease, several had autoimmune diseases of their 
own despite their young age, and some of the inflammatory markers we tested for were 
abnormal. Because of the wide and varying symptom presentations we concluded that patients 
should be cared for by medical professionals from several specialties, such as child and 
adolescent psychiatry, neurology and rheumatology. The measures used in the assessments 



should be general enough to capture the patient’s level of functioning, with the addition of 
symptom-specific measures assessing core psychiatric symptoms such as obsessive-
compulsive symptoms, anxiety, depression and behavioral problems. 

During the research period the world was heavily impacted by the COVID-19 pandemic. How 
would the ongoing pandemic affect patients with PANS and their families? We conducted a 
global survey and found that absence of regular healthcare contacts, school closures, and social 
distancing had resulted in a lack of everyday support systems for these families, adding to an 
already strained situation. Even though it was not possible for some patients to access care at 
all, many reported positive experiences from keeping in touch with healthcare professionals 
via telephone or video appointments. 

In the future, it will be important to focus on much-needed treatment trials including medical 
and psychological treatments. Another area of importance is to continue the investigation of 
clinical characteristics, factors influencing disease course and prognosis and laboratory tests in 
larger patient groups. 

 

 

  



 

 

ABSTRACT 
Background 

Pediatric acute-onset neuropsychiatric syndrome (PANS) is a cluster of psychiatric and somatic 
symptoms of proposed autoimmune etiology. It remains a descriptive entity, still of unclear 
validity and uncertain clinical utility. Further characterizing this patient group, describing its 
long-term prognosis and reaching a consensus regarding how to best measure its complex 
phenomenology are therefore important steps towards more efficient assessment, and 
management of this emerging patient group.  

Aims 

We aimed to: establish a Swedish cohort of well-characterized patients with PANS and to 
follow them up longitudinally; propose definitions for different clinical aspects of the 
syndrome, such as flare and disease course; investigate the suitability of standard clinical 
measures for following up PANS as well as assessing agreement between informants for these 
measures. Furthermore, and due to the ongoing COVID-19 pandemic, we wanted to investigate 
how the pandemic had affected patients with PANS.  

Methods 

This thesis comprises four studies. Study I was a descriptive study based on the establishment 
of the PANS cohort (n=45), including detailed clinical assessments, comprehensive laboratory 
tests and family history of autoimmune disease. Studies II and III were based on the same 
data collection, from the naturalistic two-to-five year follow-up of patients included in the 
PANS cohort (n=34). Study IV was a global survey investigating challenges for PANS patients 
during the ongoing COVID-19 pandemic (n=154). 

Results 

In study I we showed that PANS was a clinical entity with high variability in psychiatric and 
somatic symptom presentation and in level of impairment at onset. We also noted a strong 
association with autoimmunity in the cohort. The results of study II showed that although 
remission was rare, a majority of patients with PANS was significantly improved two-to-five 
years after inclusion in the cohort. Approximately one third of the patients had developed a 
chronic disease course requiring further treatments. These chronic patients had an earlier 
disease onset and a higher level of impairment at onset. Proposed definitions of flare and 
disease course seemed to meaningfully distinguish patients regarding impairment and 
subsequent need of healthcare resources. In study III we showed that ratings on symptom-
specific measures varied largely between participants, due to the wide spectrum of PANS 
symptom presentations. Agreement between informants was excellent on functional scales, 
fair-to-moderate on global symptom severity scales, and mixed on the symptom-specific 
scales. Clinician-rated global and functional measures had stronger inter-correlations with 
parent- and child-rated functional measures than with symptom-specific ones. According to the 



survey results in study IV, a third of the parents responded that their child was currently 
receiving the care they need for their PANS symptoms during the pandemic, while a third 
perceived a worsening of their children’s psychiatric and somatic symptoms and high stress 
levels.  

Conclusion 

The PANS clinical presentation can vary widely between patients, and the symptoms can range 
from mild to severe and disabling. The combination of psychiatric and somatic symptoms and 
the association with autoimmune disorders warrants a multi-specialist approach with access to 
a child and adolescent psychiatrist, psychologist, pediatric neurologist and rheumatologist. 
While a majority of patients improve significantly over time, a group of patients develop a 
chronic disease course requiring further treatments and interventions. When assessing and 
following up patients with PANS, the multi-dimensional clinical presentation of the syndrome 
should be taken into consideration. Global rather than symptom-specific measures are better 
suited at a group level, but these should be complemented with an efficient protocol of rating 
scales assessing core symptoms, such as OCD, anxiety, depression and tics. PANS patients and 
their families have been affected by the ongoing COVID-19 pandemic. Lack of regular 
healthcare contacts, school closures, and social distancing, resulting in lack of everyday support 
systems, have put strain on these families. Future research should focus on further defining the 
boundaries of the syndrome, prognostic factors, much-needed treatment trials and biomarkers 
in larger samples with adequate control groups.  
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1 INTRODUCTION 
Increasing evidence of an association between inflammation, autoimmune disease and 
neuropsychiatric disorders has emerged in recent years.1-3 Clinicians in child and adolescent 
psychiatry as well as in pediatric rheumatology and neurology meet an increasing number of 
patients requesting assessment and care for suspected immunopsychiatric symptoms, for which 
we, when starting this work, lacked a clinical consensus. The most frequently described 
pediatric immunopsychiatric disorders are pediatric autoimmune neuropsychiatric syndrome 
associated with streptococcal infections (PANDAS) and pediatric acute-onset neuropsychiatric 
syndrome (PANS).4,5 These patients often present with obsessive-compulsive and related 
disorders (OCD-RD) and/or tics associated with a wide range of other psychiatric and somatic 
symptoms. The onset may be abrupt and severe, resulting in disabling symptoms altering 
everyday life, not only for the affected child but for the whole family.6,7 Parents often describe 
intense worry and frustration when seeking help for their affected child or adolescent, realizing 
that healthcare professionals lack in understanding or knowledge.8  

As of today, there is no standardized treatment or care that is scientifically proven to improve 
the outcome in children with PANS9, but increased knowledge about suspected etiologies of 
these symptoms may open up for novel treatment approaches. Easily accessible 
pharmacological treatments such as non-steroidal anti-inflammatory drugs (NSAIDs), and in 
some cases antibiotics, may be efficient in treating disabling psychiatric symptoms in some 
children.10,11 For a psychiatrist, this represents a new way of thinking. But we are not there yet. 
We need to further understand who these patients are, how their symptoms present, prognostic 
factors, different clinical courses and how to adequately assess a flare or a treatment response. 
Only then will we be able to conduct important treatment trials that will enable us to decide on 
efficient treatments, pharmacological or otherwise. 

The overall aim of this research project was to further characterize PANS, understand the long-
term course of the syndrome and to contribute to the improvement of evidence-based 
assessment methods. 

Stockholm, April 2021 
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2 BACKGROUND 
2.1 OCD AND RELATED DISORDERS 

OCD-RD include OCD, body dysmorphic disorder, hoarding disorder, skin-picking disorder 
(dermatillomania), trichotillomania and olfactory reference syndrome.12-14 Although classified 
in a separate chapter of the Diagnostic and Statistical manual of mental disorders (DSM)-512, 
tic disorders are frequently considered to be part of this group. OCD and tic disorders are both 
recurring symptom presentations in PANS. 

OCD is characterized by the presence of obsessions and/or compulsions. Obsessions are 
defined as recurrent, intrusive thoughts, images or urges that cause fear and distress. 
Compulsions are repetitive behaviors intended to decrease distress or to forestall a feared event 
or situation.12,13 Approximately 1% of children and 2% of adolescents fulfill the diagnostic 
criteria for OCD, with an average age of onset around ten years of age, and a higher prevalence 
in boys during childhood. Without treatment OCD is considered a chronic condition with a 
poor prognosis.15,16  

Tourette’s Disorder (TD) is a neurodevelopmental movement disorder characterized by 
multiple motor tics and one or more vocal/phonic tics, with duration of longer than one year. 
Chronic Tic Disorder (CTD) involves either motor or vocal tics lasting longer than one year.13 
Collectively, tic disorders (TD/CTD) are more frequent in boys than in girls (3:1 ratio) and 
typically appear between ages 4-6, being worst around ages 10-12. Tic disorders were 
previously considered rare, but increased awareness has resulted in revised prevalence figures 
of approximately 1% of the population.17,18  

Among children with OCD and tics 50-75% have one or more co-morbidities, the most 
prevalent ones being anxiety, depression, attention deficit/hyperactivity disorder (ADHD), 
depression and oppositional defiant disorder (ODD). OCD and tic disorder have a high 
comorbidity, with up to 20-40% of children with OCD also having a tic disorder and 20-60% 
of children with a tic disorder fulfilling the OCD criteria.19,20 

The etiology of both OCD and tic disorders is still unclear. Both genetic and environmental 
factors are thought to be important, but specific genes and environmental risk factors are yet to 
be identified.21,22 Research into the remaining OCD-RDs lags considerably behind, and little is 
known about their etiology other than that they are likely heritable and related to one another.23-

26 

2.2 PANDAS 

PANDAS was first described by Swedo et al. in 1998 as the abrupt, pre-pubertal onset of OCD 
and/or tics associated with motor abnormalities such as hyperactivity and involuntary 
movements.5 The onset should be temporally related with a streptococcal infection and the 
disease course relapsing-remitting. The hypothetical etiology of PANDAS is that antibodies 
against group A beta-hemolytic Streptococci (GABHS) react to brain tissue in the basal 
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ganglia, causing the psychiatric and neurological symptoms, but this has yet to be clearly 
demonstrated.27-29 The diagnostic criteria for PANDAS are listed in Table 1.  

