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inTRODUCTiOn

Schizophrenia is a heterogeneous and complex psychiatric disorder affecting up to 1% of the popula-
tion worldwide (1). Although the precise development of schizophrenia is not yet fully understood, 
it is now admitted to be underpinned by the entanglement of genetic, environmental, and immuno-
inflammatory factors. Among schizophrenic patients, it is assumed that at least 30% will not respond 
to conventional antipsychotics (2). These data underlie the importance of precision medicine in 
psychiatry, in other words, the need to identify subgroups of patients with specific signatures who 
will benefit from treatment targeting these specific biological pathways. Reviving an area of explora-
tion older than a century, recent and abundant literature emphasized the importance of the immune 
system in the pathophysiology of schizophrenia [for review, see Ref. (3)].

In psychiatry, the link between psychotic disorders, particularly schizophrenia, and immune sys-
tem deregulations, including autoimmunity, is an old concept that regained strong support; thanks 
to the better characterization of brain inflammation-induced psychotic symptoms and autoimmune 
encephalitis (3). Moreover, recent epidemiological studies evidenced a high prevalence of multiple 
autoimmune diseases in schizophrenic patients (4). In a recent meta-analysis, autoantibodies against 
neuronal receptors have indeed been identified in the circulation of patients with neuropsychiatric 
disorders, constituting, today, one of the hottest topics in psychiatry (5–10). This new era fosters 
debate on (i) how to explain the increased burden of autoimmunity in schizophrenia, (ii) what 
could be the precise target(s) and the pathogenic implication(s) of the autoantibodies on the dis-
ease onset and development, (iii) how to define patient subgroups carrying such autoantibodies to 
facilitate their diagnosis, and (iv) how should we treat these patients using appropriate protocols 
such as immunotherapy (i.e., corticotherapy or plasmapheresis). Several neurological autoimmune 
diseases are, for instance, efficiently treated once autoantibodies against neurotransmitter receptors 
and ion channels have been identified (11, 12). The discovery of the autoimmune encephalitis due 
to anti-N-methyl-d-aspartic acid receptor (NMDAR) has greatly revived the relationship between 
autoimmunity and psychosis. Indeed, directed against the NMDAR N-methyl-d-aspartate receptors 
antibodies (NMDAR-Ab), the autoantibodies are directly responsible for the psychotic symptoms 
and catatonia, followed by profound neurologic deterioration (13, 14). In patients with schizophre-
nia, the prevalence and  clinical significance of circulating NMDAR-Ab remains controversial with 
detection prevalence rates varying considerably between studies (15–27). Inspite of such impre-
cisions, defining and isolating seropositive patients, suffering from “autoimmune psychosis,” is a 
major challenge for appropriate treatments. In this review, we focus our attention on the potential 
elements possibly helping to define an “autoimmune psychosis” subgroup of schizophrenic patients. 
Furthermore, we outline some of the specific clinical presentation of these patients that will be of 
great importance to optimize the diagnostic and subsequent therapies.
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AUTOiMMUniTY AnD pSYCHOSiS: 
ROOTS

Autoimmune disorders occur after the failure of self-recognition 
processes with consequent production of pathogenic autoanti-
bodies directed against specific or multiple organs. They are 
heterogeneous disorders, representing more than 80 different 
diseases. Several risk factors contribute to the high prevalence 
of autoimmunity including genetic and environmental ones 
and their interplay. Within this context, the “immunogenetic” 
contribution is largely dominated by the major histocompatibility 
complex (MHC) genetic diversity and, at a lesser extent, by muta-
tional events affecting cytokines encoding genes (28). On the 
other side, environmental stressors are also of major importance 
for the onset of autoimmunity. For example, infections during 
pregnancy or in childhood are associated with an increased risk 
of type 1 diabetes (29). Moreover, and within the GxE context, it 
has been postulated that the risk of autoimmunity is enhanced 
through the perturbation of gut microbiota or dysbiosis (30, 31). 
This dysbiosis seems to be the origin of the emergence of different 
autoantibodies, even if the exact mechanisms involved are still 
under debate (32).

In psychosis settings, similar epidemiological associations 
with early infections, autoimmune disorders, and dysbiosis have 
pinpointed the possible existence of an autoimmune psychosis 
subgroup in schizophrenia. Maternal exposure to influenza or 
toxoplasmosis during pregnancy has been associated with schizo-
phrenia. Childhood autoimmune diseases as well as inflamma-
tory diseases, such as asthma, are known to be associated with 
an increased number of psychotic experiences in adolescence but 
also with an increased incidence of schizophrenia in the adult-
hood. Moreover, in patients with autoimmune conditions, the 
risk to develop schizophrenia increases linearly with the number 
of severe infectious episodes (4). The other way around, patients 
with schizophrenia and their first degree relatives, also exhibit 
a higher prevalence for autoimmune disorders (33). Last, asso-
ciations between autoimmunity, gastrointestinal symptoms, and 
dysbiosis are starting to emerge (34). These data, along with the 
strong association between the interindividual immunogenetic 
background and the whole array of brain and peripheral autoan-
tibodies, in at least a subgroup of schizophrenic patients, led us to 
propose the concept of “autoimmune psychosis.” Accordingly, our 
goal is to review the evocative characteristics that should prompt 
the search of autoantibodies in front of a patient, in particular, 
in cases of first episode, resistant ones, or schizophrenia with 
neurological comorbidity.

