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Blood-based biomarker discovery for psychotic disorders
has yet to impact upon routine clinical practice. In physical
disorders antibodies have established roles as diagnostic,
prognostic and predictive (theranostic) biomarkers, partic-
ularly in disorders thought to have a substantial autoim-
mune or infective aetiology. Two approaches to antibody
biomarker identification are distinguished: a “top-down”
approach, in which antibodies to specific antigens are
sought based on the known function of the antigen and its
putative role in the disorder, and emerging “bottom-up” or
“omics” approaches that are agnostic as to the significance
of any one antigen, using high-throughput arrays to iden-
tify distinctive components of the antibody repertoire. Here
we review the evidence for antibodies (to self-antigens as
well as infectious organism and dietary antigens) as bio-
markers of diagnosis, prognosis, and treatment response in
psychotic disorders. Neuronal autoantibodies have current,
and increasing, clinical utility in the diagnosis of organic
or atypical psychosis syndromes. Antibodies to selected in-
fectious agents show some promise in predicting cognitive
impairment and possibly other symptom domains (eg, sui-
cidality) within psychotic disorders. Finally, infectious anti-
bodies and neuronal and other autoantibodies have recently
emerged as potential biomarkers of response to anti-infec-
tive therapies, immunotherapies, or other novel therapeutic
strategies in psychotic disorders, and have a clear role in
stratifying patients for future clinical trials. As in nonpsy-
chiatric disorders, combining biomarkers and large-scale
use of “bottom-up” approaches to biomarker identification
are likely to maximize the eventual clinical utility of anti-
body biomarkers in psychotic disorders.
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Introduction

According to the World Health Organization, psychotic
disorders are the eighth most significant cause of global
disability-adjusted life years among 15- to 44-year-olds,
ranking above violence, hearing loss, and war.! As well as
the substantial loss of quality of life in schizophrenia, it
is increasingly recognized that individuals with psychotic
disorders have a reduced life expectancy, with one sys-
tematic review noting a standardized mortality ratio of
2.58.2 These disorders also place an enormous burden on
relatives and carers.’

Clinical medicine is entering an era in which there is
an ever-greater emphasis on the early identification and
prevention of disease* and the development of personal-
ized treatment approaches.’> As such, biomarkers, which
can be diagnostic, prognostic, or predictive, are currently
being researched extensively across every area of medi-
cine and psychotic disorders like schizophrenia are no ex-
ception. A fundamental problem in the management of
psychosis is that outcomes are not predictable on clinical
grounds. For example, it is not possible to predict which
individuals with prodromal symptoms will develop psy-
chosis, or whether a patient with psychosis will respond
to conventional treatment.®® Hitherto, approaches to-
ward identifying biomarkers have included postmortem
studies, structural and functional neuroimaging, prote-
omics, transcriptomics, metabolomics, and epigenetics.
However, these methods have been plagued by small
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Fig. 1. Two approaches to identification of antibodies for psychosis. The top-down approach is hypothesis-driven, based on candidate
antigens identified from related disorders, genetic studies or putative neurobiology. The bottom-up approach is hypothesis-neutral
and aims to identify predictive antibodies based on a large microarray. Both require validation with a cell-based assay (CBA) or other

immunoassays such as enzyme-linked immunosorbent assay (ELISA).

effect sizes, population heterogeneity, and a consequent
need for very large samples.’

Immune biomarkers are now used widely in relation
to physical disease, both systemic and CNS-restricted,
to improve clinical understanding and management, re-
flecting an increasing awareness of the involvement of
the immune response in aspects of many diseases. With
the recognition that psychotic disorders, too, have con-
siderable immune involvement, it is likely that immune
biomarkers will play a role in the biological psychiatry of
the future. Here we review the evidence for antibodies as
diagnostic, prognostic, and predictive biomarkers in psy-
chotic disorders (table 1).

Immune and Inflammatory Mechanisms are Implicated
in Psychotic Disorders

Autoimmune diseases occur when tissue destruction is
mediated by self-antigen directed antibodies or T-cells.'
To the extent that we understand the pathogenesis of
psychotic disorders, there is insufficient evidence to
claim that they are autoimmune in origin.!! There is,
however, a consensus that psychotic disorders are het-
erogeneous, in many cases with complex multifactorial
aetiologies. Some authors have proposed the categories
of “primary” or idiopathic, and secondary psychoses,
that is, those in which there is a clearly identifiable “or-
ganic” cause (eg, temporal lobe epilepsy, the 22q11 dele-
tion syndrome).'? Other authors have gone further still,
arguing that the term “schizophrenia” should be replaced
with a broader concept such as “psychosis spectrum dis-
order.”!® Nonetheless the evidence for some role for both
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adaptive and innate immune processes in the aectiology
of some of these disorders continues to mount.'* Recent
genome-wide association studies (GWAS) point toward
immune-related loci in schizophrenia with multiple sus-
ceptibility genes identified on the major histocompati-
bility complex.”” When GWAS findings are grouped by
known molecular pathways, several related to immunity
and inflammation are implicated.'® Elevated serum levels
of some inflammatory cytokines characterize the acute
phase of psychotic disorders,'” and there is preliminary
evidence that cytokines may have a role in predicting ill-
ness course or treatment response in individuals in the
carliest stages of psychotic disorders.'®"

Prefiguring these more recent studies of inflammatory
markers in psychotic disorders, associations between in-
fectious organisms and psychotic disorders have been
described for over a century. Since the studies that linked
an increased incidence of schizophrenia to epidemic in-
fluenza infection during the second trimester, associations
have been noted between maternal exposure to influenza,
Toxoplasma gondii and herpes simplex virus (HSV).? In
terms of later neurodevelopment, there is evidence that
childhood and even adult infection with 7. gondii and
other organisms is associated with psychosis.?' 23

Epidemiological studies have also borne out the as-
sociation between psychotic disorders and autoimmune
disease. Rates of autoimmune disorders such as celiac
disease, Graves’ disease, systemic lupus erythematosus
(SLE), multiple sclerosis, autoimmune hepatitis, and pso-
riasis are higher in those with schizophrenia.?* Moreover,
a family history of multiple sclerosis, psoriasis, Sjogren’s
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syndrome, dermatopolymyositis, or autoimmune hepa-
titis is associated with a greater risk of schizophrenia.?
Severe infections and autoimmune diseases show inde-
pendent associations with schizophrenia, but they also
have a synergistic effect on the risk.>

Focusing more specifically on humoral immunity, the
notion that psychosis might be caused by a pathogenic
antibody has a long history. A systematic review demon-
strated that among patients with established schizophre-
nia, 20 autoantibodies (including antinuclear antibody
[ANA], anti-cardiolipin, anti-N-methyl-p-aspartate
receptor [NMDAR], and anti-serotonin) were present
at higher rates than among controls; rates of anticardio-
lipin and anti-NMDAR antibodies were also present in
patients with first-episode psychosis.?® Even among the
unaffected first-degree relatives of patients with schizo-
phrenia, a higher prevalence of some autoantibodies has
been observed.? However, the mere presence of an anti-
body does not imply pathogenicity.

Initially, associations with psychosis have been
described for antibodies that reacted with entire brain
regions.”” However, the reactivities of such antibodies are
nonspecific enough that they are unlikely to be helpful
in understanding pathogenesis or in distinguishing psy-
chotic disorders from other disorders. A more refined
hypothesis is that patients with psychotic disorders (or a
subgroup thereof) have pathogenic antibodies against spe-
cific neuronal cell surface proteins such as the NMDAR,
and research is ongoing to establish the aetiological and
prognostic significance of this.?® 3

Antibodies in the Prediction and Stratification of
Physical Disease

Antibodies make suitable biomarkers for the pre-
diction of disease because they are relatively eas-
ily measured in bodily fluids by a variety of (usually
inexpensive) immunoassays. Biomarkers—whether
antibodies or otherwise—can have 3 distinct roles in
medicine. They may be diagnostic, indicating the pres-
ence or absence of a disease (although often their sen-
sitivity and specificity is such that they lend support to
or help rule out a disease entity). They may be prog-
nostic, giving information on morbidity, mortality, or
another outcome. Finally, they may be predictive, giv-
ing information on a patient’s likely response to spe-
cific treatments.?!-?

