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Background. Autoimmune encephalitis associated with anti-neuronal antibodies may be challenging to distinguish
from primary psychiatric disorders. The significance of anti-neuronal antibodies in psychiatric patients without clear evi-
dence of autoimmune encephalitis is unknown. We investigated the serum prevalence of six anti-neuronal autoanti-
bodies in a cohort of unselected patients admitted to acute psychiatric care.

Method. Serum was drawn from 925 patients admitted to acute psychiatric in-patient care. Psychiatric diagnoses were
set according to International Classification of Diseases (ICD)-10 criteria. Antibody analysis was performed with an in-
direct immunofluorescence test for N-methyl D-aspartate receptor (NMDAR) antibodies and five other anti-neuronal
autoantibodies of the immunoglobulin (Ig) classes IgA, IgG and IgM isotype.

Results. Anti-neuronal autoantibodies were found in 11.6% of patients: NMDAR antibodies in 7.6%, contactin-
associated protein-like 2 (CASPR2) antibodies in 2.5%, glutamic acid decarboxylase-65 (GAD65) antibodies in 1.9%,
and α-amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid (AMPA) receptor antibodies in 0.1%. Leucine-rich glioma-
inactivated protein-1 (LGI1) and γ-aminobutyric acid B (GABAB) receptor antibodies were not detected. NMDAR anti-
bodies of class IgG were present in five patients only (0.5%). NMDAR antibodies of all Ig classes were equally prevalent
in patients with and without psychosis. There were no significant differences in antibody prevalence in the different
diagnostic categories, except for a higher odds ratio of being NMDAR antibody positive for patients without a specific
psychiatric diagnosis.

Conclusions. NMDAR IgG autoantibodies, which are known to be strongly associated with anti-NMDAR encephalitis,
were rarely found. CASPR2 and GAD65 antibodies were more frequently encountered in the present study than previ-
ously reported. Further research on the clinical significance of anti-neuronal autoantibodies in patients with acute psy-
chiatric symptoms is needed.
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Introduction

Psychiatric symptoms are common in patients
with autoimmune encephalitis (Kayser et al. 2010).
Hallucinations, delusions, anxiety, mania, depression
and personality change often lead to an initial evalu-
ation by a psychiatrist (Dalmau et al. 2008; Chapman
& Vause, 2011). Numerous case reports have described
the challenges in distinguishing early signs and symp-
toms of anti-N-methyl-D-aspartate receptor (NMDAR)
encephalitis from primary psychotic disorders (Barry
et al. 2011; Zandi et al. 2011; Tidswell et al. 2013;

Jørgensen et al. 2015). So far, little is known about the
prevalence and significance of anti-neuronal antibodies
for patients with psychiatric disorders without evi-
dence of autoimmune encephalitis. In this study we
therefore investigate the prevalence of six anti-
neuronal autoantibodies in patients admitted to acute
psychiatric care.

According to a recent meta-analysis patients with
schizophrenia have a low but significantly higher
prevalence of NMDAR immunoglobulin (Ig) G anti-
bodies compared with controls (Pollak et al. 2014). In
contrast, healthy blood donors and patients with non-
psychotic neuropsychiatric disorders most frequently
have NMDAR antibodies of classes IgA or IgM
(Dahm et al. 2014; Hammer et al. 2014; Steiner et al.
2014). Anti-neuronal autoantibodies that have been
less well-studied in psychiatric cohorts include
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antibodies binding to leucine-rich glioma-inactivated
protein-1 (LGI1) and to contactin-associated protein-
like 2 (CASPR2). These are the two most common
specific targets of antibodies directed against the
voltage-gated potassium channel (VGKC) complex
(Klein et al. 2013). In one study, affective and other
neuropsychiatric symptoms were found in 44%
of VGKC antibody-positive patients (Somers et al.
2011). Encephalitis caused by antibodies against
γ-aminobutyric acid B receptor (GABABR) and
α-amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid
receptor (AMPAR) are associated with epileptic seizures
and memory deficits as well as psychiatric symptoms
(Dogan Onugoren et al. 2015). Autoantibodies against
glutamic acid decarboxylase-65 (GAD65) are associated
with neurological disorders such as epilepsy, limbic en-
cephalitis and stiff person syndrome (Malter et al. 2010).
Theseantibodieshavebeen reported tobemoreprevalent
in patients with bipolar disorder compared with healthy
controls (Padmos et al. 2004).

The primary aim of this study was to examine the
prevalence of NMDAR, CASPR2, LGI1, AMPAR,
GABABR and GAD65 autoantibodies in a cohort of
unselected patients admitted to acute psychiatric
care. The secondary aim was to compare the preva-
lence of NMDAR antibodies in patients with and with-
out psychotic mental disorders.