2.3 FROM PANDAS TO PANS 

Because the hypothesized link between streptococcal infections and OCD-related symptoms 
has been difficult to demonstrate, a reconceptualization of this entity has been proposed. 
Broader symptom criteria were presented at the 2013 PANS consensus conference.4,30 PANS 
describes the acute onset of OCD and/or severely restricted food intake in temporal relation 
with other severe neuropsychological and somatic symptoms including anxiety, emotional 
lability, irritability/aggression, regression, deterioration in school performance, sensor and 
motor abnormalities and somatic signs such as enuresis, sleep disturbance and pain.30 The 
symptoms may result in significant loss of function, severely affecting both the children 
themselves and their families.6-8 The diagnostic PANS criteria are listed in Table 2.  

The main differences from the initial PANDAS criteria include: 1) PANDAS requires 
neurological findings, but PANS can be diagnosed solely on psychiatric symptoms; 2) 
PANDAS requires both a specified onset (acute) and course (relapsing-remitting); and 3) 
PANDAS has a proposed etiology (GABHS).31 Tics are no longer considered a main symptom 
criterion but are included as a secondary symptom criterion. The PANS criteria do not mention 
etiology, but infectious agents, e.g. streptococci, mycoplasma and Epstein-Barr virus, as well 
as autoimmune disease and inflammatory disorders have been proposed as part of the 
pathogenic mechanism and potential triggers.32,33 Diseases such as Sydenham’s chorea, 
systemic lupus erythematosus (SLE), TD or other neuroinflammatory encephalitis, e.g. anti-
NMDA-receptor encephalitis, need to be ruled out. Throughout this thesis, PANDAS will be 
considered a sub-group of PANS. 
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Table 1. PANDAS diagnostic criteria.4,5 

All five diagnostic criteria must be met: 

1) Presence of obsessive-compulsive disorder (OCD) or a tic disorder. 

2) Pre-pubertal symptom onset. 

3) Acute symptom onset and episodic (relapsing-remitting) course. 

4) Temporal association between Group A streptococcal infection and symptom onset/exacerbations. 

5) Associated with neurological abnormalities (particularly motoric hyperactivity and choreiform 
movements). 

 

Table 2. PANS diagnostic criteria.4,30 

Criterion: Description: 

I Abrupt, dramatic onset of obsessive-compulsive disorder or 

severely restricted food intake. 

II Concurrent presence of additional neuropsychiatric symptoms, 

(with similarly severe and acute onset), from at least 

two of the following seven categories: 

1. Anxiety. 

2. Emotional lability and/or depression. 

3. Irritability, aggression, and/or severely oppositional 

behaviors. 

4. Behavioral (developmental) regression. 

5. Deterioration in school performance (related to ADHD-like symptoms, 

memory deficits, cognitive changes). 

6. Sensory or motor abnormalities. 

7. Somatic signs and symptoms, including sleep disturbances, 

enuresis, or urinary frequency. 

III Symptoms are not better explained by a known neurologic or 

medical disorder, such as Sydenham’s chorea. 
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2.4 ASSOCIATION TO AUTOIMMUNE DISEASE 

There is increasing evidence for an association between autoimmune disease and a wide range 
of neuropsychiatric disorders and psychiatric states.1,2,34,35 The detection of anti-NMDA-
receptor encephalitis just over ten years ago clarified that an autoimmune brain disease could 
onset with a severe psychiatric presentation, sometimes in the absence of somatic 
symptoms.36,37 Similarly, individuals affected by psychiatric disease, such as psychotic and 
depressive disorders, have been reported to have abnormal immunological phenotypes.1,38-40 
Other immune-based illnesses and IgA-deficiency also seem to be more common in the group 
of patients with OCD and/or tics that fulfill PANS criteria.6,41 Inflammatory markers have been 
associated with the development or severity of psychosis, bipolar disorder and depression.42-44 
Likewise, immunological abnormalities including elevated serum cytokine levels have been 
noted in patients with tic disorders.45 It remains unclear if the link between autoimmune disease 
and psychiatric symptoms is stronger in patients fulfilling PANS criteria, even though some 
evidence suggest that infection-triggered autoimmune disease such as post-streptococcal 
autoimmune manifestations may represent as PANS symptoms.29,46-48  

Large-scale epidemiological studies have shown that individuals with OCD and tic disorders 
have increased comorbidity with any autoimmune disease (43% and 36%, respectively).49,50 
These studies also suggested a familial link between autoimmune diseases in general and both 
OCD and tics. However, many of the post-infectious autoimmune diseases were excluded and 
the outcomes were limited to OCD and tic disorders. Primary humoral immunodeficiency, as 
well as post-infectious inflammatory states, are also associated with psychopathology and 
suicidal behavior, particularly when also associated with co-occurring autoimmune disease.51-

53 

2.5 CLINICAL ASSESSMENT 

PANS is a symptom description without objective clinical signs to aid in the diagnostic process. 
The somatic assessment focuses primarily on excluding other potential causes of the clinical 
presentation, and assessments (e.g. lumbar puncture, magnetic resonance imaging (MRI) 
and/or electroencephalography (EEG)) are chosen based on the patient’s symptoms.  

The psychiatric assessment should include a developmental history, description of onset and 
clinical course as well as ratings of current symptoms. Gold-standard measures of core 
symptoms, such as Children’s Yale-Brown Obsessive Compulsive scale (CY-BOCS)54 for 
obsessive-compulsive symptoms, are frequently used. At least two clinician-rated instruments 
or symptom checklists have been developed specifically for PANS, but their administration is 
time-consuming, their items cannot be easily summed to calculate total scores, and their 
psychometric properties have not yet been established.55,56 

At present there are no biomarkers that unequivocally permit the diagnosis of suspected 
autoimmune-mediated psychiatric disorders such as the group described within the PANS 
criteria. Even though there is a clinical test for PANDAS/PANS currently on the market, the 
Cunningham panel, the reference values of this test are based on a small group of healthy 
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subjects, the comparison of results between other groups of psychiatric illnesses is sparse and 
the results remain difficult to interpret.57-60 In a recent pilot study comprising a small sample of 
PANS patients, no neurochemical evidence of neuronal damage or glial activation was found 
in patient sera.61 The identification of reliable biomarkers that distinguish regular OCD-RD 
patients from those with PANS-like presentations would represent important progress in the 
field.  

2.6 CLINICAL MANAGEMENT 

Proposed pharmacological treatments for PANS include antibiotics, anti-inflammatory and 
immunomodulatory treatments as well as symptomatic treatments directed at psychiatric 
symptoms, for instance anti-depressants, anti-psychotics and anxiolytics. Cognitive behavioral 
therapy (CBT) and parental strategies are also part of the management of symptoms. Proposed 
treatments are still mainly based on case reports. Few randomized, controlled treatment trials 
have been conducted, and several suffer from methodological issues due to limited power, 
open-label treatments and the use of single-symptom outcome measures.9 

Antibiotics are frequently used both to treat an infection thought to be a trigger of PANS and 
to prevent re-infections and relapses. Even though antibiotic prophylaxis is recommended in 
the case of the rather similar condition rheumatic fever, evidence for long-term antibiotic 
treatment in PANS is lacking.9,11,28 Immunomodulatory treatments such as intravenous 
immunoglobulins (IVIG) and therapeutic plasmapheresis have been tried as treatments for 
patients with PANDAS or PANS, with some success.62-64 Observational data have also 
indicated that NSAIDs and corticosteroids may improve neuropsychiatric symptoms and 
shorten flares in patients with PANS.10,65,66 Even though immunomodulatory and/or anti-
inflammatory treatments may be beneficial in some cases, the evidence is still inconclusive.9,67 

The PANS Research Consortium, an American group of clinicians and researchers, has 
formulated consensus guidelines regarding the psychiatric and immunomodulatory treatments 
as well as the treatment of infections for patients fulfilling different stages of PANS severity.68-

70 The consensus guidelines are not evidence-based, but meant to facilitate clinical decision-
making while further research is conducted.  