Where a disorder has an established autoimmune basis,
autoantibodies have a clear role as biomarkers, although
crucially there is no requirement in any disease for an
antibody to be pathogenic (causal) in order for it to have
a useful biomarker role. Indeed, many of the biomark-
ers discussed here are unlikely to be causal. This concept
may be the source of some confusion but is of utmost
importance. To establish that an antibody is “causal” for
a particular disease (ie, necessary and sufficient for the

Antibodies in Diagnosis and Prediction of Psychosis

occurrence of disease) requires considerable evidential
support in the fulfilment of the so-called Koch-Witebsky
postulates, namely: (1) evidence of disease-specific adapt-
ive immune response in the affected target tissue, organ,
or blood; (2) passive transfer of antibodies replicates the
disease in experimental animals; and (3) elimination of
antibodies modifies disease.!'”

If an antibody is not primarily causal, it may still have
an associated disease-modifying role and therefore shape
phenotype despite not being required for the disease to
be present. For example, circulating autoantibodies are
the secreted product of a pathway that includes the gen-
eration of B lymphocytes bearing autoantibodies as their
surface immunoglobulin. These are potent antigen-pre-
senting cells for autoreactive T cells and in this capacity
alone are likely to drive immunopathology. Alternatively,
antibodies may be raised in response to the primary dis-
ease pathology but may not be disease-causing in them-
selves (ie, “epiphenomenal”) or they may have an even
less direct association with the disease pathology (eg, they
may associate with a risk factor that in itself is only con-
tributory to the disease). Whether or not an antibody is
causal, therefore, is an independent question to that of
its utility as a biomarker. If an antibody is clearly causal
then this may indicate that it will be a useful biomarker
for clinical response to antibody-depleting immunothera-
pies, but there are many more useful contexts in which an
antibody can have a useful biomarker role.

Most autoimmune diseases develop over a long period
of time, with a period of subclinical autoreactive tissue
damage before the development of overt symptoma-
tology. A paradigmatic example of the development of
predictive antibody markers is that of type 1 diabetes
(T1D). Based on seminal studies of first-degree relatives
who were monitored for the development of T1D over
15 years, the risk of developing the illness is now under-
stood to rise with the number of organ-specific autoan-
tibodies.* Subsequent studies have refined the selection
of at-risk individuals by using genetic criteria (HLA typ-
ing) and have provided robust risk estimates based on
the “burden” of islet cell-specific autoantibodies. For
example, children who develop two or more such auto-
antibodies have a risk of developing T1D in childhood or
adolescence of >80%.%

In SLE, there are raised levels of various autoanti-
bodies, including ANA, anti-dsDNA, ENA, anti-Ro,
anti-La, anti-RNP, and anti-Sm.* ANA is most com-
monly used as a “screening” test, wherein a positive
result will prompt testing of the other disease-associ-
ated antibodies. Patients with particular antibodies have
an increased risk of developing certain manifestations
of SLE.* However, 4%-8% of the healthy population
(depending on the threshold used) are positive for ANA
and rates are higher in those with multiple comorbidi-
ties, so it is not regarded as a specific test.’’® Anti-
dsDNA is more specific, but this is at the expense of
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sensitivity.?”* Similar to T1D, autoantibodies have been
shown to predate clinical manifestations in a large pro-
portion of those who subsequently develop the disease
with the lag time between seropositivity and diagnosis
being as much as 9 years.*

Neuromyelitis optica (NMO) is a central nervous
system disease characterized by inflammatory optical
and spinal lesions. Previously characterized as “optical-
spinal” MS, the identification of pathogenic antibodies
to the astrocytic water channel aquaporin-4 (AQP4)*
heralded a recategorization of the disorder as an inde-
pendent entity.*'*? Specific antibody and B-cell depleting
therapies have been shown to be efficacious and AQP4
antibodies have been shown to predate the development
of NMO. Furthermore, seropositivity at the time of an
initial episode predicts higher relapse rates than sero-
negative status.*’ Immunoglobulin access to the CNS
is thought to be restricted by the blood-brain barrier
(BBB). This suggests that the first step in pathogenesis,
in NMO and other in autoantibody-mediated CNS dis-
eases, is BBB disruption: in the case of NMO due either
to antibodies directed against AQP4 within the BBB*
or to induction of IL-6 production by AQP4-positive
astrocytes.* This disruption may allow leakage of AQP4
antibodies into the cerebrospinal fluid (CSF).*> We have
reviewed the implications of BBB dysregulation in psy-
chosis elsewhere.*

Moving beyond antibodies targeting “self” antigens,
antibodies to infectious organisms have also been useful
as biomarkers in diseases not classically understood to
be infectious. For instance, within oncology, Epstein-Barr
Virus (EBV) is thought to have a causal role in the devel-
opment of Burkitt’s lymphoma and Hodgkin’s disease®’;
raised titers of antibodies to EBV are seen in both of
these disorders.® Similarly, antibodies to human papil-
loma virus may have a role in the prediction of outcomes
for oropharyngeal squamous cell carcinomas.®

As well as being relevant in classically infectious and
malignant disease, infectious organism antibodies are
also thought to be implicated in autoimmune diseases.
In Crohn’s disease, antimicrobial antibody serostatus
(including to Saccharomyces cerevisiae) before diagno-
sis predicts subsequent disease course.*® The relation-
ship between infection, antibodies to infective pathogens,
and autoimmunity is complex: a paradigmatic example
is rheumatic fever, a disease that is precipitated by infec-
tion by Streptococcus pyogenes, a bacterium that usually
produces an acute upper respiratory tract infection. In
a minority, however, untreated infection with the path-
ogen results in subsequent weeks in inflammatory disease
of the skin, joints, and myocardium. The mechanism
thought to underlie this is known as molecular mimicry,
whereby pathogens express antigens with similar epitopes
to host tissue. This similarity is not sufficient to prevent
an adaptive immunological response against the patho-
gen, but it does mean that once antibodies are formed,
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they can cross-react with host tissue.’! In rheumatic
fever, antibodies produced against streptococcal anti-
gens cross-react with cardiac myosin, resulting in myo-
carditis.”> Other examples of autoimmune diseases that
may have infective triggers are Graves’ disease (Yersinia
enterocolitica mimics the TSH receptor) and multiple
sclerosis (multiple viruses share epitopes with the mye-
lin basic protein).”! Apart from molecular mimicry, there
are other proposed mechanisms to explain these associa-
tions: for instance, there may exist microbial “superanti-
gens” that could nonspecifically prime T-cells; bacterial
endotoxins may cause polyclonal B-cell activation, or self
antigen may undergo posttranslational modification to
make it more immunogenic.

The examples above largely feature antibodies that were
specifically sought either within disease or at-risk cohorts,
usually because of previous work demonstrating a plausi-
ble mechanistic link between the antigen in question and
the disease state. This hypothesis-driven or “top-down”
approach to biomarker validation has been successful to
a point but, particularly in CNS disorders, has also high-
lighted an important cautionary lesson: that outside of
strictly-defined autoimmune disease in which autoanti-
bodies are thought to be directly pathogenic, “classical”
antigenic targets often miss their mark as the most use-
ful biomarkers.>* For example, serum autoantibodies to
amyloid-f} do not show a clear association with Alzheimer’s
disease, and a similar lack of clarity characterizes the lit-
erature on a-synuclein antibodies in Parkinson’s disease.**

The last decade has seen the emergence of an alter-
native approach to the development of antibody-based
diagnostic and predictive markers. High-throughput
immunoassay platforms now allow for the simultane-
ous testing of antibodies to many thousands of anti-
genic targets on a single biological sample. This approach
remains agnostic as to the potential significance of any
one antigen in a given disease. [t has been demonstrated
that every individual harbors many thousands of autoan-
tibodies directed against self antigens—so-called “natu-
ral autoantibodies”—and that the vast majority are not
disease-causing. Indeed natural autoantibodies exist in
multiple isotypes and with varying affinities in all indi-
viduals regardless of age, gender, or disease state, and the
production of these autoantibodies is likely to represent a
physiological “debris-clearing” response to tissue destruc-
tion or damage.> It follows that the autoantibody profile
of any individual might reflect any pathological process
that is ongoing in that individual and can thus serve as a
“readout” of the disease state in question (figure 1).

