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Plasma prevalence of anti-N-methyl-d-aspartate receptor IgG 
antibodies in early stages of psychosis

Prevalência plasmática de anticorpos IgG antirreceptor 
N-metil-d-aspartato nos estágios iniciais de psicose

Resumo  Nós investigamos a viabilidade de in-
cluir a pesquisa de anticorpos anti-NMDAR na 
avaliação de pacientes em primeiro episódio psi-
cótico em um programa de intervenção precoce 
no Hemisfério Sul. Anticorpos IgG anti-NMDAR 
foram avaliados por ELISA em 166 pacientes 
(64,0% homens), 166 controles de base populacio-
nal pareados e 76 irmãos (30,3% homens). Foram 
realizados teste exato de Fisher e ANOVA. Os an-
ticorpos anti-NMDAR positivos foram mais ob-
servados no transtorno afetivo bipolar (10,0%) do 
que na esquizofrenia (2,4%) ou depressão psicó-
tica (3,1%), embora não tenham sido observadas 
diferenças significativas. Nossos resultados não são 
conclusivos quanto à inclusão de anticorpos IgG 
anti-NMDAR no plasma em protocolos de diag-
nósticos diferenciais para psicose.
Palavras-chave  Anticorpos anti-NMDAR, Trans-
torno afetivo bipolar, Diagnóstico diferencial, Pri-
meiro episódio psicótico

Abstract  We investigated the feasibility of inclu-
ding plasma anti-NMDAR antibody screening in 
the assessment of first-episode psychosis patients 
in an early intervention programme in the Sou-
thern hemisphere. Anti-NMDAR IgG antibodies 
were assessed by ELISA in 166 patients (64.0% 
men), 166 matched population-based controls 
and 76 patients’ siblings (30.3% men). Fisher’s 
exact test and ANOVA were performed. Positive 
anti-NMDAR antibody patients were more often 
observed in bipolar disorder (10.0%) than schi-
zophrenia (2.4%) or psychotic depression (3.1%), 
although no significant differences were observed. 
Our results are not conclusive regarding the in-
clusion of plasma anti-NMDAR IgG antibodies in 
differential diagnostic protocols for psychosis.
Key words  Antibodies anti-NMDAR, Bipolar 
disorder, Differential diagnosis, First-episode psy-
chosis
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Introduction

Multiple factors may underlie the relationship 
between non-neurological autoimmune disor-
ders and psychosis1, with particular interest be-
ing given to autoantibodies against the N-meth-
yl-d-aspartate receptor (NMDAR). In fact, this 
receptor plays an important role in psychosis2,3 
and in a variety of neurological and non-neuro-
logical autoimmune diseases, including not only 
encephalitis4, but also systemic lupus erythema-
tosus5 and autoimmune thyroid disease6. Patients 
affected by anti-NMDAR antibodies experience 
acute psychotic and other psychiatric manifes-
tations, particularly at the onset of the illness7-11. 
The association between psychosis and periph-
eral autoimmune disorders has attracted atten-
tion and has led to recommendations that the 
presence of anti-NMDAR antibodies should be 
investigated routinely in first-episode psychosis 
(FEP) and in larger cohorts12,13. 

However, the presence of anti-NMDAR auto-
antibodies has also been reported among healthy 
individuals14, resulting in uncertainty about 
their exact role in the neurobiology of psycho-
sis. These discrepancies are being attributed to a 
variety of confounding factors, such as the dura-
tion of psychosis, substance misuse, psychotropic 
medication or the presence of other medical con-
ditions15. Another unsolved question is related to 
the role that environmental factors may play in 
the immune response, given that the vast major-
ity of studies have been carried out in the North-
ern hemisphere. 

