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A B S T R A C T

Background: Autoimmune-mediated encephalitis is a disease that often encompasses psychiatric symptoms as its
first clinical manifestation’s predominant and isolated characteristic. Novel guidelines even distinguish autoim-
mune psychosis from autoimmune encephalitis. The aim of this review is thus to explore whether a wide range of
psychiatric symptoms and syndromes are associated or correlate with autoantibodies.
Methods: We conducted a PubMed search to identify appropriate articles concerning serum and/or cerebrospinal
fluid (CSF) autoantibodies associated with psychiatric symptoms and syndromes between 2000 and 2020. Relying
on this data, we developed a diagnostic approach to optimize the detection of autoantibodies in psychiatric pa-
tients, potentially leading to the approval of an immunotherapy.
Results: We detected 10 major psychiatric symptoms and syndromes often reported to be associated with serum
and/or CSF autoantibodies comprising altered consciousness, disorientation, memory impairment, obsessive-
compulsive behavior, psychosis, catatonia, mood dysfunction, anxiety, behavioral abnormalities (autism, hy-
perkinetic), and sleeping dysfunction. The following psychiatric diagnoses were associated with serum and/or
CSF autoantibodies: psychosis and schizophrenia spectrum disorders, mood disorders, minor and major neuro-
cognitive impairment, obsessive-compulsive disorder, autism spectrum disorders (ASD), attention deficit hyper-
activity disorder (ADHD), anxiety disorders, eating disorders and addiction. By relying on these symptom clusters
and diagnoses in terms of onset and their duration, we classified a subacute or subchronic psychiatric syndrome in
patients that should be screened for autoantibodies. We propose further diagnostics entailing CSF analysis,
electroencephalography and magnetic resonance imaging of the brain. Exploiting these technologies enables
standardized and accurate diagnosis of autoantibody-associated psychiatric symptoms and syndromes to deliver
early immunotherapy.
Conclusions: We have developed a clinical diagnostic pathway for classifying subgroups of psychiatric patients
whose psychiatric symptoms indicate a suspected autoimmune origin.
ter Goettingen (UMG), Department of Psychiatry and Psychotherapy, Von-Siebold Str. 5, 37075, G€ottingen,

n.de (N. Hansen).

ber 2020

evier Inc. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-

mailto:niels.hansen@med.uni-goettingen.de
http://crossmark.crossref.org/dialog/?doi=10.1016/j.bbih.2020.100154&domain=pdf
www.sciencedirect.com/science/journal/26663546
www.editorialmanager.com/bbih/default.aspx
https://doi.org/10.1016/j.bbih.2020.100154
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.bbih.2020.100154
https://doi.org/10.1016/j.bbih.2020.100154


N. Hansen, M. Lipp, J. Vogelgsang et al. Brain, Behavior, & Immunity - Health 9 (2020) 100154
1. Introduction

Currently, psychiatric syndromes such as depression, psychosis, and
cognitive dysfunction are often the first or only clinical appearance of
autoimmune encephalitis in addition to seizures (Herken and Prüss,
2017; Graus et al., 2016). In this review, we thus aim to characterize the
spectrum of psychiatric symptoms and syndromes found to be associated
with serum or cerebrospinal fluid (CSF) autoantibodies in the literature
in order to develop a diagnostic pathway for these patients. Isolated
psychiatric symptoms can be associated with synaptic and neuronal au-
toantibodies in serum and/or CSF termed SNAps (synaptic and neuronal
autoantibodies associated with psychiatric syndromes) according to
Al-Diwani (2017). Recent guidelines for classifying autoimmune psy-
chosis have coined the term autoimmune psychosis (Pollak et al., 2020;
Endres et al., 2020a). In addition, autoantibody-associated psychiatric
symptoms may result from systemic inflammatory disorders such as
systemic lupus erythematosus (Kanapathy et al., 2019) or Hashimoto
encephalopathy (Churilov et al., 2019). However, autoantibodies are not
an exclusive parameter by which to diagnose autoimmune-mediated
encephalitis with psychiatric manifestations, since autoimmune en-
cephalitis might occur without detection of known antibodies (Graus
et al., 2018). The aim of our review is to describe the literature on the
psychiatric symptoms and syndromes associated with autoantibodies.
Based on the existing knowledge about autoantibody-associated psychi-
atric symptoms and syndromes, we propose a diagnostic pathway to help
to detect those psychiatric patients with associated autoantibodies sys-
tematically, and to determine the significance of these autoantibodies.

2. Approximation of the relationship between autoantibodies
and psychiatric symptoms

We conducted a PubMed search for the terms antibody in conjunction
with psychiatry, mood, affective disorder, depression, bipolar disorder,
schizophrenia, psychotic disorder, obsessive compulsive disorder, cata-
tonia, anxiety, impulse control disorder, aggressive behavior, tic disor-
der, Gilles de la Tourette syndrome, ADHD, autism, sleep disorder,
addiction and eating disorder between 2000 and February 2020 to
identify appropriate articles written in English and describing psychiatric
disorders and symptoms associated with autoantibodies from 2000 to
2020 within the article limit of references. We classified the relationship
between autoantibodies and psychiatric symptoms as an association if
serum or CSF autoantibodies and psychiatric symptoms coincided in the
same patient. The associations were in most cases either identified by
analyzing reports from patient cohorts presenting autoantibodies in
whom psychiatric symptoms had been assessed, but also from psychiatric
patient cohorts whose autoantibodies had been tested. The second
approach is usually taken for patients experiencing their first episode of
psychosis or those with psychotic symptoms admitted to acute psychi-
atric care. Our review is a narrative review and does not cover studies on
children.

3. Immune dysregulation and autoimmunity in major psychiatric
disease

Autoantibody-associated psychosis emerge as a distinct disease entity
that can be distinguished from autoimmune encephalitis. We do not yet
know whether other autoantibody-mediated psychiatric symptoms and
syndromes represent subgroups of psychiatric disorders, or depict an
independent disease entity. Our review first outlines the indications for
immune dysregulation in psychiatric disorders to provide further insights
into how autoimmunity is related to psychiatric disease and whether it
plays a role in psychiatric disease. Genome-wide association studies have
recently foregrounded the concept of immune dysregulation in psychi-
atric disorders as in schizophrenia (Ripke et al., 2014). Schizophrenia is a
severe mental disorder hallmarked by altered cognition and behavior
leading to social and working disability. Recent genetic studies revealed
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specific polymorphisms in the human leukocyte antigen (HLA) complex
involved in psychiatric disorders such as schizophrenia (Tamouza et al.,
2019b) and in specific forms of autism (Tamouza et al., 2019a) as
developmental mental disorders accompanied by impaired social and
communication skills. A recent study suggested that specific
protein-encoding genes might contribute to the development of auto-
immunity in psychiatric disorders (Pouget et al., 2019). Furthermore,
several autoimmune diseases share gene variants with schizophrenia,
and are genetically interrelated (Pouget et al., 2019) suggesting an as-
sociation between autoimmunity and schizophrenia. Besides the inter-
action of the immune system and genes, the interface between the human
brain and immune system assessable via CSF is an important step in
diagnosing immunopsychiatric diseases. CSF analysis is especially rele-
vant, as CSF abnormalities are frequently detected in conjunction with
psychiatric disorders (Endres et al., 2015; Maxeiner et al., 2009; Baum-
gaertel et al., 2019). An impaired blood-CSF barrier function might be a
prerequisite for the development of autoimmune-mediated psychiatric
symptoms such as subgroups of patients with schizophrenia (Melkersson
et al., 2018; Orlovska-Waast et al., 2019), psychosis (Melkersson et al.,
2018, Orlovska-Waast et al., 2019) or affective disorders (Orlovska--
Waast et al., 2019). Specific, elevated inflammatory proteins such as
interleukin-6 (IL-6) and interleukin-8 (IL-8) in the CSF, part of the innate
immune system, have been ascertained in patients with schizophrenia, or
with psychotic (Orlovska-Waast et al., 2019; Wang and Miller et al.,
2018) or affective disorders (Wang and Miller, 2018), supporting the
likelihood of CNS inflammation playing a role in these disorders. Innate
immune cells like the microglia are often activated in patients with
schizophrenia and bipolar disorders (Wang et al., 2018), priming CNS
autoimmunity in some subtypes of these disorders. The presented ex-
amples of autoimmune-related phenomena in major psychiatric disor-
ders point towards an underestimated relationship between
autoimmunity and psychiatric disease.