This approach is starting to be used with some success
in neurodegenerative disorders.** For example, using a
panel of 50 autoantibodies, researchers were able to accu-
rately distinguish patients with mild cognitive impair-
ment from controls and from those with mild-moderate
Alzheimer’s disease.® Another study identified an auto-
antibody biomarker panel able to distinguish early-stage
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Parkinson’s disease from disease and non-disease controls
and showed promise for staging the disorder.”” A similar
approach has shown some success in subtyping multi-
ple sclerosis.*® These studies provide hope for early diag-
nosis of neurodegenerative diseases using blood-based
biomarkers without the need for expensive and invasive
testing and with application in the primary care setting.

As was the case in genetics, where a genome-wide
approach has supplanted a “top-down” single-gene
approach, it is likely that a “bottom-up” approach to
biomarker identification will prove particularly useful in
complex disorders, with multifactorial aetiology, where
pathology occurs in multiple systems. This is a model
with increasing relevance to psychiatry, where simplistic
“single receptor” or “single neurotransmitter” models of
disease are in decline.

Special Considerations in Psychosis

Diagnostic Antibodies. Neuroimaging and blood-based
biomarkers have thus far failed to completely distinguish
psychotic from other psychiatric disorders.® ¢! Given that
there are no adequately sensitive and specific biomark-
ers for the diagnosis of primary or idiopathic psychotic
disorders like schizophrenia, how could antibodies have
any diagnostic role in the clinical assessment of patients
presenting with psychosis?

One very clear use is in the diagnosis of a so-called
organic (or “secondary”) psychotic disorders, which esti-
mates suggest may account for between 3% and 6% of all
cases of psychosis.®?® In the last decade, an increasing
awareness of autoimmune encephalitis as a differential
diagnosis of acute psychosis has led to many clinicians
testing for neuronal autoantibodies as part of the initial
assessment of patients presenting with a first episode of
psychosis or even an acute relapse. The rationale is that
early testing might point clinicians toward identifying
an immunotherapy-responsive encephalopathy before
neurological symptoms develop.5+% It is notable in this
regard that in the initial series of NMDAR encepha-
litis, nearly 80% of patients presented initially to men-
tal health services.®® Further, it is now understood that
autoimmune encephalitides can also present monosymp-
tomatically, with only psychiatric symptoms but not neu-
rological symptoms.®**7% In much the same way that an
autoantibody test (for aquaporin 4 antibodies) allowed
neurologists to delineate and recategorize (as NMO) a
small subgroup of patients with demyelinating disease
that were previously subsumed under the broad category
of MS,* testing for NMDAR encephalitis may there-
fore allow psychiatrists to recategorize a proportion of
cases that hitherto were subsumed under the category of
“schizophrenia.”

In these cases, according to recent diagnostic consensus
criteria, antibodies must be present in CSF or there must
be other paraclinical evidence suggestive of encephalitis,

Antibodies in Diagnosis and Prediction of Psychosis

such as electroencephalography (EEG), neuroimaging, or
inflammatory CSF abnormalities.” Therefore, antibody
testing cannot in itself lead to a diagnostic recategoriza-
tion in a patient who presents with psychosis without
additional symptoms, but it can guide further diagnostic
investigation.

This approach does, therefore, leave a potentially large
group of patients facing a lack of diagnostic clarity, that
is, patients who present with psychotic symptoms and
who have a positive serum neuronal autoantibody test
result but who do not have EEG, neuroimaging, or CSF
abnormalities. These patients have been designated “syn-
aptic and neuronal autoantibody-associated psychiatric
syndromes” (SNAps) by Al-Diwani et al”® and will be
considered in section 3.3.

Other diagnoses of organic psychosis that can be aided
by a positive antibody test are most often made in the
context of a systemic or CNS disease that can present
with psychosis. Examples include SLE, the antiphos-
pholipid syndrome, vasculitis, or neurosyphilis. In these
cases, the diagnostic antibody is not usually specific to a
psychotic presentation but to the disease more generally.
One possible exception is psychosis associated with SLE
(or “lupus psychosis”), which may be specifically associ-
ated with antibodies to the NR2 subunit of the NMDAR
(and shown to cross-react with dsDNA) or with riboso-
mal P antibodies.”

Perhaps surprisingly, antibody-based diagnostics in
psychiatry have probably impacted clinical practice most
within the pediatric sphere. Pediatric acute-onset neu-
ropsychiatric syndrome (PANS) is a (somewhat conten-
tious) clinical diagnosis defined by the sudden onset of
obsessive-compulsive symptoms or eating restrictions in
combination with a number of other possible comorbid
neuropsychiatric symptoms, and is strongly associated
with infection with group A streptococcus and other
pathogens. Particularly relevant to this review, about a
quarter of patients also present with psychotic symp-
toms, although these do not form part of the diagnostic
criteria.”” PANS, along with a related syndrome, pediatric
autoimmune neuropsychiatric disorder associated with
streptococcal infections (PANDAS), have been variously
associated with (putatively causal) antibodies target-
ing the basal ganglia, the dopamine D1 and D2 recep-
tors, enolase, beta-tubulin, and lysoganglioside-GM1
(lyso-GM1).” The sensitivity and specificity of various
antibody-based diagnostics for these disorders is how-
ever variable, with a recent study demonstrating that a
popular commercially available panel of antibodies (the
Cunningham panel) had relatively poor performance
in identifying children with clinically defined PANS/
PANDAS, with positive results among healthy controls
and poor test-retest reliability.”

We suggest that a “bottom-up,” single-platform multi-
specificity detection approach may show promise in iden-
tifying diagnostic biomarkers for psychotic disorders,
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although to what extent this is possible is of course likely
to be dependent on the extent to which the psychotic dis-
order group is aetiologically heterogenous. By identifying
the panel of antibodies that most discriminate patients
with psychotic disorder from matched healthy or psy-
chiatric controls, it is possible that truly diagnostic bio-
marker identification can be facilitated.

Prognostic Antibodies. A fundamental challenge in
the management of patients with psychosis is that the
course of the disorder is remarkably heterogenous. Some
patients have a single episode of psychosis and then make
a very good recovery, with no further episodes of illness.
Others have an episodic course, with successive periods of
acute illness and remission. A further subgroup follows a
chronic, unremitting course, with a progressive decline in
functioning.”*” These different types of patients require
very different types and levels of clinical care. At the
onset of illness, it is not possible, on the basis of their
presenting clinical features, to predict which particular
course a patient will follow. There is thus great interest in
the potential of biomarkers to help stratify patients with
psychosis according to their future clinical course.®

Additionally, there is mounting interest in biomarkers
of particular domains of impairment in psychotic ill-
nesses; for example, cognitive dysfunction is recognized
as an important predictor of outcome in psychosis, and
indeed one that is relatively refractory to pharmacother-
apy.”® As “psychosis” is reconceptualized in the coming
decades, it may become apparent that there is a subtype
characterized by a progressive course and poor cognitive
profile. In this sense, today’s prognostic biomarkers may
have a diagnostic role in future practice.

Although neuronal autoantibodies, in the context of
autoimmune encephalitis, have been linked with poor
cognition and functioning over a follow-up period of
years,’”’® their prognostic role in psychotic disorders has
not been assessed.