BiOLOGiCAL AnD CLiniCAL FEATURES 
OF pATiEnTS WiTH AUTOiMMUnE 
pSYCHOSiS

Autoimmune psychosis: Genetic and 
Environmental Risk Factors
Several genome-wide association studies (GWAS) confirmed 
an association between the MHC region (chromosome 6) and 
psychosis (35, 36). Moreover, a recent landmark GWAS analysis 

produced by the largest consortium on genetics of schizophrenia 
has shown that, like in autoimmune disorders, the MHC region 
was the most strongly associated (best p-value: MHC-region: 
p = 3.86e−32; 36,989 cases and 113,075 controls) (37, 38). The 
consequences of these mutations are still to be fully understood 
because some of them are found in non-coding region. However, 
in a matter of interest, the MHC region include the human 
leukocyte antigen (HLA) cluster, which is the most polymor-
phic and gene-dense genomic part of the human genome (39) 
encompassing more than 250 genes (4 Mb) and 14,000 alleles as 
reported to date (IMGT/HLA database; http://www.ebi.ac.uk/
imgt/hla). Governing the specific adaptive immune responses, 
the HLA molecules were widely explored in disease-association 
studies (40) especially concerning those classified as autoimmune 
disorders (40–42). Even if more studies are needed to understand 
the link between immunogenetic and psychosis, disentangling 
such diversity might help to delineate the concept of autoimmune 
psychosis, at least on a genetic point of view.

On the other side, although data on gene–environment 
interactions are scarce, several environmental risk factors have 
been associated with schizophrenia and would be worth testing 
with MHC/HLA haplotypes. In particular, the occurrence of 
infections by pathogens such as, influenza, herpes simplex type 2,  
cytomegalovirus, and Toxoplasma gondii and/or increased 
C-reactive protein plasma levels during pregnancy are known to 
be associated with an increased risk of developing schizophrenia 
in adulthood (43–45). In the same context, hospitalization for 
infection increased the risk of schizophrenia by 60%, and there 
is a dose–response relationship between the number of hospital  
contact with infection and psychosis (46). Altogether, the 
reported deep intricacies between infection and autoimmunity, 
either under an additive or a more complex framework, with a 
consequent risk of psychosis, reinforce the concept of autoim-
mune psychosis concept (46).

More than separated risk factors, actual studies argue for 
a complex interaction between genetic risk factors conferring 
susceptibility to environmental injuries. For example, polymor-
phisms of the innate system genes, like IL1B, IL6, TNF alpha, 
or interferon, will lead to a bigger release of pro-inflammatory 
cytokines in response to environmental stressors (47).

In summary, immunogenetic dissection especially of the 
MCH/HLA region according to the natural history of deleterious 
immune processes including early infection and/or autoimmune 
features might be a promising route to better understand the 
interactions between gene and environment.

Autoimmune psychosis: peripheral 
Biomarkers from Dysbiosis to 
Autoantibodies?
Similar to autoimmunity, dysbiosis is found in patients with 
psychosis (48). The intestinal microbiota seems essential for the 
development and functioning of the nervous central system, 
shedding light on the concept of a gut–brain axis (49). Dysbiosis 
is a well-known cause of increased intestinal permeability 
(so-called “leaky gut”) in schizophrenia (50). This increased 
intestinal permeability is demonstrated by the high circulating 
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levels of CD14, a biomarker of bacterial translocation (49). The 
release of such pro-inflammatory innate sensor in a repetitive 
manner could allow, under the framework of particular genetic 
framework (HLA), to the breakdown of immune tolerance with 
consequent emergence of autoantibodies. Along this line, various 
autoantibodies have been found in subgroups of schizophrenic 
patients. For example, increased anti-bovine casein antibodies 
have been found in psychosis (51). Meta-analysis found threefold 
to fourfold times more anti-transglutaminase and anti-gliadine 
autoantibodies in patients with schizophrenia than in general 
population. Autoantibodies, specifically against the central nerv-
ous system, have also been found in schizophrenic patients. These 
patients have a higher prevalence of circulating antibodies against 
hippocampus and hypothalamus as compared to healthy control 
(52). A recent meta-analysis has confirmed and specified these 
results, showing that schizophrenic patients are three times more 
likely to have high levels of anti-glutamate receptor antibodies, 
N-methyl-d-aspartic acid receptor (NMDAR), compared to con-
trols (22). The latter being of major importance. For the first time, 
they might make the bridge between autoimmune psychosis and 
the glutamate theory of psychosis and, doing so, sheds light on the 
pathophysiology of autoimmune psychosis.

In summary, there is a whole array of peripheral and central 
autoantibodies in schizophrenia, which deserve further explora-
tion to explore their pathogenic role and to describe possible 
associated clinico-biological signatures, helping to more precise 
the concept of autoimmune psychosis.

Autoimmune psychosis: Clinical picture?
We have seen that, among the heterogeneous group of schizo-
phrenic patients, it is possible to hypothesize the existence of an 
autoimmune psychosis subgroup. The question is now in front of 
which clinical history or symptoms should we search for autoim-
munity (53). The literature is still heterogeneous in the field and 
some have found no differences between patients (17, 20, 23). 
However, based on a French cohort of patients with psychiatric 
symptoms and autoantibodies against NMDA-R, we described 
clinical characteristics of patients that should lead to search of 
biological markers of an autoimmune psychosis [for details, 
see Ref. (54)]. While the mean age of onset in schizophrenia is 
25–35  years old, we observed the first episode of autoimmune 
psychosis to occur around the 24th years of life (55). It is well 
known that schizophrenia is associated with the presence of 
neurological soft signs (56). More than that, we have been able to 
put forward that 50% of the patients with autoantibodies against 
NMDA-R had neurological symptoms including headaches, 
disorientation, paresthesia, anterograde amnesia, or abnormal 
movements. These results are in agreement with others who have 
also found neurological comorbidities in autoimmune psychosis 
cases (26, 57). Catatonia is a complex neuropsychiatric syndrome 
related to schizophrenia in 20% of cases (58). Its exact physiopa-
thology is still unknown but seems underpinned by a deregulation 
between glutamatergic and GABAergic signaling (59). Catatonia, 
schizophrenia, and NMDAR-Ab have been extensively associ-
ated in the literature, which might indicate catatonia as a sign of 
autoimmune psychosis (60–62).