4. Antibody-associated psychiatric disease and link to
autoimmunity

The concept and relevance of autoimmune-mediated symptoms and
syndromes in psychiatric disease based on autoantibody-mediated effects
has been emphasized in catatonic patients with NMDAR (N-methyl-D-
aspartate receptor) antibodies (Rogers et al., 2019). However, the sig-
nificance of autoantibodies in serum remains incompletely understood.
There are other criteria involving specific diagnostic measures in these
patients that must be met to prove an autoimmune origin of symptoms.
Furthermore, many human-to-rodents transfer studies with different
human autoantibodies against synaptic proteins such as NMDAR,
α-amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid receptor
(AMPAR), glutamic acid decarboxylase 65 (GAD65), Glycin or
leucine-rich glioma-inactivated 1 (LGI1) derived from patients have
demonstrated altered synaptic receptor physiology and its downstream
signal cascades leading to impaired synaptic plasticity, brain pathology
and abnormalities in behavior, emotional regulation, perception and
cognition in rodents (Rauschenberger et al., 2020; Jurek et al., 2019;
Haselmann et al., 2018; Petit Pedrol et al., 2018; Planaguma et al., 2015;
Geis et al., 2012). These cause-effect studies in rodents provide a link as
to how autoantibodies might trigger psychiatric disease in animals, and
depict in analogy to rodent studies a potential basis for autoimmunity in
antibody-associated psychiatric syndromes in humans. Through this re-
view, we aim to give an overview on psychiatric symptoms associated
with autoantibodies and establish criteria by which a possible/probable
or definitive autoimmune-mediation of psychiatric symptoms is
conceivable.

5. Classification of autoantibodies

Autoantibodies are classified into categories depending on the site of
their target antigen (for review, see Tanaka et al., 2020) or on their
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association with inflammatory disorders (Nikolopoulos et al., 2020;
Barbero et al., 2019; Barbuti et al., 2017). The target antigen might be
located in the intracellular space or on the membrane surface. Antibodies
targeting intracellular antigens are mostly paraneoplastic, as a precursor
or consequence of a tumor (Gultekin et al., 2000). Intracellular anti-
bodies comprise, for example, CV2 (cronveinten 2)/CRMP5 (collapsin
response mediator protein 5), Hu, Ma1/2, SOX1, Yo and Zic4 antibodies
(Tanaka et al., 2020; Endres et al., 2020b). Another group of antibodies is
directed against intracellular antigens such as the GAD65 (glutamic acid
decarboxylase 65) antibodies that are often non-paraneoplastic (Hansen
et al., 2016, 2018). Similar to GAD65 antibodies, membrane-surface
antibodies are sometimes non-paraneoplastic, but can also be paraneo-
plastic and consist of antibodies targeting membrane receptors and
proteins such AMPAR, CASPR2 (contactin-associated protein like 2),
DPPX (dipeptidyl-peptidase-like protein 6), GABAA/BR (γ-amino butyric
acid A/B receptor), IgLON5, LGI1, mGluR 1/5 (metabotropic glutamate
receptor 1/5), Neurexin3alpha, NMDAR and Synapsin (Al-Diwani et al.,
2019; Saether et al., 2019; Dalmau and Graus, 2018; Spatola et al., 2018;
Coutino et al., 2017; Honorat et al., 2017; Pettingill et al., 2015; Boronat
et al., 2013). The type of antibodies associated with neuropsychiatric
symptoms might be significant for the underlying disease patho-
mechanism. T-cell cytotoxicity is suggested to mediate paraneoplastic
autoimmune-encephalitis (Bien et al., 2012), whereas the autoantibodies
themselves drive the pathogenic effects in membrane-bound anti-
body-associated encephalitis (Malviya et al., 2017).

A third group of antibodies may arise due to systemic inflammatory
disorders accompanying CNS inflammation such as neuropsychiatric
lupus erythematosus or Sj€ogren’s syndrome [anti-ds DNA (double-
stranded desoxyribonucleic acid) antibodies, anti-antiphospholipid
(APL) antibodies, anti-β2- glycoprotein-I (β2-GPI) antibodies, anti-
cardiolipin (CL) antibodies, lupus anticoagulans antibodies, anti-
Sj€ogren’s-syndrome-related antigen A/B antibodies (SSA (Ro)/B(La)),
smith antibody (sm), anti-ribonucleoprotein antibodies (anti-RNP)]
(Nikolopoulos et al., 2020) and antiphospholipid syndrome (APL anti-
bodies) (Aneja et al., 2020). In anti-thyroid autoimmunity associated
with psychiatric symptoms, antibodies against thyroid peroxidase (TPO)
and thyreoglobulin (TG) can be detected in serum (Barbero et al., 2019;
Barbuti et al., 2017).

6. Autoimmune encephalitis with psychiatric symptomatology

According to Graus et al. (2016), autoimmune encephalitis is a
conglomerate of subacute symptoms ranging from seizures, memory
disturbances to psychiatric abnormalities in addition to proof of an en-
cephalitis entailing signal alterations in temporal MRI, a pleocytosis in
CSF and/or temporal abnormalities in electroencephalography (EEG)
(slowing or epileptic potentials). Our literature review revealed disori-
entation, confusion, memory impairment, behavioral dysfunction, psy-
chosis, mood dysfunction, anxiety, catatonia, and sleep dysfunction as
the main psychiatric symptoms in autoimmune encephalitis associated
with antibodies against membrane surface and intracellular antigens
(Bien et al., 2019; Boronat et al., 2013; Dalmau et al., 2008; Do et al.,
2017; Finke et al., 2012; H€oftberger et al., 2015; Si et al., 2019; Spatola
et al., 2018; Tsukamato et al., 1993). Autoantibody-negative limbic en-
cephalitis is a further clinical entity of autoimmune-mediated psychiatric
symptomatology that comprises autoimmune encephalitis lacking proof
of known autoantibodies in CSF or serum (Graus et al., 2018; von Rhein
et al., 2017).

7. Psychiatric symptoms and syndromes associated with
autoantibodies

Psychiatric symptoms may appear even though autoimmune en-
cephalitis criteria have not been met. Our focus in this review is to
characterize the spectrum, but not the mechanisms of psychiatric
symptoms that might be based on autoimmunity. Below, we outline the
3

main results (Table 1, proposed simplified clinical pathway see Fig. 1,
main psychiatric symptoms and syndromes see Fig. 2) of our literature
research encompassing each psychiatric disease category and symptoms.

7.1. Cognitive dysfunction - minor and major cognitive impairment

Memory loss in conjunction with autoantibodies is often reported in
patients with dementia-like or amnestic syndrome associated with major
cognitive impairment and dementia. Serum AMPAR, NMDAR, GABAR,
CASPR2, IgLON5 and LGI1 antibodies are known to be associated with
memory loss in patients aged over 60 years without an autoimmune-
encephalitis diagnosis. Furthermore, CASPR2 and IgLON5 antibodies in
those patients are associated with a cognitive dysfunction of progressive
nature (Escudero et al., 2017). Memory impairment is reported mainly in
patients presenting membrane-surface antibodies such as AMPAR,
CASPR2, GABAAR, LGI1, myelin oligodendrocyte glycoprotein (MOG),
NMDAR, pre glycine receptor alpha 1 (pre-GLRA1) and Rho
GTPase-activating protein 26 (ARHGAP26) serum antibodies (Bartels
et al., 2020; Escudero et al., 2017; Pettingill et al., 2015; Somers et al.,
2011) (Table 1). Minor or mild cognitive impairment is a symptom often
reported in patients with systemic lupus erythematosus associated with
cardiolipin (CL) immunoglobulin M (IgM) antibodies (Kanapathy et al.,
2019). Our findings reveal that memory decline is a frequently observed
phenomenon in psychiatric patients presenting with associated
membrane-surface autoantibodies, although their biological significance
remains unclear and yields low to moderate evidence for underlying
autoimmunity (see Table 1, Fig. 2).

