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Abstract
Little is known about the long-term prognosis of children with pediatric acute-onset neuropsychiatric syndrome (PANS). Out 
of the 46 eligible patients from the Karolinska PANS cohort, 34 consented to participate in a follow-up (median 3.3 years). 
Participants underwent a thorough clinical evaluation and were classified according to their clinical course. Resulting groups 
were compared on clinical characteristics and laboratory test results. We observed significant reductions in clinician-rated 
PANS symptom severity and improved general function. Two patients were classified as remitted, 20 as relapsing–remitting, 
and 12 as having a chronic-static/progressive course. The latter group had an earlier onset, greater impairment and received 
more pharmacological and psychological treatments. Although remission was rare, the majority of children with PANS 
were significantly improved over the follow-up period but a non-negligible minority of patients displayed a chronic-static/
progressive course and required additional treatments. The proposed definitions of flare and clinical course may be useful 
in future clinical trials.
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Introduction

Pediatric acute-onset neuropsychiatric syndrome (PANS) 
describes the acute onset or worsening of obsessive compul-
sive (OCD) symptoms and/or anorexia in temporal relation 
with other severe neuropsychiatric and somatic symptoms. 
Secondary signs include anxiety, emotional lability, irrita-
bility/aggression, regression, deterioration in school perfor-
mance, sensory and motor abnormalities and somatic signs 

such as enuresis, sleep disturbance and pain [1]. The diagno-
sis of PANS requires an acute onset, but subsequent clinical 
courses may range from fully remitting after a single epi-
sode, to a waxing and waning course with intense exacerba-
tions or flares, or even more chronic or progressive courses. 
Exacerbations or flares have been described in PANS since 
the initial definition of the syndrome, without being part of 
the diagnostic criteria [1]. In the acute phase, the symptoms 
are often severe and may lead to significant loss of function 
[2]. Psychiatric comorbidities are common and may need to 
be treated in parallel to the PANS-related symptoms [3, 4]. 
Pediatric autoimmune neuropsychiatric disorder associated 
with streptococcal infection (PANDAS) constitutes a sub-
group of patients within the broader PANS construct, which 
requires the verified presence of a streptococcal infection 
temporally associated with the onset of symptoms [5].

While the psychiatric and somatic status of patients with 
PANS/PANDAS has been reasonably well described in 
cross-sectional studies, including high rates of pre-existing 
neuropsychiatric disorders and a strong association with 
autoimmune disease in both patients and first degree rel-
atives, there is a shortage of long-term follow-up data of 
PANS/PANDAS cohorts [2, 3]. The available longitudinal 
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data primarily originates from a handful of case reports and 
chart reviews, methods that not well suited for assessing 
the fraction of participants who may be remitting [6]. In a 
notable exception, Leon et al. described longitudinal out-
comes for 33 patients with PANDAS who were followed 
up by telephone after participation in a randomized trial 
of intra-venous immunoglobulins (IVIG) compared to pla-
cebo, 0.5 to 4.8 years after trial completion [7]. At baseline, 
participants were required to meet the criteria for clinically 
significant obsessive–compulsive symptoms, in addition 
to at least three other comorbid neuropsychiatric symp-
toms. During the follow-up period, a majority (72%) of the 
patients had experienced at least one exacerbation of PAN-
DAS symptoms, defined as a noticeable increase in a child’s 
previous PANDAS symptoms for a period of at least 24 h. 
A small fraction (12%) experienced clinically significant 
OCD-symptoms at follow-up, suggesting that the long-term 
prognosis of children with PANDAS was generally posi-
tive. However, a small proportion of cases (9%) had a more 
chronic course. A third of the children (33%) had received 
at least one new psychiatric diagnosis during the follow-up 
period, the most common being attention-deficit/hyperactiv-
ity disorder (ADHD) (18%). No face-to-face psychiatric or 
somatic evaluations or laboratory tests were conducted. To 
our knowledge, there are no published systematic follow-up 
data on patients with PANS, and thus their prognosis in the 
medium-to-long-term timeframe is currently unknown.