We investigated the plasma concentrations of 
anti-NMDAR IgG antibodies in adult Brazilian 
patients during the early stages of psychosis com-
pared with their unaffected siblings and popula-
tion-based controls in order to investigate if the 
prevalence of these antibodies in a sample from 
the South hemisphere would be similar to those 
observed in other parts of the globe. Moreover, 
we intended to verify the feasibility of plasma an-
ti-NMDAR detection as a routine screening tool 
for FEP. We chose qualitative ELISA as an initial 
protocol based on previous reports that used this 
test to detect levels of anti-NMDAR antibodies in 
the screening of other clinical conditions, such as 
systemic lupus erythematous5,8. For the comple-
tion of the clinical assessment, we reviewed the 
medical records of patients who were positive for 
plasma anti-NMDAR antibodies to search for pe-
culiarities in clinical presentations over a three-
year follow-up period.

methods

Participants

This was a case-sibling-control study as part 
of an epidemiological study aimed to investi-
gate the incidence and aetiology of psychosis 
in Ribeirão Preto catchment area (Brazil), the 
“Schizophrenia and Other Psychoses Trans-
lational Research: Environment and Molecu-
lar Biology” (STREAM)16, which is part of the 
multinational consortium “European Network 
of National Schizophrenia Networks Studying 
Gene-Environment Interactions” (EU-GEI)17 
aimed at investigating the aetiology, mechanisms 
and prognosis of first episode psychosis. 

The case sample was composed by incident 
FEP patients identified in the mental health ser-
vices of the catchment area from 1st April 2012 to 
31st March 2015. The sample was composed of 
(a) patients aged between 16 and 64 years old, in 
their first contact with mental health services due 
to psychotic symptoms; (b) their siblings; and (c) 
population-based controls, matched by sex and 
age with the patients, as described previously3. 

For the recruitment of community-based 
controls, we considered the census blocks as 
defined by the Brazilian census bureau (IBGE, 
http://censo2010.ibge.gov.br/materiais/guia-do-
censo/operacao-censitaria.html). The census 
blocks were randomly selected in order to guar-
antee that all neighborhoods were equal in prob-
ability to be included in the study and to provide 
diversity in the social capital and vulnerability 
profiles. 

The study was approved by the local Ethics 
committee. Informed consent was obtained from 
all individual participants included in the study. 
All procedures performed in studies involving 
human participants were in accordance with 
the ethical standards of the institutional and/or 
national research committee and with the Dec-
laration of Helsinki and its later amendments or 
comparable ethical standards. 

Participants were initially evaluated by the 
Structured Clinical Interview for the DSM-IV 
clinical version, SCID-CV18,19 to confirm any psy-
chotic disorder.

All the patients included in the study were 
followed in an early intervention programme for 
psychosis at the Clinical Hospital of the Ribeirão 
Preto Medical School, University of São Paulo, 
Brazil, which is the regional reference for the 
specialized treatment of FEP and composed by 
inpatient and outpatient units. This service ap-
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plies a standardised protocol for differential di-
agnosis at the moment of admission20, including 
detailed medical and psychiatric history, physical 
examination, blood screening (full blood count, 
urea, creatine, glutamine-oxaloacetic transami-
nase (GOT), prothrombin time, thyroid-stimu-
lating hormone (TSH), antinuclear antibody and 
syphilis serology)21, besides urine tests to detect 
cannabis and cocaine metabolites, and neuro-
imaging exams (computed tomography and/
or magnetic resonance imaging). In face of any 
detected abnormalities in the initial screening, 
further exams were performed, according to the 
diagnostic hypothesis. 

Detection of anti-NmDAR antibodies

Five milliliters of peripheral blood were col-
lected from all participants in EDTA tubes. The 
samples were centrifuged for 10 minutes at 3,500 
rpm, 4°C and the plasma was separated, aliquot-
ed and stored in a freezer at -80°C. We used 50 
µL of plasma for qualitative enzyme immu-
noassay of human NMDA IgG antibody via an 
enzyme-linked immunosorbent assay (ELISA), 
according to the manufacturer’s instructions 
(MyBioSource, San Diego, CA). For calculation 
of the valence of human anti-NMDA IgG an-
tibodies, each sample was compared with the 
control provided by the kit. The presence of an-
ti-NMDAR IgG antibodies was considered posi-
tive when the optical density ratio (sample well/
control) was ≥2.1. The coefficient of variation 
was <15% for intra- and inter-assays. This assay 
has high sensitivity and excellent specificity for 
detection of human NMDAR IgG antibody.