Method

Setting

In this cross-sectional study serum was analysed
from patients acutely admitted to the Department of
Psychiatry, St Olavs University Hospital, Trondheim,
Norway. The hospital receives all patients 18 years
old and above, admitted to acute in-patient psychiatric
care in the catchment area. Patients were included in
two different time periods: 2004–2006 and 2011–2012.
Blood samples were drawn from patients within 24 h
after admission and/or at discharge. The sera were
stored at −80° until analysis. Analyses of anti-neuronal
antibodies were performed in 2014 at Euroimmun
(Lübeck, Germany).

Patients

Informed consent to participate was given by 925 out of
1486 (62.2%) consecutively admitted patients (Fig. 1).
The inclusion criterion was admission to acute psychi-
atric care. Exclusion criteria were inability to give
informed consent, not speaking Norwegian or English
and discharge before consent could be obtained. Of the
serum samples in this study, 16were drawnat discharge
due to failure to achieve blood upon admission; all
others were drawn at admission.

Psychiatric diagnosis

Diagnoses were set according to the International
Classification of Diseases (ICD)-10 criteria for research
(World Health Organization, 1993) in a consensus
meeting with the physician or psychologist in charge
of the treatment of the patient and at least two psychia-
trists and/or senior clinical psychologist present, of
which at least one of them personally had examined
the patient. The main diagnosis was used in this study.

In order to compare autoantibody prevalence in
patients with psychotic disorders with patients with
non-psychotic disorders we defined ICD-10 codes
F20–F29 (schizophrenia, schizotypal and delusional
disorders), F30.2 and F31.2 (mania with psychosis),
and F32.3 and F33.3 (depression with psychosis) as
psychotic disorders and all other diagnoses as non-
psychotic disorders. For the further assessment of anti-
body prevalence in different psychiatric diagnostic
categories the following ICD-10 categories were used:
organic, including symptomatic, mental disorders
(F0–F09); mental and behavioural disorders due to
psychoactive substance use (F10–F19); schizophrenia,
schizotypal and delusional disorders (F20–F29); bipo-
lar disorders (F30–F31); depressive disorders (F32–
F39); neurotic, stress-related and somatoform disorders
(F40–F49); disorders of adult personality and behav-
iour (F60–F69); other psychiatric disorders [including
behavioural syndromes associated with physiological
disturbances and physical factors (F50–F59), mental re-
tardation (F70–F79), disorders of psychological devel-
opment (F80–F89), behavioural and emotional
disorders with onset usually occurring in childhood
and adolescence (F90–F98) and external causes of

Fig. 1. Admitted and included patients in the inclusion
periods.
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morbidity and mortality (V01–Y98, intentional self-
harm and adverse medicament effects)]; and patients
without a specific psychiatric diagnosis (Z00–Z99).

Serological analysis

Sera were tested for the presence of autoantibodies
against the following neuronal antigens: NMDAR
(NR1a subunit), CASPR2, LGI1, AMPAR, GABABR
and GAD65. Biochip mosaics of frozen brain sections
(rat, monkey) and transfected HEK293 cells expressing
the respective recombinant target antigens (Euroim-
mun, Germany) were used as previously described
(Probst et al. 2014). Antibodies of the IgA, IgG and
IgM isotype were evaluated. Samples were classified
as positive or negative based on fluorescence intensity
of the transfected cells in direct comparison with non-
transfected cells and control samples. Endpoint titres
refer to the last dilution showing a detectable degree
of fluorescence, with 1:10 being the cut-off for positiv-
ity. We report immunohistochemistry findings without
corresponding positivity in the cell-based assays, as
these could have clinical relevance. We also performed
analyses with a cut-off for positivity of NMDAR anti-
bodies at titre 1:100 and above (high positive titre)
due to variations in reliability and validity of low posi-
tive titres (Doss et al. 2014; Steiner et al. 2014).

Ethics

All participating patients gave written informed con-
sent. The study was conducted in accordance with
the Declaration of Helsinki and approved by The
Regional Committee for Medical Research Ethics,
Central Norway.

Statistics

Continuous and non-normally distributed variables
were compared using the Mann–Whitney U test.
Categorical variables were analysed using the χ2 test
or the Fischer exact test. Logistic regression analysis
was used to study predictive effects of age, sex and
diagnostic categories. Bonferroni correction was used
to adjust for multiple testing. The α level was set to
0.05. SSPS version 20.0 for Windows was used for stat-
istical analysis (USA).