7.2. Schizophrenia spectrum disorders and psychosis

In presumed psychosis and schizophrenia spectrum disorders associ-
ated with psychotic symptoms, various antibodies in serum have been
reported: α7nAChR (alpha 7 subunit nicotinergic acethylcholine recep-
tor), CV2/CRMP5-, CRHM1 (cholinergic receptor, muscarinergic 1),
DPPX, GABAAR, HuD, LGI1, NMDAR, Recoverin, Synapsin and VGKC
(Chandley et al., 2009; Dahm et al., 2014; Endres et al., 2015; Grain et al.,
2017; Lennox et al., 2017; Mantere et al., 2018; Oviedo-Salcedo et al.,
2018; Sæther et al., 2017, 2019; Shiwaku et al., 2020, Steiner et al.,
2013;Tanaka et al., 2003; Tong et al., 2019; Yarlagadda, 2008; Zandi
et al., 2011; Zandian et al., 2017) (Table 1). A much smaller group of CSF
antibodies (CV2/CRMP5, DPPX, Hu, NMDAR, VGKC and Yo-antibodies,
Table 1) is known to be associated with psychotic disorders (Endres et al.,
2015) suggesting a high probability of this disorder’s CNS autoimmune
origin (Tables 1 and 2). NMDAR antibodies have frequently been
detected in schizophrenic patients (Tong et al., 2019; Steiner et al.,
2013). There is research evidence that psychotic symptoms are associ-
ated with the levels of antibodies in patients compared to controls, ie,
those of NMDAR (Tong et al., 2019) or GAD65 antibodies (Yarlagadda
et al., 2008). Assessing antibodies, neuroimaging and CSF diagnostics are
all relevant to diagnose a probable or definitive autoimmune-mediated
psychosis (Pollack et al., 2020). EEG and MRI are important diagnostic
tools in these patients, as two-thirds of all patients in large 180-patient
cohort with psychotic disorders had pathological MRIs and EEGs. How-
ever, an autoimmune psychosis was not diagnosed in all of those patients
with EEG or MRI abnormalities (Endres et al., 2015). If CSF abnormalities
are analyzed in detail, not only CSF pleocytosis, but also intrathecal IgG
synthesis (e.g. oligoclonal bands) should be considered as relevant in-
dicators for a CNS inflammation in patients presenting with severe psy-
chiatric syndromes. This observation is strengthened by recent data
demonstrating that intrathecal IgG synthesis (IgG synthesis by using
Reiber graphs, elevated IgG index, oligoclonal bands) is quite often
present in patients exhibiting psychotic symptoms and with detectable
autoantibodies (Blinder and Lewerenz, 2019; Endres et al., 2015; Mel-
kersson et al., 2018). We thus recommend incorporating these parame-
ters in the diagnostic procedure to determine an autoimmune origin for
psychiatric symptoms (Fig. 1, Table 2).



Table 1
Psychiatric disorders and symptoms associated with autoantibodies in adults.

DISORDERS/
SYMTPOMS

ABS ASSCOCIATED REFERENCES

PSYCHIATRIC DISORDERS
A. CSF
Psychosis CV2/CRMP5, HuD,

NMDAR,VGKC, Yo
Endres et al., 2015, Endres
et al., 2020b

B. Serum
First Episode Psychosis,
Psychosis, Post partum
Psychosis, induced
Psychosis,
Schizophrenia

α7nAChR, AMPAR, ANA,
APL, CASPR2, CLβ2GPI,
CV2, dsDNA, GABAAR,
GAD65, HuD, LGI1, Ma1/
2, MOG, NMDAR,
Recoverin, P (2 B, 2, 5),
RNP, sm, SOX1,SSA/,SSB,
P (2 B, 2, 5), RNP, sm,
SOX1,SSA/,SSB, Synapsin,
TPO, TG,VGKC, Yo, Zic4

Ando et al., 2016; Barbero
et al., 2019; Chandle et al.,
2009; Dahm et al., 2014;
Endres et al., 2020b; Grain
et al., 2017; J�ez�equel
et al., 2017b, Lennox
et al., 2017; Mantere et al.,
2018; Nikolopoulos et al.,
2020, Oviedo-Salcedo
et al., 2018; Saether et al.,
2017, 2019; Steiner et al.,
2013; Shiwaku et al.,
2020; Tanaka et al., 2003;
Tong et al., 2019;
Yarlagadda et al., 2008;
Zandian et al., 2017;
Zandi et al., 2011

Bipolar disorder/Mania ATPA, AMPAR, CASPR2,
GAD65, NMDAR, Ma1,
TPO, TG, VGKC

Barbuti et al., 2017;
Endres et al., 2020b;
Padmos et al., 2004;
Schou et al., 2016; Steiner
et al., 2013

Depressive disorder CASPR2, CRHM1, GAD65,
HuD, NMDAR, SOX1,
Synapsin

Endres et al., 2020b;
Saether et al., 2019; Schou
et al., 2016, 2018; Steiner
et al., 2013; Tanaka et al.,
2003

Obsessive-Compulsive
disorder

ABGA Nicholson et al., 2012;
Pearlman et al., 2014

ADHD PC Haukanes et al., 2015.
Mazon-Cabrera et al.,
2019

CASPR2, CRMP1/2, 5-
HTR, NAFP, GFAP

Autism spectrum
disorder

GAD65, GM Mazon-Cabrera et al.
(2019)

Gilles de la Tourette
syndrome

ABGA Martino et al. (2008)

Eating disorder Ghrelin, α-MSH Fetissov et al., 2005;
Terashi et al., 2011

Addiction Glutamate, GABA Vetrile et al. (2015)
PSYCHIATRIC SYMPTOMS
A. CSF
Psychosis as syndrome (see A)
Sleep dysfunction IgLON5 Honorat et al. (2017)
B.Serum
Psychosis as syndrome (see A)
Mood dysfunction ANA, AMPAR, APL,

CASPR2, CLβ2GPI,
dsDNA, GABAAR, GAD65,
NMDAR, RNP, sm, SSA/
SSB, VGKC

Ando et al., 2016; Samra
et al., 2019; Nikolopoulos
et al., 2020; Schou et al.,
2016, 2018; Somers et al.,
2011

Cognitive dysfunction ARHGAP26, AMPAR,
CASPR2, CL, GABAAR,
Hu, LGI1, MOG, NMDAR,
PRE-GLRA1

Bartels et al., 2020;
Escudero et al., 2017;
Kanapathy et al., 2019;
Pettingill et al., 2015;
Somers et al., 2011

Catatonia GABAAR, NMDAR Ando et al. (2016)
Anxiety APL, GABAAR, GAD65,

NMDAR, VGKC
Ando et al., 2016;
Henningsen and Meinck,
2003; Pettingill et al.,
2015; Somers et al., 2011;
Sadetski et al., 2018

Orientation, confusion AMPAR, CASPR2,
GABABR, LGI1, NMDAR,
VGKC, GABAAR, DR1,
lysoganglioside

Escudero et al., 2017;
Somers et al., 2011;
Pettingill et al., 2015; Cox
et al., 2015

Behavioral dysfunction CASPR2, GAD65,
GABAAR, NMDAR

Pettingill et al., 2015;
Schou et al., 2018

Sleep dysfunction IgLON5 Honorat et al. (2017)