Given the paucity of available follow-up data on this 
patient group, we aimed to conduct a naturalistic follow-
up of the patients included in a well-characterized Swedish 
cohort [3]. To minimize the risk of selectively following-
up chronic patients in need of medical attention, we aimed 
to re-contact families regardless of whether they were still 
active in our clinic or not. Specifically, we conducted an 
assessment of current psychiatric and somatic health sta-
tus, including laboratory tests, at the time of follow-up and 
investigated clinical characteristics that may influence dis-
ease course and prognosis in our cohort. An additional aim 
was to propose operational definitions of symptom flare and 
of various clinical courses of the syndrome that could be 
helpful in future research and clinical settings.

Methods

Clinical Setting

All study participants were recruited from a specialist OCD 
and related disorders outpatient clinic in Stockholm, Swe-
den, and had previously been included in the PANS cohort 
at Karolinska Institutet [3]. The clinic primarily receives 
referrals from Child and Adolescent Psychiatry Services 
(CAMHS) and pediatric services in the Stockholm region, 

but also from other parts of Sweden and the Nordic coun-
tries. The clinic has accepted PANS referrals since 2014.

All patients in the PANS cohort with a minimum of 
2 years since inclusion were eligible for participation in 
the follow-up, regardless of whether they were still active 
patients in the clinic or not. Patients and parents/legal 
guardians gave written consent to participate in the initial 
cohort as well as the follow-up study, both approved by the 
Regional Ethics Review Board in Stockholm [reference 
number EPN 2015/1977-31/4 (2019-02132)].

Clinical Evaluations

The evaluation at follow-up was a 2-h face-to-face assess-
ment conducted by a child and adolescent psychiatrist. 
The assessment included a standardized patient- and par-
ent interview focusing on current psychiatric and somatic 
health status, clinical change since the first visit, number 
of flares, potential triggers and course of disease, culture-
verified and non-verified infections, previous and current 
medication, psychological treatments and family history 
of psychiatric and autoimmune or inflammatory disease. 
The information provided by the families was also verified 
against the patients’ electronic medical records. Questions 
about pre-school/school attendance referred to a time period 
of 3 months prior to the follow-up assessment. A medical 
examination for documentation of somatic signs was made, 
including height, weight, skin, heart, lungs, stomach, thy-
roid, lymph nodes, ears, throat, joints, neurology and motor 
function.

The following clinician-rated measures of symptoms and 
general function were employed:

The Children’s Global Assessment Scale (CGAS) is a 
widely used single-item measure of general functioning 
(ranging from 1 to 100), regardless of treatment and/or 
prognosis [8, 9]. The measurement should reflect the most 
impaired level of a specified time period of 1 month. Its psy-
chometric properties have been extensively validated [10].

The Clinical Global Impressions-Severity scale (CGI-S) 
is a clinician-rated scale measuring the severity of a patient’s 
psychiatric illness on an 8 point single scale, ranging from 
‘normal’ (score 1) to ‘extremely ill’ (score 7) [11]. The 
Clinical Global Impressions-Improvement scale (CGI-I), 
was used to assess the degree of clinical improvement at 
follow-up, relative to baseline, with scores ranging from 
‘very much improved’ (score 1) to ‘very much worse’ (score 
7) [11]. Both CGI-S and CGI-I have been validated and are 
widely used clinical outcome measures in psychiatry [12].

The Children’s Yale-Brown Obsessive Compulsive Scale 
(CY-BOCS) and Yale Global Tic Severity Scale (YGTSS) 
are the gold standard instruments to quantify the severity 
of OCD and tic disorder symptoms, respectively [13–15]. 
They are routinely employed in both clinical practice and 
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clinical trials and have excellent psychometric properties 
[14, 16, 17].

Baseline data on age at symptom onset, comorbidity at 
onset, Children’s Global Assessment Scale (CGAS) and 
Clinical Global Impressions-Severity scale (CGI-S) scores 
were extracted from the baseline clinical assessment, pub-
lished in the original description of the cohort [3].

Operational Definitions of Flare and Clinical Course

Based on our clinical experience with the patient group, we 
developed the following a priori operational definition of 
symptom flare:

We defined flare as worsening of PANS-related symp-
toms and/or loss of function (CGI-S equal to or > 4) for 
longer than 4 days, irrespective of treatment given. The 
time period of 4 days was chosen because, according to our 
clinical experience, medical treatments given to treat flares 
frequently give effect by this time.

Our definitions of clinical course were as follows:

1. Remitting course: Patients who experienced no PANS 
symptoms for the last 12 months.

2. Relapsing–remitting course: Patients who experienced 
at least one flare during the last 12 months, but who 
had been in remission > 50% of the time for the last 
12 months.

