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Summary
• Current definition – what is it?
• Review of inflammation (and infection) in PANS
• How do we start to investigate

PANS is NOT PANDAS
Paediatric Acute-onset Neuropsychiatric Syndrome (PANS) is
deﬁned by the very acute-onset of obsessive–compulsive
disorder (OCD) or eating restrictions and comorbid symptoms
from at least two of seven categories:
•
anxiety (particularly separation anxiety)
•
emotional fluctuation or depression
•
irritability, aggression, and/or severely oppositional
behaviours
•
deterioration in school performance (related to hyperactivity,
inattention, impulsivity, memory deﬁcits, and cognitive
changes)
•
sensory or motor abnormalities;
•
somatic signs and symptoms, including sleep disturbances,
enuresis, or urinary frequency

Paediatric autoimmune neuropsychiatric disorders
associated with streptococcus (PANDAS) is defined by
•
OCD and/or tics
•
Neurological abnormalities: choreiform movements, motoric
hyperactivity
•
Onset pre-puberty
•
Acute symptom onset and episodic (relapsing/remitting)
course
•
Extended features
Emotional lability
Separation anxiety
Personality changes
Oppositional behaviours

Not explained by known neurologic and neurodevelopmental disorder

2013 PANS Consensus Conference

Gothenburg cohort

Johnson et al, 2019
Lancet Child Adolesc Health 3: 175-80

PANDAS is difficult to
diagnose

Williams et al., 2016
J Am Acad Child Adolesc Psychiatry. 55(10):860-867.e2

41 referred

We do not get it right
with PANS either
Approximately 50% cases referred are
not correct diagnosis

Johnson et al, 2019
Lancet Child Adolesc Health 3: 175-80

How is it different to a psychiatric condition?

Hesselmark and Bejerot 2019 BJPsych Open 5, e25; 109

Orefisi G et al., 2016

Is there any controversy that Gp A
strep causes rheumatic fever?
• None at all
• Rh fever associated with cardiac,
neurological, skin, joint pathology
• Molecular mimicry via M protein
• Occurs primarily in childhood and
adolescence
• Peak age of onset 5-15 years of age
Cunningham M. Post-Streptococcal Autoimmune
Sequelae: Rheumatic Fever and Beyond. 2016
Kirvan et al., 2003 Nat Med. 9(7):914-20

Why is PANDAS controversial?
Relationship of GABHS and symptoms is not strong
• No higher rate of PANDAS and non-PANDAS tic disorder
Kurlan et al 2008 Pediatrics 121: 1188-1197

• Temporal relation between symptoms and infections
(exacerbations) could not be demonstrated in
longitudinal studies
Leckman et al 2011 J Am Acad Child Adolesc Psychiatry 50: 108-118

Macerollo & Martino 2013 Tremor Other Hyperkinet Mov. 25;3.

Normal ASOT level and anti-DNAseB

ULN ASOT level 240IU and anti-DNAseB 640IU
Kaplan et al 1998 Pediatrics 101: 86-88

Neuroinflammation in PANS
Key reviews
• Murphy et al 2010 J Child Adolesc Psychopharmacol. 20(4):317-31.
Systematic Review, gathering accumulative evidence that immune mechanisms may play a role in the
pathogenesis of PANDAS.
➢ PANDAS cases are more vulnerable to GAS infections
➢ Cross-reactive antibodies can induce dopamine release as well as interact with dopamine D2 receptors
➢ There are powerful links between dopamine and the downstream immunological mechanisms involved in
PANDAS

• Perez-Vigil et al., 2016 Neurosci Biobehav Rev. 71:542-562.
Systematic review on the potential link between Autoimmune diseases and OCD, including 74 studies
➢ A positive association between some Autoimmune Diseases (particularly rheumatic fever co-occurring with
Sydenham’s chorea) and OCD/tic disorders appears to exist.