2.7 THE PANS CONTROVERSY 

PANS is a diagnosis of exclusion and remains a controversial entity. It is important to 
emphasize that, based on current research, this diagnosis is challenging to distinguish from 
other DSM-512 diagnoses describing similar psychiatric manifestations. The absence of useful 
biomarkers has hampered progress in the field. The severe and sometimes debilitating 
symptoms in combination with a high media-interest may have led to the over-prescription of 
antibiotics, anti-inflammatory and immunomodulatory treatments. Vague inclusion/exclusion 
criteria, lack of biomarkers, open-label treatment trials and difficulties in finding validated 
rating scales for the assessment of responders and non-responders, have resulted in repeated 
inconclusive clinical trials.9,31 Further characterization of the syndrome is essential to validate 
PANS as an immunopsychiatric disorder and facilitate adequate treatment. 
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2.8 SUMMARY 

PANS is a cluster of psychiatric and somatic symptoms of proposed autoimmune etiology. It 
remains a descriptive entity, still of unclear validity and uncertain clinical utility. The increased 
focus on PANS and other proposed immunopsychiatric disorders presents a challenge for both 
clinicians and researchers in developing evidence-based care. The identification of factors 
characterizing the sub-group of patients within the OCD-RD spectrum that may have an 
inflammatory or autoimmune etiology is an important first step, and longitudinal studies are 
essential to understand the clinical course over time. Identifying distinct clinical traits, together 
with research efforts directed at identifying precise outcome measures, will enable much-
needed treatment trials potentially leading to new and more selective immunopharmacological 
treatments.  
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3 RESEARCH AIMS 
The overall aim of this research project was to further characterize PANS through establishing 
a cohort of PANS patients, to follow them up longitudinally, to describe clinical traits and 
different clinical courses of the syndrome and to contribute to the improvement of evidence-
based assessment with more precise outcome measures, while advancing the establishment of 
care pathways for PANS patients. 

The specific aims of each study are listed below. 

3.1 STUDY I: ESTABLISMENT OF A PANS COHORT 

Study I aimed to create a Swedish cohort of well-characterized PANS patients, describe their 
specific clinical characteristics including comorbidities, comprehensive laboratory tests and 
detailed family history of autoimmune disease.  

3.2 STUDY II: A TWO-TO-FIVE YEAR FOLLOW-UP OF A PANS COHORT 

Study II aimed to conduct a naturalistic two-to-five year follow-up of the patients included in 
the PANS cohort, specifically to conduct an assessment of current psychiatric and somatic 
health status and to investigate clinical characteristics that may influence disease course and 
prognosis, such as defining the clinical features of a symptom flare and of different clinical 
courses of the disease. 

3.3 STUDY III: MEASURING CLINICAL OUTCOMES IN PANS 

Study III aimed to evaluate the suitability of standard clinical measures for the assessment and 
follow-up of PANS patients, formally assess the agreement between multiple informants 
(clinician, parent and child) and propose a core battery of measures to use in clinical practice 
and clinical trials. 

3.4 STUDY IV: CHALLENGES OF CHILDREN WITH PANS DURING THE 
COVID-19 PANDEMIC 

Study IV aimed to increase the knowledge about how to best support PANS-affected families 
during the COVID-19 pandemic, specifically through conducting a global survey. 
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4 METHODS 
4.1 CLINICAL SETTING 

4.1.1 Establishing a PANS team 

In 2014, the specialist pediatric OCD-RD outpatient clinic in Stockholm, Sweden, started 
accepting referrals of potential PANS cases and, as the demand increased, we established a 
PANS team within the clinic. Since 2019 the PANS team has further expanded into a separate 
immunopsychiatric clinic with a broader scope. The clinic primarily receives referrals from 
Child and Adolescent Psychiatry Services (CAMHS) and pediatric services from throughout 
the entire Stockholm region, and occasionally from other Swedish regions and Nordic 
countries. All patients and their parents/legal guardians routinely fill in questionnaires before 
their first appointment with the multidisciplinary clinical team comprised of child and 
adolescent psychiatrists, clinical psychologists and nurses. This information is then used to 
conduct a more focused and efficient face-to-face diagnostic assessment, in which detailed 
sociodemographic and clinical information is gathered and clinical diagnoses are made 
according to ICD-10 and DSM-5 criteria.12-14 After this assessment patients are either offered 
treatment at the clinic or are referred to more appropriate services. For all patients undertaking 
treatment at the clinic assessments are repeated at post-treatment and at several fixed follow-
up times: 3, 6, and 12 months after the end of the treatment. All patients in the clinic are 
routinely asked for participation in research studies, including long-term follow-up and future 
linkage to Swedish registers. All participants signed an informed consent form. 

4.1.2 The Stockholm clinical routines 

We have established close collaborations with the pediatric neuroinflammation team at  
Karolinska University Hospital, which creates a multi-specialist environment with child and 
adolescent psychiatry, pediatric rheumatology and pediatric neurology. The collaboration has 
enabled the development of Sweden’s first clinical routines for the evaluation and management 
of children and adolescents with PANS, in consensus with pediatric rheumatology, pediatric 
neurology and CAMHS across Stockholm in April 2018. These routines resemble, but are not 
identical to, the guidelines previously reported by the PANS Research Consortium in the 
USA.68,69,71 Since clinical trials are still inconclusive regarding the benefits of long-term 
antibiotics, the Stockholm clinical routines discourage their use until firmer evidence becomes 
available. Verified or clinically suspected infections are treated with antibiotics, according to 
established infectious diseases guidelines and clinical practice. The Stockholm clinical routines 
also include a requirement for neurological clinical signs, EEG and/or magnetic MRI 
abnormalities and/or biomarkers (in blood and/or CSF) suggestive of an active inflammation, 
or traits of primary immunodeficiency, before IVIG treatment is considered.  
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4.2 PARTICIPANTS AND RECRUITMENT 

4.2.1 The PANS cohort 

The participants in study I, II and III were consecutively referred patients fulfilling strict PANS 
criteria and consenting to participate in our long-term follow-up study. These patients 
constitute the PANS cohort.  

4.2.2 Study I 

Between November 2014 and March 2018, the clinic received 100 referrals regarding 
suspected PANS, 47 of which met strict PANS criteria. Forty-five of those consented to 
participation in long-term follow-up. Inclusion criteria were that strict PANS criteria were met 
and that the patient was under 18 years of age. Attempting to select a strictly defined cohort we 
made the decision to exclude patients who did not exhibit any somatic symptom or sign. There 
were no other specified exclusion criteria. 

4.2.3 Studies II and III 

All patients with a minimum of two years since inclusion in the PANS cohort were eligible for 
participation, regardless if they were still active patients in the clinic or not. Parents or legal 
guardians were contacted via an information letter by post followed by a telephone call. Out of 
the 46 patients eligible for participation, 44 families were reached and 34 active or former 
patients consented to participate. The main reasons for attrition were that the family no longer 
wished to participate in research or that they cancelled their participation due to the ongoing 
COVID-19 pandemic. 

4.2.4 Study IV 

In order to reach as many PANS affected families as possible we designed a global survey. 
Information about the survey was spread through information material in the clinic, on social 
media platforms and through professional networks and patient organizations, both in Sweden 
and abroad. The parents/guardians of 154 children completed the survey. The main countries 
represented were Sweden (33%), the United States (32%), the United Kingdom (13%), and 
Canada (12%). Inclusion criteria were that the child or adolescent was under 18 years of age 
and with a self-reported PANS diagnosis. Guardians provided information on who had made 
the diagnosis, but because of the varying access to specialized care, lack of a formal PANS 
diagnosis from a physician did not constitute an exclusion criterion. 

4.3 MEASURES AND ASSESSMENTS USED IN STUDY I, II AND III 

The measures were chosen based on our clinical experience and recommendations from the 
2013 PANS Consensus Conference.30 

4.3.1 Structured interview 

The parent and patient interview covered the family history of psychiatric and 
inflammatory/autoimmune disease, developmental history, school function and daily activities, 
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psychiatric and somatic comorbidities including allergies/sensitivities, vaccination records, 
onset and current symptoms, potential triggers, unverified (parent-reported) and verified 
(positive culture or assessed by a clinician) infections, previous and current medications and 
psychological treatments/interventions. At follow-up, additional focus was given to recently 
acquired psychiatric and somatic diagnoses, flares and clinical disease course. 