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

Laboratory Analyses

The laboratory protocol was the same one developed by 
the team for regular clinical use [3]. It includes basic blood 
measurements of C-reactive protein (CRP), Erythrocyte 
Sedimentation Rate (ESR), hemoglobin, complete blood 
count (CBC), thyroid tests, indicators for liver and kidney 
disease, vitamin D levels, ferritin, celiac test and inflamma-
tory and rheumatological markers such as protein fractions, 
immunoglobulin G, A and M, IgG subclasses, antinuclear 
antibodies (ANAs), serum amyloid A (SAA) and interleu-
kin (IL)-1-β, IL-6, IL-8, IL-10 and tumor necrosis factor 
(TNF)-α. A throat culture was taken at the same time. The 
reference values used were those used clinically by the Karo-
linska laboratory [18].

Statistical Analysis

Statistical analysis was conducted using STATA software 
(version STATA/IC15.1 for Mac, StataCorp LLC, Texas, 
USA). Analyses were largely descriptive in nature. When 
comparing the various clinical course sub-groups of patients 
within the cohort, t-tests were employed 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 propor-
tions. A p-value below 0.05 was considered statistically 
significant.

Results

Demographic and Clinical Characteristics

Out of the 46 patients eligible for follow-up, 34 consented 
to participate (Fig. 1). The main reasons for attrition were 
that the families no longer wished to participate in research 
or that they canceled their participation due to the ongo-
ing COVID-19 pandemic. There were no statistically sig-
nificant differences in baseline characteristics between those 
who were available or unavailable at follow-up (Table S1). 
Median age at disease onset was 6.6 years (range 3–11.5), 
median age at follow-up was 11.5 years (range 6.7–17.1) and 
19 (56%) of the participants were male. Median time since 
symptom onset was 4.8 years (range 3–9.2) and the median 
follow-up time was 3.3 years (range 2.3–4.9).

The number of flares over the last 12 months prior to 
the follow-up assessment ranged from 0 to 3 (median = 1). 
Twenty participants (59%) reported no verified infections 
(positive culture or positive clinical assessment) during the 
12 months prior to follow-up, ten (29%) reported one, three 
(9%) reported two and only one (3%) reported four. The 
number of reported unverified infections (parent-reported) 
during the same period was much higher, ranging from 0 to 
8 (median = 2.5).

Only two participants (6%) had a previous neuropsychiat-
ric diagnosis (ASD) at baseline. During the follow-up time, 
another 13 (38%) received a neuropsychiatric diagnosis 
(nine (26%) ADHD, three (9%) ASD and one (3%) intel-
lectual disability). Eleven participants (32%) had a comor-
bid condition commonly considered to have an autoimmune 
or inflammatory etiology, of which four (12%) were newly 
diagnosed during the follow-up period. These conditions 
included severe asthma, severe atopic eczema, severe and 
multiple nutritional allergies, celiac disease, autoimmune 
thyroiditis, postinfectious arthritis, and Henoch-Schönlein’s 
purpura. Twenty-eight participants (82%) had a family his-
tory of inflammatory or autoimmune disease and 27 (79%) 
had a family history of psychiatric disorder. During the 
3 months prior to the follow-up interview, six participants 
(18%) had missed more than one school day per week on 
average. For a full summary of the sample’s socio-demo-
graphic data, see Table S2.

For the 34 patients included in the follow-up, the 
median CGAS score had increased from 53 (range 54–70) 
at baseline to 61 (range 28–80) at follow-up, a statistically 
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significant difference (z = − 3.59, p < 0.001). The wide 
range of scores is suggestive of substantial heterogeneity 
within the cohort.

Similarly, the CGI-S scores had decreased from a median 
moderate level of severity 4 (range 2–6) to a mild level 3 
(range 1–6), a statistically significant difference (z = 3.70, 
p < 0.001). The median CGI-I score was 1 (range 1–4), and 
29 participants (85%) were rated as being ‘much improved’ 

or ‘very much improved’, indicating substantial improve-
ments relative to baseline at the group level (Fig. 2).

Psychiatric Symptoms and Somatic Signs 
at Follow‑Up

The most common reported symptoms at follow-up were 
obsessive–compulsive symptoms (62%) and tics (50%). 