In summary, in front of an early age at onset of psychosis, 
discrete neurological symptoms, and catatonia, search for 
autoantibodies should be performed.

Treatment Response
More than 30% of schizophrenic patients are resistant to conven-
tional antipsychotics (63). Among them, 41% exhibited biological 
signs of immune activation (64). For example, treatment-resistant 
patient has been strongly associated with increased cytokines 
level (65–69). It has also been reported the specific presence of 
NMDAR-Ab in treatment-resistant patients (70). Finally, we 
have also been able to underlie the tight link between presence of 
NMDAR Ab and neuroleptic intolerance (54). These data seem 
to indicate a different pathophysiology, not related to the clas-
sical dopaminergic hypothesis, in patients with an autoimmune 
psychosis.

All these arguments have led to propose that all treatment-
resistant/intolerant patients should have an autoantibodies 
screening, and particularly NMDAR-Ab, as a part of the diag-
nostic process.

In summary, based on epidemiological studies, genetic and 
biological biomarkers but also environmental risk factors, there 
are many arguments to suggest, that among schizophrenia, it is 
useful to ensure the identification of a subgroup of autoimmune 
psychosis. It is possibly characterized by (i) history of early 
infections or severe stress, (ii) autoimmune or infections during 
childhood or early adulthood, (iii) clinical presentation with the 
presence of gastrointestinal/neurological symptoms, catatonia, 
and (iv) presence of one or several autoantibodies associated 
with schizophrenia leading to a resistant form of schizophrenia 
(Figure 1).

pERSpECTiVES FOR AppROpRiATE 
TREATMEnTS

Now that we are able to isolate autoimmune psychosis, future 
clinical trials should evaluate if different types of immunotherapy 
may be helpful, in particular, involving those routinely used 
in immune/autoimmune-related common disorders such as 
corti sone pulse therapy, intravenous immunoglobulins, plasma-
pheresis, humanized monoclonal antibodies (e.g., rituximab), or 
immunosupressor (e.g., cyclophosphamide).

Among the new therapeutic approaches already used with 
success in autoimmune psychosis, three can be considered (10). 
The first one is based on the use of immunotherapies from non- 
selective immunosuppressive ones like minocycline, steroids, 
plasma exchange, or cyclophosphamide to a more selective 
one like the anti CD-20 monoclonal antibody Rituximab (71). 
Schematically, CD-20 is a potent marker of B-lymphocytes. By 
targeting CD-20, Rituximab will be able to inhibit B lymphocyte 
and, doing so, to prevent antibodies circulation (72). The second 
approach also focuses on antibodies and has been proposed by 
Diamond and colleagues. They propose to use d-peptide in order 
to prevent pathogenic antibodies to reach their target, theoreti-
cally, without affecting receptor function (73). It has been tested 
in mice model and seems to indeed prevent autoantibodies 
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FiGURE 1 | Diagnostic elements possibly supporting the definition of autoimmune psychosis. The diagnosis is suspected if the patient presents psychiatric 
symptoms (e.g., early age of onset, catatonia), neurological signs, resistant or intolerance to antipsychotic treatment, history of autoimmune disorder, and severe 
infections. The diagnosis relies on the detection in the circulation of autoantibodies and, particularly, directed against neurotransmitter receptors, such as the 
glutamate NMDA receptor.
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effect (73). The last one is more specific and consists in the use 
of a co-agonist of the NMDAR, the d-serine. It has been used 
by Heresco-Levy in an open label case study and has shown a 
dramatic improvement in the psychosis symptomatology (74). 
The potential mechanism of action behind d-serine is that it will 
enhance NMDAR activity by increasing the frequency of channel 
opening to counter act the action of the antibodies.

COnCLUSiOn

Today, the main problem of the so-called autoimmune psychosis 
is that patients are not diagnosed. In order to help the physician to 
evocate it and to consider an autoantibody screening, we propose 
to gather elements enabling to build a risk score for autoimmune 
psychosis. This score should take into account the personal and/
or familial history of early infections, autoimmune disorders, 
the demographic and clinical characteristics, and the presence 
of blood biomarkers such as CD14 and a panel of autoantibodies 

(anti-bovine casein, anti-transglutaminase, anti-folate receptor, 
anti-central nervous system, etc.). Of course, such risk score will 
need to be built and validated, as it should enable to allow early 
detection of autoimmune psychosis to prevent misdiagnosis with 
long-term deleterious consequences. Clinical trials targeting 
specific mechanisms and performed in homogeneous subgroups 
of autoimmune psychosis will allow to test and to select the most 
efficient treatment. More than that, the discovery of N-methyl-
d-aspartate receptors antibodies (NMDAR-Ab) is also of major 
importance for a better comprehension of the neurobiological 
basis not only of autoimmune psychosis but also psychosis in 
general. We hope that, in a few years, personalized psychiatry will 
become the rule and not the exception anymore.

AUTHOR COnTRiBUTiOnS

PE made the bibliography and wrote the article. ML, LG, and RT 
have corrected the manuscript.

