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Only weak correlations between inflammatory 
markers -> different types of inflammation

Unpublished raw data from the 
UPP: Young Adults  cohort
Consecutive general psychiatric 
outpatients ages 18-25.



Wittenberg, Mol Psych, 2020



Immunotherapy reduced depressive symptom 
even when it didn’t treat primary disease

Wittenberg, Mol Psych, 2020







New autoimmune psychiatric diseases?



Red flags: 

Akut debut (eller skov)
Förekomst av autoimmun sjukdom
Tidssamband infektion
Atypisk sjukdomspresentation
Förekomst av tumör

Avvikande rörelsemönster
Katatoni
Onormal reaktion på antipsykotika (svår/ovanliga 
biverkningar, terapiresistens)

Medvetandesänkning, (extreme fattige)
Huvudvärk (ledvärk)
Kramper
Fokal neurologisk avvikelse
Språkrubbning
Svår eller disproportionell kognitiv dysfunktion

Autonom instabilitet

Pollak T. et al. Autoimmune psychosis: an international consensus on an approach to the diagnosis and 
management of psychosis of suspected autoimmune origin. 2020. Herken J. and Pruss H. ”Red flags: Clinical 
Signs for Identifying Autoimmune Encephalitis in Psychiatric Patients”. 2017.  

Autoimmune 
psychosis or OCD

In press: Guidelines for Autoimmune OCD. Endres et al,  Translational psychiatry





Inflammatory diseases with co-
morbid psychiatric symptoms

Primary
small- vessel CNS 
vasculitis

Autoimmune Encephalitis  
Diffuse cerebritis

Secondary  
Small-vessel CNS
vasculitis
Lupus
Behcet’s

Lupus
Limbic Encephalitis
NMDA Receptor AbEncephalitis
? Hashimoto’s Encephalopathy

Basal Ganglia  Encephalitis +/- Vasculitis
Sydenham’s Chorea
PANDAS/PANS= Abrupt-onset OCD + other symptoms
Post-Mycoplasma Basal Ganglia Encephalitis
Systemic inflammatory diseases- Behcets, etc

Unknown mechanisms: 
Psoriasis/Psoriatic arthritis
Spondylarthritis, 
Inflammatory Bowel Disease, 
Sjogren’s, 
Scleroderma, etc

Adapted from J. Frankovich



Komplexa samband

• Det kan ta decennier att diagnostisera en autoimmun sjukdom. 

• ”Det är ett observandum att patienten har antikroppar som är 
associerade med SLE men har inga SLE symptom därmed kan vi inte 
konstatera ett systemiskt reumatologiskt sjukdom ” 

Det är väl känt att reumatologiska sjukdomar kan ge psykiatriska 
symptom men psykiatriska symptom ingår inte i de diagnostiska 
kriterierna.
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% av patienter som har komorbid autoimmunitet % av händelser hos patienter med autoimmunitet

%

Cunningham, opublicerade vårdplanerings data, 2021

PANS saknar diagnoskod
och är inte inkluderat



NMDAr Autoantibodies: Mechanism?



Higher prevelance of NMDArAB after:

• Influenza A (Males)
• Influenza B (Males)
• Vaccination (influenza)
• Measles
• Herpes encephalitis (6 weeks after in children)
• SARS-Cov2 (?)
• In women-> look for teratoma!



Age differences in debut symptoms

Titulaer MJ, McCracken L, Gabilondo I, et al. Treatment and prognostic factors for long-term outcome in patients 
with anti-NMDA receptor encephalitis: an observational cohort study. Lancet neurology. 2013; 12: 157-65. 