Fig. 1  Flow chart of participant inclusion, and groupings based on clinical course
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About a third of the patients reported anxiety (35%), hyper-
activity/impulsivity (35%), behavioral difficulties (32%), 
depressive symptoms (29%), sleep disorder (29%) and tired-
ness/fatigue (29%).

The median CY-BOCS score at follow-up was 8 (range 
0–30). Only five participants (15%) had a CY-BOCS score 
above 15, corresponding to the minimum entry severity 
criterion in clinical trials of OCD. Though half of the 

participants reported tics at follow-up, the YGTSS scores 
were low (median 4.5, range 0–65). Only two (6%) scored 
above 30, indicating that clinically relevant tic disorder 
was uncommon at follow-up. Approximately a third of the 
participants (36%) had some kind of abnormality in the 
somatic assessment (skin abrasions and eczema being the 
most common ones), but only a minority of these findings 
was clinically meaningful or actionable (Table 1).

Fig. 2  Distribution of clinician-
rated  CGASa and CGI-Sb scores 
at baseline and follow-up, and 
of CGI-Ic scores at follow-up. 
aCGAS: Children’s Global 
Assessment Scale. bCGI-S: 
Clinical Global Impression—
Severity scale. cCGI-I: Clinical 
Global Impression—Improve-
ment scale
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Treatments Received During the Follow‑Up

Eighty-five percent of the participants had received some 
kind of medication over the last 12 months prior to the fol-
low-up assessment. Melatonin was the most common pre-
scription (47%), followed by non-steroidal anti-inflamma-
tory drugs (NSAIDs) (44%), antibiotics (41%), guanfacine 
(24%) and selective serotonin re-uptake inhibitors (SSRIs) 
(21%). Only one participant (3%) had been prescribed 
antipsychotics. None of the antibiotics prescribed from 
our clinic were long-term or prophylactic prescriptions, 
but one participant was on long-term antibiotic prophy-
laxis, which had been initiated at another clinic. The rest 
of the antibiotic prescriptions were all short-term courses 
of treatment prescribed in association with a verified or 
highly suspected infection. Immunomodulatory drugs such 
as cortisone and IVIG were less common (12% each).

A majority (59%) of the participants had received some 
kind of psychological treatment or parental intervention in 
the 12 months prior to the follow-up assessment. Thirty-
eight percent had received CBT and 44% other interven-
tions, such as parental strategies, parental groups and 
counseling (Table 2).

Laboratory Findings

Twenty-seven of the 34 participants gave samples for lab-
oratory tests taken at the time of follow-up. The missing 
laboratory tests were due to the COVID-19 restrictions in 
Sweden at the time of the study, preventing some of the 
participants to access the Karolinska laboratory facilities. 
Complete blood count (CBC) abnormalities and protein frac-
tions abnormalities were common (78% and 74%, respec-
tively). Six participants (22%) had complement abnormali-
ties. Almost a fifth (19%) had elevated thyroid peroxidase 
antibodies (anti-TPO), 15% had thyroid stimulating hormone 
(TSH) abnormalities and 11% had low thyroxine (T4). Two 
participants (7%) had positive ANAs. Only one (4%) had 
low IgG, but 41% had IgG sub-class deficiencies. Thirty-six 
per-cent had elevated IL-1-β, 20% elevated IL-10 and 19% 
elevated TNF-α. None of the other measured cytokines were 
elevated. Twelve percent of the sample had a positive strep-
tococci throat culture (Table 3). With the exception of the 
positive streptococci cultures, which required management 
with antibiotics, the remainder of the laboratory findings did 
not require specific medical treatments. Thyroid abnormali-
ties initiated further laboratory screening, but were not suf-
ficiently severe to require immediate medical intervention.

Groupings Based on Clinical Course

Using the a priori operational definitions of flare and disease 
course, and based on all available information at the time 
of follow-up assessment, two participants (6%) were clas-
sified as having remitted, 20 (59%) as relapsing–remitting, 

Table 1  Psychiatric symptoms and somatic signs at follow-up (n = 34)