Clinical Reassessment

The medical records of the patients’ positive 
for anti-NMDAR IgG antibodies were reviewed 
over a three-year follow-up period to investigate 
the presence of eventual abnormalities in the 
clinical presentations at the moment of admis-
sion, complementary exams, longitudinal evolu-
tion and responses to treatment, that could be an 
indicative of impairment of immunological dys-
functions or other medical conditions.

statistical analysis

Data were analysed using the SPSS, version 
20.0 for Windows (SPSS Inc). Mean and stan-
dard deviations were calculated for continuous 
variables, and frequencies and percentages were 

calculated for categorical variables. Categorical 
and continuous variables were analysed using 
Fischer´s exact test and one-way ANOVA, respec-
tively. The alpha criterion was set to 0.05.

Results

The sample was composed by 166 patients 
(64.0% males), 84 of whom were diagnosed on 
the schizophrenia spectrum, 50 with bipolar dis-
order, and 32 with psychotic depression. In addi-
tion, 76 siblings (69.7% females) and 166 paired 
controls (63.9% males) were included. The mean 
age of the participants was 31.0±11.9 years old, 
without significant differences observed among 
the groups [F

(2,405)
=0.40; p=0.674]. The interval 

between psychosis onset and the blood collection 
varied from less than one month to 23 months 
(median=16.5).

Positivity for anti-NMDAR IgG antibodies 
was found in eight (4.8%) patients, one sibling 
(1.3%) and six (3.6%) controls, without sig-
nificant differences being observed among the 
groups (Fisher´s exact test=1.58, p=0.483). The 
presence of IgG antibodies was more often ob-
served in patients with bipolar disorder (n=5, 
10.0%) than in patients with schizophrenia (n=2, 
2.4%) or psychotic depression (n=1, 3.1%), but 
no statistically significant difference among the 
groups was observed (Fisher´s exact test=5.75 
p=0.172). 

Chart 1 shows a brief description of the 
clinical presentation and longitudinal evolu-
tion of the eight patients with positive plasma 
anti-NMDAR IgG antibodies. The duration of 
untreated psychosis ranged from less than one to 
more than 52 weeks (median=6). Four patients 
reported cannabis misuse. All patients, except 
one, underwent cranial computed tomography 
in the week of the first admission. Encephalon 
magnetic resonance was performed in six out of 
eight patients within 10 months of admission. 
No structural abnormalities were found in the 
neuroimaging assessments. Similarly, no regis-
ters of abnormalities were found regarding the 
medical histories or physical examinations in the 
patients’ records. The initial screening indicated 
higher levels of TSH in two patients and high-
er levels of GOT in a third patient, but further 
investigations did not confirm thyroid or liver 
abnormalities, respectively. The longitudinal fol-
low-up did not indicate any peculiarities of other 
medical conditions, confirming the initial diag-
nosis of a primary mental disorder.
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Discussion

In this study, we investigated the prevalence of 
plasma anti-NMDAR IgG antibodies in first ep-
isode psychosis and the feasibility of including 
the detection of these antibodies as a routine 
test for differential diagnosis in the early stag-

es of psychosis. We also highlight the quality of 
our control sample. In our study, the number of 
attempts necessary to find an eligible volunteer 
was high (29 attempts per census) and the popu-
lation-based methodology adopted in this study 
distinguishes from previous investigations be-
sides strengthening the validity of our research. 

Chart 1. Demographic, clinical and imaging characteristics of patients in the early stages of psychosis.

Demographics Case vignette
DUP 

[weeks]
Neuro-

imaging
Initial 

screening

Interval 
between 

psychosis onset 
and blood 
collection 
[months]

M, 38 yo, brown Admitted in May 2012 due to elevated mood and 
religious delusions that started two weeks before. 
The patient remained hospitalized for 16 days, 
being prescribed valproic acid and haloperidol. He 
exhibited remission of the symptoms and remained 
asymptomatic until a year later, when he needed a 
new admission due to poor treatment adherence. 
At this time, he presented with high self-esteem, 
mystical delusions, reduced sleep, increased 
psychomotricity, increased speech flow, and 
incoherent speech. He was discharged after 12 days. 
He was followed for the next two years, with good 
adherence to the outpatient treatment and without 
relapses. Final Diagnosis: Bipolar Disorder