REFEREnCES

1. Perälä J, Suvisaari J, Saarni SI, Kuoppasalmi K, Isometsä E, Pirkola S, et  al. 
Lifetime prevalence of psychotic and bipolar I disorders in a general population. 
Arch Gen Psychiatry (2007) 64(1):19–28. doi:10.1001/archpsyc.64.1.19 

2. Elkis H. Treatment-resistant schizophrenia. Psychiatr Clin North Am (2007) 
30(3):511–33. doi:10.1016/j.psc.2007.04.001 

3. Khandaker GM, Cousins L, Deakin J, Lennox BR, Yolken R, Jones PB. Inflam-
mation and immunity in schizophrenia: implications for pathophysiology 
and treatment. Lancet Psychiatry (2015) 2(3):258–70. doi:10.1016/S2215-0366 
(14)00122-9 

4. Benros ME, Nielsen PR, Nordentoft M, Eaton WW, Dalton SO, Mortensen PB. 
Autoimmune diseases and severe infections as risk factors for schizophrenia:  
a 30-year population-based register study. Am J Psychiatry (2011) 168(12): 
1303–10. doi:10.1176/appi.ajp.2011.11030516 

5. Benros ME, Eaton WW, Mortensen PB. The epidemiologic evidence linking 
autoimmune diseases and psychosis. Biol Psychiatry (2014) 75(4):300–6. 
doi:10.1016/j.biopsych.2013.09.023 

6. Coutinho E, Harrison P, Vincent A. Do neuronal autoantibodies cause  
psychosis? A neuroimmunological perspective. Biol Psychiatry (2014) 75(4): 
269–75. doi:10.1016/j.biopsych.2013.07.040 

7. Deakin J, Lennox BR, Zandi MS. Antibodies to the N-methyl-d-aspartate 
receptor and other synaptic proteins in psychosis. Biol Psychiatry (2014) 
75(4):284–91. doi:10.1016/j.biopsych.2013.07.018 

8. Höftberger R, van Sonderen A, Leypoldt F, Houghton D, Geschwind M, 
Gelfand J, et al. Encephalitis and AMPA receptor antibodies: novel findings 
in a case series of 22 patients. Neurology (2015) 84(24):2403–12. doi:10.1212/
WNL.0000000000001682 

9. Kayser MS, Dalmau J. Anti-NMDA receptor encephalitis, autoimmunity, and 
psychosis. Schizophr Res (2016) 176(1):36–40. doi:10.1016/j.schres.2014.10.007 

10. Pollak TA, Beck K, Irani SR, Howes OD, David AS, McGuire PK. Autoantibodies 
to central nervous system neuronal surface antigens: psychiatric symptoms 
and psychopharmacological implications. Psychopharmacology (2016) 
233(9):1605–21. doi:10.1007/s00213-015-4156-y 

11. Crisp SJ, Kullmann DM, Vincent A. Autoimmune synaptopathies. Nat Rev 
Neurosci (2016) 17(2):103–17. doi:10.1038/nrn.2015.27 

12. Leypoldt F, Armangue T, Dalmau J. Autoimmune encephalopathies. Ann N Y 
Acad Sci (2015) 1338:94–114. doi:10.1111/nyas.12553 

13. Titulaer MJ, McCracken L, Gabilondo I, Armangué T, Glaser C, Iizuka T, et al. 
Treatment and prognostic factors for long-term outcome in patients with anti-
NMDA receptor encephalitis: an observational cohort study. Lancet Neurol 
(2013) 12(2):157–65. doi:10.1016/S1474-4422(12)70310-1 

http://www.frontiersin.org/Psychiatry/
http://www.frontiersin.org
http://www.frontiersin.org/Psychiatry/archive
https://doi.org/10.1001/archpsyc.64.1.19
https://doi.org/10.1016/j.psc.2007.04.001
https://doi.org/10.1016/S2215-0366
(14)00122-9
https://doi.org/10.1016/S2215-0366
(14)00122-9
https://doi.org/10.1176/appi.ajp.2011.11030516
https://doi.org/10.1016/j.biopsych.2013.09.023
https://doi.org/10.1016/j.biopsych.2013.07.040
https://doi.org/10.1016/j.biopsych.2013.07.018
https://doi.org/10.1212/WNL.0000000000001682
https://doi.org/10.1212/WNL.0000000000001682
https://doi.org/10.1016/j.schres.2014.10.007
https://doi.org/10.1007/s00213-015-4156-y
https://doi.org/10.1038/nrn.2015.27
https://doi.org/10.1111/nyas.12553
https://doi.org/10.1016/S1474-4422(12)70310-1


5

Ellul et al.

Frontiers in Psychiatry | www.frontiersin.org April 2017 | Volume 8 | Article 54

Clinical Challenge of Autoimmune Psychosis

14. Dalmau J, Lancaster E, Martinez-Hernandez E, Rosenfeld MR, Balice-
Gordon R. Clinical experience and laboratory investigations in patients with 
anti-NMDAR encephalitis. Lancet Neurol (2011) 10(1):63–74. doi:10.1016/
S1474-4422(10)70253-2 

15. Beck K, Lally J, Shergill SS, Bloomfield MA, MacCabe JH, Gaughran F, et al. 
Prevalence of serum N-methyl-d-aspartate receptor autoantibodies in refrac-
tory psychosis. Br J Psychiatry (2015) 206(2):164–5. doi:10.1192/bjp.bp.113. 
142216 

16. Dahm L, Ott C, Steiner J, Stepniak B, Teegen B, Saschenbrecker S, et  al. 
Seroprevalence of autoantibodies against brain antigens in health and disease. 
Ann Neurol (2014) 76(1):82–94. doi:10.1002/ana.24189 

17. de Witte LD, Hoffmann C, van Mierlo HC, Titulaer MJ, Kahn RS, Martinez-
Martinez P, et  al. Absence of N-methyl-d-aspartate receptor IgG autoanti-
bodies in schizophrenia: the importance of cross-validation studies. JAMA 
Psychiatry (2015) 72(7):731–3. doi:10.1001/jamapsychiatry.2015.0526 