Commercial Tests for NMDAr-Abs with fixed 
cells have very low sensitivity

http://dx.doi.org/10.1016/j.biopsych.2017.06.015



Autoimmunity against other NMDAr subunits may be of interest for psychiatric diseases:

“Among the detected autoantigens, higher IgG reactivity in subjects with schizophrenia, as 
compared to psychiatrically healthy subjects, was found against the glutamate ionotropic 
receptor NMDA type subunit 2D (anti-GluN2D). In a separate cohort with serum samples from 
395 young adults with a wider spectrum of psychiatric disorders, higher levels of serum 
autoantibodies targeting GluN2D were found when compared to 102 control individuals. ”





Based on the findings from all 119 patients, anti-CNS IgG autoantibodies against brain tissue were detected in 18% 
(N=22) of patients (serum 9%, CSF 18%) following five principal patterns: 

1) against vascular structures, most likely endothelial cells (serum 3%, CSF 8%); 
2) against granule cells in the cerebellum and/or hippocampus (serum 4%, CSF 6%); 
3) against myelinated fibers (serum 2%, CSF 2%); 
4) against cerebellar Purkinje cells (serum 0%, CSF 2%); and 
5) against astrocytes (serum 1%, CSF 1%). 
The patients with novel anti-CNS autoantibodies showed increased albumin quotients (p=0.026) and white matter
changes (p=0.020) more frequent compared to those who tested negative for autoantibodies.



Post-covid psychiatric disease

• EBV rectivation?
• Covid super-antigen and activates latent autoimmunity?
• Persistant infection?
• Anti-brain autoimmunity?
• Premorbid psychiatric vunerability?
• All of the above?



Late regression of autism?  

• Obsessive and increased ritualistic behaviours
• Mood and behavioural changes
• Freezing moments
• Getting stuck in the doorways
• New-onset aggression  
• Pressured speech
• Overactivity resembling hypomania, 
• Echolalia
• Stereotypies
• Impulsive behaviours
• Urine retention



Late regression of autism? Think Catatonia  



Animal Models for PANDAS

Three animal models have been utilized to demonstrate autoantibody-
mediated neuropsychiatric changes
• after crude GAS immunization of mice or rats (Hoffman et al. 2004; 

Brimberg et al. 2012), 
• after passive transfer of IgG intravenously from GAS-immunized mice

(Yaddanapudi et al. 2010)
• after transfer of IgG into the striatum of naïve rats (Lotan et al. 2014).
• In a recent fourth animal model, it was demonstrated that repeated

nasopharyngeal GAS infections resulted in trans-olfactory sterile central 
nervous system inflammation mediated by Th17 lymphocytes (Dileepan et 
al. 2016).



Antibodies From Children With PANDAS Bind
Specifically to Striatal Cholinergic Interneurons
and Alter Their Activity
Jian Xu, Ph.D., Rong-Jian Liu, Ph.D., Shaylyn Fahey, B.S., Luciana Frick, Ph.D., James Leckman, M.D., Ph.D.,
Flora Vaccarino, M.D., Ronald S. Duman, Ph.D., Kyle Williams, M.D., Ph.D., Susan Swedo, M.D.,
Christopher Pittenger, M.D., Ph.D.

Objective: Pediatric obsessive-compulsive disorder (OCD)
sometimes appears rapidly, even overnight, often after an
infection. Pediatric autoimmune neuropsychiatric disorders
associated with streptococcal infections, or PANDAS, de-
scribes such a situation after infection with Streptococcus
pyogenes. PANDAS may result from induced autoimmunity
against brain antigens, although this remains unproven. Pilot
work suggests that IgG antibodies from children with
PANDAS bind to cholinergic interneurons (CINs) in the
striatum. CIN deficiency has been independently asso-
ciated with tics in humans and with repetitive behavioral
pathology in mice, making it a plausible locus of pathology.
The authors sought to replicate and extend earlier work and
to investigate the cellular effects of PANDAS antibodies on
cholinergic interneurons.

Methods: Binding of IgG to specific neurons in human and
mouse brain slices was evaluated ex vivo after incubation with
serum from 27 children with rigorously characterized PANDAS,
both at baseline and after intravenous immunoglobulin (IVIG)
treatment, and 23 matched control subjects. Binding was

correlated with symptom measures. Neural activity after
serum incubation was assessed in mouse slices using mo-
lecular markers and electrophysiological recording.