A significant body of work has associated cogni-
tive deficits in psychosis with antibodies to viruses and
other neurotropic pathogens, with the most commonly
implicated organisms being HSV-1,”% cytomegalovi-
rus (CMV),%% and toxoplasma.®'¥ Similarly, mortality
from natural causes in schizophrenia is associated with
antibodies to HSV-1, toxoplasma, and EBV.#%7 Finally,
suicidality and a history of suicide attempts may be pre-
dicted by both the presence and titer of antibodies to
CMYV and toxoplasma.$

However, given the relatively high seroprevalences of
antibodies to some of these pathogens, and the often
small effect sizes in relation to the outcomes of interest,
the possibility of confounding is high and it is unlikely
that a single positive infective antibody test will have suf-
ficient clinical utility to inform management. A related
concern with the use infective antibodies as biomarkers
is the extent to which the association with the outcome
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of interest is due to confounding with ethnicity, socioeco-
nomic status or other potentially relevant environmental
factors such as urbanicity, migration status or lifestyle,
and behavior.”"%

Finally, an unbiased “bottom-up” approach has
recently been used for identification of prognostic auto-
antibodies in first episode psychosis: Zandian et al used
microarrays to profile the autoantibody repertoire of first
episode psychosis patients and controls. One of the most
discriminant autoantibodies, targeting the N-terminal
domain of the PAGE (P antigen) protein group, was
linked to a 4-fold risk of future diagnosis of schizophre-
nia. Despite PAGE being a protein that had not previ-
ously been associated with psychosis, this pilot study is
the first to employ a bottom-up approach for antibody
biomarker identification in psychotic disorders, suggest-
ing clear promise for the general approach, and identify-
ing candidate biomarkers that would not have emerged
from a hypothesis-driven, top-down approach.”

We suggest that a fruitful approach would be the identi-
fication of prognostic antibody biomarkers in subjects at
clinical risk for psychosis. These individuals have “atten-
uated” psychotic symptoms, and about a third will prog-
ress to frank psychosis within 2 years.” To date, no study
has measured neuronal autoantibodies in this group to
establish whether they predate the onset of frank psycho-
sis, and whether they confer risk for the subsequent devel-
opment of a psychotic disorder.

Predictive ( Theranostic) Antibodies. A final application
for measurement of antibodies in patients with psycho-
sis is to predict response to treatment with antipsychotic
medication. In this regard, it is too narrow to consider
only the prediction of a positive response (ie, reduction
of psychotic symptoms).® Identification of predictors of
treatment resistance or of adverse treatment effects is also
a priority, as is identification of predictors of response
to novel therapies such as immunotherapies. Finally,
improvement in symptom domains other than explicitly
psychotic symptoms, for example, cognitive deficits, is an
important outcome to consider.

Considering the potential predictive role of neu-
ronal autoantibodies, favorable outcomes have been
reported when combinations of corticosteroids, plas-
mapheresis, [VIg, mycophenolate mofetil, or rituximab
have been used in a case series in patients with anti-
bodies to the NMDA receptor and no overt neurolog-
ical signs (ie, patients who do not have autoimmune
encephalitis but who would meet Al-Diwani et al’s
“SNAps” definition™).”® Randomized trials of immu-
notherapy in patients with psychosis and NMDAR and
other neuronal autoantibodies are currently ongoing.
If positive, and a serum NMDAR antibody test can
predict a good immunotherapy-response, the implica-
tions for clinical psychiatric practice are potentially
transformative.
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(NMDAR antibodies have been shown to disrupt neu-
ronal glutamatergic signaling.”” Tt is possible that when
detected in individuals with psychosis, then, these indi-
viduals may have a primarily glutamatergic rather than
dopaminergic pathology. Furthermore, response to anti-
psychotic treatment in psychosis is associated with dopa-
minergic pathology and nonresponse with glutamatergic
pathology.”®” However, no study to date has assessed
glutamatergic and/or dopaminergic function in NMDAR
antibody—positive patients with psychosis.)

Interestingly there is some evidence that neuronal
autoantibodies may be most frequently identified in sub-
groups of patients with psychosis that have classically
been felt to be more “organic” in nature, for example,
childhood-onset psychosis,!® postpartum psychosis,!”!
or psychosis associated with epilepsy.!”” These studies
did not specifically assess immunotherapy-response. In
the epilepsy literature, there is evidence that the presence
of neuronal autoantibodies in chronic refractory “idio-
pathic” epilepsies indicates an increased likelihood of
preferential response to immunotherapies over standard
antiepileptic medications,!” raising the intriguing paral-
lel possibility that neuronal autoantibody status in these
psychoses may index immunotherapy-responsiveness
over antipsychotic-responsiveness.

Further, NMDAR antibodies may indicate that a
patient will have an adverse response to antipsychotic
medications, with increased rates reported of rhabdomy-
olysis and neuroleptic-malignant syndrome-type reac-
tions as well as extrapyramidal symptoms.!%4105

Where autoantibodies to specific receptors indi-
cate dysfunction of the associated neurochemical sys-
tem, these antibodies may represent an opportunity for
treatments targeting that system. For example, folate
receptor antibodies were described in 15 of 18 patients
(83.3%) with refractory schizophrenia, compared with
3.3% of healthy controls. These antibodies were hypoth-
esized to block the receptor and modulate flux of folic
acid into and out of the brain in a manner analogous
to that seen in infantile-onset cerebral folate deficiency
syndrome. Eight seropositive patients were treated with
folinic acid supplementation with improvement reported
in 7 patients.!® No randomized study has yet attempted
to replicate this interesting open-label study. In a simi-
lar vein, a single case study demonstrating improvement
in psychotic symptoms in a woman with chronic schiz-
ophrenia, NMDAR antibodies and characteristic EEG
abnormalities reported significant improvement with
p-serine, an NMDAR co-agonist.!"’

Hashimoto’s encephalopathy (also known as steroid-
responsive encephalopathy associated with autoimmune
thyroiditis, SREAT) is characterized by diverse neuropsy-
chiatric signs in the presence of thyroid autoantibodies.'*®
Symptoms cannot merely be attributed to thyroid dys-
function.'” Endres et al''® have recently reported a case of
elevated antithyroid peroxidase (TPO) antibody levels in
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a patient with a schizophrenia-like illness who responded
well to immunosuppression with corticosteroids. They
also reported antibodies to either TPO or thyroglobulin
(TG) in 13 of a series of 100 patients with schizophreni-
form syndromes,'!"! raising the possibility that TPO and
TG antibodies could be used to characterize a group of
patients who might respond well to corticosteroid therapy.

Antibodies to infectious antigens may have a special
role in personalizing adjunctive treatment for patients
with psychotic disorders. An open-label study in 2003
showed an improvement in psychiatric symptoms in
patients with schizophrenia who were seropositive for
CMYV, "2 but this was not replicated in a randomized dou-
ble-blind trial.'"® Prasad et al,'"* in a placebo-controlled,
double-blind randomized controlled trial (RCT) showed
that 18 weeks of valacyclovir treatment improved cogni-
tion in a number of domains, but not psychotic symp-
toms, in HSV-1 seropositive patients with schizophrenia.

Despite the evidence of an association between psy-
chotic disorders and antibodies against toxoplasma,
these antibodies do not appear to predict symptomatic
response to anti-toxoplasma therapy in schizophrenia,
insofar as 4 RCTs have failed to find a main effect on psy-
chotic symptoms.'"* Notably one study did find that arte-
mether treatment was associated with a greater reduction
in PANSS negative symptom scores, and in clinical global
impression scores, when compared with placebo, in 100
toxoplasma antibody—positive schizophrenia patients,
although this was not the primary outcome of the trial.''®

Recently, dietary antibodies have been implicated in the
pathogenesis of some cases of psychotic disorder.!'7-12
Case studies and case series indicate that patients who
are seropositive for antibody markers of gluten sensitiv-
ity (eg, anti-gliadin, anti-transglutaminase antibodies)!*!
may benefit symptomatically from gluten-free diets'?>1%
although trial evidence is lacking.