Results

Demographic data

Median age was 38 years (interquartile range 26, 51
years; 49.2% men). There were no significant differ-
ences regarding age and sex comparing the study
population with the patients not included in the
study. The major diagnostic categories represented in

the study population were depressive disorders
(22.4%), substance use disorders (17.1%), schizophrenia
and delusional disorders (15.6%) and bipolar disorders
(13.5%). When comparing the diagnostic distribution
among study participants and non-participants, bipolar,
depressive and neurotic disorderswere over-represented
and several diagnostic categories under-represented in
the study population (Table 1). These differences in
inclusion of diagnostic categories were significant (χ2

44.28, p < 0.001).

Antibody prevalence

In total, 107 of 925 (11.6%) patients tested positive on
one or more antibodies in the cell-based assay. Of the
patients, five had coexisting antibodies (four NMDA/
GAD; one NMDA/CASPR2). Eight patients were posi-
tive for two isotypes of the same antibody (seven
NMDA IgM and IgA; one GAD IgG and IgA). The
prevalence of positive antibody samples when all anti-
bodies were included was equally distributed between
men and women (χ2 0.006, p = 0.94). A total of 17
patients (1.8%) showed immunofluorescence staining
on the tissue sections without corresponding binding
in the cell-based assay.

NMDAR antibodies

IgG isotype. Of the patients, five (0.5%) were positive
for NMDAR IgG antibodies. Median age was 28
years (range 24–66 years), two were females, median
antibody titre was 1:100 (range 1:10–1:100). These
patients were diagnosed with bipolar disorder (n = 2),
depressive disorder (n = 1), unspecified personality dis-
order (n = 1) and without specific psychiatric diagnosis
(n = 1). No significant diagnostic category differences
were found.

IgA/IgM isotype. In all, 65 patients (7.1%) were positive
for NMDAR IgA or IgM antibodies. Median titre was
1:32 (range 1:10–1:3200). High positive IgM/IgA titres
were found in 24 patients (2.6%) (Table 2). The few
positive titres of 1:1000 and above were found in
patients with bipolar and depressive disorders.
Isotype and titre of all positive NMDAR antibody sam-
ples are shown in online Supplementary Fig. S1.

Distribution of patients with positive NMDAR antibody
titres according to psychiatric diagnosis. There were no
significant differences in the prevalence of NMDAR
antibodies between patients with psychotic and non-
psychotic disorders (5.5% v. 8.1%, respectively, χ2

1.04, p = 0.31), regardless of the cut-off for serum posi-
tivity (Table 3). The five patients with NMDAR IgG
antibodies were all in the non-psychotic group.
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The percentage of patients positive for NMDAR
antibodies in the diagnostic categories was 2.4–15.5%
[0–8.6% with high positive titre (51:100)] (Table 2).
For most diagnostic categories the prevalence was be-
tween 6 and 10% with the 1:10 titre cut-off. The cat-
egory without specific psychiatric diagnosis (ICD-10
Z-category) had the highest prevalence regardless of
cut-off. There were no significant overall diagnostic
category differences, either for all titres or high titres
only (χ2 8.83, p = 0.36 and 10.79, p = 0.21, respectively).
When comparing individual diagnostic categories
with each other we found significant differences in
the prevalence of NMDAR antibodies between patients
without a specific psychiatric diagnosis and psychotic
disorder, depressive disorder and other psychiatric dis-
orders. This finding was not significant after correction
for multiple testing.

Because of studies showing increasing age as a pre-
dictor of a positive NMDAR antibody status (Busse
et al. 2014; Dahm et al. 2014; Hammer et al. 2014) and
the relatively young age in the category without
specific psychiatric diagnosis a logistic regression was
performed to adjust for age and sex in order to exam-
ine if there were significant difference in prevalence be-
tween patients without a specific psychiatric diagnosis
compared with all other patients. Logistic regression
showed that age predicted serum positivity with an
odds ratio (OR) of 1.28 [95% confidence interval (CI)

1.14–1.43, p < 0.001] for every 10-year increase in age.
Sex was not a significant predictor (95% CI 0.39–1.09,
p = 0.10). The ORs for NMDAR antibody positivity in
the category without specific psychiatric disorder com-
pared with all others were 2.8 (95% CI 1.3–6.2, p =
0.008) and 4.1 (95% CI 1.5–11.6, p = 0.007) for all titres
and high titres, respectively (see online Supplementary
Table S1A and B).