Results: IgG from children with PANDAS bound to CINs, but
not toseveralotherneuron types,more than IgGfromcontrol
subjects, in three independent cohorts of patients. Post-IVIG
serum had reduced IgG binding to CINs, and this reduction
correlatedwithsymptomimprovement.BaselinePANDASsera
decreased activity of striatal CINs, but not of parvalbumin-
expressing GABAergic interneurons, and altered their electro-
physiological responses, inacutemousebrain slices.Post-IVIG
PANDAS sera and IgG-depleted baseline sera did not alter the
activity of striatal CINs.

Conclusions: These findings provide strong evidence for
striatal CINs as a critical cellular target that may contribute to
pathophysiology in children with rapid-onset OCD symp-
toms, and perhaps in other conditions.

Am J Psychiatry 2020; 0:1–17; doi: 10.1176/appi.ajp.2020.19070698

Obsessive-compulsive disorder (OCD) occurs in 1% to 3% of
children and adolescents in the United States, and a com-
parable fractionworldwide (1, 2). In a subset ofpediatricOCD
cases, onset ofneuropsychiatric symptoms is strikinglyabrupt;
this has been termed pediatric acute-onset neuropsychiatric
syndrome, or PANS (3, 4). In some children, symptomonset is
temporally associated with an infectious illness, often with
group A beta-hemolytic Streptococcus (GAS) (5). This natural
history, and the presence of a constellation of characteristic
associated symptoms (e.g., separation anxiety, severely re-
stricted food intake, enuresis, choreiform movements, hand-
writing deterioration), suggests that this presentation may
represent a discrete clinical entity, which has been termed
“pediatric autoimmune neuropsychiatric disorders associ-
atedwith streptococcal infections,” or PANDAS. The incidence

and prevalence of PANDAS are unknown. PANDAS and
PANS have been the focus of considerable research, and
some controversy, over three decades (5–7).

It has been suggested that PANDAS results from the
postinfectious production of antibodies that target the basal
ganglia, perhaps through the phenomenon of molecular
mimicry (8, 9). This hypothesis draws an analogy to Sydenham
chorea, a well-characterized poststreptococcal autoimmune
neurological disorder in which comorbid OCD symptoms are
often seen (5, 10–12). This pathophysiological hypothesis
implies the presence of pathogenic anti-brain antibodies in
childrenwithPANDAS (13, 14). Indeed, autoantibodies against
neuronal targets have been described in several studies, in-
cluding against lysoganglioside (15), tubulin (16), and dopa-
mine D1 and D2 receptors (D1R and D2R) (17, 18). However,

Am J Psychiatry 00:0, nn 2020 ajp.psychiatryonline.org 1

ARTICLES

Striatal Cholinergic Interneurons (CINs)
- regulate motor function
- are depleted in post-mortem brains of patients with Tourrettes
- depletion in mice à repetitive behaviors

3 findings of this study:
1)  Increased binding of antibodies to striatal CINs

(patients vs controls)
2)  IgG binding CINs reduced signaling
3) Electrophysiological data supports reduced responsiveness CINs 



Important differential diagnostics!





Utredning kräver multidiciplinär samarbete!

• Tidslinje!
• Omfattande psykiatriskt anamnes
• Reumatologiskt anamnes
• Gastroenterologiskt anamnes
• Neurologiskt anamnes
• Infektions anamnes
• Blodprov: inflammation, metabol och reumatologiskt screening
• Likvor analys: Neuroinflammation, hjärnskadamärkörer, 

autoimmna antikroppar. (Saknas i Sverige: Indirket-
immunohistokemi, Live-cell assays)
• MRI, EEG, Ibland 18-FDG-PET

Kompliceras av kognitiva
symptom, desorginaserat
beteende, känslor och tankar.
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The Uppsala Immunopsychiatry Clinic

• Started Fall 2015
• An interdisciplinary center for further investigation and possibly treatment 

of psychiatric syndromes with suspected (auto)immune pathogenesis. We 
evaluate patients referred from all over Sweden, presenting with acute or 
atypical debut of psychiatric symptoms in conjunction with infections, 
autoimmunity or risk for autoimmunity. 
• >250 patients are now evaluated