Conclusions and Future Directions

The gold-standard biomarker is one that is highly sen-
sitive, highly specific and noninvasive.'* The biomarkers
that we have surveyed in relation to psychosis do not cur-
rently meet standards that would support their general
clinical use as biomarkers for diagnosis or prognostica-
tion of typical psychotic disorders, nor for predicting the
response of psychotic symptoms to antipsychotic medi-
cation. However, there may be a promising role for anti-
bodies in the following situations:

1. diagnosis of organic or atypical psychosis syndromes;

2. clinical course in primary psychotic disorders, particu-
larly as regards cognitive impairment;

3. prediction of likelihood of response to immunother-
apy or other novel therapeutic strategies.

Regarding neuronal autoantibodies in particular, con-
siderable further work is required to evaluate their role
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as biomarkers in psychotic disorders. For example, our
current understanding of how antibody status varies over
time is poor. For instance, antibody titers may go up and
down, possibly in association with psychotic symptom
severity. Further longitudinal studies, both of treatment-
naive patients with established psychotic disorders and of
patients at high clinical risk for the development of such
disorders are required to assess the utility of autoanti-
body measurement in psychotic disorders.

Multiple antibodies have emerged as potential bio-
markers of response to atypical treatment strategies (eg,
immunotherapies, anti-infective therapies, nutritional or
dietary manipulations) in psychotic disorders. Generally,
however, randomized controlled trial evidence is lacking
or is inconclusive. What is clear is that these antibodies
can be an essential part of future study design and strat-
ification of patients into treatment groups. Indeed, fail-
ure to stratify patients in this way to date may underlie
the limited success of trials of some novel therapies (eg,
immunotherapies) in psychotic disorders.

With regard to diagnosis, it is important to consider
that psychiatric diagnoses lack pathological specificity.
There is an emerging consensus that unlike, say, T1D,
NMO or Alzheimer’s disease, “psychosis” denotes a het-
erogenous group of disorders with likely diverse aetiolo-
gies. Some authors have seen psychiatric diagnoses as
“manmade abstractions, liable to be discarded or modi-
fied,” 1?6 while others have argued that despite the multi-
plicity of causes, there exists a “final common pathway”
that results in the clinical expression of psychosis.!”” If
we accept heterogeneity but also the likely existence of
some common pathway, this has important implications
for the development of antibody-based biomarkers. It
suggests that the “top-down”/single-antigen approach
may be unsuccessful in identifying single biomarkers
that are diagnostic of a psychotic disorder. Where this
approach is more likely to show utility is in the identifica-
tion of disease subtypes and the consequent implications
for treatment stratification. It may be that individual
antibodies will be of doubtful diagnostic, prognostic, or
predictive significance alone, and that multiple antibod-
ies in combination will guide management. It is possi-
ble that this will lead to greater sensitivity and specificity
although arguably at the expense of a simple model of
the pathophysiology.

Indeed, the possibility of a shared common mechan-
ism despite potentially varied aetiology suggests that a
hypothesis-neutral, -omics approach (the “bottom-up”
approach) may be an appropriate strategy for predictive
biomarker identification going forward.

In parallel to the research outlined here on antibod-
ies as psychosis biomarkers, the emerging immunologi-
cal perspective on psychotic disorders has suggested that
other classes of biomarker, such as cytokines, chemo-
kines, and even metagenomic indices of the microbiome
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may all have a role in bringing psychosis into the era of
personalized medicine. How these measures might relate
to antibody serostatus remains unclear although a com-
plex, interactive picture is beginning to emerge from other
areas of medicine.'?

Finally, experience from biomarker identification
in other medical disorders has reinforced the value of
approaches that combine multiple biomarkers with
clinical and demographic data to maximize predictive
potential.”!?130 Tt is likely that where psychotic disor-
ders are concerned, too, the utility of an individual’s
antibody profile will be strengthened when used in
combination with complementary, non-antibody-based
prediction approaches, potentially incorporating neu-
roimaging, environmental, clinical, genomic, and pro-
teomic data.

Funding

TAP was supported by a clinical research train-
ing fellowship grant from the Wellcome Trust (no
105758/Z/14/Z). JR was supported by a NIHR Academic
Clinical Fellowship. RGN has received research fund-
ing from the National Institutes of Health, Michael
J. Fox Foundation, Osteopathic Heritage Foundation,
GlaxoSmithKline, Foundation Venture Capital Group,
and the Boye Foundation. He is also a co-founder of
Durin Technologies, Inc., serves as its Chief Scientific
Officer, and has received consulting fees. He may accrue
revenue in the future based on patents submitted by
Rowan University wherein he is a co-inventor. There are
no marketed products to declare. ASD, JMS, and PM are
supported by the NIHR Maudsley Biomedical Research
Centre at South London & Maudsley NHS Foundation
Trust and the Institute of Psychiatry, Psychology and
Neuroscience, King’s College London.

Conflicts of interest

The authors have declared that there are no conflicts of
interest in relation to the subject of this study.

References

1. Rangaswamy Srinivasa Murthy JMB, Epping-Jordan J,
Funk M, Thomson Prentice BS, Saxena S. The World Health
Report: 2001. Geneva: World Health Organization; 2001.

2. Saha S, Chant D, McGrath J. A systematic review of mor-
tality in schizophrenia: is the differential mortality gap wors-
ening over time? Arch Gen Psychiatry. 2007;64:1123-1131.

3. Rossler W, Salize HJ, van Os J, Riecher-Rossler A. Size
of burden of schizophrenia and psychotic disorders. Eur
Neuropsychopharmacol. 2005;15:399-409.

4. Boivin MJ, Kakooza AM, Warf BC, Davidson LL, Grigorenko
EL. Reducing neurodevelopmental disorders and disability
through research and interventions. Nature. 2015;527:155-160.

5. Hamburg MA, Collins FS. The path to personalized medi-
cine. N Engl J Med. 2010;363:301-304.

610z Atenige /0 uo Jasn uopuo 8bs|j0D AlsieAlun Aq Z0SE88Y/EEZ/L/STA0BASqe-8o1E/UlNS|INgeIuIYdoZIYoS/Woo dno olwspede//:sdiy Woly papeojumoq



10.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

. McGuire P, Dazzan P. Does neuroimaging have a role

in predicting outcomes in psychosis? World Psychiatry.
2017;16:209-210.

. McGuire P, Sato JR, Mechelli A, Jackowski A, Bressan RA,

Zugman A. Can neuroimaging be used to predict the onset of
psychosis? Lancet Psychiatry. 2015;2:1117-1122.

. Fond G, d’Albis MA, Jamain S, et al. The promise of bio-

logical markers for treatment response in first-episode psych-
osis: a systematic review. Schizophr Bull. 2015;41:559-573.

. Pickard BS. Schizophrenia biomarkers: translating the descrip-

tive into the diagnostic. J Psychopharmacol. 2015;29:138-143.

Rose NR, Bona C. Defining criteria for autoimmune dis-
eases (Witebsky’s postulates revisited). Immunol Today.
1993;14:426-430.

. Al-Diwani AAJ, Pollak TA, Irani SR, Lennox BR. Psychosis:

an autoimmune disease? Immunology. 2017;152:388-401.

Keshavan MS, Kaneko Y. Secondary psychoses: an update.
World Psychiatry. 2013;12:4-15.

Guloksuz S, van Os J. The slow death of the concept of
schizophrenia and the painful birth of the psychosis spec-
trum. Psychol Med. 2017:1-16.

Khandaker GM, Cousins L, Deakin J, Lennox BR, Yolken
R, Jones PB. Inflammation and immunity in schizophrenia:
implications for pathophysiology and treatment. Lancet
Psychiatry. 2015;2:258-270.

Ripke S, Sanders AR, Kendler KS, et al. Genome-wide as-
sociation study identifies five new schizophrenia loci. Nature
Genet. 2011;43:969-976.