Neuroinflammation in PANDAS
Autoimmunity induction in an animal model
Intranasal challenge of repeatedly GASinoculated mice promoted migration of GASspecific Th17 cells from NALT into the brain,
BBB breakdown, serum IgG deposition,
microglial activation, and loss of excitatory
synaptic proteins.
Model points to an essential role of the
adaptive immune response (autoantibodies
and Th17 cells) as possible contributors to
disease pathogenesis and neurovascular
damage in PANDAS
Dileepan et al 2016 J Clin Invest. 126(1):303-17

Neuroinflammation in PANS
Key reviews
• Hornig et al., 2013 Curr Opin Rheumatol. 25(4):488-795.
• Cutforth et al., 2016 Future Neurol. 11(1): 63–76.
• Williams and Swedo 2015 Brain Res. 1617:144-54.
In both PANS and PANDAS, immune dysfunction may occur at multiple levels.
➢ Local (targeted) dysfunction relating to cross-reactive antibodies that recognize specific CNS antigens
➢ Regional dysfunction relating to inflammation within neuronal tissues or vasculature of the basal ganglia
➢ Systemic abnormalities of cytokine and chemokine production, with resultant disruption of the blood–brain
barrier (BBB) and CNS functions
• Loiselle et al., 2004 Mov Disord. 19(4):390-6
• Singer et al., 2004 Mov Disord. 19(4):406-15
• Singer et al., 2005 Neurology. 65(11):1701-7
➢ Results were not always consistent

Neuroinflammation in PANDAS
Evidence of brain inflammation
C-[R]-PK11195 PET scans to study 17 children with PANDAS during
acute illness.
➢ More microglial activation was demonstrated in actively ill PANDAS
patients and TS patients compared with controls.
➢ This microglial activation was present in the bilateral caudate and
lentiform nuclei in patients with PANDAS and only the caudate in
patients with TS.
➢ The abnormalities improved in four of five PANDAS subjects
treated with intravenous immunoglobulin (IVIG). In the remaining
PANDAS case, the initial higher neuroinflammation indications
resolved after further IVIG treatment.
Kumar et al., 2015 J Child Neurol. 30(6):749-56.

Effects of inflammation in the brain
• Is inflammation beneficial?
• Immunobiology versus neurobiology

CNS autoimmunity has a protective role

Schwartz & Kipnis 2002 Trends in Immunology 23(11): 530-534
Rivest 2009 Nature Reviews Immunology 9: 429-439
Schwartz & Baruch 2014 J Autoimmun. 54: 8-14

Microglial phenotypes….

Neuroinflammation in PANS
Immune perturbations are common in patients with PANS

Frankovich et al., 2015
J Child Adolesc Psychopharmacol. 25(1): 38-47

Neuroinflammation in PANS
Evidence of Familial Susceptibility to Autoimmunity
Approximately 71% of PANS patients’ families had one or more first degree
relatives with autoimmune/inflammatory disorders

Frankovich et al., 2015 J Child Adolesc Psychopharmacol. 25(1): 38-47

Neuroinflammation in PANS
Evidence of susceptibility to autoimmunity

Murphy et al., 2015
J Child Adolesc Psychopharmacol 25(1): 14-25

41 referred

Johnson et al, 2019
Lancet Child Adolesc Health 3: 175-80

How do we evaluate?

What is UK experience?

Patient Survey 2018 Ubhi

~45%
~90%

84.2%

~10%

~50%

61.9%

15.1%

38.8%

Parents survey 2018
Ubhi

Immunosuppressive Treatment in PANSKey Studies (PLEX and IVIG)
Latimer et al, 2015 J Child Adolesc Psychopharmacol. 25(1): 70-5.
➢ Retrospective case note review (with phone interview) of TPE used for 35 children and adolescents
with severe PANDAS.
➢ TPE proved to be a safe, well-tolerated, and beneficial treatment option
➢ All patients were reported to have received at least some benefit from TPE, with average
improvement of 65% at 6 months post-TPA and 78% at longer-term follow-up. A decrease in the
number of reported symptoms also occurred, with particular improvements in obsessive-compulsive
disorder (OCD), anxiety, tics, and somatic symptoms, including dysgraphia, sleep difficulties, and
urinary urgency or frequency.
➢ Contrary to expectations, preceding duration of illness was not correlated with degree of
improvement following TPE, suggesting that acuity of illness is not a factor affecting response.