CASPR2 antibodies

CASPR2 antibodies were found in 23 patients (2.5%).
Of these, seven were of the IgG isotype. The prevalence
in the different diagnostic groups was 0–4.7% (Table 2).
There were no significant overall diagnostic category
differences (χ2 7.91, p = 0.44) and no in-between-group
differences of antibody prevalence. Of the 23 CASPR2
antibody-positive patients, 17 were men, showing
a significantly increased prevalence in men (χ2 5.77,
p = 0.016).

GAD65 antibodies

GAD65 antibodies were found in 18 patients (1.9%). Of
these, 14 were of the IgG isotype. The prevalence in the
different diagnostic groups was 0–3.4% (Table 2).
There were no significant overall diagnostic category
differences (χ2 4.37, p = 0.82), no in-between-group dif-
ferences of antibody prevalence and no differences in

Table 1. Population characteristics regarding age, sex and diagnostic categories in participants and non-participants

Variables
Participants
(n = 925)

Non-participants
(n = 561)a p

Median age, years (interquartile range) 38 (26, 51) 37 (26, 52) 0.80b

Sex 0.64c

Male 455 (49) 274 (50)
Female 470 (51) 269 (50)

ICD-10 diagnosis <0.001c

Organic, including symptomatic, mental disorders: F00–F09 43 (4.6) 34 (6.1)
Mental and behavioural disorders due to psychoactive substance use: F10–F19 158 (17.1) 110 (19.9)
Schizophrenia, schizotypal and delusional disorders: F20–F29 144 (15.6) 109 (19.7)
Bipolar disorders: F30–F31 125 (13.5) 58 (10.5)
Depressive disorders: F32–F39 207 (22.4) 67 (12.1)
Neurotic, stress-related and somatoform disorders: F40–F49 87 (9.4) 39 (7.0)
Disorders of adult personality and behaviour: F60–F69 62 (6.7) 47 (8.5)
Other psychiatric disordersd 41 (4.4) 26 (4.7)
Without specific psychiatric diagnosis: Z00–Z99 58 (6.3) 64 (11.6)

Data are given as number of participants (percentage) unless otherwise indicated.
ICD, International Classification of Diseases.
a Data on age and sex missing for 18 patients and diagnosis missing for seven patients.
bMann–Whitney U test.
c χ2 Test.
d F50–F59 (n = 10); F70–F79 (n = 9); F80–F89 (n = 4); F90–F98 (n = 11); X and Y diagnoses in chapter XX of ICD-10, intentional

self-harm and adverse medicament effects (n = 7).
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Table 2. Prevalence of NMDAR, CASPR2, GAD65 and AMPAR antibodies, and high positive titre NMDAR antibodies in total and in diagnostic categories

Organic,
including
symptomatic,
mental disorders
(F0–F09)

Mental and
behavioural
disorders due to
psychoactive
substance use
(F10–F19)

Schizophrenia,
schizotypal
and delusional
disorders
(F20–F29)

Bipolar
disorders
(F30–F31)

Depressive
disorders
(F32–F39)

Neurotic,
stress-related
and somatoform
disorders
(F40–F49)

Disorders of
adult
personality
and behaviour
(F60–F69)

Other
psychiatric
disordersa

Without
specific
psychiatric
diagnosis
(Z00–Z99)b Total

NMDAR, CASPR2, GAD65 and AMPAR antibodies
Number of patients 43 158 144 125 207 87 62 41 58 925
Median age, years (IQR) 58 (33, 74) 35 (25, 44) 41 (32, 53) 45 (30, 56) 40 (28, 52) 39 (25, 48) 31 (24, 41) 25 (21, 38) 34 (23, 47) 38 (26, 51)
Male, % 60.5 67.7 52.8 50.4 41.1 39.1 24.2 46.3 51.7 49.2

NMDAR
Seropositives, n (%) 4 (9.3) 13 (8.2) 9 (6.3) 10 (8.0) 12 (5.8) 6 (6.9) 6 (9.7) 1 (2.4) 9 (15.5)c 70 (7.6)
Seropositive males, n 3 9 3 4 5 3 0 0 2 29
Ig class: M, A, G 2, 2, 0 9, 5, 0 5, 5, 0 5, 4, 2 5, 8, 1 3, 3, 0 3, 2, 1 0, 1, 0 6, 4, 1 38, 34, 5
Titre range 1:10–1:320 1:10–1:320 1:10–1:320 1:10–1:3200 1:10–1:1000 1:10–1:100 1:10–1:100 1:32 1:10–1:320 1:10–1:3200