4.3.2 Somatic assessment 

The medical examination included assessment and documentation of somatic signs. It covered 
height, weight, heart, lungs, stomach, skin, thyroid, lymph nodes, throat, ears, joints, neurology 
and motor function. 

4.3.3 Laboratory tests 

The laboratory protocol was developed for regular clinical use in collaboration with pediatric 
neurology and rheumatology at Karolinska University Hospital. It included a throat culture and  
basic blood measurements of hemoglobin, complete blood count (CBC), ferritin, vitamin D 
levels, C-reactive protein (CRP), erythrocyte sedimentation rate (ESR), indicators for liver and 
kidney disease, thyroid tests, celiac test and several inflammatory and rheumatological markers 
(protein fractions, immunoglobulin G, A and M, IgG subclasses, antinuclear antibodies 
(ANAs) and interleukin (IL)-1-b, IL-6, IL-8, IL-10 and tumor necrosis factor (TNF)-a). The 
reference values used were the ones used by the Karolinska Laboratory in clinical practice 
(www.karolinska.se/for-vardgivare/karolinska-universitetslaboratoriet). 

4.3.4 Measures of global symptom severity and adaptive functioning 

The Clinical Global Impressions - Severity scale (CGI-S) is a clinician-rated scale measuring 
the current global severity of a patient’s psychiatric illness. It is a 7-point single-item scale 
ranging from ‘normal’ (score 1) to ‘extremely ill’ (score 7).72 The Clinical Global Impressions 
- Improvement scale (CGI-I) is the equivalence measuring improvement compared to baseline, 
ranging from ‘very much improved’ (score 1) to ‘very much worse’ (score 7).72 Both CGI-S 
and CGI-I are a widely used, validated, clinical outcome measures in psychiatry.73 In addition 
to the original clinician-rated version, the CGI-S was adapted for its use as a self-report 
measure, resulting in parent- and child-rated versions of the scale. 

The Strengths and Difficulties Questionnaire - Parent-/Self-rated version (SDQ-P/S) is a 
validated, parent- and child-rated, behavioral screening questionnaire consisting of five 
subscales. Four subscales are measuring difficulties (hyperactivity, emotional symptoms, 
conduct problems and peer problems) and one is measuring strengths (pro-social behavior). 
Items are scored from ‘not true’ (score 0) to ‘certainly true’ (score 2), with a maximum total 
difficulty score of 40. A higher total difficulty score indicates a higher symptom burden and a 
lower global functioning. A total difficulty score of 14 has been a suggested cut-off in a 
Swedish sample.74 SDQ-S is adapted for 11-16 year old children and adolescents.75 
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The Children’s Global Assessment Scale (CGAS) is a clinician-rated, extensively validated, 
single-item measure of general functioning. The scale ranges from 1-100, with higher scores 
indicating a higher level of general functioning.76 The assessment should be made by a 
specifically trained child and adolescent psychiatrist or psychologist after a thorough clinical 
assessment and reflect the most impaired level during a specified time period of one month, 
regardless of treatment and/or prognosis.77,78 

KIDSCREEN-10 - Parent/Youth version is a parent- and child-rated screening instrument 
measuring well-being and health-related quality of life for children and adolescents. The scale 
contains 10 items, scored on a 5-point response scale, with a maximum score of 50. A higher 
score indicates higher health-related quality of life. An additional item measuring general well-
being is scored separately, on a 5-point scale, from ‘bad’ (score 1) to ‘excellent’ (score 5).79,80 

The Work and Social Adjustment scale - Parent/Youth version (WSAS-P/Y) is a brief and 
reliable parent- and child-rated measure of educational, work and social adjustment in children 
and adolescents. The scale includes five items related to everyday activities (school and 
employment, everyday activities, social activities, leisure time, and family/relationships), 
scored from ‘not impaired at all’ (score 0) to ‘severely impaired’ (score 8), with a maximum 
score of 40. A total score above 20 can indicate severe functional impairment. WSAS-P/Y has 
high internal consistency and is sensitive to change.81,82 

4.3.5 Symptom-specific measures 

The CY-BOCS and the Yale Global Tic Severity Scale (YGTSS) are clinician-rated instruments 
to quantify the severity of OCD and tic disorder symptoms, respectively.54,83,84 Both scales 
have excellent psychometric properties and are routinely employed in clinical practice and 
clinical trials. Higher total scores indicate a higher symptom burden, and clinically significant 
levels of OCD and tic symptoms are generally considered to be reached at CY-BOCS >15 and 
YGTSS >30.54,85,86 

The Obsessive Compulsive Inventory - Child Version (OCI-CV) is a 21-item child-rated self-
report measure of OCD symptom severity that correlates moderately well with clinician-rated 
measures of OCD symptoms. It consists of seven sub-scales (doubting/checking, obsessing, 
hoarding, washing, ordering and neutralizing). Items are scored from ‘never’ (score 0) to 
‘always’ (score 2), with a maximum score of 42. A higher score indicates more severe 
symptoms.87,88 

The Short Moods and Feelings Questionnaire - Parent/Child version (SMFQ-P/C) is a 13-item 
parent- and child-rated screening tool for depressive symptoms in children and adolescents, 
developed from the longer 34-item version Moods and Feelings Questionnaire (MFQ). Both 
versions of the scale have been extensively validated in community and clinical samples. 
Responses are rated on a 3-point scale from ‘not true’ (score 0) to ‘true’ (score 2), with a 
maximum score of 26. A higher total score indicates more severe depressive symptoms. 
Suggested cut-offs for girls are >16 and for boys >5 when parent- or self-rated.89,90 
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The Separation Anxiety Avoidance Inventory - Parent/Child version (SAAI-P/C) is a validated 
12-item parent- and child-rated measure of avoidance behavior in separation situations. Each 
item is scored from ‘never’ (score 0) to ‘always’ (score 4), with a maximum score of 48. A 
higher total score indicates more severe avoidance behavior.91 

The Insomnia Severity Index - Child and adolescent version (ISI-C) is a 7-item child-rated 
measure assessing insomnia severity on a 5-point scale from ‘not at all’ (score 0) to ‘extremely’ 
(score 4), with a maximum score of 28. A high total score indicates greater insomnia severity, 
with scores 15 and above indicating clinical insomnia.92,93 

The Autism Spectrum Quotient Child/Adolescent version - 10 (AQ-10) is a 10-item parent-rated 
instrument initially developed as a tool to aid referral decision making for autism spectrum 
disorder (ASD) evaluation. The maximum score is 10 and scores 6 or above are considered a 
positive indication of ASD.94 Follow-up data has shown a high incidence of neuropsychiatric 
symptoms in PANS-patients, highlighting the importance of using an ASD screening tool even 
for previously assessed patients.95,96  

The Swanson, Nolan and Pelham scale (SNAP-IV) is a parent- or teacher-rated scale assessing 
ADHD-related symptoms and ODD in children and adolescents.97,98 It is a frequently used tool 
in treatment studies as well as in everyday clinic work following up ADHD treatment. The 
SNAP-IV exists in different versions depending on items rated. The version most frequently 
used in Sweden is a 30-item version rating ADHD inattention, ADHD 
hyperactivity/impulsivity and ODD. Each item is scored from ‘not at all’ (score 0) to ‘very 
much’ (score 4), with a maximum total score of 120. Mean scores for each sub-section of the 
scale are also calculated.99 

The Eyberg Child Behavior Inventory (ECBI) is a 36-item parent-rated scale of disruptive 
behavior problems in children, divided in an intensity scale measuring the frequency of a 
behavior and a problem scale measuring if the parent perceives the behavior as a problem. The 
maximum score on the intensity scale is 252, and scores >130 are considered clinically 
significant. The maximum score on the problem scale is 36, with scores >14 indicating 
significant parental distress.100,101 

4.4 STUDY PROCEDURES 

4.4.1 Study I 

Patients underwent a thorough clinical evaluation carried out by a child and adolescent 
psychiatrist together with a psychologist or a psychiatric nurse. The assessments included a 
comprehensive psychiatric and medical evaluation, relevant validated rating scales and a 
laboratory workup taken either at onset or during a flare. In order to describe baseline 
characteristics of the cohort a large amount of data was assembled, including developmental 
and medical history, psychiatric and medical symptoms, somatic signs and results from 
laboratory tests. Analyses were largely descriptive. Subgroups of patients within the cohort 
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were compared using t-tests for continuous variables and chi-square tests for proportions. P-
values below 0.05 were considered to be statistically significant. 