Jia P, Wang L, Meltzer HY, Zhao Z. Common variants con-
ferring risk of schizophrenia: a pathway analysis of GWAS
data. Schizophr Res. 2010;122:38-42.

Miller BJ, Buckley P, Seabolt W, Mellor A, Kirkpatrick B.
Meta-analysis of cytokine alterations in schizophrenia:
clinical status and antipsychotic effects. Biol Psychiatry.
2011;70:663-671.

Perkins DO, Jeffries CD, Addington J, et al. Towards a psych-
osis risk blood diagnostic for persons experiencing high-risk
symptoms: preliminary results from the NAPLS project.
Schizophr Bull. 2015;41:419-428.

Mondelli V, Ciufolini S, Belvederi Murri M, et al. Cortisol and
inflammatory biomarkers predict poor treatment response in
first episode psychosis. Schizophr Bull. 2015;41:1162-1170.
Brown AS, Derkits EJ. Prenatal infection and schizophrenia:
a review of epidemiologic and translational studies. 4m J
Psychiatry. 2010;167:261-280.

Khandaker GM, Zimbron J, Dalman C, Lewis G, Jones
PB. Childhood infection and adult schizophrenia: a meta-
analysis of population-based studies. Schizophr Res.
2012;139:161-168.

Torrey EF, Bartko JJ, Yolken RH. Toxoplasma gondii and
other risk factors for schizophrenia: an update. Schizophr
Bull. 2012;38:642-647.

Torrey EF, Yolken RH. Schizophrenia and infections: the
eyes have it. Schizophr Bull. 2016;46:sbw113.

Benros ME, Eaton WW, Mortensen PB. The epidemiologic
evidence linking autoimmune diseases and psychosis. Bio/
Psychiatry. 2014;75:300-306.

Benros ME, Mortensen PB, Eaton WW. Autoimmune dis-
eases and infections as risk factors for schizophrenia. Ann N
Y Acad Sci. 2012;1262:56-66.

Ezeoke A, Mellor A, Buckley P, Miller B. A systematic, quan-
titative review of blood autoantibodies in schizophrenia.
Schizophr Res. 2013;150:245-251.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

Antibodies in Diagnosis and Prediction of Psychosis

Margari F, Petruzzelli MG, Mianulli R, Campa MG, Pastore
A, Tampoia M. Circulating anti-brain autoantibodies in schizo-
phrenia and mood disorders. Psychiatry Res. 2015;230:704-708.
Lennox BR, Palmer-Cooper EC, Pollak T, et al.; PPiP study
team. Prevalence and clinical characteristics of serum neur-
onal cell surface antibodies in first-episode psychosis: a case-
control study. Lancet Psychiatry. 2017;4:42-48.

Deakin J, Lennox BR, Zandi MS. Antibodies to the
N-methyl-D-aspartate receptor and other synaptic proteins
in psychosis. Biol Psychiatry. 2014;75:284-291.

Carter CS, Bullmore ET, Harrison P. Is there a flame in the
brain in psychosis? Biol Psychiatry. 2014;75:258-259.
Ballman KYV. Biomarker: predictive or prognostic? J Clin
Oncol. 2015;33:3968-3971.

Brandner S, von Deimling A. Diagnostic, prognostic and
predictive relevance of molecular markers in gliomas.
Neuropathol Appl Neurobiol. 2015;41:694-720.

Verge CF, Gianani R, Kawasaki E, et al. Prediction of type
I diabetes in first-degree relatives using a combination of in-
sulin, GAD, and ICA512bdc/IA-2 autoantibodies. Diabetes.
1996;45:926-933.

Ziegler AG, Rewers M, Simell O, et al. Seroconversion to
multiple islet autoantibodies and risk of progression to dia-
betes in children. JAMA. 2013;309:2473-2479.

D’Cruz DP. Systemic lupus erythematosus. BMJ (Clin Res
Ed).2006;332:890-894.

Hsieh SC, Tsai CY, Yu CL. Potential serum and urine bio-
markers in patients with lupus nephritis and the unsolved
problems. Open Access Rheumatol. 2016;8:81-91.

Wichainun R, Kasitanon N, Wangkaew S, Hongsongkiat S,
Sukitawut W, Louthrenoo W. Sensitivity and specificity of
ANA and anti-dsDNA in the diagnosis of systemic lupus ery-
thematosus: a comparison using control sera obtained from
healthy individuals and patients with multiple medical prob-
lems. Asian Pac J Allergy Immunol. 2013;31:292-298.

Egner W. The use of laboratory tests in the diagnosis of SLE.
J Clin Pathol. 2000;53:424-432.

D’Cruz DP, Khamashta MA, Hughes GR. Systemic lupus
erythematosus. Lancet. 2007;369:587-596.

Lennon VA, Kryzer TJ, Pittock SJ, Verkman AS, Hinson SR.
IgG marker of optic-spinal multiple sclerosis binds to the
aquaporin-4 water channel. J Exp Med. 2005;202:473-477.
Lennon VA, Wingerchuk DM, Kryzer TJ, et al. A serum
autoantibody marker of neuromyelitis optica: distinction
from multiple sclerosis. Lancet. 2004;364:2106-2112.

Jarius S, Wildemann B. The history of neuromyelitis optica. J
Neuroinflammation. 2013;10:8.

Tomizawa Y, Yokoyama K, Saiki S, Takahashi T, Matsuoka
J, Hattori N. Blood-brain barrier disruption is more se-
vere in neuromyelitis optica than in multiple sclerosis
and correlates with clinical disability. J Int Med Res.
2012;40:1483-1491.

Takeshita Y, Obermeier B, Cotleur AC, et al. Effects of neu-
romyelitis optica-IgG at the blood-brain barrier in vitro.
Neurol Neuroimmunol Neuroinflamm. 2017;4:e311.

Shimizu F, Sano Y, Takahashi T, et al. Sera from neuromy-
elitis optica patients disrupt the blood-brain barrier. J Neurol
Neurosurg Psychiatry. 2012;83:288-297.

Pollak TA, Drndarski S, Stone JM, David AS, McGuire P,
Abbott NJ. The blood-brain barrier in psychosis. Lancet
Psychiatry. 2018;5:79-92.

Pattle SB, Farrell PJ. The role of Epstein-Barr virus in cancer.
Expert Opin Biol Ther. 2006;6:1193-1205.

243

6102 Arenige /0 uo Jasn uopuo 8bsjj0) AlsIenlun AQ Z0SE88Y/EEZ/L/SYAdRASqR-a0IE/UNS|INgRIUaIYdoZIY9S/W0o dnoolwspeoe//:sd)y Wol) papeojumoq



T. A. Pollak et al

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

244

Thompson MP, Kurzrock R. Epstein-Barr virus and cancer.
Clin Cancer Res. 2004;10:803-821.

Spector ME, Sacco AG, Bellile E, et al. E6 and E7 antibody
levels are potential biomarkers of recurrence in patients
with advanced-stage human papillomavirus-positive oro-
pharyngeal squamous cell carcinoma. Clin Cancer Res.
2017;23:2723-2729.

Choung RS, Princen F, Stockfisch TP, et al.; PREDICTS
Study Team. Serologic microbial associated markers can pre-
dict Crohn’s disease behaviour years before disease diagnosis.
Aliment Pharmacol Ther. 2016;43:1300-1310.

Albert LJ, Inman RD. Molecular mimicry and autoimmunity.
N Engl J Med. 1999;341:2068-2074.

Guilherme L, Kalil J. Rheumatic fever and rheumatic heart
disease: cellular mechanisms leading autoimmune reactivity
and disease. J Clin Immunol. 2010;30:17-23.

Fujinami RS, von Herrath MG, Christen U, Whitton JL.
Molecular mimicry, bystander activation, or viral persist-
ence: infections and autoimmune disease. Clin Microbiol Rev.
2006;19:80-94.

DeMarshall C, Sarkar A, Nagele EP, et al. Utility of autoan-
tibodies as biomarkers for diagnosis and staging of neurode-
generative diseases. Int Rev Neurobiol. 2015;122:1-51.