Abbreviations: ABGA ¼ anti basal ganglia antibodies, ADHD ¼ attention deficit
hyperactive disorder, ARHGAP26 ¼ Rho GTPase-activating protein 26, α-MSH ¼
alpha melanocyte-stimulating hormone, AMPAR ¼ α-amino-3-hydroxy-5-
methyl-4-isoxazolepropionic acid, ANA ¼ antinuclear antibodies, ATPA ¼ H/K
adenosine triphosphate, CASPR2 ¼ contactin-associated protein 2, CL ¼ car-
diolipin, β2GPI ¼ β2 glycoprotein, CRHM1 ¼ cholinergic receptor muscarinic 1,
CRMP1/2 ¼ collapsing response mediator protein 1/2, CV2/CRMP5 ¼ cron-
veinten 2/collapsin response mediator protein 5, dsDNA ¼ double strand DNA,
DPPX¼ dipeptidyl-peptidase-like-protein 6, GABAA/BR¼Gamma-aminobutyric
acid A/B receptor, GAD65 ¼ glutamic acid decarboxylase 65, GM1 ¼ ganglio-
side-monosialic acid, LGI1 ¼ leucine-rich glioma inactivated 1, MOG ¼ myelin
oligodendrocytic glycoprotein, NAFP ¼ human neuron axon filament protein,
NMDAR ¼ N-methyl-D-aspartate receptor, PAGE (2, 2 B, E5) ¼ P antigen (2, 2 B,
E5), PC ¼ Purkinje cell, PRE-GLRA1 ¼ pre glycine receptor alpha 1, RNP ¼
ribonucleoprotein, sm ¼ smith antibody, SSA/B ¼ Sj€ogren’s-syndrome-related
antigen A/B, VGKC ¼ voltage gated potassium channel, 5-HTR ¼ serotonin
receptor.
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A current hypothesis for inducing psychosis proposes (J�ez�equel et al.,
2017a) a glutamatergic hypofunction resulting from altered NMDAR
transmission due to NMDAR autoantibodies. Furthermore, altered
dopaminergic transmission could be caused by NMDAR-antibodies
altering the dopamine D1-receptor and trafficking on the membrane
surface (Grea et al., 2019). These assumptions are based on animal data
describing glutamatergic hypofunction and dopaminergic hyperfunction
reinforcing the “glutamate” (Kim et al., 1980) and “dopamine” hypoth-
eses (Meltzer and Stahl, 1976) that describe the origin of psychotic
(positive) symptoms in schizophrenia. The crucial role of NMDAR anti-
bodies in subgroups of schizophrenic patients are supported by the
frequently reported observation of associated NMDAR antibodies in pa-
tients suffering their initial episode of psychosis (Lennox et al., 2017;
J�ez�equel et al., 2017b). This potential relationship is further supported
by the correlation between the antibody serum status and psychotic and
catatonic symptoms in the acute psychotic phase (Lennox et al., 2017),
unless the mechanisms are incompletely understood.

TPO antibodies seem to correlate with symptom expression in psy-
chotic patients in addition to NMDAR (Barbero et al., 2019). Neverthe-
less, the mechanistic foundation of these findings is unclear. Besides
NMDAR-dependent hypofunction, a cholinergic deficit driven by
autoantibody-mediated effects might also contribute to psychotic symp-
toms, as anti-muscarinic acetylcholine-receptor antibodies have been
found in subgroups of schizophrenic patients (for review see Ryan et al.,
2019). Psychotic symptoms are also frequently observed as the neuro-
psychiatric manifestation of an underlying systemic lupus erythematosus
(SLE) associated with diverse autoantibodies such as antinuclear anti-
bodies (ANA), anti-APL, anti-dsDNA, anti-CL/β2-GPI complex, anti-RNP,
anti-sm and/or anti-SSA (Ro)/SSB(La) or in Hashimoto’s encephalopathy
(Nikolopoulos et al., 2020; Menon et al., 2011). Furthermore, in anti-
phospholipid antibody syndrome, psychosis with acoustic hallucinations
and/or delusions is the predominant psychiatric manifestation and
responsive to treatment (Hallab et al., 2017).

7.3. Mood dysfunction

7.3.1. Depressive syndrome
Depressive disorders are known to be associated with neuronal serum

antibodies to a lesser extent than psychotic disorders (Schou et al., 2016).
Depressive symptoms were reported in a large cohort to be associated
with neuronal serum antibodies against CASPR2, GAD65 and NMDAR
(Schou, 2018). Serum AMPAR, CASPR2, GABAAR, NMDAR and VGKC
antibodies have often (Ando et al., 2016; Schou et al., 2016; Somers et al.,
2011) been associated with depressive symptoms. NMDAR-antibody
encephalitis can also present with unipolar depressive episodes (Al-Di-
wani et al., 2019). Likewise, neuropsychiatric systemic lupus erythema-
tosus and Hashimoto’s encephalopathy might present with depressive
symptoms accompanied by the typical antibody spectrum (Table 1)



Fig. 1. Clinical pathway for diagnostics of
autoantibody-associated psychiatric
symptoms and syndromes in adults.
Fig. 1 demonstrates a simplified clinical
pathway. Consider in particular subacute
(aPS) or subchronic (cPS) psychiatric syn-
drome with the following suspected diag-
nosis subgroups [ ¼ psychosis and
schizophrenia spectrum disorders, mood
disorders, minor and major neurocognitive
impairment, obsessive-compulsive disorder,
autism spectrum disorders, attention deficit
hyperactivity disorder, anxiety disorders,
eating disorders and addiction] and one
symptom of the following symptom cluster
[# ¼ altered conciousness, disorientation,
memory dysfunction, mood dysfunction,
psychosis, catatonia, anxiety, obsessive-
compulsive, behavioral abnormalities
(autism, hyperkinetic, impulsive) and sleep
dysfunction]. If prior diagnostics are already
performed in cPS (cPS*), serum antibodies
(sABS) or serum elevations of neurofilaments
(sNfl) or flags justify additional diagnostics
(EEG, MRI/FDG-PET or CSF).
Abbreviations: ABS ¼ auto-antibodies, a/c
APS ¼ subacute or subchronic autoimmune
psychiatric syndrome, a/c PS ¼ subacute or
subchronic psychiatric syndrome, EEG ¼
electroencephalography, NP ¼ neuropsy-
chological testing, FDG-PET ¼ fluorodesox-
yglucose positron emissions tomography,
MRI ¼ magnetic resonance imaging. *means
cPS with prior diagnostics (EEG, MRI, CSF).
cPS* þ sABS/sNflþ/flags ¼ cPS with prior
diagnostics and presence of serum ABS/or
serum Nfl elevations or flags.
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(Menon et al., 2011; Nikolopoulos et al., 2020). The autoantibody
spectrum in serum is mildly distinct when patients with diagnosed
depressive disorders are examined [CRHM1 (CRHM1 ¼ cholinergic re-
ceptor, muscarinergic 1), CASPR2, GAD65, NMDAR and Synapsin anti-
bodies] (Schou et al., 2016, 2018; Steiner et al., 2013; Tanaka et al.,
2003; Saether et al., 2019). The diversity and frequency of serum anti-
bodies associated with depressive symptoms suggest depressive symp-
toms as a major component of antibody-associated psychiatric
5

symptomatology.
However, there are no studies to date involving cohorts of patients

with depressive disorders and systematic CSF. Thus, the significance of
autoantibodies for subgroups of depression remains vague and requires
further investigation.

7.3.2. Depressive and manic syndrome
Bipolar affective disorder (BD) patients suffer from alternating mood



Fig. 2. Main psychiatric symptoms and syndromes relevant for screening of autoantibodies.
Blue colour indicates associated serum antibodies, whereas the orange colour implies associated serum and/or CSF antibodies. (For interpretation of the references to
colour in this figure legend, the reader is referred to the Web version of this article.)
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states encompassing a gradual spectrum over time ranging from
depression to mania. Patients with bipolar disorder frequently present
with antibodies against AMPAR, ATPA (H/K Adenosin Triphosphat),
CASPR2, GAD65, NMDAR and VGKC complex in serum (Padmos et al.,
2004; Schou et al., 2016; Steiner et al., 2013). The serum antibody fre-
quency seems to resemble those with psychotic disorders, as GAD65
antibodies have been reported in 11–12% of patients with BD compared
to 3–6% in controls (Padmos et al., 2004), indicating that BD is a disease
accompanied relatively often by serum autoantibodies like psychosis in
comparison with other psychiatric diseases. Moreover, in addition to
GAD65 antibodies, patients with suspected BD should be screened for
systemic inflammatory disorder antibodies such as thyroid autoanti-
bodies because they are an independent risk factor for BD (Barbuti et al.,
2017). In particular, the rapid cycling BD subtype is associated with
thyroidperoxidase-antibodies (Snijders et al., 2019). Serum levels of
antibodies such as NMDAR antibodies also play a key role in the devel-
opment of an acute manic, untreated mood state (Ferensztajn-Rochowiak
et al., 2019). Surprisingly, mania-like symptoms such as euphoria may
often be the first symptom in patients with NMDAR encephalitis, as
indicated in a recent study by Restrepo-Martinez (2019), thus screening
for NMDAR-antibodies is clinically relevant in patients presenting an
acute onset of mania combined with a psychopathology characterized by
a strong sense of delight and a lack of inhibition. This study further
highlights the importance of obtaining CSF in patients presenting acute
manic syndrome (Fig. 1). As in individuals suffering from depression, the
6

role of autoantibodies in those affected by bipolar disorder is unclear, as
CSF antibodies have not been detected in a small study and other sys-
tematic studies are missing (Endres et al., 2016).