4.4.2 Study II 

The evaluation at follow-up was a face-to-face assessment with a child and adolescent 
psychiatrist, focusing on current psychiatric and medical symptoms, school attendance, 
pharmacological treatments, psychological treatments and/or interventions and somatic signs. 
Psychiatric and medical diagnoses received during the follow-up time were noted. Participants 
also underwent a somatic assessment and laboratory tests were conducted. 

Based on clinical experience we developed operational definitions of a PANS flare and of 
different clinical courses of the syndrome. Flare was defined as worsening of PANS-related 
symptoms and/or loss of function (CGI-S equal to or above 4) for longer than four days, 
irrespective of treatment given. Clinical course was defined as follows:  

1. Remitted: no PANS symptoms for the last 12 months. 
2. Relapsing-remitting course: at least one flare during the last 12 months, but in 

remission >50% of the time for the last 12 months. 
3. Chronic-static/progressive course: fulfilling criteria for flare >50% of the time for the 

last 12 months. 

Analyses were largely descriptive. For comparative reasons, remitted and relapsing-remitting 
course groups were merged into a non-chronic group. For simplicity, the chronic-
static/progressive course group was renamed the chronic group. Chronic and non-chronic 
patients were compared using t-tests for continuous variables with parametric distributions and 
Wilcoxon rank-sum tests or Wilcoxon signed-rank tests for non-parametric distributions. Chi-
square tests were employed for proportions. P-values below 0.05 were considered to be 
statistically significant. 

4.4.3 Study III 

Analyses were based on data collected as part of the long-term follow-up of the PANS cohort 
(study II) and included clinician-rated measures of global symptom severity and general 
functioning and parent- and child-rated measures of specific symptoms and general 
functioning. The parent- and child-rated measures were submitted prior to the face-to-face 
assessment at the clinic. Descriptive analyses were calculated for each scale and subscale. 
Intraclass correlation coefficients (ICCs) were calculated to establish the degree of agreement 
between clinician-, parent- and child ratings of the same rating scale.102,103 Correlation 
coefficients were calculated in order to measure the degree of association between measures.104 
P-values below 0.05 were considered to be statistically significant. 

4.4.4 Study IV 

The survey was designed using the online survey platform ‘SurveyGizmo’. Data collection took 
place between May 5th and June 11th 2020. Analyses were descriptive in nature.  
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5  RESULTS 
5.1 STUDY I: ESTABLISHMENT OF A PANS COHORT 

Fewer than 50% of the referrals met strict PANS criteria. The median age at intake was 7.2 
years (range 3.0-13.1) and 56% were male. The most frequently reported onset symptoms were 
OCD (89%), anxiety (78%), emotional lability (71%) and sleep disorders (69%). Sixty-two 
percent had complex tics and almost as many (60%) experienced other motor function 
abnormalities such as choreiform movements, difficulties in gross motor control and fine motor 
skills or perception of muscle weakness. ADHD-related symptoms such as attention deficit and 
hyperactivity were reported in 63% and 43%, respectively. Half of the patients reported school 
difficulties and deterioration in school performance since the PANS onset. The most common 
abnormalities documented in the somatic evaluation were signs of ear, nose and throat 
infections (16%).  

The mean CGI-S and CGAS ratings at the time of the assessment were 3.8 (SD 0.9, range 2–
6) and 50 (SD 10.1, range 21–70). The wide range in global symptom severity and general 
function ratings implies that some patients were suffering severe symptoms at onset, while 
others only presented with mild symptoms, but still fulfilled PANS criteria. 

Twenty-four percent had a pre-existing autoimmune disease (e.g. severe asthma, severe atopic 
eczema, severe and multiple nutritional allergies, celiac disease or post-infectious arthritis) and 
a slightly smaller proportion (18%) a pre-existing psychiatric/neuropsychiatric diagnosis. 
Sixteen percent had an onset of an inflammatory or autoimmune disease in temporal relation 
to the onset of the PANS symptoms. As many as 76% reported having a biological relative 
with at least one inflammatory or autoimmune disease, while the same number for psychiatric 
disorders were 64%. Complement activation (37%), leukopenia (20%), positive ANAs (17%) 
and elevated thyroid antibodies (11%) were the most frequent laboratory findings.  

5.2 STUDY II: A TWO-TO-FIVE YEAR FOLLOW-UP OF A PANS COHORT 

For the 34 participants who underwent the follow-up assessment, median age at follow-up was 
11.5 years (range 6.7-17.1) and median follow-up time was 3.3 years (range 2.3-4.9). The 
majority of participants were significantly improved over the follow-up period. The median 
CGAS scores had increased from 53 (range 54–70) to 61 (range 28–80) and the median CGI-
S scores had decreased from 4 (range 2–6) to 3 (range 1–6), both representing statistically 
significant differences (z = − 3.59, p < 0.001 and z = 3.70, p < 0.001, respectively). Fifty-nine 
percent presented with active PANS-symptoms at the time of the follow-up assessment.  

During the follow-up time, a full 38% had received a neuropsychiatric diagnosis, ADHD being 
the most common one (26%), followed by ASD (9%) and intellectual disability (3%). Twelve 
percent had a newly diagnosed autoimmune or inflammatory disease during the follow-up time. 

At a group level there were significant reductions in global symptom severity and improvement 
in general function. Sixty-two percent reported OCD-related symptoms at follow-up, but only 
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15% had a CY-BOCS score above 15, suggestive of clinical levels of OCD. The same was true 
for tics, whereby 50% reported motor or vocal tics, but only 6% scored above 30 on the 
YGTSS, the equivalent of clinically relevant tic disorder. About a third of the participants 
reported one or several of the following symptoms: anxiety, hyperactivity/impulsivity, 
behavioral difficulties, depressive symptoms, sleep disorder and tiredness/fatigue. 

Flares and disease course over the last 12 months prior to the follow-up assessment were 
documented according to our proposed operational definitions. The median number of flares 
was 1 (range 0-3). Two patients had no flares during the last 12 months prior to the follow-up 
assessment and were classified as being remitted. Twenty participants were classified as 
relapsing–remitting and 12 as having a chronic-static/progressive course. The latter group had 
an earlier PANS onset, greater impairment and had received more pharmacological and 
psychological treatments. Levels of IL-1-β and TNF-α were both elevated in the chronic 
compared to the non-chronic course group (χ2 = 7.77, p = 0.01 and χ2 = 11.69, p < 0.001).  

5.3 STUDY III: MEASURING CLINICAL OUTCOMES IN PANS  

Median and mean scores on most global and specific symptom scales indicated low to moderate 
symptom severity and a high level of functioning at follow-up, but there was substantial 
variability in the data. Some participants still experienced impairing symptoms. Specifically, 
ratings on symptom-specific measures varied largely between participants, reflecting the 
heterogeneity of symptom presentations and clinical courses that are characteristic of PANS. 
Agreement between informants was excellent on functional scales, fair to moderate on global 
symptom severity scales and mixed on the symptom-specific scales. Clinician-rated global 
symptom severity and functional measures had stronger inter-correlations with parent- and 
child-rated functional measures than with symptom-specific measures. 

5.4 STUDY IV: CHALLENGES OF CHILDREN WITH PANS DURING THE 
COVID-19 PANDEMIC 

Of the 154 participating children and adolescents, 84% were receiving medication and 45% 
had ongoing psychological treatments and/or interventions. Only 33% of guardians responded 
that their child was currently receiving the care they need for their PANS symptoms during the 
pandemic. Approximately one third of guardians perceived a worsening of their children’s 
psychiatric and somatic symptoms and high stress levels. When asked specifically which 
symptoms had worsened, 23% indicated obsessive-compulsive symptoms, 22% worry/anxiety, 
and 20% difficulties in focusing. Lack of regular healthcare contacts, school closures, and 
physical distancing, resulting in lack of everyday support systems, had resulted in aggravated 
difficulties for these families.   
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6 ETHICAL CONSIDERATIONS 
Ethical considerations involved reflecting on all aspects of the research, from planning the 
project, meeting the patients and their families, handling clinical and research data in a way 
that safeguarded the integrity of the participants, analyzing and communicating the results, to  
implementation of the new knowledge into the clinic. Families were generally very positive 
when asked to participate in the studies. Some had perceived a lack of knowledge regarding 
suspected immunopsychiatric disorders before they came to the clinic, and some reported 
feeling misunderstood and frustrated. The families were clearly informed that their child would 
benefit from the same level of care, regardless of participation in the research studies. 