Nicolson et al., 2000 J Am Acad Child Adolesc Psychiatry. 39(10):1313-5.
➢ 5 patients with non-PANDAS OCD showed no benefit after an open label two-week course of TPE

Immunosuppressive Treatment in PANS
Key Studies (anti –inflammatory)
• Brown et al., 2017 J Child Adolesc Psychopharmacol. 27(7):629-639.
98 PANS/PANDAS patients, who collectively experienced 403 flares. Treated with 102 total courses
of oral corticosteroids of either short (4–5 days) or long (5 days–8 weeks) duration.
➢ Corticosteroids may be a helpful treatment intervention in patients with new-onset and
relapsing/remitting PANS and PANDAS, hastening symptom improvement or resolution.
➢ When corticosteroids are given earlier in a disease flare, symptoms improve more quickly and
patients achieve clinical remission sooner. Longer courses of corticosteroids may result in more
durable remissions

• Brown et al., 2017 J Child Adolesc Psychopharmacol. 27(7):619-628.
95 PANS/PANDAS patients who collectively experienced 390 flares; treated with NSAIDs either
before or after flare onset date for at least 7 days.
➢ NSAIDs given prophylactically or within 30 days of flare onset may shorten neuropsychiatric
symptom duration in patients with new-onset and relapsing/remitting PANS and PANDAS

Immunosuppressive Treatment in PANS
Key Studies (anti –inflammatory)
• Calaprice 2018 J Child Adolesc Psychopharmacol. 28(2):92-103
➢ Internet-based survey involving 698 PANS patients.
➢ Relatively aggressive treatment courses targeted at eradicating infection and modulating the
inflammatory response provided the best therapeutic results, and were generally well tolerated.
➢ Anti-inflammatory therapies, including over-the-counter medications such as ibuprofen, were at least
‘‘somewhat effective’’ for most patients.
➢ Intravenous immunoglobulin (IVIG) had been used to treat PANS in 193 (28%) of the patients and was
at least ‘‘somewhat effective’’ for 89%, although for 18% of these, the effect was not sustained.

Treatment trials for PANDAS - antibiotics

Treatment trials for PANDAS - antibiotics
Thirty-one youth aged 4-14 years (M = 8.26 ± 2.78 years, 62.5% male) were randomized to receive
either placebo or azithromycin for 4 weeks (10 mg/kg up to 500 mg per day).
Participants in the azithromycin group (n = 17) showed significantly greater reductions in OCD
severity on the Clinical Global Impressions Severity (CGI-S OCD) than the placebo group (n = 14)
posttreatment (p = 0.003), although there were no significant differences on the Children's YaleBrown Obsessive Compulsive Scale
(CY-BOCS)
J Child Adolesc Psychopharmacol. 2017 Sep;27(7):640-651.

What do treatments trials tell us?
Perlmutter et al., 1999 Lancet 354(9185):1153-8.
➢
➢
➢

➢

Double-blind, placebo-controlled study
Randomly assigned treatment with plasma exchange (five single-volume exchanges over 2 weeks; N=10), IVIG (1 g/kg
daily on 2 consecutive days; N=9), or placebo (saline solution given in the same manner as IVIG; N=10).
Symptom severity was rated at baseline, and at 1 month and 12 months after treatment by use of standard
assessment scales for OCD, tics, anxiety, depression, and global function.

Treatment gains were maintained at 1 year, with 14 (82%) of 17 children "much" or "very much" improved over
baseline (seven of eight for plasma exchange, seven of nine for IVIG).

What do treatments trials tell us?
• Williams et al., 2016 J Am Acad Child Adolesc
Psychiatry. 55(10):860-867.e2.
➢Randomized controlled trial of IVIG for 35
paediatric PANDAS patients.
➢Did not demonstrate an effect of IVIG versus
placebo during the double-blind phase.
➢However, in the subsequent open-label
phase, the majority of patients improved on
IVIG.