7.3.3. Anxiety symptoms
Serum antibody-distribution identified in patients with diverse anx-

iety symptoms comprises APL, GABAR, GAD65, NMDAR antibodies
(Ando et al., 2016; Henningsen and Meinck, 2003; Pettingill et al., 2015;
Somers et al., 2011) (Table 1). In addition, the symptom anxiety is
apparently associated with GABAA receptor serum antibodies (Table 1,
Pettingil et al., 2015). The anxiety symptomatology could be explained
by alterations in the GABAergic inhibitory neurotransmission due to CSF,
but not serum GABAAR antibodies. Although less frequent than depres-
sive or psychotic symptoms, serum antibodies have also been detected in
patients with anxiety symptoms and disorders (Table 1).

Of note, anxiety is a widespread psychiatric symptom in patients with
VGKC complex autoimmunity and Hashimoto’s encephalopathy (Somers
et al., 2011; Menon et al., 2011). CSF antibodies have not been studied in
anxiety disorders so far.

7.3.4. Phobic symptoms
Phobias are characterized by anxiety to specific objects or situations,

and are rarely associated with autoantibodies. However, some autoim-
mune disorders such as comorbid autoimmune disorders like GAD65
antibody-positive stiff person syndrome often have a phobic phenotype -



Table 2
Definitions of autoimmune based psychiatric syndrome.

A. POSSIBLE AUTOIMMUNE PSYCHIATRIC SYNDROME
a) a/cAPS:
o with one or more of the following diagnosis:
Psychotic and schizophrenia spectrum disorders, mood disorders, minor and major
neurocognitive impairment, anxiety disorders, obsessive compulsive disorder,
attention deficit hyperactivity disorder, autism spectrum disorders, addiction, and
eating disorders.
o or with one or more symptoms of the following symptom or syndrome domains:
Altered conciousness, disorientation, cognitive dysfunction, obsessive-compulsive,
psychosis, catatonia, mood dysfunction, anxiety, behavioral abnormalities (autism,
hyperkinetic) and sleep dysfunction.
b) a/cPS with one of the following items:
1 Actual or recent diagnosis of a tumor
2 Movement disorder (catatonia, hypo- or hyperkinetic movements)
3 Adverse response to antipsychotics or antidepressants, DD neuroleptic malignant

syndrome
4 Severe cognitive dysfunction
5 Altered consciousness
6 Seizures
7 Optic hallucinations
8 Infectious prodrome with fever
9 Aphasia, dysathria, mutism
B. PROBABLE AUTOIMMUNE PSYCHIATRIC SYNDROME
a) a/cPS with one the following nine items:
1 Actual or recent diagnosis of a tumor
2 Movement disorder (catatonia, hypo- or hyperkinetic movements)
3 Adverse response to antipsychotics or antidepressants, DD neuroleptic malignant

syndrome
4 Severe cognitive dysfunction
5 Altered consciousness
6 Seizures
7 Optic hallucinations
8 Infectious prodrome with fever
9 Aphasia, dysathria, mutism
b) a/cPS with one of the following items:
o CSF pleocytosis of >5 μl white blood cells per μL or ntrathecal IgG synthesis
o Uni- or bilateral brain abnormalities/unilateral brain abnormalities on T2-weighted

fluid-attenuated inversion recovery MRI highly restricted to temporal lobe/hyper-
intense lesions outside the limbic system

Or a/cPS with two of the following items:
o EEG changes [spike, spike wave, rhythmic slowing changes, extreme delta brush,

FIRDA or TIRDA (frontal or temporal irregular delta activity)]
o Presence of serum auto-antibodies
o High Tau/or Nfl changes related to acute phase
C. DEFINITIVE AUTOIMMUNE PSYCHIATRIC SYNDROME
a) Probable a/cAPS with IgG class auto-antibodies in CSF
b) These criteria do not exclude an episode if a previous psychiatric episode that has

already terminated

Abbreviations:a/cAPS ¼ subacute or subchronic autoimmune based psychiatric
syndrome, a/cPS ¼ subacute or subchronic psychiatric syndrome, DD ¼ differ-
ential diagnosis, EEG ¼ electroencephalography, IgG ¼ immunoglobulin G, MRI
¼ magnetic resonance imaging, Nfl ¼ neurofilament light chain.
The proposed definitions have been developed in consideration of the criteria for
autoimmune psychosis from Pollak (2020) and autoimmune encephalitis from
Graus (2016).

Table 3
Important clinical features as indicators for autoimmune involvement in adults.

RED FLAGS
Aphasia, mutism, or dysarthriaþ

Autonomic disturbance
Central hypoventilation
Decreased level of consciousnessþ

Epileptic Seizuresþ

Faciobrachial dystonic seizures
Focal neurological disease
Hyponatraemia (not explained by medication)
Infectious prodrome with feverþ

Movement disorder (eg, catatonia, hypo-or hyperkinetic movements)þ

New-onset severe headache or clinically significant change in headache pattern
Adverse response to antipsychotics or antidepressants or other psychopharmacologic
drugsþ

Optic hallucinationsþ

Other autoimmune disorders
Paresthesia
Presence of a tumor, or history of a recent tumorþ

Presence of neuroleptic malignant syndrome
Severe otherwise not explained cognitive dysfunctionþ

YELLOW FLAGS
Confusion
Dynamic course
Early resistance to therapy
Fluctuating psychopathology
Psychomotor symptoms

Red and yellow flags are modified from Herken and Prüss (2017); DGPPN e.V.
(Hrsg.) 2019, Pollak et al. (2020). Symbol: þ ¼ item classifies into probable
subacute or subchronic autoimmune based psychiatric syndrome.
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usually a task-specific phobia (Henningsen and Meinck, 2003). Although
the mechanism is not fully understood, in passive man-to-rat transfer
experiments, we attributed GAD65 antibody-mediated anxiety to
immunoglobulin deposits in the basolateral amygdala (Hansen et al.,
2013). In addition to intracellularly-located antibodies, plasma
membrane-bound APL antibodies are interesting to look for in phobic
patients also, as they have been identified in phobic patients (Sadetski
et al., 2018). Screening for autoantibodies should be considered in
phobic patients presenting with a degree of phobia corresponding to a
psychiatric syndrome coinciding with red or yellow flags (Tables 2 and
3).
7.4. Obsessive-compulsive symptoms

Obsessive-compulsive disorder (OCD) is characterized by compulsory
actions and/or thoughts. Neuronal serum antibodies such as dopamine
7

D1 receptor (DR1) antibodies (Cox et al., 2015), lysoganglioside anti-
bodies (Cox et al., 2015) and GABAAR (Pettingil et al., 2015) antibodies
are associated with OCD symptoms in affected patients. Purkinje cells
(PC) CSF antibodies would suggest a dysfunction in dopaminergic syn-
aptic transmission within the cortico-striatal-thalamic-cortical circuit
known to be affected in OCD (Xing et al., 2020). According to a review of
844 patients from case-control studies, OCD was diagnosed more
frequently in those patients with serum anti-basal ganglia antibodies
(ABGA) than in those without those antibodies (Pearlman et al., 2014). In
another study of 96 patients with OCD, ABGA antibodies were detected
in 20% of the patients versus 4% of controls (Nicholson, 2012) suggesting
possible neuroinflammatory reactions within the basal ganglia system;
the cortico-striatal-thalamic-cortical circuit plays a relevant role in
inducing OCD symptoms in patients when other signs of CNS inflam-
mation coincide. Studies on the prevalence of antibodies in CSF of OCD
patients are lacking in adults.
7.5. Behavioral abnormalities