Patients with OCD-RD with suspected PANS are often seriously ill at onset and therefore need 
to undergo necessary medical examinations including cultures and blood tests, and sometimes 
also lumbar puncture, EEG and MRI. The study procedures substantially overlapped current 
regional guidelines for OCD-RD as well as for inflammatory disorders. At the follow-up 
assessment some of the participants were no longer attending patients at the clinic and their 
throat cultures and blood tests could thus not fully be considered part of the usual clinical care. 
The tests represented an additional, but very limited, risk for the participating child. Participants 
were offered a mild anaesthetic cream before the blood test was taken, but the procedure still 
involved some discomfort. The risk of physical harm related to the procedure was considered 
minimal. 

The research involving the PANS cohort (studies I, II and III) was approved by the Regional 
Ethics Review Board in Stockholm (reference number EPN 2015/1977-31/4 (2019-02132)). 
The survey in study IV was completely anonymous and no personal data were stored and hence 
according to Swedish law an ethical review was not necessary. 

6.1  PERSONAL INTEGRITY OF THE STUDY PARTICIPANTS 

PANS is seemingly a rare condition, which increases the risk that a participating individual 
may be identifiable, even though the data were pseudonymized prior to analysis. All data were 
handled confidentially, meaning all personal data were handled securely in coded form, and 
following the European General Data Protection Regulation (GDPR) legislation. Each 
participant included in the PANS cohort was assigned a study number, and the code key as well 
as the clinical data was kept separately in a locked cabinet and on a secure data server. 

6.2 INFORMED CONSENT 

It is important to give special consideration to medical research when children are involved as 
participants. For patients included in our PANS cohort we took great care to provide relevant 
information in a manner appropriate for the child’s age and level of maturity. The informed 
consents were signed by both parents/legal guardians and, if possible, the participating 
children. The consent forms consisted of several parts: data being saved for research purposes, 
linkage to national registers, and consent to being contacted for future studies. The families 
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were clearly informed as to their right to end participation at any moment, and how this could 
be achieved. 

Some families also provided video films, in order to facilitate the assessment of motor 
symptoms. A special consent form was then signed, both for the storage of the film files in the 
patient records and for their use in research and for educational purposes. 
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7 DISCUSSION 
The overall aim of this research project was to further characterize PANS, to understand the 
long-term course of the syndrome and to contribute to the improvement of evidence-based 
assessment methods. Because the work contained in this thesis took part in the middle of the 
COVID-19 pandemic, we also wanted to explore how the pandemic may have affected the 
symptoms and care of patients with PANS. 

7.1 ESTABLISHMENT AND CHARACTERIZATION OF A SWEDISH PANS 
COHORT 

We started accepting PANS referrals in 2014, under the umbrella of a specialist child and 
adolescent psychiatry OCD-RD clinic. As  demand increased we developed into a PANS team, 
building collaborations with pediatric neurology and rheumatology clinicians. At that time 
there were no clear care systems for PANS patients in Sweden, and no published guidelines for 
their assessment and treatment. As clinicians meeting these patients, we realized they differed 
in several aspects from other OCD-RD patients. They tended to be younger, more severe at 
onset, exhibit a broader spectrum of psychiatric and somatic symptoms, and the disease course 
was more often waxing and waning. We started to gather consent for these patients to be 
included in our PANS cohort, based on strict PANS criteria.4,30 However, PANS is a symptom 
description and a clinical entity that is challenging to distinguish from DSM-5 diagnoses 
describing similar psychiatric manifestations. Aiming to select a strictly defined cohort, we 
made the decision to exclude patients who did not exhibit any somatic symptoms. Somatic 
symptoms are only listed as secondary PANS criteria, so our cohort may differ slightly from 
other PANS cohorts not having this requirement. 

There are no biomarkers that unequivocally guide in the diagnostic process. In order to ensure 
fulfillment of PANS criteria and exclusion of other treatable conditions that may have 
influenced the patient’s clinical presentation, we developed a comprehensive assessment 
protocol based on previous patient records, patient and family history, assessment of current 
symptoms and somatic signs, and a laboratory workup primarily focusing on inflammatory 
markers. If the patient did not present with active PANS symptoms at the time of assessment, 
the laboratory workup was made in temporal relation to a flare, at a later timepoint, in order to 
capture an active disease state. Similarly to previously published baseline data from the 
Stanford cohort6, the median time between symptom onset and first assessment at the clinic 
exceeded one year, further complicating the diagnostic process.  

PANS has sometimes been described as affecting primarily healthy children. In our sample, 
approximately one fifth of the patients had a previous psychiatric diagnosis, and one fourth had 
a previous autoimmune or inflammatory disease diagnosis. For these children the PANS onset 
implied an abrupt and severe worsening of psychiatric symptoms. Our clinical experience 
shows that it is important to continue to treat an underlying, co-morbid, psychiatric disorder, 
while also focusing on potential anti-inflammatory or immunomodulatory treatments. The 
PANS diagnosis therefore did not replace previously diagnosed conditions. 
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Compared with reported data from the Stanford cohort30 (n=47) and the Gothenburg cohort105 
(n=23), the patients included in our cohort were younger at onset (7.5 vs. 9.6 and 8.5 years, 
respectively). We observed a similar distribution between males and females as in the 
Gothenburg cohort (56% males), while 77% males were reported in the Stanford cohort. 
Complement activation, elevated thyroid antibodies and positive ANAs were among the most 
common laboratory test abnormalities. The complement system is involved in autoimmune 
reactions and its activation does not frequently occur in healthy individuals.106 The same is true 
for elevated anti-TPO antibodies, which is described in only 1-2% of healthy children.107,108 
Positive ANAs are more difficult to interpret, as the test has a non-negligible false positive rate. 
In our sample, 17% had a positive ANA test, while baseline data from the Stanford cohort6 
reported a 28% positive rate. Previous studies have shown that as many as 15% of children 
may have a positive ANA test, with some being healthy, some having an autoimmune disease 
and some having a non-autoimmune inflammatory disease.109,110 

The high rate of autoimmune comorbidity, as well as a family history of autoimmune disease, 
has also been reported from the Stanford6 and Gothenburg105 cohorts. Together with the 
abnormal laboratory tests, this indicates an association with autoimmunity. Larger cohorts and 
an OCD-RD control group would be required in order to determine the value of these clinical 
traits and tested inflammatory markers. Even though an association between autoimmunity, 
positive immunological markers and psychiatric manifestations has been previously 
described,34,44,111 the relevance of these markers in PANS patients has not yet been established. 
With current knowledge the laboratory protocol should be primarily used to detect other 
disorders such as autoimmune thyroiditis and celiac disease, rather than to follow a disease 
course or as a tool in treatment decision-making. 

We believe PANS is a rare clinical entity and a thorough multidisciplinary assessment is 
essential in order to avoid unnecessary treatments. During the study period for study I 
(November 2014 to March 2018) our OCD-RD clinic received over 1500 referrals, out of 
which 47 fulfilled criteria for PANS. Many suspected PANS cases were more likely to be 
regular OCD or TD/CTD patients who would respond well to traditional evidence-based 
treatments for these conditions. Conversely, strict PANS criteria exclude a significant number 
of children who may still benefit from anti-inflammatory treatments. Absence of core 
symptoms, such as OCD and/or anorexia, was the main reason for exclusion from the PANS 
cohort. Other reasons were insidious symptom onset or spontaneous resolution of symptoms 
before the assessment took place. Several of the excluded patients exhibited an atypical onset 
of severe psychiatric symptoms, often influencing behavior, communication or perception, and 
sometimes also being related to an infection or an autoimmune disease. Despite not including 
these patients, their symptoms were in many cases clearly disabling. Whether the PANS criteria 
are too narrow, currently excluding these other psychiatric manifestations, or if PANS would 
benefit from being merged into a broader immunopsychiatric entity is an important field of 
enquiry.   
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The main strength of study I was the careful protocol-driven approach of the data collection, 
the multidisciplinary nature of our team and the close collaborations with pediatric neurologists 
and rheumatologists. The study generated important knowledge about the variability in 
symptom presentations, psychiatric and somatic comorbidities and the association to 
autoimmunity. The main limitation was the modest sample size, resulting in limited power for 
analyses of patient sub-groups. Furthermore, the data regarding family history were parent-
reported and not verified via patient records. The cohort was followed longitudinally and 
further data were presented in study II. 

7.2 FOLLOW-UP OF A PANS COHORT AND FURTHER DEFINITIONS OF THE 
SYNDROME  

We prospectively followed participants included in the PANS cohort for two-to-five years. In 
order to limit the risk of selectively following-up chronic patients, we conducted the follow-up 
assessment regardless if the participants were still active patients at the clinic or not. The main 
finding of study II was that although remission was rare, a large majority of children with 
PANS significantly improved during the follow-up period. Nonetheless, a non-negligible 
minority were still experiencing disabling symptoms, needing further pharmacological and 
psychological interventions. 