CASPR2
Seropositives, n (%) 2 (4.7) 5 (3.2) 2 (1.4) 3 (2.4) 8 (3.9) 3 (3.4) 0 (0) 0 (0) 0 (0) 23 (2.5)
Seropositive males, n 1 5 1 3 5 2 0 0 0 17
Ig class: M, A, G 0, 1, 1 3, 1, 1 0, 0, 2 2, 0, 1 6, 2, 0 1, 0, 2 0, 0, 0 0, 0, 0 0, 0, 0 12, 4, 7
Titre range 1:10 1:10–1:100 1:10–1:32 1:10–1:100 1:10–1:32 1:10–1:32 – – – 1:10–1:100

GAD65
Seropositives, n (%) 0 (0) 2 (1.3) 1 (0.7) 3 (2.4) 6 (2.9) 2 (2.3) 1 (1.6) 1 (2.4) 2 (3.4) 18 (1.9)
Seropositive males, n 0 1 1 1 1 0 1 1 2 8
Ig class: M, A, G 0, 0, 0 0, 0, 2 0, 0, 1 0, 0, 3 0, 2, 5 0, 0, 2 0, 0, 1 0, 1, 0 0, 2, 0 0, 5, 14
Titre range – 1:10–1:100 1:10 1:10–1:100 1:10–1:320 1:320 1:10 1:100 1:10–1:32 1:10–1:320

AMPAR
Seropositives, n (%) 0 (0) 0 (0) 1 (0.7) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 1 (0.1)
Seropositive males, n 0 0 1 0 0 0 0 0 0 1
Ig class: M, A, G 0, 0, 0 0, 0, 0 0, 0, 1 0, 0, 0 0, 0, 0 0, 0, 0 0, 0, 0 0, 0, 0 0, 0, 0 0, 0, 1
Titre range – – 1:100 – – – – – – 1:100

High positive titre NMDAR antibodies
Number of patients 43 158 144 125 207 87 62 41 58 925
Median age, years (IQR) 58 (33, 74) 35 (25, 44) 41 (32, 53) 45 (30, 56) 40 (28, 52) 39 (25, 48) 31 (24, 41) 25 (21, 38) 34 (23, 47) 38 (26, 51)
Male, % 60.5 67.7 52.8 50.4 41.1 39.1 24.2 46.3 51.7 49.2
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Table 2 (cont.)

Organic,
including
symptomatic,
mental disorders
(F0–F09)

Mental and
behavioural
disorders due to
psychoactive
substance use
(F10–F19)

Schizophrenia,
schizotypal
and delusional
disorders
(F20–F29)

Bipolar
disorders
(F30–F31)

Depressive
disorders
(F32–F39)

Neurotic,
stress-related
and somatoform
disorders
(F40–F49)

Disorders of
adult
personality
and behaviour
(F60–F69)

Other
psychiatric
disordersa

Without
specific
psychiatric
diagnosis
(Z00–Z99)b Total

NMDAR high titred

Seropositives, n (%) 1 (2.3) 4 (2.5) 3 (2.1) 6 (4.8) 4 (1.9) 2 (2.3) 2 (3.2) 0 (0.0) 5 (8.6) 27 (2.9)
Seropositive males, n 1 3 2 2 2 1 0 0 1 12
Ig class: M, A, G 0, 1, 0 4, 0, 0 3, 0, 0 4, 2, 1 3, 1, 1 2, 0, 0 1, 0, 1 0, 0, 0 5, 0, 0 22, 4, 3
Titre range 1:320 1:100–1:320 1:100–1:320 1:100–1:3200 1:100–1:1000 1:100 1:100 − 1:100–1:320 1:100–1:3200

NMDAR, N-methyl-D-aspartate receptor; CASPR2, contactin-associated protein-like-2; GAD65, glutamic acid decarboxylase-65; AMPAR,
α-amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid receptor; IQR, interquartile range; Ig, immunoglobulin.

a Behavioural syndromes associated with physiological disturbances and physical factors (F50–F59) (n = 10), mental retardation (F70–F79) (n = 9), disorders of psychological develop-
ment (F80–F89) (n = 4), behavioural and emotional disorders with onset usually occurring in childhood and adolescence (F90–F98) (n = 11), X and Y diagnoses in chapter XX of
International Classification of Diseases-10, intentional self-harm and adverse medicament effects (n = 7).

b Primarily patients diagnosed with Z03.2 (observation for suspected mental or behavioural disorders) (n = 48), problems with partner or legal problems (n = 10).
c Prevalence of NMDAR antibodies was significant higher than in psychotic (χ2 4.38, p = 0.036), depressive (Fisher exact p = 0.025) and other psychiatric disorders (Fisher exact

p = 0.043) categories, but not significant after Bonferroni correction for multiple testing.
d Titre 1:100 and above considered positive.
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antibody distribution between men and women (χ2

0.17, p = 0.68).