7.5.1. Autism spectrum disorder
Autism spectrum disorders (ASD) encompass a condition of deficits in

social skills in conjunction with repetitive sensory-motor behaviors (Lord
et al., 2018). In patients with ASD, autoantibodies against diverse anti-
gens have been identified such as serotonin 5 (5-HT) receptor, human
neuron axon filament protein (NAFP), glial fibrillic acid protein (GFAP),
GAD65 and ganglioside-monosialic acid (GM1) antibodies (Mazon-Cab-
rera et al., 2019). This supports the heterogeneity of autism’s spectrum
immunity mechanisms that underlie a specific immune mechanism
responsible for symptom induction. Furthermore, other serum autoanti-
bodies such as CASPR2, CRMP1 (collapsin response mediator protein 1),
and CRMP2 (collapsin response mediator protein 2) have been identified
(Mazon-Cabrera et al., 2019) in both autistic patients and the mothers of
ASD patients – a finding that supports a potential transfer of maternal
antibodies during birth. It is conceivable that these autoantibodies might
have an impact on brain development. Serum GAD65 antibodies were
detected in 15% of 20 patients with autism. ASD serum immunoreactivity
with PC in mouse cerebellum might support the cerebellum as a crucial
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structure for ASD immunopathology, as shown in functional neuro-
imaging studies (Rout et al., 2012).

7.5.2. Attention deficit hyperactivity disorder
Attention deficit hyperactivity disorder is characterized by hyperac-

tivity, impulsivity, and attentional deficits. In 21% of 48 patients with
ADHD, serum PC-antibodies (Haukanes et al., 2015) possibly associated
with these patients’ clinical features (ie, hyperactivity and impulse con-
trol deficits) and may be further evidence of CNS inflammation. Studies
on the prevalence of antibodies in CSF of ADHD patients are lacking in
adults.

7.5.3. Gilles de la Tourette syndrome
Gilles de la Tourette syndrome (TS) is a disorder characterized by

combined vocal or motor tics. Oligoclonal bands were detected in the CSF
of 5% of 20 patients (Baumg€artel et al., 2019) suggestive of CNS
inflammation in a minority of Gilles de la Tourette syndrome patients.
Serum ABGA (Martino, 2008), but no other neuronal antibodies
(Baumg€artel et al., 2019) have been identified so far in TS. However, no
CSF ABGA antibodies have yet been proven. As a possible pathophysio-
logical basis of TS, neuroinflammation in the
cortico-striatal-thalamic-cortical circuit similar to that diagnosed in OCD
patients is conceivable - indicating this circuit as a common pathogenic
pathway in subtypes of these disorders.
7.6. Eating abnormalities

Patients with anorexia nervosa and bulimia nervosa reveal abnormal
eating behavior, and they present evidence of increased IgM antibodies
levels against alpha melanocyte-stimulating hormone (α-MSH) compared
to controls (Fetissov et al., 2005). These IgM α-MSH antibodies correlate
with the main clinical psychopathological features of these eating dis-
orders (Fettissov et al., 2005), supporting potentially acute immune
involvement of the melanocortin system in generating the psychopath-
ological features of eating disorders. Further studies are required to gain
deeper insights into the immunopathology of these disorders. Other au-
toantibodies in patients with anorexia nervosa might indicate renutrition
in patients suffering acute weight loss, such as IgM autoantibodies
against acylated ghrelin (Terashi et al., 2011). Studies on the prevalence
of antibodies in serum/CSF of patients with eating disorders are lacking
in adults.
7.7. Addictive symptoms

There is limited evidence for autoimmunity in subgroups of addicted
patients, as only serum autoantibodies against glutamate and GABA were
detected in a large series of 129 opium-addicted patients (Vetrile et al.,
2015).
7.8. Sleep dysfunction

Sleep dysfunction incorporates insomnia and in particular para-
somnia, a disorder characterized by abnormal behaviors or movements
during rapid eye movement (REM) or non-REM sleep. These disorders
and sleep apnea are known to be closely associated with serum and CSF
IgLON5 antibodies (Honorat et al., 2017). How IgLON5 antibodies are
associated with sleep disorders is incompletely understood, but we sus-
pect that the thalamus or formatio reticularis are targets of IgLON5 an-
tibodies interfering with sleep-relevant rhythmic generators. IgLON5
antibodies should be screened in patients suffering from severe sleep
dysfunction (Table 3). Interestingly, severe insomnia is also a cardinal
symptom of Morvan syndrome and thus often present in patients with
VGKC complex autoimmunity (Cornelius et al., 2011).
8

8. Proposal of diagnostic approach

8.1. Clinical spectrum of psychiatric symptoms

Although most studies and clinical pathways have focused on psy-
chosis so far, our literature review underlines the broad variability of
psychiatric disorders and symptoms that are implicated in autoantibody-
mediated disorders. Thus, we suggest that serum and CSF autoantibodies
should be assessed in all patients presenting aPS [subacute (�3 months)
psychiatric syndrome] or cPS [subchronic (�3 months) psychiatric syn-
drome] with no prior diagnostic tests (EEG, MRI, CSF) in conjunction
with CSF analysis, EEG and MRI (Fig. 1, Table 2). For cPS including prior
to diagnostic tests, additional red or yellow flags should be present to
warrant a serum autoantibody investigation (Fig. 1, Tables 2 and 3). We
recommend autoantibody screening in the patient groups we depict
(patients need to be given detailed facts and information, and should
provide informed consent prior to diagnostic lumbar puncture, see
ethical aspects) so that the clinician can decipher the psychiatric syn-
dromes associated with autoantibodies (assuming a potential pathogenic
role of these autoantibodies in psychiatric symptomatology). This pre-
sumption is based on the aforementioned studies and the known cause-
effect human autoantibody-to-rodent transfer investigations (Rau-
schenberger et al., 2020; Jurek et al., 2019; Haselmann et al., 2018; Petit
Pedrol et al., 2018; Planaguma et al., 2015; Hansen et al., 2013; Geis
et al., 2012). According to our literature review findings and the
above-mentioned associations between psychiatric symptoms and serum
autoantibodies, we suggest to screen for antibodies in serum or CSF.
Antibody screening is advisable when an a/cPS is in agreement with one
of the following assumed diagnoses, e.g., psychosis and schizophrenia
spectrum disorders, mood disorders, minor and major cognitive impair-
ment, obsessive-compulsive disorder, autism spectrum disorders (ASD),
attention deficit hyperactivity disorder (ADHD), anxiety disorders, eating
disorders and addiction or symptom clusters such as an altered con-
sciousness, disorientation, memory dysfunction, obsessive-compulsive,
psychosis, catatonia, mood dysfunction, anxiety, behavioral abnormal-
ities (autism, hyperkinetic) and sleep are present (Figs. 1 and 2, Tables 2
and 3). The CSF analysis should include cell count, lactate, and the
complete CSF protein chemistry including blood–CSF–barrier function
analysis (albumin quotient, total protein) and evaluation of intrathecal
synthesis of immunoglobulins (IgA, IgG, IgM) according to quantitative
measurement and Reiber calculation as well as a qualitative demon-
stration of the intrathecal IgG synthesis (oligoclonal bands).