Another important finding was that 38% of the participants had undergone a neuropsychiatric 
assessment and been diagnosed with an additional neuropsychiatric diagnosis during the 
follow-up period, mirroring the previous results from another PANDAS cohort.96 This 
highlights the importance of repeated psychiatric assessments in this patient group, since a 
selective focus on PANS symptoms may result in missed opportunities for pharmacological, 
psychological or adaptive interventions in other areas. 

Even though baseline data from study I revealed high levels of somatic findings at intake, these 
were much rarer at follow-up. To routinely perform an extensive somatic assessment and a 
comprehensive laboratory workup, which are both time-consuming and costly, may be 
important at intake to exclude other, potentially treatable conditions, but may have limited 
value at follow-up. An assessment focusing on signs of current infection (or other somatic 
symptoms that may have arisen) should be adequate. PANS has clinical similarities to 
Sydenham’s chorea and rheumatic fever, and, we therefore suggest that heart auscultation is 
routinely performed in order to detect any murmurs indicative of rheumatic heart disease. 

There is limited data published on inflammatory markers in PANS patients, and the level of 
disease activity (flare, disease course) is rarely rated at the time of testing, making interpretation 
difficult. In our sample, thyroid abnormalities were more common at follow-up, while positive 
ANAs were rarer. None of the patients had elevated IL-1-β or TNF-α levels at baseline, but 
both were significantly elevated in the symptomatic and chronic patients, compared to 
asymptomatic and non-chronic patients, at follow-up. Until more data, with the addition of 
adequate control groups, becomes available the results suggest that the laboratory protocol for 
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routine use at follow-up should be limited to a small number of clinically relevant tests, based 
on current signs of infection, comorbidities or ongoing pharmacological treatments. 

Based on our clinical experience working with PANS patients, we proposed operational 
definitions of flare and disease course. We determined that previous definitions were difficult 
to use in clinical practice. A flare had been defined by Leon et al. as a noticeable increase in a 
child’s previous PANDAS symptoms for at least 24 hours,96 and by Brown et al. as an acute 
neuropsychiatric deterioration meeting strict PANS/PANDAS criteria but without a specified 
time period.10 These definitions may be problematic because of the risk of capturing the natural 
waxing and waning of psychiatric symptoms rather than a true PANS flare. Brown et al. also 
defined clinical courses as follows: relapsing-remitting with flares and an approximate return 
to baseline without immunomodulatory treatment; chronic-static with unchanging symptoms 
lasting longer than nine months; and progressive as a chronic course deteriorating over time.10 
Defining disease course in this way may be ambiguous. A patient with a flare resolved after 
administration of an immunomodulatory treatment, such as IVIG or steroids, will be difficult 
to classify as either relapsing-remitting or chronic-static. We believe our proposed definition 
of a flare to be more precise and more easily applicable in the clinic, and that our definitions of 
disease course to enable classification regardless of treatment are essential in both clinical and 
research settings. 

Though limited by the small sample size our definitions of flare and disease course appeared 
to meaningfully distinguish the non-chronic (remitted and relapsing-remitting groups) and 
chronic (chronic-static/progressive group) patients at follow-up regarding level of impairment, 
global symptom severity and subsequent need of medical and psychological healthcare 
resources. Follow-up time was similar between the two groups, but the more severe chronic 
course group had an earlier PANS onset. Despite symptom severity ratings being similar at 
baseline, the chronic course group had significantly lower CGAS scores (more impairment), 
indicating that early onset and impaired function may be potential predictors of chronicity in 
PANS patients. 

The main strength of study II was that, to our knowledge, it was the first naturalistic long-term 
follow-up of a well-characterized PANS cohort. The main limitation was the small sample size, 
impacted even more by the ongoing COVID-19 pandemic as previously consenting 
participants no longer wished, or had the possibility, to take part in clinical research. We 
experienced substantial data loss for the laboratory tests due to limited access to the laboratory, 
also related to the ongoing pandemic. The baseline characteristics of the participants were 
comparable to those not available at follow-up, which in a way mitigated this limitation. 

Studies I and II were naturalistic studies in a clinical setting, in which adaptations in clinical 
routines were inevitable during the study period. For example, some of the measures 
administered at follow-up (e.g. CY-BOCS and YGTSS) were not available in the baseline data 
for some participants, hindering certain longitudinal analyses. Furthermore, even though 
clinician-rated measures of global functioning, disease severity and improvement all indicated 
significant improvement at follow-up, families frequently reported persisting PANS symptoms 
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influencing daily life and activities. This discrepancy may suggest that the instruments used 
did not capture the full extent of the patients’ difficulties, or that clinicians and families 
interpreted the impact of PANS symptoms differently. The use of appropriate outcome 
measures is critical and was further investigated in study III. 

7.3 SUITABILITY OF STANDARD CLINICAL MEASURES FOR THE 
ASSESSMENT AND FOLLOW-UP OF PANS PATIENTS 

In study III, we analyzed data from the follow-up of the PANS cohort described in studies I 
and II. The uncertainty in how to best measure the complex symptom presentation that 
constitutes PANS has implications for both clinical practice and when designing clinical trials. 
We wanted to investigate the suitability of a range of standard clinical measures for the 
assessment and follow-up of PANS patients, and to formally assess the degree of agreement 
between multiple informants (clinician, parent and child). 

At a group level the median ratings on measures assessing global symptom severity and 
adaptive functioning indicated a low symptom burden and a rather high level of everyday 
functioning.  Symptom-specific measures revealed a large variability in the data, reflecting the 
heterogeneity of clinical presentations and disease courses that are characteristic of PANS. 
These results extended the findings of study II. 

CGI-S is a gold standard, clinician-rated, measure of global symptom severity in psychiatric 
illnesses. Using the same rating scale as a parent- and child-rated measure showed a rather low 
agreement between informants, suggesting that it is useful to complement the clinician rating 
with both parent and child views of the current symptoms. Overall, the agreement between 
ratings made by parent and child were excellent for functional scales, but only fair-to-moderate 
for global symptom severity and most symptom-specific scales. 

KIDSCREEN-10 and WSAS-P/Y correlated well with clinician-rated global symptom severity 
and functional scales, and the agreement between parent and child ratings was excellent. One 
parent- and child-rated functional scale may be enough for both clinic and research purposes, 
and multiple parents considered that the KIDSCREEN-10 was most easily accessible for a 
younger patient group. Somewhat surprisingly, SDQ-P/S had weak inter-correlations with 
global symptom severity and functional scales, and the agreement between informants was 
only moderate. Even though our results suggest that SDQ-P/S may be less clinically useful for 
this particular patient group it should be noted that the SDQ impact supplement was not used 
and therefore not included in the data.  

Obsessive-compulsive symptoms are a main PANS criteria, but clinically relevant OCD 
symptoms were rare in our sample at follow-up. Assessing obsessive-compulsive symptoms 
with a self-rated scale as a complement to CY-BOCS may therefore not add significant 
information. At onset OCD is generally a more pervasive part of the PANS symptom 
presentation, and more time should be devoted to a comprehensive OCD assessment. The 
agreement between SMFQ-P/C ratings made by parent and child was only fair, indicating the 
importance of having both parent- and child-ratings to avoid underestimating mood symptoms 



 

26 

and depressive traits in PANS patients. Conversely, the agreement between SAAI-P/C ratings 
made by parent and child was excellent and, if really made individually, either the parent or 
child rating may be enough for clinical purposes. 

Longitudinal data indicate a high comorbidity with neuropsychiatric disorders, combined with 
intensification of related symptoms during PANS flares.95,96 It is therefore strongly 
recommended that measures being able to screen for, and assess the severity of, autistic 
behaviors, inattention, hyperactivity and conduct problems are used when following up PANS. 
In our sample, ECBI had a very strong association to SNAP-IV, suggesting that the simpler 
SNAP-IV may sufficiently cover the patients’ oppositional behaviors for clinical purposes. 
When detecting potentially severe oppositional defiant behaviors, ECBI can be used as a 
complement. 

The main limitation of study III was that our data was limited to a modest sample of patients 
from a single clinical setting. The age range of our sample was also such that the results from 
the child-rated measures should be interpreted with caution. Despite our efforts, it is possible 
that the younger children received help from their parents when completing the questionnaires. 
Furthermore, since only total scores were available, we were not able to calculate internal 
consistency of the scales included in study III. We could thus not examine the psychometric 
properties of the scales in this particular sample. Future studies would benefit from conducting 
such psychometric analyses. 