CY-BOCS Children’s Yale-Brown Obsessive Compulsive Scale, 
YGTSS Yale Global Tic Severity Scale

n %

Obsessive–compulsive symptoms 21 62
CY-BOCS score > 15 5 15
Tics 17 50
YGTSS scores > 30 2 6
Hyperactivity/impulsivity 12 35
Anxiety symptoms 12 35
Behavioral difficulties 11 32
Depressive symptoms 10 29
Sleeping difficulties 10 29
Tiredness/fatigue 10 29
Pain 8 24
Cognitive difficulties 6 18
Eating disorder symptoms 5 15
Urinary problems 2 6
Perceived changes in personality 1 3
Abnormalities in somatic assessment 12 (n total = 33) 36
Skin abrasions, eczema, psoriasis 9 (n total = 33) 27
Choreatic movements 2 (n total = 33) 6
Otitis 2 (n total = 33) 6
Tonsillitis 1 (n total 33) 3

Table 2  Pharmacological and psychological interventions received 
during the 12 months prior to the follow-up appointment (n = 34)

NSAIDs non-steroidal anti-inflammatory drugs, SSRI selective sero-
tonine re-uptake inhibitor, IVIG intra-venous immunoglobulins, CBT 
cognitive behavioral therapy

n %

Any medication 29 85
Melatonin 16 47
NSAIDs 15 44
Antibiotics 14 41
Guanfacine 8 24
SSRI 7 21
Cortisone 4 12
IVIG 4 12
Stimulants 3 9
Neuroleptics 1 3
Any psychological treatments/interventions 20 59
Other interventions (parental strategies, groups, 

counselling)
15 44

CBT 13 38
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and 12 (35%) as having a chronic-static/progressive course. 
Due to the insufficient number of participants in full remis-
sion, we recoded the groups into a non-chronic group (remit-
ting + relapsing–remitting groups) and a chronic group 
(chronic-static/progressive group). Twenty-two partici-
pants (65%) were thus classified as being non-chronic and 
12 (35%) as being chronic.

There was no gender difference between the non-chronic 
and chronic groups (χ2 = 0.5, p = 0.62). Interestingly, age 
at baseline and follow-up were both significantly lower in 
the chronic compared to the non-chronic group (z = 2.36, 
p = 0.02 and z = 2.04, p = 0.04, respectively), while the fol-
low-up time was similar between the two groups (z = − 0.25, 
p = 0.8). There was a tendency towards a higher autoimmune 
or inflammatory comorbidity in the chronic group (50%) 
compared to the non-chronic group (23%), but this differ-
ence was not significant (χ2 = 2.64, p = 0.1). The same was 
true for having received a neuropsychiatric diagnosis dur-
ing the follow-up time (seven participants (58%) compared 
to six (27%), χ2 = 3.17, p = 0.08). The median number of 

flares in the year prior to the follow-up interview was 0.5 
(range 0–3) in the non-chronic group and 1 (range 0–3) in 
the chronic group, but the difference was not statistically 
significant (z = 1.22, p = 0.22). There were no between-group 
differences regarding family history of psychiatric or auto-
immune and inflammatory disease (χ2 = 0.62, p = 0.64 and 
χ2 = 0.01, p = 0.91, respectively) (Table S2).

At baseline, the non-chronic and chronic groups had simi-
lar symptom severity (CGI-S scores), but the chronic course 
group had a significantly higher impairment (lower CGAS 
scores) (z = 2.08, p = 0.04). At follow-up, participants in the 
chronic course group remained significantly more impaired 
on the CGAS (z = 3.54, p < 0.001) and had significantly 
higher CGI-S scores (z = − 3.88, p < 0.001). As expected, 
the chronic course group had improved significantly less on 
the CGI-I than the non-chronic group (z = − 2.08, p = 0.04). 
School attendance was also lower in the chronic course 
group, with five out of 12 (42%) missing more than one 
school day per week on average, compared to only one out 
of 22 (5%) in the non-chronic course group (χ2 = 7.36, 
p = 0.01) (Table S2).

At follow-up, the two groups did not significantly differ 
in the severity of obsessive–compulsive or tic symptoms 
(CY-BOCS and YGTSS scores, respectively). However, 
the chronic course group had higher rates of hyperactiv-
ity/impulsivity (χ2 = 12,8, p < 0.001), anxiety (χ2 = 7.99, 
p = 0.01), behavioral difficulties (χ2 = 5.72, p = 0.02), 
depressive symptoms (χ2 = 7.47, p = 0.01), sleep disorder 
(χ2 = 12.4, p < 0.001), eating disorder (χ2 = 5.13, p = 0.02) 
and urinary problems (χ2 = 3.9, p = 0.05) than did the non-
chronic course group. Abnormalities in the somatic assess-
ment were more frequent in the chronic course group, but 
this difference was not statistically significant (χ2 = 1.52, 
p = 0.22) (Table S3).