Nagele EP, Han M, Acharya NK, DeMarshall C, Kosciuk
MC, Nagele RG. Natural IgG autoantibodies are abundant
and ubiquitous in human sera, and their number is influenced
by age, gender, and disease. PLoS One. 2013;8:¢60726.
DeMarshall CA, Nagele EP, Sarkar A, et al.; Alzheimer’s
Disease Neuroimaging Initiative. Detection of Alzheimer’s
disease at mild cognitive impairment and disease progression
using autoantibodies as blood-based biomarkers. A/zheimers
Dement (Amst). 2016;3:51-62.

DeMarshall CA, Han M, Nagele EP, et al.; Parkinson’s Study
Group Investigators. Potential utility of autoantibodies as
blood-based biomarkers for early detection and diagnosis of
Parkinson’s disease. Immunol Lett. 2015;168:80-88.

DeMarshall C, Goldwaser EL, Sarkar A, et al. Autoantibodies
as diagnostic biomarkers for the detection and subtyping of
multiple sclerosis. J Neuroimmunol. 2017;309:51-57.

Kempton MJ, McGuire P. How can neuroimaging facilitate
the diagnosis and stratification of patients with psychosis?
Eur Neuropsychopharmacol. 2015;25:725-732.

Weickert CS, Weickert TW, Pillai A, Buckley PF. Biomarkers
in schizophrenia: a brief conceptual consideration. Dis
Markers. 2013;35:3-9.

Lai CY, Scarr E, Udawela M, Everall I, Chen WJ, Dean
B. Biomarkers in schizophrenia: a focus on blood
based diagnostics and theranostics. World J Psychiatry.
2016;6:102-117.

Johnstone EC, Macmillan JE, Crow TJ. The occurrence of or-
ganic disease of possible or probable actiological significance
in a population of 268 cases of first episode schizophrenia.
Psychol Med. 1987;17:371-379.

Misselbrook T, Patel R, Nicholson T, Cullen A, Pollak T.
SAS50. Organic psychosis: using electronic patient records to
investigate demographics, etiology, and outcome. Schizophr
Bull. 2017;43:S131.

Pollak TA, Beck K, Irani SR, Howes OD, David AS,
McGuire PK. Autoantibodies to central nervous system
neuronal surface antigens: psychiatric symptoms and psycho-
pharmacological implications. Psychopharmacology (Berl).
2016;233:1605-1621.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

Herken J, Priiss H. Red flags: clinical signs for identify-
ing autoimmune encephalitis in psychiatric patients. Front
Psychiatry. 2017;8:25.

Dalmau J, Gleichman AJ, Hughes EG, et al. Anti-NMDA-
receptor encephalitis: case series and analysis of the effects of
antibodies. Lancet Neurol. 2008;7:1091-1098.

Kayser MS, Titulaer MJ, Gresa-Arribas N, Dalmau J.
Frequency and characteristics of isolated psychiatric epi-
sodes in anti-N-methyl-d-aspartate receptor encephalitis.
JAMA Neurol. 2013;70:1133-1139.

Yoshimura B, Takaki M. Anti-NMDA receptor antibody
positivity and presentations without seizure, involuntary
movement, hypoventilation, or tumor: a systematic review
of the literature. J Neuropsychiatry Clin Neurosci. 2017; doi:
appineuropsych16050101.

Graus F, Titulaer MJ, Balu R, et al. A clinical approach
to diagnosis of autoimmune encephalitis. Lancet Neurol.
2016;15:391-404.

Al-Diwani A, Pollak TA, Langford AE, Lennox BR.
Synaptic and neuronal autoantibody-associated psychiatric
syndromes: controversies and hypotheses. Front Psychiatry.
2017;8:13.

Ho RC, Thiaghu C, Ong H, et al. A meta-analysis of
serum and cerebrospinal fluid autoantibodies in neuro-
psychiatric systemic lupus erythematosus. Autoimmun Rev.
2016;15:124-138.

Frankovich J, Thienemann M, Pearlstein J, Crable A, Brown
K, Chang K. Multidisciplinary clinic dedicated to treating
youth with pediatric acute-onset neuropsychiatric syndrome:
presenting characteristics of the first 47 consecutive patients.
J Child Adolesc Psychopharmacol. 2015;25:38-47.

Chang K, Frankovich J, Cooperstock M, et al. Clinical evalu-
ation of youth with pediatric acute-onset neuropsychiatric
syndrome (PANS): recommendations from the 2013 PANS
Consensus Conference. J Child Adolesc Psychopharmacol.
2015;25:3-13.

Velthorst E, Fett AJ, Reichenberg A, et al. The 20-year longi-
tudinal trajectories of social functioning in individuals with
psychotic disorders. Am J Psychiatry. 2017;174:1075-1085.
Austin SF, Mors O, Budtz-Jorgensen E, et al. Long-term tra-
jectories of positive and negative symptoms in first episode
psychosis: a 10 year follow-up study in the OPUS cohort.
Schizophr Res. 2015;168:84-91.

Kahn RS, Keefe RS. Schizophrenia is a cognitive illness: time
for a change in focus. JAMA Psychiatry. 2013;70:1107-1112.
Finke C, Kopp UA, Priiss H, Dalmau J, Wandinger KP,
Ploner CJ. Cognitive deficits following anti-NMDA re-
ceptor encephalitis. J Neurol Neurosurg Psychiatry. 2012;83:
195-198.

Yeshokumar AK, Gordon-Lipkin E, Arenivas A, et al.
Neurobehavioral outcomes in autoimmune encephalitis. J
Neuroimmunol. 2017;312:8-14.

Dickerson F, Adamos MB, Katsafanas E, et al. The asso-
ciation among smoking, HSV-1 exposure, and cognitive
functioning in schizophrenia, bipolar disorder, and non-psy-
chiatric controls. Schizophr Res. 2016;176:566-571.
Dickerson FB, Boronow JJ, Stallings C, Origoni AE,
Ruslanova I, Yolken RH. Association of serum antibodies to
herpes simplex virus 1 with cognitive deficits in individuals
with schizophrenia. Arch Gen Psychiatry. 2003;60:466-472.
Hamdani N, Daban-Huard C, Godin O, et al. Effects of cu-
mulative Herpesviridae and Toxoplasma gondii infections on

6102 Arenige /0 uo Jasn uopuo 8bsjj0) AlsIenlun AQ Z0SE88Y/EEZ/L/SYAdRASqR-a0IE/UNS|INgRIUaIYdoZIY9S/W0o dnoolwspeoe//:sd)y Wol) papeojumoq



82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

cognitive function in healthy, bipolar, and schizophrenia sub-
jects. J Clin Psychiatry. 2017;78:¢18—e27.

Prasad KM, Watson AM, Dickerson FB, Yolken RH,
Nimgaonkar VL. Exposure to herpes simplex virus type 1
and cognitive impairments in individuals with schizophrenia.
Schizophr Bull. 2012;38:1137-1148.

Dickerson F, Kirkpatrick B, Boronow J, Stallings C,
Origoni A, Yolken R. Deficit schizophrenia: association
with serum antibodies to cytomegalovirus. Schizophr Bull.
2006;32:396-400.

Houenou J, d’Albis MA, Daban C, et al. Cytomegalovirus
seropositivity and serointensity are associated with hip-
pocampal volume and verbal memory in schizophrenia
and bipolar disorder. Prog Neuropsychopharmacol Biol
Psychiatry. 2014;48:142-148.

Dickerson F, Stallings C, Origoni A, et al. Antibodies to
Toxoplasma gondii and cognitive functioning in schizo-
phrenia, bipolar disorder, and nonpsychiatric controls. J Nerv
Ment Dis. 2014;202:589-593.