18. Hammer C, Stepniak B, Schneider A, Papiol S, Tantra M, Begemann M, et al. 
Neuropsychiatric disease relevance of circulating anti-NMDA receptor auto-
antibodies depends on blood-brain barrier integrity. Mol Psychiatry (2014) 
19(10):1143–9. doi:10.1038/mp.2013.110 

19. Haussleiter IS, Emons B, Schaub M, Borowski K, Brüne M, Wandinger 
KP, et  al. Investigation of antibodies against synaptic proteins in a cross- 
sectional cohort of psychotic patients. Schizophr Res (2012) 140(1–3):258–9. 
doi:10.1016/j.schres.2012.05.006 

20. Masdeu JC, González-Pinto A, Matute C, Ruiz De Azúa S, Palomino A,  
De Leon J, et al. Serum IgG antibodies against the NR1 subunit of the NMDA 
receptor not detected in schizophrenia. Am J Psychiatry (2012) 169(10): 
1120–1. doi:10.1176/appi.ajp.2012.12050646 

21. Pathmanandavel K, Starling J, Merheb V, Ramanathan S, Sinmaz N, Dale RC, 
et al. Antibodies to surface dopamine-2 receptor and N-methyl-d-aspartate 
receptor in the first episode of acute psychosis in children. Biol Psychiatry 
(2015) 77(6):537–47. doi:10.1016/j.biopsych.2014.07.014 

22. Pearlman DM, Najjar S. Meta-analysis of the association between N-methyl-
d-aspartate receptor antibodies and schizophrenia, schizoaffective disorder, 
bipolar disorder, and major depressive disorder. Schizophr Res (2014) 
157(1–3):249–58. doi:10.1016/j.schres.2014.05.001 

23. Rhoads J, Guirgis H, McKnight C, Duchemin AM. Lack of anti-NMDA recep-
tor autoantibodies in the serum of subjects with schizophrenia. Schizophr Res 
(2011) 129(2–3):213–4. doi:10.1016/j.schres.2010.12.018 

24. Steiner J, Walter M, Glanz W, Sarnyai Z, Bernstein HG, Vielhaber S, et  al. 
Increased prevalence of diverse N-methyl-d-aspartate glutamate receptor 
antibodies in patients with an initial diagnosis of schizophrenia: specific 
relevance of IgG NR1a antibodies for distinction from N-methyl-d-aspartate 
glutamate receptor encephalitis. JAMA Psychiatry (2013) 70(3):271–8. 
doi:10.1001/2013.jamapsychiatry.86 

25. Steiner J, Bogerts B. N-methyl-d-aspartate receptor autoantibodies in 
schizophrenia and affective disorders. Schizophr Res (2015) 162(1–3):291. 
doi:10.1016/j.schres.2015.01.009 

26. Tsutsui K, Kanbayashi T, Tanaka K, Boku S, Ito W, Tokunaga J, et al. Anti-
NMDA-receptor antibody detected in encephalitis, schizophrenia, and 
narcolepsy with psychotic features. BMC Psychiatry (2012) 12:37. doi:10.1186/ 
1471-244X-12-37 

27. Zandi MS, Irani SR, Lang B, Waters P, Jones PB, McKenna P, et al. Disease-relevant 
autoantibodies in first episode schizophrenia. J Neurol (2011) 258(4):686–8.  
doi:10.1007/s00415-010-5788-9 

28. Gutierrez-Arcelus M, Rich SS, Raychaudhuri S. Autoimmune diseases –  
connecting risk alleles with molecular traits of the immune system. Nat Rev 
Genet (2016) 17(3):160–74. doi:10.1038/nrg.2015.33 

29. Rewers M, Ludvigsson J. Environmental risk factors for type 1 diabetes. Lancet 
(2016) 387(10035):2340–8. doi:10.1016/S0140-6736(16)30507-4 

30. Anaya JM, Ramirez-Santana C, Alzate MA, Molano-Gonzalez N, Rojas-
Villarraga A. The autoimmune ecology. Front Immunol (2016) 7:139. 
doi:10.3389/fimmu.2016.00139 

31. Rosser EC, Mauri C. A clinical update on the significance of the gut micro-
biota in systemic autoimmunity. J Autoimmun (2016) 74:85–93. doi:10.1016/ 
j.jaut.2016.06.009 

32. Knip M, Siljander H. The role of the intestinal microbiota in type 1 
diabetes mellitus. Nat Rev Endocrinol (2016) 12(3):154–67. doi:10.1038/
nrendo.2015.218 

33. Eaton WW, Byrne M, Ewald H, Mors O, Chen CY, Agerbo E, et al. Association 
of schizophrenia and autoimmune diseases: linkage of Danish National 
Registers. Am J Psychiatry (2006) 163(3):521–8. doi:10.1176/appi.ajp.163.3.521 

34. Severance EG, Yolken RH, Eaton WW. Autoimmune diseases, gastrointestinal 
disorders and the microbiome in schizophrenia: more than a gut feeling. 
Schizophr Res (2016) 176(1):23–35. doi:10.1016/j.schres.2014.06.027

35. Shi J, Levinson DF, Duan J, Sanders AR, Zheng Y, Pe’er I, et  al. Common 
variants on chromosome 6p22.1 are associated with schizophrenia. Nature 
(2009) 460(7256):753–7. doi:10.1038/nature08192 

36. Stefansson H, Ophoff RA, Steinberg S, Andreassen OA, Cichon S, Rujescu D,  
et  al. Common variants conferring risk of schizophrenia. Nature (2009) 
460(7256):744–7. doi:10.1038/nature08186 

37. Ripke S, O’Dushlaine C, Chambert K, Moran JL, Kähler AK, Akterin S, et al. 
Genome-wide association analysis identifies 13 new risk loci for schizophre-
nia. Nat Genet (2013) 45(10):1150–9. doi:10.1038/ng.2742 