AMPAR, GABABR and LGI1 antibodies

AMPAR IgG antibodies were detected in one patient
(0.1%) with schizophrenia. LGI1 and GABABR anti-
bodies were not found.

Immunohistochemistry

A total of 17 patients showed staining on frozen sec-
tions of hippocampus (rat) or cerebellum (rat, mon-
key), but had no corresponding findings in the
cell-based assay. There were no significant differences
in age or sex between patients with these isolated tis-
sue findings compared with the rest of the population.
The immunohistochemistry findings were heteroge-
neous, with a majority of staining on monkey cerebel-
lum. Further data on demographic, clinical and
immunohistochemistry findings are shown in online
Supplementary Table S2.

Discussion

In this population of acutely admitted psychiatric
patients, 107 of 925 (11.6%) were tested positive for
one or more anti-neuronal serum autoantibodies
(NMDAR 7.6%, CASPR2 2.5%, GAD65 1.9% or
AMPAR 0.1%). NMDAR IgG antibodies, which have
been shown to be highly specific and associated with
anti-NMDAR encephalitis (Dalmau et al. 2008), were
only found in five patients. NMDAR antibodies includ-
ing all isotypes were equally prevalent in patients with
psychotic and non-psychotic disorders. Except a higher
OR of being NMDAR antibody positive for patients
without a specific psychiatric diagnosis there were no

significant differences in antibody prevalence in the
different diagnostic categories.

The prevalence of NMDAR IgG antibodies in our
study population (0.5%) corresponds well with two
studies including patients with schizophrenia, affective
disorders and personality disorders (0.3–1%) (Hammer
et al. 2014; Steiner et al. 2014). Most studies so far have
examined the prevalence of NMDAR IgG antibodies in
patients with psychosis, primarily schizophrenia, both
first episode and chronic disorders. According to a
meta-analysis by Pollak et al. (2014) there is a low but
significantly higher prevalence of NMDAR IgG anti-
bodies in patients with schizophrenia compared with
controls (1.5% v. 0.3%, respectively). The control sub-
jects included blood donors and students or hospital
personnel undergoing regular health screening. The
limitations of this meta-analysis include heterogeneity
of thepatientpopulations aswell as the laboratorymeth-
ods. In the present study, none of the five patients with
NMDAR IgG antibodies was diagnosed with schizo-
phrenia. When including all isotypes of NMDAR anti-
bodies we did not find any differences in prevalence
between patients with or without psychotic disorders.
Studies published after the meta-analysis by Pollak
et al. (2014) show conflicting results. Authors of one
study found no NMDAR IgG antibodies in cohorts of
patients with schizophrenia (DeWitte et al. 2015), whilst
others have found NMDAR IgG antibodies in 2% of
patients with post-partum psychosis compared with
none in healthy post-partum women (Bergink et al.
2015). A study in a population of children with first-
episode psychosis found a high prevalence of NMDAR
IgG antibodies compared with controls consisting of
healthy or somatically ill children (11.6% v. none)
(Pathmanandavel et al. 2015). One study analysed cere-
brospinal fluid (CSF) in patients with psychosis and
found one of 125 (0.8%) positive for NMDAR IgG anti-
bodies (Endres et al. 2015).

It is well established that some cases of anti-NMDAR
encephalitismaybemisdiagnosedasprimarypsychiatric
disorders (Jørgensen et al. 2015; Van Mierlo et al. 2015).
Patients with anti-NMDAR encephalitis may present
with isolated psychiatric episodes where affective symp-
toms often have been a component of the symptomatol-
ogy (Kayser et al. 2013). In a case series, nine patients
with psychosis and serum NMDAR IgG antibodies,
without clear neurological involvement, were treated
with immunotherapy. Of the nine patients, eight had
significantly improved general function (evaluated with
the modified Rankin Scale) and six of the nine patients
achieved clinical remission (Zandi et al. 2014). Further
studies of paired serum and CSF antibodies and rando-
mized controlled trials are needed to study the potential
of immunotherapy for patients with acute psychiatric
symptoms and a positive NMDAR antibody titre.