All of the participants in the chronic course group had 
received medical treatment during the last 12 months. In this 
group, nine participants (75%) had received NSAIDs, nine 
(75%) melatonin, eight (67%) antibiotics and seven (58%) 
guanfacine. Four participants (33%) had received IVIG and 
three (25%) cortisone. About two thirds (77%) of partici-
pants in the non-chronic course group had received medica-
tion during the preceding 12 months, but this difference was 
not statistically significant. Compared to the non-chronic 
group, the prescription rates in the chronic group were sig-
nificantly higher for IVIG (χ2 = 8.31, p < 0.001), NSAIDs 
(χ2 = 7.17, p = 0.01), antibiotics (χ2 = 4.97, p = 0.03), guan-
facine (χ2 = 12.49, p < 0.001) and melatonin (χ2 = 5.81, 
p = 0.02). Similarly to medical treatments, the frequency of 
psychological/parental interventions was significantly higher 
in the chronic compared to the non-chronic course group 
(χ2 = 4.60, p = 0.03) (Table S4).

Levels of IL-1-β and TNF-α were both elevated in 
the chronic compared to the non-chronic course group 

Table 3  Laboratory tests taken at follow-up (n = 27)

CBC complete blood count, IgG immunoglobulin G, IL-1-β interleu-
kin 1 β, IgA immunoglobulin A, IL-10 interleukin 10, TNF-α tumor 
necrosis factor α, Anti-TPO thyroid peroxidase antibodies, TSH thy-
roid stimulating hormone, T4 thyroxine, IgM immunoglobulin M, 
ANA antinuclear antibodies, ESR erythrocyte sedimentation rate, CRP 
C-reactive protein, SAA serum amyloid A, IL-6 interleukin 6, IL-8 
interleukin 8

n %

Protein fractions abnormalities (incl CRP) 20 74
CBC abnormalities 18 (n total = 26) 69
IgG sub-class deficiencies 11 41
Elevated IL-1-β 9 (n total = 25) 36
Complement abnormalities 6 22
Low vitamin D 6 22
Low IgA 6 22
Elevated IL-10 5 (n total = 25) 20
Elevated TNF-α 5 (n total = 26) 19
Elevated anti-TPO 5 19
TSH abnormalities 4 15
Positive throat culture 3 (n total = 25) 12
Low T4 3 11
Elevated IgM 3 11
Positive ANA 2 7
Elevated ESR 1 (n total = 26) 4
Elevated CRP 1 4
Elevated SAA 1 4
Low IgG 1 4
Elevated transglutaminase antibodies 0 0
Elevated IL-6 0 (n total = 26) 0
Elevated IL-8 0 (n total = 26) 0
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(χ2 = 7.77, p = 0.01 and χ2 = 11.69, p < 0.001, respec-
tively). IgM was also elevated in the chronic course group 
(χ2 = 6.75, p = 0.01). There were no other significant 
between-group differences detected in any of the laboratory 
analyses (Table S5).

Post‑hoc Analyses Comparing Laboratory Tests 
in Asymptomatic and Symptomatic Patients

Because of the relapsing–remitting nature of PANS, it is 
pertinent to further consider the symptomatic status of the 
patient when interpreting the results of the laboratory tests. 
In a post-hoc analysis, the participants were divided into 
an asymptomatic and a symptomatic group, depending on 
whether or not they presented active PANS symptoms at the 
time of follow-up.

Twenty participants (59%) presented with active PANS 
symptoms at the time of follow-up. Similar to the compari-
son between chronic and non-chronic participants, levels 
of IL-1-β and TNF-α were also significantly elevated in 
the symptomatic compared to asymptomatic participants 
(χ2 = 4.89, p = 0.03 and χ2 = 3.87, p = 0.05, respectively). 
IgM was slightly elevated in symptomatic participants, but 
the difference was not statistically significant (χ2 = 2.32, 
p = 0.13). None of the asymptomatic participants had a posi-
tive throat culture (Table S5).