38. Schizophrenia Working Group of the Psychiatric Genomics Consortium. 
Biological insights from 108 schizophrenia-associated genetic loci. Nature 
(2014) 511(7510):421–7. doi:10.1038/nature13595 

39. Shiina T, Hosomichi K, Inoko H, Kulski JK. The HLA genomic loci map: 
expression, interaction, diversity and disease. J Hum Genet (2009) 54(1):15–39. 
doi:10.1038/jhg.2008.5 

40. Trowsdale J. The MHC, disease and selection. Immunol Lett (2011) 137(1–2): 
1–8. doi:10.1016/j.imlet.2011.01.002 

41. Trowsdale J, Knight JC. Major histocompatibility complex genomics and 
human disease. Annu Rev Genomics Hum Genet (2013) 14:301–23. doi:10.1146/ 
annurev-genom-091212-153455 

42. Thorsby E, Lie BA. HLA associated genetic predisposition to autoimmune 
diseases: genes involved and possible mechanisms. Transpl Immunol (2005) 
14(3–4):175–82. doi:10.1016/j.trim.2005.03.021 

43. Canetta S, Sourander A, Surcel HM, Hinkka-Yli-Salomäki S, Leiviskä J, 
Kellendonk C, et al. Elevated maternal C-reactive protein and increased risk of 
schizophrenia in a national birth cohort. Am J Psychiatry (2014) 171(9):960–8. 
doi:10.1176/appi.ajp.2014.13121579 

44. Khandaker GM, Zimbron J, Lewis G, Jones PB. Prenatal maternal infec-
tion, neurodevelopment and adult schizophrenia: a systematic review of 
population-based studies. Psychol Med (2013) 43(2):239–57. doi:10.1017/
S0033291712000736 

45. Sutterland AL, Fond G, Kuin A, Koeter MW, Lutter R, van Gool T, et al. Beyond 
the association. Toxoplasma gondii in schizophrenia, bipolar disorder, and 
addiction: systematic review and meta-analysis. Acta Psychiatr Scand (2015) 
132(3):161–79. doi:10.1111/acps.12423 

46. Benros ME, Mortensen PB, Eaton WW. Autoimmune diseases and infections 
as risk factors for schizophrenia. Ann N Y Acad Sci (2012) 1262:56–66. 
doi:10.1111/j.1749-6632.2012.06638.x 

47. Srinivas L, Vellichirammal NN, Alex AM, Nair C, Nair IV, Banerjee M. Pro-
inflammatory cytokines and their epistatic interactions in genetic suscepti-
bility to schizophrenia. J Neuroinflammation (2016) 13(1):105. doi:10.1186/
s12974-016-0569-8 

48. Sherwin E, Sandhu KV, Dinan TG, Cryan JF. May the force be with you: the 
light and dark sides of the microbiota-gut-brain axis in neuropsychiatry. CNS 
Drugs (2016) 30(11):1019–41. doi:10.1007/s40263-016-0370-3 

49. Nemani K, Hosseini Ghomi R, McCormick B, Fan X. Schizophrenia and the 
gut-brain axis. Prog Neuropsychopharmacol Biol Psychiatry (2015) 56:155–60. 
doi:10.1016/j.pnpbp.2014.08.018 

50. Severance EG, Yolken RH, Eaton WW. Autoimmune diseases, gastrointestinal 
disorders and the microbiome in schizophrenia: more than a gut feeling. 
Schizophr Res (2016) 176(1):23–35. doi:10.1016/j.schres.2014.06.027 

51. Niebuhr DW, Li Y, Cowan DN, Weber NS, Fisher JA, Ford GM, et al. Association 
between bovine casein antibody and new onset schizophrenia among US 
military personnel. Schizophr Res (2011) 128(1–3):51–5. doi:10.1016/j.schres. 
2011.02.005 

52. Millan MJ, Andrieux A, Bartzokis G, Cadenhead K, Dazzan P, Fusar-Poli P, 
et al. Altering the course of schizophrenia: progress and perspectives. Nat Rev 
Drug Discov (2016) 15(7):485–515. doi:10.1038/nrd.2016.28 

53. Coutinho E, Vincent A. Autoimmunity in neuropsychiatric disorders. Handb 
Clin Neurol (2016) 133:269–82. doi:10.1016/B978-0-444-63432-0.00015-3 

54. Lejuste F, Thomas L, Picard G, Desestret V, Ducray F, Rogemond V, et  al. 
Neuroleptic intolerance in patients with anti-NMDAR encephalitis. 