In summary, our clinical experience and the results from study III suggest that it is important 
to include clinician, parent and child ratings in the assessment of PANS. A single perspective 
is unlikely to capture the full complexity of the syndrome. General measures assessing global 
disease severity and adaptive functioning are well suited but need to be complemented by 
symptom-specific scales representative of the core symptoms, such as OCD, anxiety, 
depression and behavioral problems. However, their exclusive use is problematic as the natural 
course of the syndrome is such that some patients may not have specific symptoms to rate at 
follow-up. The assessment will also benefit from being straightforward and as brief as possible. 
Based on our experience, we recommend the use of a core battery of clinician-, parent- and 
child-rated measures in both clinical practice and in clinical trials, see Box 1. 
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Box 1. Proposed rating scale protocol. 

 

 

 

 

 

 

 

 

 

 

 

 

aCGAS: Children’s Global Assessment Scale 
bCGI-S: Clinical Global Impression-Severity scale 
cCY-BOCS: Children’s Yale-Brown Obsessive Compulsive Scale 
dYGTSS: Yale Global Tic Severity Scale 
eSMFQ-P/C: Short Moods and Feelings Questionnaire-Parent/Child version 
fSAAI-P: Separation Anxiety Avoidance Inventory-Parent version 
gAQ-10: Autism Spectrum Quotient Child/Adolescent version-10 
hSNAP-IV: Swanson, Nolan and Pelham scale-IV 
iISI-C: Insomnia Severity Index Child/Adolescent version 
 

7.4 CHALLENGES OF CHILDREN WITH PANS DURING THE COVID-19 
PANDEMIC 

As clinicians working with PANS patients we firmly believe that the diverse symptom 
spectrum of PANS requires a multidisciplinary approach (i.e. rheumatology, neurology, 
psychiatry, psychology), which may be more difficult to maintain when healthcare resources 
are directed towards more emergency-related priorities. To further understand how to best 
support our patients during the ongoing COVID-19 pandemic we designed a global survey. 
Even though the limitations of the non-probabilistic sampling approach are non-negligible, the 
survey results matched our own clinical experience in that a majority of affected families felt 
that their needs were not being sufficiently met during the pandemic. Lack of regular healthcare 
contacts, school closures, and physical distancing, resulting in lack of everyday support 
systems, have made daily life more difficult for these families. Parental support via tele- or 
videoconferencing or weekly pro-active check-ups by a clinic nurse could help mitigate some 

 
Clinician-rated scales: 
CGASa 
CGI-S/Ib 
CY-BOCSc 
YGTSSd 
 
Parent-rated scales: 
CGI-S 
KIDSCREEN-10 
SMFQ-Pe 
SAAI-Pf 
AQ-10g 
SNAP-IVh 
 
Child-rated scales: 
CGI-S 
KIDSCREEN-10 
SMFQ-C 
ISI-Ci 
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of these unwanted consequences. CBT can also be offered via videoconferencing and can be 
helpful in alleviating worsened anxiety and obsessive-compulsive symptoms. Worsening of 
psychiatric and somatic symptoms should be taken seriously and be thoroughly assessed within 
a multidisciplinary team. The survey provides unique information relevant to the current 
situation. 

7.5 FUTURE DIRECTIONS 

During conduct of these studies our clinic has developed into a specialized immunopsychiatry 
clinic with broader inclusion criteria (abrupt onset or worsening of multiple psychiatric 
symptoms in combination with somatic symptoms, loss of previously established functions, 
atypical onset or course) than the initial PANS team. Inclusion in the Stockholm 
Immunopsychiatry cohort started in 2019, and local assessment and treatment protocols for 
these patients have been developed. PANS patients constitute a fraction of these patients, and 
their treatment no longer differs from that of other patients with suspected immunopsychiatric 
etiologies. More research is needed to establish whether PANS in its current form should 
remain a separate entity, or if the PANS diagnostic criteria are too narrow. However, it is clear 
that a sub-group of psychiatric patients do benefit from anti-inflammatory or 
immunomodulatory treatments, and that some of these patients do not fulfill PANS criteria. 

Collaborations both within Sweden and abroad are essential in establishing safe, efficient, cost-
effective and evidence-based clinical routines. An ongoing collaboration between the Nordic 
countries and the UK has recently published consensus guidelines for the assessment, treatment 
and follow-up of PANS patients.112 As more knowledge becomes available, such guidelines 
need continuous updating.  

Several studies have attempted to characterize PANS patients and to define clinical aspects of 
the syndrome, such as a flare and different clinical courses.5-7,10,95,96,105,113 Efforts now need to 
be oriented towards the implementation of much needed treatment trials, preferably beginning 
with current first line treatments such as NSAIDs and CBT and eventually also second- or 
third-line treatments such as cortisone and IVIG. Treatment trials would benefit from being 
blinded, randomized, controlled and to include multi-dimensional outcome measures. 

Identification of potential biomarkers, predictive and prognostic factors should also be a 
priority of future research with larger samples and adequately chosen control groups. Work 
creating an OCD-RD control group within our clinic is ongoing but is paused due to the 
ongoing COVID-19 pandemic. Furthermore, linkage to Swedish registers will enable a deeper 
understanding of the course, risk factors and comorbidities of PANS patients. 

7.6 CONCLUSIONS 

The research work constituting this thesis has generated important knowledge that has been 
successively introduced into clinical routines, enabling the development from a small team 
dedicated to PANS patients into a new immunopsychiatric clinic.  
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We have established a cohort of well-characterized PANS patients, described their baseline 
characteristics, followed them over time, proposed definitions of flare and different clinical 
courses, and assessed suitability of standard clinical measures for the assessment, 
determination of treatment response and follow up. Our findings confirm previous research 
showing that the PANS presentation can vary largely between patients and that the symptoms 
can be severe and disabling. The combination of psychiatric and somatic symptoms, as well as 
the multi-dimensional treatment approaches, warrant a multi-specialist program with access to 
a child and adolescent psychiatrist, psychologist, pediatric neurologist and rheumatologist. 
Further supporting the need of collaboration with other medical specialties, we found strong 
indications of an association with autoimmune disease in our cohort. A majority of the 
participants significantly improved during the follow-up period, even though full remission 
was rare. Approximately one third of the patients had a chronic course, still exhibiting disabling 
symptoms. Interestingly, this sub-group had an earlier PANS onset and was more impaired at 
onset. We found that a large proportion of the participants had received a neuropsychiatric 
diagnosis during the follow-up period. Neuropsychiatric assessments should therefore be part 
of routine clinical care for these patients, in order not to miss other important areas in which 
effective interventions can be made. When assessing and following up patients with PANS, the 
multi-dimensional aspect of the syndrome should be taken into consideration. Global rather 
than symptom-specific measures are better suited at a group level, but these should be 
complemented with an efficient protocol of rating scales assessing core symptoms, such as 
OCD, anxiety, depression and tics. 

Lastly, PANS patients and their families have been affected by the ongoing COVID-19 
pandemic, largely because a multi-disciplinary treatment approach has been difficult to 
maintain, and school and societal support has not been functioning as usual. Digital care, 
appointments via video or telephone, can ensure continued care contacts and help mitigate 
some of the impact of the pandemic. 
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8 REFLECTIONS ON LEARNING 
I always saw myself as a clinician more than a researcher, but starting to meet PANS patients 
made me realize that the clinical part was no longer sufficient. We inevitably needed to 
describe this sub-group of OCD-RD patients and our attempts at assessment and treatment, to 
make sure that the care provided was ‘good enough’ while not risking our patients’ 
wellbeing. I have met all of my research patients, and been the responsible clinician for most 
of them. First and foremost, I have learnt that it is very difficult to adapt clinical practice into 
research or make research out of clinical practice. We have assembled extensive amounts of 
data in order to be able to draw some, simple statistical conclusions. Successively, I have 
learnt to have a clearer view of the expected end result of a study. What is it really that we 
want to know, present in a table, at a conference, in the work with clinical guidelines? Rather 
than trying to collect all data. Another aspect of clinical research is that the patient’s disorder 
will not act as we expect it to. The flare will come in the middle of follow-up, interventions 
that improved function after one flare might be ineffective after the next, a pandemic comes 
and alter daily life and societal support, or something else happens. Research takes time. 
Creating a cohort of well-evaluated patients with PANS took several years. Conducting the 
follow-up assessments and the rating scale protocols another two years. Fortunately, the close 
linkage between research and clinic made it possible to adapt the clinical routines according 
to our achieved knowledge, already at an early stage. As our unit has developed into an 
immunopsychiatric clinic, seeing a wider spectrum of patients, and while including patients 
into the Stockholm immunopsychiatry cohort, we have a lot of new knowledge, and a lot of 
mistakes, to learn from. 

 

 
       

                             Illustration: Martha Gromark  
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