Subset of PANS as an autoimmune condition?
Features of autoimmunity

Evidence

Comment

Neuronal surface antibodies

++

Need validation that
it is clinically
relevant

Lymphocytes in target organ

+

Need real time in
CSF as model is in
infection

Transfer by cells

-

Transfer by antibodies

+

Attenuating inflammation

+

Need well powered
RCT

Susceptibility (PANS)

++

FH of autoimmunity
and MHC
Need replication in
non rheumatology
cohort

Inflammation in the developing brain
• Maternal brain reactive IgG in ASD
• Sizable cohort 2431 ASD vs 653
• 4 x more likely to have antibodies (10.5 vs 2.6)
•

Brimberg et al., Molecular Psychiatry 18 1171-1177

• Prenatal exposure of maternal antibodies alters brain development
• Hits radial glia, alters proliferation, enlarges neuronal size and brain
•

Martinez-Cerdeno et al., 2016 Cerebral Cortex 26: 374-383

• Csapr2- reactive antibody mediate neurodevelopmental phenotype
•
•
•

Brimberg et al., 2016 Molecular Psychiatry 21(12):1663-1671
Coutinho et al., 2017 J Neurol Neurosurg Psychiatry. 88(9):718-721.
Coutinho et al., Acta Neuropathol. 2017 Jul 28. doi: 10.1007/s00401-017-1751-5

• Folate receptor antibodies
• CSF folate deficiency
•
•

Raemekers et al., 2005 N Engl J Med. 352(19):1985-91.
Desai et al., 2017 Mol Psychiatry.;22(9):1291-1297.

Investigations in acute neurological syndromes
Investigation
FBC, ESR, CRP

Liver /renal profile
Vitamin B12, folate
Serologic testing for infectious agents, including influenza,
Epstein-Barr virus, HSV, HIV, HTLV-1, HHV-5, enterovirus, VZV,
mycoplasma, CMV, borrelia, syphilis and viral cultures of the
throat, nasopharynx and stool
ANA, anti-dsDNA, rheumatic factor, anti-SSA/ anti-SSB,
antiphospholipid and anticardiolipin antibodies
AQP4, MOG-Ab
Lactate, ammonia and other metabolic investigations

Key features for conditions
Typically normal or mild elevation in inflammatory conditions,
very abnormal levels suggest the possibility of vasculitis or
infection
Non-specific feature of metabolic or systemic disorders
Exclude nutritional cause of myelopathy
Exclude infectious cause, but may identify para and post
infectious aetiology.

Connective tissue disease
Establish antibody mediated disease
Exclude a metabolic cause

Investigations in acute neurological syndromes
Investigation
Key features for conditions
CSF for microscopic examination, protein, glucose, virology, bacterial Exclude infectious causes.
cultures
WCC>50 may be seen in ADEM, but would be uncommon in
MS.
Paired serum and CSF oligoclonal bands
Intrathecal synthesis is a predictor of MS
CSF Neuronal surface antibodies
NMDAR, D2R
MRI brain with gadolinium contrast
Exclude infection, leukodystrophy, metabolic disorder
ADEM: large, multifocal white and grey matter, enhancing
lesions
ON: exclude compressive lesion, optic nerve enhancement
NMOSD/MOGAD: as per diagnostic criteria
Psychosis screen

Copper and ceruloplasmin, endocrine, rare metabolic

Acute psychiatric syndrome

Partial Graus
criteria
but strong history
of autoimmunity

Graus criteria
positive

TREAT as AE

No evidence of
inflammation

Non-empirical trial of
treatment?