http://www.frontiersin.org/Psychiatry/
http://www.frontiersin.org
http://www.frontiersin.org/Psychiatry/archive
https://doi.org/10.1016/S1474-4422(10)70253-2
https://doi.org/10.1016/S1474-4422(10)70253-2
https://doi.org/10.1192/bjp.bp.113.
142216
https://doi.org/10.1192/bjp.bp.113.
142216
https://doi.org/10.1002/ana.24189
https://doi.org/10.1001/jamapsychiatry.2015.0526
https://doi.org/10.1038/mp.2013.110
https://doi.org/10.1016/j.schres.2012.05.006
https://doi.org/10.1176/appi.ajp.2012.12050646
https://doi.org/10.1016/j.biopsych.2014.07.014
https://doi.org/10.1016/j.schres.2014.05.001
https://doi.org/10.1016/j.schres.2010.12.018
https://doi.org/10.1001/
2013.jamapsychiatry.86
https://doi.org/10.1016/j.schres.2015.01.009
https://doi.org/10.1186/
1471-244X-12-37
https://doi.org/10.1186/
1471-244X-12-37
https://doi.org/10.1007/s00415-010-5788-9
https://doi.org/10.1038/nrg.2015.33
https://doi.org/10.1016/S0140-6736(16)30507-4
https://doi.org/10.3389/fimmu.2016.00139
https://doi.org/10.1016/
j.jaut.2016.06.009
https://doi.org/10.1016/
j.jaut.2016.06.009
https://doi.org/10.1038/nrendo.2015.218
https://doi.org/10.1038/nrendo.2015.218
https://doi.org/10.1176/appi.ajp.163.3.521
https://doi.org/10.1016/j.schres.2014.06.027
https://doi.org/10.1038/nature08192
https://doi.org/10.1038/nature08186
https://doi.org/10.1038/ng.2742
https://doi.org/10.1038/nature13595
https://doi.org/10.1038/jhg.2008.5
https://doi.org/10.1016/j.imlet.2011.01.002
https://doi.org/10.1146/
annurev-genom-091212-153455
https://doi.org/10.1146/
annurev-genom-091212-153455
https://doi.org/10.1016/j.trim.2005.03.021
https://doi.org/10.1176/appi.ajp.2014.13121579
https://doi.org/10.1017/S0033291712000736
https://doi.org/10.1017/S0033291712000736
https://doi.org/10.1111/acps.12423
https://doi.org/10.1111/j.1749-6632.2012.06638.x
https://doi.org/10.1186/s12974-016-0569-8
https://doi.org/10.1186/s12974-016-0569-8
https://doi.org/10.1007/s40263-016-0370-3
https://doi.org/10.1016/j.pnpbp.2014.08.018
https://doi.org/10.1016/j.schres.2014.06.027
https://doi.org/10.1016/j.schres.
2011.02.005
https://doi.org/10.1016/j.schres.
2011.02.005
https://doi.org/10.1038/nrd.2016.28
https://doi.org/10.1016/B978-0-444-63432-0.00015-3


6

Ellul et al.

Frontiers in Psychiatry | www.frontiersin.org April 2017 | Volume 8 | Article 54

Clinical Challenge of Autoimmune Psychosis

Neurol Neuroimmunol Neuroinflamm (2016) 3(5):e280. doi:10.1212/NXI. 
0000000000000280 

55. Ochoa S, Usall J, Cobo J, Labad X, Kulkarni J. Gender differences in schizophre-
nia and first-episode psychosis: a comprehensive literature review. Schizophr  
Res Treatment (2012) 2012:1–9. doi:10.1155/2012/916198 

56. Bachmann S, Degen C, Geider FJ, Schröder J. Neurological soft signs in the 
clinical course of schizophrenia: results of a meta-analysis. Front Psychiatry 
(2014) 5:185. doi:10.3389/fpsyt.2014.00185 

57. Somers KJ, Lennon VA, Rundell JR, Pittock SJ, Drubach DA, Trenerry MR, et al. 
Psychiatric manifestations of voltage-gated potassium-channel complex auto-
immunity. J Neuropsychiatry Clin Neurosci (2011) 23(4):425–33. doi:10.1176/ 
jnp.23.4.jnp425 

58. Rosebush PI, Mazurek MF. Catatonia and its treatment. Schizophr Bull (2010) 
36(2):239–42. doi:10.1093/schbul/sbp141 

59. Ellul P, Choucha W. Neurobiological approach of catatonia and treatment 
perspectives. Front Psychiatry (2015) 6:182. doi:10.3389/fpsyt.2015.00182 

60. Inta D, Sartorius A, Gass P. NMDA receptor blockade and catatonia: a com-
plex relationship. Schizophr Res (2015) 168(1–2):581–2. doi:10.1016/j.schres. 
2015.07.029 

61. Kiani R, Lawden M, Eames P, Critchley P, Bhaumik S, Odedra S, et al. Anti-
NMDA-receptor encephalitis presenting with catatonia and neuroleptic 
malignant syndrome in patients with intellectual disability and autism. 
BJPsych Bull (2015) 39(1):32–5. doi:10.1192/pb.bp.112.041954 

62. Mythri SV, Mathew V. Catatonic syndrome in anti-NMDA receptor encepha-
litis. Indian J Psychol Med (2016) 38(2):152–4. doi:10.4103/0253-7176.178812 

63. Elkis H, Buckley PF. Treatment-resistant schizophrenia. Psychiatr Clin North 
Am (2016) 39(2):239–65. doi:10.1016/j.psc.2016.01.006 

64. Bechter K, Reiber H, Herzog S, Fuchs D, Tumani H, Maxeiner HG. Cerebro-
spinal fluid analysis in affective and schizophrenic spectrum disorders: 
identification of subgroups with immune responses and blood-CSF barrier 
dysfunction. J Psychiatr Res (2010) 44(5):321–30. doi:10.1016/j.jpsychires. 
2009.08.008 

65. Tan Y, Li Y, Tan S, Wang Z, Yang FD, Cao B, et al. Increased interleukin-2 
serum levels were associated with psychopathological symptoms and 
cognitive deficits in treatment-resistant schizophrenia. Schizophr Res (2015) 
169(1–3):16–21. doi:10.1016/j.schres.2015.10.038 

66. Noto C, Gadelha A, Belangero SI, Spindola LM, Rocha NP, de Miranda AS, 
et  al. Circulating levels of sTNFR1 as a marker of severe clinical course in 
schizophrenia. J Psychiatr Res (2013) 47(4):467–71. doi:10.1016/j.jpsychires. 
2012.12.010 