2 Normal
[CT/
MRI]

Normal 21

F, 34 yo, black Admitted in July 2012 due to emotional 
lability, expansive mood, distractibility, 
increased psychomotricity, sexual disinhibition, 
aggressiveness, irritability, reduced sleep and 
behaviour suggestive of auditory and visual 
hallucinations beginning two months before. 
Patient was under treatment with sertraline, which 
was prescribed due to complaints of depressed 
mood, demotivation, thoughts of death and 
suicidal ideation. The patient was also under 
clinical follow-ups for hypothyroidism, obesity, 
diabetes and systemic arterial hypertension. 
Sertraline treatment was discontinued because the 
condition was considered a possible manic episode 
secondary to antidepressants, and haloperidol 
and lithium carbonate were introduced. The 
patient remained hospitalized for 13 days and was 
discharged with partial remission. Over a four-
year follow-up period, the patient presented three 
depressive episodes and two other admissions, both 
due to manic episodes with psychotic symptoms. 
Patient remained euthymic in the last year of the 
follow-up, with monthly outpatient appointments, 
under treatment with bupropion, quetiapine and 
valproic acid. Final Diagnosis: Bipolar Disorder

7 Normal
[CT/
MRI]

Normal 23

it continues
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We found peripheral anti-NMDAR antibod-
ies in 4.8% of our patients. However, these rates 
did not seem to have clinical relevance since the 
presence of plasma anti-NMDAR IgG antibod-
ies was also observed in the controls (3.6%) and 
in the patients’ siblings (1.3%). The rates of an-
ti-NMDAR positivity observed in our study were 
in agreement with those previously described 
in both psychotic patients15,22 and healthy con-
trols14,23. Even without statistical significance, 
we identified that anti-NMDAR antibodies were 

more frequently present in bipolar disorder than 
in other conditions, a finding that was also in 
agreement with previous data24. 

Increasing evidence demonstrate the impor-
tance of glutamatergic neurotransmission medi-
ated by NMDARs not only in schizophrenia but 
also in mood disorders25,26. Bipolar disorders are 
characterized by altered levels of glutamate ab-
normalities in gene expression, concentration 
and NMDAR function27. An autoimmune pro-
cess involving NMDAR was recently described 

Demographics Case vignette
DUP 

[weeks]
Neuro-

imaging
Initial 

screening

Interval 
between 

psychosis onset 
and blood 
collection 
[months]

F, 38 yo, white Admitted in November 2012 due to persecutory 
and jealous delusions for at least six months. The 
patient also complained of sadness, thoughts 
of death and two suicide attempts. She sought 
help from a psychiatrist and was medicated with 
sertraline. Patient presented with restlessness, 
psychomotor agitation and logorrhea after the 
introduction of sertraline, being first diagnosed 
as a manic episode secondary to antidepressants. 
Regarding the premorbid personality, there was 
a description of difficulties in interpersonal 
relationships, with few friendships, and additional 
impulsive, rigid and stubborn behaviour. The 
patient was followed for at least four years. 
Throughout the follow-up, the patient exhibited 
bad responses to several pharmacological 
treatments, poor adherence and reports of side 
effects even at low doses. She was readmitted twice 
due to depressive symptoms and suicidal thoughts. 
Final Diagnosis: Recurrent Depressive Disorder 
and Cluster B Personality Disorder

29 Normal
[CT]

Normal 21

F, 30 yo, brown Admitted in April 2013 due to irritated mood, 
physical aggression, decreased sleep, increased 
psychomotricity and directed activity, and mystical 
delusions, starting 2 days before. A year prior, the 
patient underwent consultation with a psychiatrist 
due to anxiety complaints, and sertraline was 
prescribed; however, the patient did not use the 
sertraline. She had systemic arterial hypertension 
and was under treatment with enalapril. She 
was given lithium carbonate and haloperidol. 
The patient was discharged in 10 days after full 
remission. She was referred for an outpatient 
follow-up but attended only one appointment. 
Final Diagnosis: Bipolar Disorder