Table 3. Prevalence of NMDAR antibodies in patients with and
without psychosis

NMDAR
titre
cut-off

Patients with
psychotic
disordera (n = 182)

Patients without
psychotic
disorder (n = 743) χ2 p

Titre 1:10,
n (%)

10 (5.5) 60 (8.1) 1.048 0.31

Titre 1:100,
n (%)

3 (1.6) 24 (3.2) 0.793 0.37

NMDAR, N-methyl-D-aspartate receptor.
a Both affective and non-affective psychosis (F20–F29,

F30.2, F31.2, F32.3 and F33.3): 38 patients with affective
psychosis and 144 with non-affective psychosis.
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The most frequent NMDAR antibodies in the pre-
sent study were the IgA and IgM isotypes. This corre-
sponds with previous studies (Hammer et al. 2014;
Steiner et al. 2014). The clinical significance of
NMDAR IgA and IgM antibodies is poorly examined.
Their ability to induce NMDAR hypofunction has been
shown in cell cultures and animal models (Prüss et al.
2012a, b; Hammer et al. 2014). Whether or not these
antibodies have a pathogenic effect in humans remains
unknown. One report on a NMDAR IgA antibody-
positive patient with cognitive impairment who
improved following immunotherapy (Prüss et al.
2012b) and another report of a high prevalence of
NMDAR IgA and IgM antibodies in unclassified de-
mentia (Doss et al. 2014) suggest that also IgA and
IgM antibodies may play a role. A study of patients
with schizophrenia shows that if the patients have
serum IgG, IgA or IgM NMDAR antibodies and evi-
dence of prior blood–brain barrier (BBB) dysfunction
they have more severe neurological phenotypes evalu-
ated with the Cambridge Neurological Inventory com-
pared with patients with the same antibodies but
without evidence of prior BBB dysfunction. Thus it
can be hypothesized that BBB dysfunction is required
for these antibodies to be pathogenic (Hammer et al.
2014). Future studies need to address the clinical sign-
ificance of IgA and IgM antibodies in patients with
neuropsychiatric and cognitive symptoms.

Interestingly, in the present study patients not meet-
ing ICD-10 criteria for a specific psychiatric disorder
had the highest prevalence of NMDAR antibodies of
all isotypes. The age-adjusted OR for antibody preva-
lence was significantly higher in this group compared
with the rest of the study population. This group is
very heterogeneous and includes patients subsequent-
ly diagnosed with a specific psychiatric disorder as
well as patients with social or somatic rather than psy-
chiatric phenotypes. This finding could indicate that
these antibodies may play a particular role in a sub-
group of patients with a pleomorphic psychiatric pres-
entation not fulfilling diagnostic criteria. Organic
psychiatric syndromes, like epilepsy-specific psychi-
atric conditions, display difficulties in categorizing
according to the ICD-10 criteria (Krishnamoorthy
et al. 2007; Vaaler et al. 2010). It remains unknown if
these antibodies are clinically relevant in patients
with psychiatric phenotypes.

The prevalence of CASPR2 antibodies (2.5%) was
significantly higher in our sample than in a recent ob-
servational study with the same laboratory methods
on 1703 German blood donors (0.7%) (χ2 14.5, p <
0.001) and of patients with schizophrenia, affective or
personality disorders (1.3%) (χ2 4.8, p = 0.028) (Dahm
et al. 2014). We did not find differences in prevalence
between the different diagnostic groups in our sample.

It might be that these antibodies lack clinical signifi-
cance but it could also indicate a diverse symptomatol-
ogy in the presentation of CASPR2-related disorders
and the wide symptomatic overlap between different
psychiatric diagnoses. Antibodies targeting CASPR2
are normally found in 4–20% of patients positive for
VGKC antibodies (Irani et al. 2010; Klein et al. 2013;
Paterson et al. 2014; Huda et al. 2015). Given the rela-
tively high CASPR2 prevalence in our study, we specu-
late that the prevalence of VGKC antibodies might be
even higher. Whether or not CASPR2 and VGKC anti-
bodies are clinically relevant in patients with acute
psychiatric symptoms warrants further examination.

The prevalence of GAD65 antibodies (1.9%) was also
significantly higher in our sample than in the previous-
ly mentioned cohort of blood donors (0.5%) (χ2 11.8,
p < 0.001) and psychiatric patients (0.6%) (χ2 11.6, p <
0.001) (Dahm et al. 2014). In our study, bipolar and de-
pressive disorders were among the three diagnostic
groups with the highest prevalence. Using a different
laboratory method from the present study, Padmos
et al. (2004) found GAD65 antibodies to be more preva-
lent in bipolar patients compared with controls (11.6%
v. 2.3%, respectively). GAD65 antibodies are associated
with type 1 diabetes (Kawasaki, 2014), as well as epi-
lepsy, limbic encephalitis and stiff person syndrome
(Malter et al. 2010). A study has shown that GAD65
antibodies found in patients with different specific
neurological disorders bind to different antigen-
epitopes and therefore may have different pathological
effects (Manto et al. 2015). This could be one way to
further assess the possible clinical significance of
these antibodies in psychiatric patients.