Conclusion
• PANDAS (PANS/CANS) is a NOT clinically distinct
• Furthermore the aetiology is heterogeneous
• We do not understand the immune upregulation or
perturbation seen in some patients
• No robust studies to demonstrate effect of immune treatment
• Without any evidence of inflammation as afforded to us by
current clinical investigations there is no room for early and
empirical immune treatment

PANS is also a psychiatric disorder

41 referred

But other morbidity is
also high

Johnson et al, 2019
Lancet Child Adolesc Health 3: 175-80

Evidence base for psychiatric management in children
The Paediatric OCD Treatment Study (POTS) Randomized Controlled Trial
JAMA. 2004;292(16):1969-1976
➢
➢
➢

➢

Participants were randomly assigned to receive CBT alone, sertraline alone, combined CBT and sertraline, or pill placebo for
12 weeks
Ninety-seven of 112 patients (87%) completed the full 12 weeks of treatment.
Effect sizes for combined treatment, CBT alone, and sertraline were 1.4, 0.97, and 0.67, respectively. NNT for combined
treatment, CBT alone, and sertraline relative to placebo were 2 (95% CI, 2-3), 3 (95% CI, 2-4), and 6 (95% CI, 4-11),
respectively.
Intent-to-treat random regression analyses indicated a statistically significant advantage for CBT alone (P = .003), sertraline
alone (P = .007), and combined treatment (P = .001) compared with placebo. Combined treatment also proved superior to
CBT alone (P = .008) and to sertraline alone (P = .006), which did not differ from each other.

Children and adolescents with OCD should begin treatment with the combination of CBT plus a
selective serotonin reuptake inhibitor or CBT alone

Evidence base for psychiatric management in children
Efficacy and Tolerability of Antidepressants in Pediatric Anxiety Disorders: a
Systematic Review and Meta-Analysis

Depress Anxiety. 2015 Mar; 32(3): 149–157
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Summary – Disease course
ML: 13 year-old boy

1. Acute onset neuro-psychiatric symptoms - November 2015
Predominantly tic-like symptoms - Following intercurrent illness
2. Further exacerbation of symptoms in February/March 2016 with more marked features of
disorientation, dyskinesia and slurred speech
-olanzapine treatment: no response
-very good response to steroids
3. Further relapses upon steroid weaning trials – pulse steroids maintenance treatment
-Clinical deterioration between pulses - Improvement after each pulse
-Very significant improvement of symptoms after IVIG course – January 2017
-Replacement of AZA with MMF due to AZA toxicity
-Currently stable on immunosuppression (MMF)

Summary – Disease course
EM: 8 year-old boy with XP (Family history of autoimmunity)

1. Acute onset neuro-psychiatric symptoms age 6 - June 2017
Predominantly eye rolling tic-like symptoms - Following intercurrent illness
A few months later stopped drinking milk overnight
Anxiety
2. October 2017 started Penicillin

Much better within 48 hours
3. November 2017 exacerbation with tonsillitis
Cycles penicillin and azithromycin
PRN ibuprofen
4. 2 major relapses

Summary – Disease course
AM: 12 year-old girl

1. Acute onset neuro-psychiatric symptoms age - May 2014
She had explosive onset of behavioural disturbance with screaming, crying, biting and hitting. She was refusing
food and became very fidgety and uncomfortable in bed at night. She was taking showers with excessive
frequency. Mum describes a 'loss of self' at this time.
2. After this there was a period of fluctuating or waxing and waning symptoms for two years.
During attacks, which often coincided with upper respiratory tract infections, she would regress to 'being like a
two year old' with babyish speech, temper tantrums and agitation. She would become very restless and suffer
urinary incontinence. Her personal interactions would change, with a lack of understanding of jokes that she
would normally find funny. She would sometimes make repetitive clicking sounds in her throat, and some
unusual facial grimacing at times.
3. Age 10 Seen in US and had diagnosis of PANDAS
5/7 prednisolone
Irritable but back to normal after 10/7
On cephalexin long term (weaned following consult)
4. Parent separating late 2018 - had exacerbation of symptoms
3 months worsening
Once course of cephalexin (now off treatment)

Summary – Disease course
HI: 5 year old (FMF and TRAPS mutation; recurrent fevers)

1. Recurrent fevers since 9 months
Fever makes behaviours worse
Takes months to recover including regression of speech @ 13 months
Strong FH of autoimmunity
➢ GM with LGI encephalitis
➢ Mother SLE
Emotional arousal, poor behaviour and aggression
2. Full neurodevelopmental assessment - ASD but extreme fluctuations with fever