8.2. Autoantibody panel

We suggest to test for the following antibody panel comprising the
following serum antibodies: (1) paraneoplastic antibodies such as anti-
Amiphiphysin, -CV2/CRMP5, -Hu, -Ma1/Ma2/Ta, -Ri, -Yo, -SOX1,-Tr/-
DNER, -Zic4, (2) anti-GAD65 antibodies and (3) antibodies against
membrane-surface antigens such as anti-AMPAR-, -CASPR2,- DPPX,-
GABAA/BR, -LGI1, -NMDAR, -VGKC and (4) the serum antibodies TPO,
TG, TRAK and ANA. Furthermore, if the patient agrees to CSF analysis
(see ethical aspects), we advise testing CSF antibodies in groups (2) and
(3) (Fig. 1). Furthermore, we recommend testing for additional anti-
bodies [Serum þ CSF: ABGA, H/K adenosine triphosphate (ATPA),
αChR7, CRHM1, glia fibrillic acid protein (GFAP), IgLON5, lysoganglio-
side (LG), mGluR5, neurexin3α and synapsin; serum: ghrelin, α-MSH,
CRMP1/2, NAFP or PC] if standard panel values are negative (Table 1,
Fig. 1). If the analysis of serum antibodies reveals ANA antibodies,
further specific tests for systemic inflammatory disorders should be done
[APL, complement factors, dsDNA antibodies and extractable nuclear
antigen (ENA)]. Furthermore, if certain clinical features such as lupus
erythematosus with a depressive or psychotic appearance is present
(Table 1), the following serum autoantibodies could be searched for
(anti-CLß2GPI, anti-sm, anti-RNP, anti-SSA (Ro)/SSB(La)).

For CSF or serum-antibody testing in a/cPS patients, we recommend
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using cell-based assays (CBA) for antibodies against membrane-surface
antigens, immunoblots (IB) to test for paraneoplastic antibodies by re-
combinant target antigens, on test stripes and enzyme-linked immuno-
sorbent assays (ELISA) combined with absorption-spectrometry to detect
GAD65 antibodies. These testing procedures should be followed by
testing tissue-based systems via indirect immunofluorescence and
immunohistochemistry to confirm previous specific antibodies
(Schwenkenbecher et al., 2016) or to detect hints for novel antibodies
such as unknown Purkinje cell antibodies (Schwenkenbecher et al.,
2018). These methods can help us differentiate between neuropil and
non-neuropil antibodies observed as a reaction by the serum/CSF from
patients to cerebellar or hippocampal monkey, rat or mouse brain tissue.
Non-neuropil antibodies may indicate paraneoplastic antibodies. Thus,
we recommend tumor screening in those patients (Fig. 1). If neuropil
antibodies are detected, further antibody tests for antibodies against
membrane-surface antigens in CSF should be undertaken [groups (2) þ
(3)]. If non-neuropil antibodies are positive in serum, testing should be
considered for non-neuropil antibodies in the CSF too. If serum anti-
bodies are present in patients with cPS with prior diagnostics, further
diagnostics are essential, such as CSF, EEG and MRI (Fig. 1).

8.3. Clinical indicators of possible autoimmunity

Additional clinical and laboratory features (called red and yellow
flags (Table 3) by Herken and Prüss (2017) and others (Pollak et al.,
2020; DGPPN e.V. 2019) may help to identify patients with autoimmune
encephalitis or those with a subacute/subchronic autoimmune based
psychiatric syndrome (a/cAPS). Specific red flags (one of 9 items: Ta-
bles 2 and 3) mean a possible a/cAPS, leading to more elaborate di-
agnostics via EEG, MRI and CSF in patients with cPS with prior
performed diagnostics (EEG, MRI, CSF) (Fig. 1, Table 2). 9 red flags have
been identified as crucial for an autoimmune involvement. To identify
these 9 red flags, the 6 red flags critical for autoimmune psychosis have
been selected according to Pollak et al. (2020) (tumor, movement dis-
order, seizures, adverse response to psychopharmacologic drugs, severe
cognitive dysfunction, altered consciousness level), and an additional
three novel red flags have been supplemented suggesting a possible
organic cause such as (1) aphasia, dysarthria, (2) optic hallucinations or
(3) infectious prodrome with fever. However, autonomic dysfunction has
not served as a red flag of high relevance as there might be substantial
differential diagnostic overlap with anxiety disorders. If the serum re-
veals no antibodies, but yellow flags are present, more specific testing is
called for in patients with a/cPS (Fig. 1). However, if no antibodies and
no yellow flags are present, markers of neuronal degeneration such
neurofilament light chains (Nfl) (see neurodegenerative markers) should
be investigated at different time points. Transient elevated serum Nfl not
attributable to other factors such as a CNS disorder should necessitate
EEG, MRI and CSF examinations in cPS with prior diagnostics (EEG, MRI,
CSF) (Fig. 1). If Nfl is further increasing a differential diagnosis such as a
neurodegenerative disorder has to be considered. In addition to anti-
bodies’ testing in patients with a/cPS, routine laboratory diagnostics
covering common infections should be carried out.

8.4. Cerebrospinal fluid

CSF pleocytosis is a crucial criterion for probable or definitive auto-
immune encephalitis (Graus et al., 2016). Accumulating evidence has
shown that such pleocytosis varies widely among autoimmune encepha-
litis subsyndromes such as AMPAR-, GABAB-, DPPX- and the
NMDAR-positive encephalitis often associated with pleocytosis, whereas
other antibodies such as CASPR2-, GlyR-, IgLON5-antibody-positive en-
cephalitis appear often less frequently in conjunction with pleocytosis
(Blinder and Lewerenz, 2019). Thus, other CSF indices revealing a po-
tential CNS inflammation such as an intrathecal IgG synthesis (oligoclonal
bands) are often present in AMPAR-, GABABR-, GAD65-, NMDAR-positive
encephalitides, but seldom in GABAAR-, GlycinR-, IgLON5- and
9

LGI1-positive encephalitis (Blinder and Lewerenz, 2019). Thus, intra-
thecal IgG synthesis shouldbe integrated in thediagnostic protocol for aPS
and cPS patients as depicted recently to be important to differentiate
neuropsychiatric syndromes (Schwenkenbecher et al., 2016).

8.5. EEG

We recommend searching for different EEG patterns to support
autoimmunity in a/cPS. The classical EEG pattern typically found in
autoimmune encephalitis patients (such as focal slowing or epileptic
potentials, or specific patterns such as generalized rhythmic delta activity
called extreme delta brush associated with NMDA receptor-positive en-
cephalitis (Graus et al., 2016) might also be present in patients presenting
isolated symptoms supporting an autoimmune origin. To identify further
grapho-elements possibly indicating functional disturbances in specific
or various brain regions, EEG recordings should be screened in a/cPS
patients for the EEG patterns found occasionally in autoimmune en-
cephalitis such as frontal irregular delta activity in EEG (Baysal Kirac
et al., 2016) (Table 2).

8.6. Neuroimaging

Neuroimaging is essential to providing a basis for an autoimmune-
mediated origin of psychiatric symptoms. In patients with a probable a/
cPS, multisequence brainMRI should be performed including the following
pulse sequences [similar to GENERATE MRI recommendations, e.g. axial
FLAIR (fluid attenuated reversion recovery), optional 3D-FLAIR, FLAIR
coronal hippocampus, coronal T2-weighted coronar, axial DWI (diffusion
weighted imaging) axial, axial T2*-weighted or susceptibility-weighted
imaging (SWI), T1-weighted (preferably 3D) before and after the i. v.
administration of gadolinium-based contrast media. Typical limbic-
encephalitis findings are the high signal-intensity or volume changes in
the mesiotemporal region typically found in AMPAR-, CASPR2-, GABAB-
and LGI1-positive encephalitis (Kelley et al., 2017). Unilateral
temporal-lobe signal abnormalities should already be regarded as a sub-
stantial hint to prove a probable or definitive autoimmune mediated a/cPS
if no autoimmune encephalitis criteria are fulfilled. If D2R- or
GABAAR-antibodies are present, we recommend screening for hyperin-
tense lesions outside the limbic system such as in D2R- and
GABAAR-positive encephalitis (Kelley et al., 2017). If GlycinR-, IgLON5-,
Neurexin-3 antibodies are detected, no MRI abnormalities are likely, as
shown in encephalitis patients with these antibodies (Gresa-Arribas et al.,
2016; Honorat et al., 2017; Piquet et al., 2019). If brain MRI is negative in
a/cPS patients, 18 F-FDG-PET should be done to detect brain abnormal-
ities. Similar to cases of autoimmune encephalitis, one can expect to
observe lobar hypometabolism in FDG-PET exams (following negativeMRI
results). Overall, neuroimaging is a crucial step for precise diagnosis in
psychiatric patients with an illness of suspected autoimmune origin.