67. Maes M, Bocchio Chiavetto L, Bignotti S, Battisa Tura GJ, Pioli R, Boin F, 
et  al. Increased serum interleukin-8 and interleukin-10 in schizophrenic 

patients resistant to treatment with neuroleptics and the stimulatory effects of 
clozapine on serum leukemia inhibitory factor receptor. Schizophr Res (2002) 
54(3):281–91. doi:10.1016/S0920-9964(00)00094-3 

68. Maes M, Bocchio Chiavetto L, Bignotti S, Battisa Tura G, Pioli R, Boin 
F, et  al. Effects of atypical antipsychotics on the inflammatory response 
system in schizophrenic patients resistant to treatment with typical neu-
roleptics. Eur Neuropsychopharmacol (2000) 10(2):119–24. doi:10.1016/
S0924-977X(99)00062-0 

69. Lin A, Kenis G, Bignotti S, Tura GJ, De Jong R, Bosmans E, et al. The inflam-
matory response system in treatment-resistant schizophrenia: increased 
serum interleukin-6. Schizophr Res (1998) 32(1):9–15. doi:10.1016/S0920- 
9964(98)00034-6 

70. Senda M, Bessho K, Oshima E, Sakamoto S, Tanaka K, Tsutsui K, et al. Anti-
inflammatory therapy and immunotherapy were partially effective in a patient 
with anti-N-methyl-d-aspartate receptor antibodies and a special subgroup of 
treatment-resistant schizophrenia. J Clin Psychopharmacol (2016) 36(1):92–3. 
doi:10.1097/JCP.0000000000000439 

71. Zandi MS, Deakin JB, Morris K, Buckley C, Jacobson L, Scoriels L, et  al. 
Immunotherapy for patients with acute psychosis and serum N-methyl- 
d-aspartate receptor (NMDAR) antibodies: a description of a treated case 
series. Schizophr Res (2014) 160(1–3):193–5. doi:10.1016/j.schres.2014. 
11.001 

72. Enghelhard M. Anti-CD20 antibody treatment of non-Hodgkin lymphomas. 
Clin Immunol (2016) 172:101–4. doi:10.1016/j.clim.2016.08.011

73. Huerta PT, Kowal C, DeGiorgio LA, Volpe BT, Diamond B. Immunity and 
behavior: antibodies alter emotion. Proc Natl Acad Sci U S A (2006) 103(3): 
678–83. doi:10.1073/pnas.0510055103 

74. Heresco-Levy U, Durrant AR, Ermilov M, Javitt DC, Miya K, Mori H. Clinical 
and electrophysiological effects of d-serine in a schizophrenia patient positive 
for anti-N-methyl-d-aspartate receptor antibodies. Biol Psychiatry (2015) 
77(6):e27–9. doi:10.1016/j.biopsych.2014.08.023 

Conflict of Interest Statement: The authors declare that the research was con-
ducted in the absence of any commercial or financial relationships that could be 
construed as a potential conflict of interest.

Copyright © 2017 Ellul, Groc, Tamouza and Leboyer. This is an open-access article 
distributed under the terms of the Creative Commons Attribution License (CC BY). 
The use, distribution or reproduction in other forums is permitted, provided the 
original author(s) or licensor are credited and that the original publication in this 
journal is cited, in accordance with accepted academic practice. No use, distribution 
or reproduction is permitted which does not comply with these terms.

http://www.frontiersin.org/Psychiatry/
http://www.frontiersin.org
http://www.frontiersin.org/Psychiatry/archive
https://doi.org/10.1212/NXI.
0000000000000280
https://doi.org/10.1212/NXI.
0000000000000280
https://doi.org/10.1155/2012/916198
https://doi.org/10.3389/fpsyt.2014.00185
https://doi.org/10.1176/
jnp.23.4.jnp425
https://doi.org/10.1176/
jnp.23.4.jnp425
https://doi.org/10.1093/schbul/sbp141
https://doi.org/10.3389/fpsyt.2015.00182
https://doi.org/10.1016/j.schres.
2015.07.029
https://doi.org/10.1016/j.schres.
2015.07.029
https://doi.org/10.1192/pb.bp.112.041954
https://doi.org/10.4103/0253-7176.178812
https://doi.org/10.1016/j.psc.2016.01.006
https://doi.org/10.1016/j.jpsychires.
2009.08.008
https://doi.org/10.1016/j.jpsychires.
2009.08.008
https://doi.org/10.1016/j.schres.2015.10.038
https://doi.org/10.1016/j.jpsychires.
2012.12.010
https://doi.org/10.1016/j.jpsychires.
2012.12.010
https://doi.org/10.1016/S0920-9964(00)00094-3
https://doi.org/10.1016/S0924-977X
(99)00062-0
https://doi.org/10.1016/S0924-977X
(99)00062-0
https://doi.org/10.1016/S0920-
9964(98)00034-6
https://doi.org/10.1016/S0920-
9964(98)00034-6
https://doi.org/10.1097/JCP.0000000000000439
https://doi.org/10.1016/j.schres.2014.11.001
https://doi.org/10.1016/j.schres.2014.11.001
https://doi.org/10.1016/j.clim.2016.08.011
https://doi.org/10.1073/pnas.0510055103
https://doi.org/10.1016/j.biopsych.2014.08.023
http://creativecommons.org/licenses/by/4.0/

	The Clinical Challenge of Autoimmune Psychosis: Learning from Anti-NMDA Receptor Autoantibodies
	Introduction
	Autoimmunity and Psychosis: Roots
	Biological and Clinical Features of Patients with Autoimmune Psychosis
	Autoimmune Psychosis: Genetic and Environmental Risk Factors
	Autoimmune Psychosis: Peripheral Biomarkers from Dysbiosis to Autoantibodies?
	Autoimmune Psychosis: Clinical Picture?
	Treatment Response

	Perspectives for Appropriate Treatments
	Conclusion
	Author Contributions
	References