Discussion

We prospectively followed 34 patients for a period of 2-to-5 
years, regardless of whether they were still active patients 
at our clinic or not. The latter was particularly important to 
limit the risk of selectively following-up chronic patients 
in need of medical attention. The main finding was that, 
although full remission was rare, the majority of children 
with PANS were significantly improved at the time of fol-
low-up. Approximately 85% of the participants had much or 
very much improved PANS symptoms. Only a small propor-
tion (15%) had clinically significant obsessive–compulsive 
symptoms at follow-up. Accordingly, the use of SSRIs and 
antipsychotics was relatively rare at follow-up. However, 
more than a third of the patients were classed as having a 
chronic course, and were still experiencing disabling symp-
toms requiring additional pharmacological and psychologi-
cal interventions.

Clinician-rated global functioning, disease severity and 
improvement scales all indicated significant improvement 
during the follow-up time, though patients and parents fre-
quently reported persisting symptoms influencing everyday 
life. This apparent discrepancy between clinician and sub-
jective ratings may suggest that our instruments do not cap-
ture the full extent of the patients’ difficulties. Alternatively, 

clinicians and families may interpret PANS symptoms differ-
ently. This is an important topic that requires further inves-
tigation, as it is critical for the design of clinical trials and 
the choice of appropriate outcome measures.

A striking finding was that 38% of the participants had 
received an additional neuropsychiatric diagnosis during 
the follow-up period. Even though our naturalistic sample 
includes PANS patients with co-occurring autism and other 
severe psychiatric symptoms, thereby comprising a more 
complex patient group, the findings are similar to those of 
the Leon et al. PANDAS cohort [7]. They also reported that 
33% of the participants had received a psychiatric diagno-
sis at follow-up, ADHD being the most common one. This 
highlights the importance of regular neuropsychiatric assess-
ments in this patient group. The identification and correct 
diagnosis of these neuropsychiatric syndromes will facilitate 
the deployment of evidence-based interventions for specific 
problems, alongside any additional interventions required for 
PANS. An exclusive focus on PANS symptoms risks missing 
opportunities for intervention in other areas.

In our clinic, all suspected PANS patients are routinely 
evaluated with extensive somatic assessments and labora-
tory analyses, which are both time-consuming and costly. 
At intake, these procedures may be important in order to 
exclude other, potentially treatable, conditions such as 
infections, autoimmune thyroiditis, celiac disease, psoria-
sis or systemic lupus erythematosus (SLE). We previously 
reported baseline data for the cohort, showing high levels 
of somatic signs at intake (61% exhibiting skin abnormali-
ties such as eczema or abrasions; 46% exhibiting signs of 
ear, nose or throat infections; and 23% showing neurological 
abnormalities including choreatic movements) [3]. However, 
at follow-up, the somatic findings were much rarer and often 
did not require a specific treatment. This suggests that the 
value of such a comprehensive assessment at follow-up may 
be limited, at least in routine clinical care. We suggest to 
mainly focus on signs of current infection. Because of the 
similarities between PANS and Sydenham’s chorea/rheu-
matic fever, we believe it is also advisable to routinely per-
form a heart auscultation, in order to rule out any murmurs 
indicative of heart inflammation.

Published data of inflammatory markers in PANS patients 
are scarce and difficult to interpret, since the level of disease 
activity is rarely rated at the time of testing. Our findings 
indicate that thyroid abnormalities may be more frequent 
at follow-up (anti-TPO 19%, TSH abnormalities 15% and 
low T4 11%) than at baseline (anti-TPO 11%, TSH abnor-
malities 10% and low T4 0%) [3]. IL-1-β and TNF-α levels 
were significantly elevated in both symptomatic patients and 
chronic-static/progressive patients. Interestingly, none of 
the patients in the initial cohort had elevated IL-1-β and/or 
TNF-α levels at baseline [3]. In a naturalistic study describ-
ing the characteristics of the first 47 consecutive patients at 
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the Stanford PANS clinic, Frankovich et al. reported positive 
Anti-Nuclear Antibodies (ANAs) in 28% of the patients ful-
filling PANS criteria [2]. At baseline, we recorded positive 
ANAs in 17% of the patients [3], and at follow-up only in 
7%. In the absence of robust biomarkers for PANS, these 
findings clearly indicate that the value of a of full laboratory 
work-up for clinical practice is currently limited. We suggest 
the full analyses should include measurement of CBC, thy-
roid, liver and kidney markers, inflammatory markers, IgG 
(including sub-classes), IgA and IgM, ANA, celiac test and 
throat culture at disease onset or when evaluating the need of 
potential immunomodulatory treatments. A smaller number 
of clinically relevant tests will suffice during the follow-up. 
These tests should be chosen based on current signs of infec-
tion, abnormalities in the initial work-up, comorbidities or 
ongoing pharmacological treatments.