8.7. Neurodegeneration markers

Nfl are cytoskeleton proteins and markers of axonal degeneration
within the CNS. Recent studies indicate that Nfl in PB and CSF are
elevated compared to controls in the acute, but not the chronic phase of
NMDA receptor-positive encephalitis (Constantinescu et al., 2016; Mar-
iotto et al., 2019) - indicating Nfl as a transient marker of neuroaxonal
degeneration. This transient Nfl elevation might function in future
studies as a marker indicating an organic origin of psychiatric symptoms.
Furthermore, the Nfl in peripheral blood correlate closely with CSF Nfl
(Hendricks et al., 2019) indicating blood Nfl as a promising biomarker
for unspecific microstructural brain damage in patients with a/cPS.
Furthermore, Nfl should be determined in serum, as studies indicate that
symptoms due to frontotemporal dementia are accompanied by higher
Nfl compared with various psychiatric syndromes (Katisko et al., 2020;
Al Shweiki et al., 2019). These studies indicate that Nfl might be a
biomarker for distinguishing between a psychiatric disorder with
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neuronal damage versus psychiatric symptoms without brain damage.
Tau-protein in CSF could likewise be used to identify neuroaxonal
degeneration, as total tau-protein (T-tau) is known to be elevated in the
acute phase (dropping over time) in patients with autoimmune enceph-
alitis (Constantinescu et al., 2016). In conclusion: serum Nfl and CSF
T-tau should be investigated in those PSa/c patients without PB anti-
bodies and no red or yellow flags in order to seek some indication of
unspecific brain damage to prove the organic basis of symptoms. It would
be useful diagnostically to differentiate organic (eg:
autoimmune-mediated psychosis) from psychiatric disorders not associ-
ated with brain damage (eg: schizophrenia).

9. Synopsis: autoimmune-mediated psychiatric symptoms and
syndromes

Taken together, we suggest that isolated psychiatric features might be
based on autoimmunity provided the criteria below are fulfilled (see
Table 2). To diagnose possible autoimmune-mediated psychiatric
symptoms, a/cPS must be accompanied by one of the nine red flags
(Tables 2 and 3; Fig. 1). If additional features are diagnosed via special
diagnostics (such as a pleocytosis or intrathecal IgG synthesis) in the CSF,
MRI T2 or FLAIR abnormalities suggestive of encephalitis, EEG focal
epileptic potentials or slowing, as well as serum antibodies), a probable
a/cAPS can be assumed (Fig. 1). Moreover, T-tau or Nfl changes over
time might be a critical factor and potential marker of neuroaxonal
degeneration that might enable a possible-to-probable a/cAPS diagnosis.
If the psychiatric symptomatology is accompanied by IgG antibodies in
the CSF in probable a/cAPS, you can assume it is a definitive a/cAPS
(Table 2). If a probable or definitive a/cAPS is detected, our latest
knowledge suggests immunotherapy for such patients after a tumor
screen in line with autoimmune-encephalitis guidelines (R€ossling and
Prüss, 2020; Graus et al., 2016) or autoimmune psychosis (Pollak et al.,
2020; Endres et al., 2020a) for which immunotherapy is known to be
effective. As immunotherapeutic options in autoantibody-associated
syndromes are beyond the scope of this review, we only summarize the
main facts on immunotherapy as an individual experimental treatment
trial for patients. In short, the main evidence level for such potential
immunotherapy is moderate, as there have been no randomized,
placebo-controlled trials on autoantibody-associated psychiatric syn-
dromes, but retrospective cohort studies do exist. However, the evidence
level is moderate to high for autoimmune encephalitis and autoimmune
psychosis, as two randomized placebo-controlled trials with small co-
horts exist for LG1-positive encephalitis (Dubey et al., 2020) with an
immunoglobulin effect in 75% of patients and involving
antibody-positive psychosis [study of immunotherapy in
antibody-positive psychosis: feasibility and acceptability (SINAPPS1)]
with a relevant reduction of psychotic symptoms (Lennox et al., 2017).
Observational, retrospective studies indicate that immunotherapy is
beneficial in NMDAR-positive psychosis in 43–80% (Zandi et al., 2014;
Scott et al., 2018) or in autoimmune dementia in 64% of patients (Fla-
nagan et al., 2010). A recent systematic review supports these results
described an immunotherapeutic effect in 94% of 145 patients with
autoantibody-associated psychiatric syndromes (Endres et al., 2020c).

10. Ethical aspects

CSF analysis is optional in patients with psychiatric symptoms other
than acute psychotic syndromes or unexplained sleep dysfunction, as the
evidence level for the autoimmunemediation of these symptoms is low to
moderate. However, we recommend CSF analysis provided the patient
agrees and had given written consent after a going through a thorough
consent procedure and consultation clarifying its major benefits and
risks. Furthermore, immunotherapy in autoimmune-based psychiatric
syndrome is an optional therapy whose evidence level is low to moderate
(evidence level IV through case control and cohort studies). Thus, the
patient should be informed and agree to undergo the treatment on an
10
individual therapeutic trial basis.

10.1. Limitations

The limitations of our narrative review concern the small sample size
of the majority of the studies we discuss. Furthermore, case-control
studies are often not performed, so that the significance of autoanti-
bodies in psychiatric disease cannot be determined. A few case-control
studies exist that show more autoantibodies in patients (0–9%) than in
controls (0–4.9%) (Lennox et al., 2017; Saether et al., 2017). Further
investigations with control subjects, a deep phenotyping of patients and
longitudinal investigations are needed to thoroughly elucidate the role of
autoantibodies in psychiatric patients. As mentioned earlier, the evi-
dence level of the presented studies is often low to moderate as mostly
case series are depicted. Another issue is that most of the studies pre-
sented only depict an association or correlation between autoantibodies
and psychiatric symptoms. Only a few cause-effect studies in rodents
exist reporting on the transfer of human autoantibodies to animals
(Rauschenberger et al., 2020; Jurek et al., 2019; Haselmann et al., 2018;
Petit Pedrol et al., 2018; Planaguma et al., 2015; Geis et al., 2012)
emphasizing the potential pathogenic role of autoantibodies in gener-
ating psychiatric symptoms. In addition, note that we do not postulate
that psychiatric disorders are autoimmune in nature, but demonstrate
evidence that it is worthwhile selecting psychiatric patients for autoan-
tibody screening, and to investigate systematically the role of autoanti-
bodies over a broad range of psychiatric syndromes so that we may better
understand the function of autoantibodies in psychiatric disease. Auto-
antibodies against synaptic proteins are often diagnosed in conjunction
with many psychiatric syndromes, such as GAD65, GABAR and NMDAR
(Table 1). It is questionable how these autoantibodies might play a
pathogenic role in such a wide range of psychiatric symptoms. To answer
the question how autoantibodies mechanistically have an impact on
psychiatric phenotype, more studies have to be conducted to investigate
in greater detail the distribution of autoantibodies and their subtypes, the
occurrence of blood brain-barrier dysfunction, the coexistence of other
autoantibodies, and the amount and accumulation of autoantibodies in
strategic structures as potential contributing factors to phenotypology.

11. Conclusions

We present a diagnostic algorithm for specific subgroups of patients
presenting psychiatric symptoms that might be based on CNS inflam-
mation directed toward self-antigens. Our literature review revealed a
broad spectrum of psychiatric symptoms to be associated with different
antibodies. Thus, not only psychosis but other acute psychiatric syn-
dromes in general warrants for a thorough immunological differential
diagnosis. Nevertheless, caution has to be taken when causally linking
these symptoms to detected antibodies, especially in serum, due to the
lack of systematic studies.

CSF antibodies have been found in a few patients with psychosis and
sleep dysfunction. CSF antibodies have not been detected or searched for
in other subgroups of patients with psychiatric symptoms and disorders,
ie, those with anxiety, depression, bipolar mood dysfunction, behavioral
or eating abnormalities and addiction. The pathogenic role of associated
serum antibodies remains unclear in those patients, when no other
diagnostic signs of possible CNS inflammation have been detected. More
investigations of this unknown factor are warranted to enable us to better
guide our patients to adequate therapy.
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