<1 Normal
[CT/
MRI]

Normal 1

Chart 1. Demographic, clinical and imaging characteristics of patients in the early stages of psychosis.

it continues
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as a possible biological correlation of the patho-
physiology of bipolar disorders in a cohort of 60 

manic patients, which showed high levels of au-
toantibodies against NR2 subunit28. Overall, our 

Demographics Case vignette
DUP 

[weeks]
Neuro-

imaging
Initial 

screening

Interval 
between 

psychosis onset 
and blood 
collection 
[months]

M,17 yo, brown Admitted in April 2013 and referred with the 
diagnosis of a psychotic disorder due to multiple 
substances. Two months before, he presented with 
irritability, logorrhea, increased psychomotricity 
followed by disorganized speech, persecutory 
delusions, soliloquies and aggressive behaviour. 
The patient reported daily cannabis use since the 
age of 13 and sporadic use of cocaine since the 
age of 15. After four days of hospitalization, the 
patient presented full remission. He was discharged 
using haloperidol, valproic acid and lorazepam. 
Patient did not adhere to the outpatient treatment, 
and four months later, he was readmitted due to 
increased energy, reduction in sleep requirements, 
expansive mood, distractibility and hypersexual 
behaviour. Even though he was only partially 
remitted, he was discharged at the request of his 
relatives on the 23rd day after admission. The 
patient only attended the outpatient follow-up 
once. Final Diagnosis: Bipolar Disorder

5 Normal
[CT/
MRI]

Increased 
TSH

15

M, 19 yo, black Admitted in July 2013 due to psychomotor 
agitation, persecutions and behavioural 
disorganization that started one month before. 
Before being admitted to our psychiatric unit, the 
patient stayed for 15 days in other departments, 
where he was physically restrained and medicated 
intramuscularly countless times with haloperidol. 
The patient developed a condition suggestive of 
malignant neuroleptic syndrome, with cervical 
dystonia, tremors, sialorrhea, mental confusion, 
lowering of consciousness and autonomic 
instability, as well as increased CPK. At the time of 
admission, the patient had persecutory delusions 
and behaviour suggestive of auditory and visual 
hallucinations. According to relatives, since the age 
of 12, the patient had been more introverted and 
silent than other children, exhibiting schooling 
difficulties and repeating the eighth grade twice. 
He remained hospitalized for approximately one 
month until partial remission of symptoms under 
the treatment with risperidone. Over a three-year 
follow-up period with monthly appointments, 
the delusions and hallucinations remitted, but 
social withdrawal, blunting affect and a certain 
impairment in functionality remained. Final 
Diagnosis: schizophrenia

4 Normal
[MRI]

Increased 
TSH

2

Chart 1. Demographic, clinical and imaging characteristics of patients in the early stages of psychosis.

it continues
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results suggested that the presence of plasma an-
ti-NMDAR antibodies in Brazilian participants 
exhibited a similar pattern to those observed 
worldwide.

Reviews of the medical records of the eight 
patients with positive anti-NMDAR antibodies 
did not indicate peculiarities in the initial clini-
cal presentation, longitudinal evolution or treat-

ment response; a finding that was similar to what 
has been described for children and adolescents 
in Australia29. Additionally, no abnormalities 
were found in the complementary blood or neu-
roimaging tests.

As we aimed to verify the feasibility of includ-
ing anti-NMDAR antibody screening in the clini-
cal protocol, we chose qualitative ELISA as an ini-

Demographics Case vignette
DUP 

[weeks]
Neuro-

imaging
Initial 

screening

Interval 
between 

psychosis onset 
and blood 
collection 
[months]