Antibodies against AMPAR, LGI1 and GABABR
rarely have been found in psychiatric populations
(Steiner et al. 2013; Dahm et al. 2014). The present
study is in line with this. Still, the encephalopathy
associated with such antibodies makes patients prone
to psychiatric symptoms such as psychosis, mood dis-
turbances, agitation, memory deficits and personality
change (Dogan Onugoren et al. 2015; Höftberger et al.
2015). In our study population we identified one pa-
tient with AMPAR IgG antibodies diagnosed with
schizophrenia. The clinical significance of this finding
remains uncertain. However, Höftberger et al. (2015)
recently emphasized that AMPAR-positive encephal-
itis should be considered as a differential diagnosis
of autoimmune psychosis.

The finding of a small number of patients with immu-
nohistochemistry findings without specific findings on
the cell-based assays raises the possibility of until now
undiscovered anti-neuronal antibodies among these
patients. It is unknown if these antibodies are of clinical
significance. Interestingly, Bergink et al. (2015) found
a small proportion of patients (two of 96) with
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post-partum psychosis with immunohistochemistry
findings on neuronal tissue and live neurons without
findings of specific antibodies in cell-based assays.
However, the findings should be interpreted with care
and further evaluation of these and similar findings is
needed.

Strength and limitations

Our psychiatric department provides the sole acute
psychiatric in-patient service in the catchment area,
giving a representative epidemiological representation
of psychiatric morbidity.

Our inclusion rate of 62% compares favorably with
other studies on patients admitted to acute psychiatric
care (Bagoien et al. 2013; Kohigashi et al. 2013; Mordal
et al. 2013). Research on selection bias in recruitment to
clinical studies in in-patient psychiatric populations is
sparse. Cohen et al. (2004) found that both patients
with schizophrenia and depression had higher rates of
declining participation in research compared with
healthy controls, and patients with schizophrenia were
the group declining participation most. Significant
over- and under-representation of some diagnostic cat-
egories are seen in our study. Severity of the psychiatric
disorder is also a possible selection bias.

The present study has a few limitations that should
be acknowledged. First, it lacks a control group.
However, we used an identical analytical method per-
formed by the same laboratory as several earlier stud-
ies on psychiatric populations and controls (Hammer
et al. 2014; Steiner et al. 2014), including a recent
study on healthy blood donors (Dahm et al. 2014).
However, comparing our results with this control
group might introduce bias because geographical dif-
ferences in antibody prevalence in healthy and dis-
eased people cannot be ruled out. Second, in order to
be able to screen a large population of psychiatric
patients in need of acute admission, we analysed
serum only and not CSF. Also magnetic resonance im-
aging of the brain and electroencephalograms were not
systematically performed. Third, due to lack of consent
to review patients’ files clinical data were limited to
ICD-10 diagnosis.

Several analytical methods are used to detect
NMDAR antibodies. The cell-based assay used in this
study has been criticized for being too sensitive
(Steiner et al. 2014; De Witte et al. 2015). This analytical
method uses fixed cells which may lead to membrane
damage and exposure of intracellular antigens.
Compared with other cell-based assays using live
cells this might lead to higher sensitivity and less spe-
cificity. To our knowledge, so far there are no multicen-
tre studies comparing different analytical methods and
laboratories for the reproducibility and consistency of

the different antibodies analysed in the present
study. A similar multicentre study has so far only been
performed for aquaporin-4 antibodies associated with
neuromyelitis optica (Waters et al. 2016). In studies like
the one we present here the specific method and poten-
tial errors in indirect immunological methods must be
kept in mind when interpreting the results.

Conclusion

To our knowledge, this is the first study examining a
population of unselected patients admitted to acute
psychiatric care for the presence of anti-neuronal auto-
antibodies. More than 10% of patients were positive for
serum anti-neuronal antibodies. The IgG isotype of
NMDAR antibodies was rarely identified. NMDAR
antibodies of the IgG, IgM and IgA isotypes were
equally frequent in patients with psychotic disorders
and non-psychotic disorders. CASPR2 and GAD65
antibodies were more frequently encountered com-
pared with healthy controls and psychiatric patients
in earlier studies. Further studies are needed to shed
light on the potential pathogenic effects of these anti-
bodies as well as the role of immune modulation for
antibody-positive patients in acute psychiatric in-
patient care.
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