Joachim
Burman 

Gunnel 
Nordmark

Johan 
Rönnelid

David
Fällmar

Janet 
Cunningham

Barbra 
Persson

Clinical Immunology

Elisabeth 
Skoglund

ReumatologyNeurology NeuroradiologyPsychiatry



Autoimmunity and cerebral folate deficiency 
in autism spectra disorders

• Antibodies against glutathione and folate receptor-α autoantibody 
(FRAA) elevated in AST (>40%) linked to cerebral folate deficiency 
• High dose folate (50mg) improves symptoms is AST with FRAA
• Mothers with FRAA have higher risk for children with FRAA
• Test not available yet in Sweden.

Frye, Front. Neurosci., 09 March 2016 ,  J Pers Med. 2021 Aug; 11(8): 710.

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8398778/


WMA DECLARATION OF HELSINKI

• Unproven Interventions in Clinical Practice
• 37. In the treatment of an individual patient, where proven 

interventions do not exist or other known interventions have been 
ineffective, the physician, after seeking expert advice, with informed 
consent from the patient or a legally authorised representative, may 
use an unproven intervention if in the physician’s judgement it offers 
hope of saving life, re-establishing health or alleviating suffering. This 
intervention should subsequently be made the object of research, 
designed to evaluate its safety and efficacy. In all cases, new 
information must be recorded and, where appropriate, made publicly 
available.



Behandlingsmöjligheter – Vem kan ta ansvar? 

• Diet
• Antibiotika
• NSAIDs (anti-inflamatoriska)
• Steroider
• IVIG (i.v. immunoglobuliner)
• Plasmafores, cytostatika och Immunoterapi

Stor motstånd:
• “Dessa behandlingar ingår inte i vårt uppdrag

eller budget”
• “Det saknas evidens” –> Men patienterna har 

redan provat evidence baserad terapi utan att
det hjälper.

• “Vi kan inte ta ansvar för en behandling där vi 
inte kan utvärdera symptom och
behandlingssvar”

Optimera psykiatriska läkemedel -> Många psykiatriska behandlingar har
immunologisk påverkan

KBT, SSRIs, Anti-histaminer, Melatonin, (benzodiazipiner), ECT, Lithium, Clozapine..



Problems to solve

• We need to rework our definition of psychiatric disease to
incorporate new knowledge and multidisciplinary collaborations

“The symptoms are not attributable to another medical condition” 
• Incorrect interpretation of “evidence-based medicine”
• Less and less resources for the most severe patients 
• Increasing division of clinic and research creates huge bias in the data
• Underfunding of psychiatric and transdiagnostic research
• The enormous burden on relatives – patients are outside many 

support systems – parents alone in trying to navigate impenetrable  
medical care



What can we do?

• Recognize red flags, atypical trajectories, neurological soft signs and signs 
of excited catatonia.
• Complete history (inclusive family history, trajectory, specific questions 

about rheumatological symptoms, infections, extended examination)
• Treat mental health symptoms
• Treat ongoing verified infections (in some cases prophylactically)
• Treat a suspected inflammation. However, note that if clinical work-up 

reveals significant CNS inflammation, differential diagnoses should be 
considered and expanded diagnostic work-up.
• Practice humility. There is so much we still don’t understand.
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EU resurser

• https://www.ecnp.eu/research-innovation/ECNP-networks/List-ECNP-
Networks/Immuno-NeuroPsychiatry
• https://www.expand.care/
• Guidelines för “autoimmune OCD” 

https://www.nature.com/articles/s41398-021-01700-4
• Guidelines för “autoimmune psykos”

https://pubmed.ncbi.nlm.nih.gov/31669058/

https://www.ecnp.eu/research-innovation/ECNP-networks/List-ECNP-Networks/Immuno-NeuroPsychiatry
https://www.expand.care/
https://www.nature.com/articles/s41398-021-01700-4
https://www.nature.com/articles/s41398-021-01700-4
https://pubmed.ncbi.nlm.nih.gov/31669058/