M, 16 yo, brown Admitted in January 2014 due to irritability, 
decreased need for sleep, persecutory, religious 
and grandiose delusions, and risky behaviour that 
started one year before, with periods of remission 
and relapse. Patient had a history of cannabis use 
and personality traits marked by stubbornness, 
clutter and lack of acceptance of limits. Patient 
remained hospitalized for 33 days and was 
discharged under treatment with valproic acid and 
risperidone. Patient remained asymptomatic for 
at least one year, but he returned to cannabis use, 
and a relapse occurred 18 months after the index 
admission that featured grandiosity, psychomotor 
agitation, increased energy, decreased need for 
sleep, delusions and hallucinations. He was 
readmitted and remained hospitalized for 21 days. 
Patient was followed for the next year, without 
relapse of the symptoms. Final Diagnoses: Bipolar 
Disorder and Conduct Disorder

52 Normal
[CT]

Normal 12

M, 20 yo, brown Admitted in June 2014 due to physical 
heteroaggression, psychomotor agitation, 
irritability and emotional lability, and behaviour 
suggestive of auditory and visual hallucinations 
that started more than one year before. He started 
once-a-week cannabis use at the age of 17 and, 
one year later, he started to exhibit delusional 
speech and behaviour suggestive of visual and 
auditory hallucinations, reduced sleep, logorrhea, 
psychomotor agitation and aggression. At that 
time, the patient was taken into consultation with 
a psychiatrist and was prescribed haloperidol, with 
full remission of symptoms. However, the patient 
ceased using medication and presented with 
relapses. From the beginning of the symptoms, the 
patient continued to use cannabis and presented 
residual psychotic symptoms. He stayed only two 
days in our inpatient unit and was forwarded to the 
referral service. Final Diagnosis: schizophrenia

26 Normal
[CT/
MRI]

Increased 
GOT

18

DUP: duration of untreated psychosis; CT: computed tomography; F: female; M: male; MRI: magnetic resonance imaging; TSH: thyroid-
stimulating hormone; GOT: glutamic-oxaloacetic transaminase; yo: years old.

Chart 1. Demographic, clinical and imaging characteristics of patients in the early stages of psychosis.
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tial test. In addition to being less expensive, this 
test does not require a great deal of professional 
experience30,31 and is widely used in the screen-
ing of clinical conditions, such as systemic lupus 
erythematous5,8. Although indirect immunofluo-
rescence is often considered the gold standard for 
monitoring autoimmune diseases14,32, this meth-
od has been criticized for being less sensitive to 
the detection of anti-NMDAR antibodies22,33. 
Moreover, cell-based assays, considered reliable 
methods for detecting anti-NMDAR antibod-
ies34-36, have been shown to have low sensitivity to 
detect low titers of these antibodies37. 

Positive anti-NMDAR antibodies in our large 
cohort Brazilian FEP patients, unaffected siblings 
and community-based controls may suggest that 
anti-NMDAR antibody represents an overall 
epiphenomenon rather than being relevant to 
the clinical presentation. Further studies should 
consider testing the validity, economic costs and 
clinical impact of different anti-NMDAR assay 
methods38, including cerebrospinal measure-
ment, and their combination in the screening of 
anti-NMDAR antibodies in psychosis.

limitations 

Our study has some important limitations 
that need to be addressed. We did not specify 
which NMDAR epitope would be detected and 
the IgG-type antibodies anti-NMDAR was mea-
sured at a single time point only. Further, we did 
not collect cerebrospinal fluid samples. Despite 
that, we highlight a few important strengths that 
distinguish our research from previous investi-
gations, including clinical data assessed by the 
DSM-IV diagnosis, inclusion of neuroimaging 
exams and the longitudinal follow-up of our pa-
tients. Second and the most important, we anal-
ysed these anti-NMDAR antibodies not only in a 
large sample of early stages of psychosis, but also 
their unaffected siblings and population-based 
controls. 

Despite these limitations, we believe that these 
results would be useful for doctors in psychiatric 
emergency services who assist FEP patients and 
need to improve their knowledge about differen-
tial diagnostic in relation to psychosis.

Conclusion

We have shown that the prevalence of an-
ti-NMDAR in Southern hemisphere seems to be 
similar to those observed in other regions of the 

globe39. However, considering the anti-NMDAR 
positivity has also been observed in communi-
ty-based controls, our findings do not support 
the inclusion of the measurement of plasma an-
ti-NMDAR IgG antibodies by qualitative ELISA 
for the purposes of differential diagnosis in psy-
chosis.
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