A novel aspect of our work is that we propose operational 
definitions of flare and clinical course in PANS, based on 
our long experience with this patient group. Previous defi-
nitions of flare and clinical course in patients with PANS/
PANDAS are difficult to use in practice. Leon et al.defined 
a flare as a noticeable increase in a child’s previous PAN-
DAS symptoms for a period of at least 24 h [7], which we 
consider problematic because this may risk capturing the 
natural waxing and waning of symptoms rather than a true 
flare. In a chart review of 218 consecutive patients at the 
Stanford PANS Clinic, Brown et al. defined a flare as an 
acute neuropsychiatric deterioration meeting strict PANS 
or PANDAS criteria, without the requirement of a specified 
time period [19], We believe that our proposed definition of 
a flare is more precise and, in our experience, easier to use 
in the clinic.

Regarding previous definitions of clinical course, Brown 
et al. employed the following definitions: relapsing–remit-
ting with flares and an approximate return to baseline with-
out need for immunomodulatory treatment; chronic-static 
with unchanging symptoms lasting at least 9 months; and 
progressive as a chronic course worsening in intensity 
over time [19]. These definitions may be ambiguous, as 
a patient with a flare resolved after administration of an 
immunomodulatory treatment will be difficult to classify as 
either relapsing–remitting or chronic. Our proposed defini-
tions will hopefully enable classification of different disease 
courses regardless of treatment given, an essential factor in 
the research setting and clinical practice alike.

Despite the small sample size, our proposed defini-
tions of flare and clinical course seemed to meaningfully 
distinguish the chronic and non-chronic course groups at 
follow-up regarding their level of impairment and subse-
quent need of healthcare resources. The groups also dif-
fered in some of the laboratory analyses (IL-1-β, TNF-α 
and IgM), but their clinical significance is currently 
unclear. However, as this represents a proinflammatory 

immune response, and there was also a link to autoimmun-
ity (also caused by proinflammatory immune responses), 
further investigation of relative immune activation sensi-
tivity is warranted to further explore patient subgroups. 
The chronic course group had an earlier onset, but fol-
low-up time was comparable across the two groups; thus 
the natural course of the disorder is unlikely to explain 
the observed differences. Interestingly, the two groups 
had similar symptom severity at baseline but the chronic 
course group had significantly lower CGAS scores (i.e. 
more impairment), suggesting that both early onset and 
impaired function may potentially be useful predictors of 
chronicity in this patient group. The small sample size 
prevents further analyses of clinical characteristics predic-
tive of disease course and prognosis, but we observed a 
trend towards higher rates of autoimmune or inflammatory 
comorbidity in the chronic course group. The identifica-
tion of such predictive and prognostic factors should be a 
priority of future research with larger samples.

To our knowledge, this is the first naturalistic long-term 
follow-up study of a well-characterized PANS cohort. The 
main limitation of the study is the small sample size. The 
follow-up assessments coincided with the COVID-19 pan-
demic, resulting in an even smaller inclusion rate when pre-
viously consented participants wished to avoid visiting the 
clinic solely for research purposes. We had a particularly 
high data loss on the laboratory tests due to limited possi-
bilities to travel to the laboratory to provide a blood sample. 
The baseline characteristics of the participants who were 
not available at follow-up were comparable to those of the 
participants who were available, somewhat mitigating this 
limitation. Finally, some of the measures administered at 
follow-up (e.g. CYBOCS and YGTSS) were not available at 
baseline, precluding certain longitudinal analyses.

Summary

This long-term follow-up study showed that, although full 
remission was rare, the majority of children with PANS were 
significantly improved over a mean 3-year follow-up period. 
However, a non-negligible minority of patients displayed 
a chronic-static/progressive course and required additional 
treatments. Interestingly, these treatments seldom concerned 
OCD or tics, as these symptoms seemed to remit during the 
follow-up in a large proportion of participants. The proposed 
operational definitions of flare and clinical course appeared 
to meaningfully distinguish the chronic and non-chronic 
groups at follow-up regarding their level of impairment and 
subsequent need of healthcare resources and may be useful 
in clinical practice, in future clinical trials, and in the devel-
opment of treatment guidelines.
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