Mild Covid-19 Catatonia Neuropsychiatric symptoms

Positive PCR 
SARS-CoV-2 RNA

Positive serum IgG 
SARS-CoV-2 
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Autoimmune Encephalitis Presenting with Malignant
Catatonia in a 40-Year-Old Male Patient with Covid-19

Mulder et al 2020, Am J Psychiatry, June 2021



Antibodies against hippocampus in patient 
CSF after COVID-19

1) Mulder et al Manuscript 2021, 2) Mulder J, et al , Autoimmune Encephalitis Presenting with Malignant Catatonia in a 40-Year-Old Male Patient with Covid-19. Am J of Psychiatry, 2020, In 
press (in press), 3) Virhammar J, et al Acute necrotizing encephalopathy with SARS-CoV-2 RNA confirmed in CSF. Neurology 2020;95(10):445-9.

Encephalitis Malignant Catatonia Bipolar Disease Type 1

https://ajp.psychiatryonline.org/pb-assets/journals/ajp/homepage/Autoimmune%20Encephalitis%20Presenting%20with%20Malignant%20Catatonia%20in%20a%2040-Year-Old%20Male%20Patient%20with%20Covid-19.pdf


Endres 2022, Translational Psychiatry



Model 1 a Model 2 a Model 3 a

HR (95% CI) HR (95% CI) HR (95% CI)

Interferons Ref. Ref. Ref.

Dimethyl fumarate 0.80 (0.60–1.06) 0.79 (0.59–1.05) 0.85 (0.62–1.15)

Fingolimod 0.74 (0.51–1.09) 0.75 (0.51–1.11) 0.75 (0.50–1.14)

Glatiramer acetate 1.11 (0.77–1.61) 1.12 (0.77–1.61) 0.79 (0.52–1.19)

Natalizumab 1.13 (0.88–1.47) 1.12 (0.87–1.45) 0.97 (0.73–1.28)

Rituximab 0.78 (0.61–1.00) 0.77 (0.60–0.99)* 0.72 (0.54–0.96)**

Risk of depression in multiple sclerosis across disease-modifying 
therapies - PMC (nih.gov)

Longinetti et al., Mult Scler. 2022 Apr; 28(4): 632–641.
Published online 2021 Jul 15. doi: 10.1177/13524585211031128

Rituximab

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8961249/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8961249/
https://dx.doi.org/10.1177%2F13524585211031128


Possible autoimmune psychosis

The patient must have current psychotic symptoms of abrupt onset (rapid progression of
<3 months) with at least one of the following:
• Currently or recently diagnosed with a tumour
• Movement disorder (catatonia or dyskinesia)
• Adverse response to antipsychotics, raising suspicion of neuroleptic malignant
syndrome (rigidity, hyperthermia, or raised creatine kinase)
• Severe or disproportionate cognitive dysfunction
• A decreased level of consciousness
• The occurrence of seizures that are not explained by a previously known seizure disorder
• A clinically significant autonomic dysfunction (abnormal or unexpectedly fluctuant
blood pressure, temperature, or heart rate)

Pollak et al, Lancet Psychiatry 2020;7: 93–108



For a diagnosis of probable autoimmune 
psychosis:
After exclusion of alternative diagnoses...
Current psychotic symptoms of abrupt onset (rapid progression of <3 months) with at least one of the seven clinical criteria listed 
above for possible
autoimmune psychosis and 
at least one of the following:

• CSF pleocytosis of >5 white blood cells per μL
• Bilateral brain abnormalities on T2-weighted fluid-attenuated inversion recovery MRI highly restricted to the medial 

temporal lobes
Or two of the following:

• Electroencephalogram encephalopathic changes (ie, spikes, spike-wave activity, or rhythmic slowing [intermittent 
rhythmic delta or theta activity] focal changes, or extreme delta brush (har aldrig sett hos patient med bara psykiatrisk presentation)

• CSF oligoclonal bands or increased IgG index
• serum anti-neuronal antibody detected by cell-based assay

For a diagnosis of definite autoimmune psychosis: + IgG class anti-neuronal antibodies in CSF.

Pollak et al, Lancet Psychiatry 2020;7: 93–108