Dickerson F, Stallings C, Origoni A, Schroeder J, Khushalani
S, Yolken R. Mortality in schizophrenia: clinical and sero-
logical predictors. Schizophr Bull. 2014;40:796-803.
Dickerson F, Boronow J, Stallings C, Origoni A, Yolken R.
Toxoplasma gondii in individuals with schizophrenia: asso-
ciation with clinical and demographic factors and with mor-
tality. Schizophr Bull. 2007;33:737-740.

Dickerson F, Wilcox HC, Adamos M, et al. Suicide attempts
and markers of immune response in individuals with serious
mental illness. J Psychiatr Res. 2017;87:37-43.

Okusaga O, Duncan E, Langenberg P, et al. Combined
Toxoplasma gondii seropositivity and high blood kynure-
nine-Linked with nonfatal suicidal self-directed violence in
patients with schizophrenia. J Psychiatr Res. 2016;72:74-81.
Okusaga O, Langenberg P, Sleemi A, et al. Toxoplasma gon-
dii antibody titers and history of suicide attempts in patients
with schizophrenia. Schizophr Res. 2011;133:150-155.

Cowan FM, Johnson AM, Ashley R, Corey L, Mindel A.
Antibody to herpes simplex virus type 2 as serological marker
of sexual lifestyle in populations. BMJ. 1994;309:1325-1329.

Yan C, Liang LJ, Zheng KY, Zhu XQ. Impact of environ-
mental factors on the emergence, transmission and distribu-
tion of Toxoplasma gondii. Parasit Vectors. 2016;9:137.
Cannon MJ, Schmid DS, Hyde TB. Review of cytomegalo-
virus seroprevalence and demographic characteristics associ-
ated with infection. Rev Med Virol. 2010;20:202-213.
Zandian A, Wingard L, Nilsson H, et al. Untargeted screen-
ing for novel autoantibodies with prognostic value in first-
episode psychosis. Trans! Psychiatry. 2017;7:e1177.
Fusar-Poli P, Bonoldi I, Yung AR, et al. Predicting psychosis:
meta-analysis of transition outcomes in individuals at high
clinical risk. Arch Gen Psychiatry. 2012;69:220-229.

Zandi MS, Deakin JB, Morris K, 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;160:193-195.
Castillo-Gomez E, Oliveira B, Tapken D, et al. All naturally
occurring autoantibodies against the NM DA receptor subunit
NR1 have pathogenic potential irrespective of epitope and
immunoglobulin class. Mol Psychiatry. 2017;22:1776-1784.
Merritt K, Egerton A, Kempton MJ, Taylor MJ, McGuire
PK. Nature of glutamate alterations in schizophrenia: a
meta-analysis of proton magnetic resonance spectroscopy
studies. JAMA Psychiatry. 2016;73:665-674.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

111.

112.

113.

114.

115.

116.

Antibodies in Diagnosis and Prediction of Psychosis

Demjaha A, Egerton A, Murray RM, et al. Antipsychotic
treatment resistance in schizophrenia associated with ele-
vated glutamate levels but normal dopamine function. Biol
Psychiatry. 2014;75:el1-e13.

Pathmanandavel K, Starling J, Merheb V, et al. Antibodies to
surface dopamine-2 receptor and N-methyl-D-aspartate re-
ceptor in the first episode of acute psychosis in children. Biol
Psychiatry. 2015;77:537-547.

Bergink V, Armangue T, Titulaer MJ, et al. Autoimmune
encephalitis in postpartum psychosis. Am J Psychiatry.
2015;172:901-908. doi: appiajp201514101332.

Ekizoglu E, Tuzun E, Woodhall M, et al. Investigation of
neuronal autoantibodies in two different focal epilepsy syn-
dromes. Epilepsia. 2014;55:414-422.

Bakpa OD, Reuber M, Irani SR. Antibody-associated epi-
lepsies: clinical features, evidence for immunotherapies and
future research questions. Seizure. 2016;41:26-41.

Lejuste F, Thomas L, Picard G, et al. Neuroleptic intoler-
ance in patients with anti-NMDAR encephalitis. Neurol
Neuroimmunol Neuroinflamm. 2016;3:¢280.

Lim JA, Lee ST, Kim TJ, et al. Frequent rhabdomyolysis
in anti-NMDA receptor encephalitis. J Neuroimmunol.
2016;298:178-180.

Ramaekers VT, Thony B, Sequeira JM, et al. Folinic acid
treatment for schizophrenia associated with folate receptor
autoantibodies. Mol Genet Metab. 2014;113:307-314.

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:€27-€29.

Brain L, Jellinek EH, Ball K. Hashimoto’s disease and en-
cephalopathy. Lancet. 1966;2:512-514.

Chong JY, Rowland LP, Utiger RD. Hashimoto encephalop-
athy: syndrome or myth? Arch Neurol. 2003;60:164-171.

Endres D, Perlov E, Riering AN, et al. Steroid-responsive
chronic schizophreniform syndrome in the context of mildly
increased antithyroid peroxidase antibodies. Front Psychiatry.
2017;8:64.

Endres D, Dersch R, Hochstuhl B, et al. Intrathecal thyroid
autoantibody synthesis in a subgroup of patients with schiz-
ophreniform syndromes. J Neuropsychiatry Clin Neurosci.
2017;29:365-374.

Dickerson FB, Boronow JJ, Stallings CR, Origoni AE,
Yolken RH. Reduction of symptoms by valacyclovir in cyto-
megalovirus-seropositive individuals with schizophrenia. Am
J Psychiatry. 2003;160:2234-2236.

Dickerson FB, Stallings CR, Boronow JJ, Origoni AE,
Sullens A, Yolken RH. Double blind trial of adjunctive vala-
cyclovir in individuals with schizophrenia who are seroposi-
tive for cytomegalovirus. Schizophr Res. 2009;107:147-149.
Prasad KM, Eack SM, Keshavan MS, Yolken RH, Iyengar
S, Nimgaonkar VL. Antiherpes virus-specific treatment
and cognition in schizophrenia: a test-of-concept rand-
omized double-blind placebo-controlled trial. Schizophr Bull.
2013;39:857-866.

Chorlton SD. Toxoplasma gondii and schizophrenia: a review
of published RCTs. Parasitol Res. 2017;116:1793-1799.
Wang HL, Xiang YT, Li QY, et al. The effect of artemether
on psychotic symptoms and cognitive impairment in first-
episode, antipsychotic drug-naive persons with schizo-

phrenia seropositive to Toxoplasma gondii. J Psychiatr Res.
2014;53:119-124.

245

6102 Arenige /0 uo Jasn uopuo 8bsjj0) AlsIenlun AQ Z0SE88Y/EEZ/L/SYAdRASqR-a0IE/UNS|INgRIUaIYdoZIY9S/W0o dnoolwspeoe//:sd)y Wol) papeojumoq



T. A. Pollak et al

117.

118.

119.

120.

121.

122.

123.

124.

125.

126.

127.

128.

129.

130.

246

Severance EG, Gressitt KL, Alaedini A, et al. IgG dynamics
of dietary antigens point to cerebrospinal fluid barrier or
flow dysfunction in first-episode schizophrenia. Brain Behav
Immun. 2015;44:148-158.

Severance EG, Prandovszky E, Castiglione J, Yolken RH.
Gastroenterology issues in schizophrenia: why the gut mat-
ters. Curr Psychiatry Rep. 2015;17:27.

Severance EG, Yolken RH, Eaton WW. Autoimmune dis-
eases, gastrointestinal disorders and the microbiome in
schizophrenia: more than a gut feeling. Schizophr Res.
2016;176:23-35.

McLean RT, Wilson P, St Clair D, Mustard CJ, Wei J. Differential
antibody responses to gliadin-derived indigestible peptides in
patients with schizophrenia. Transl Psychiatry. 2017;7:e1121.
Lachance LR, McKenzie K. Biomarkers of gluten sensitivity
in patients with non-affective psychosis: a meta-analysis.
Schizophr Res. 2014;152:521-527.

Eaton WW, Chen LY, Dohan FC Jr, Kelly DL, Cascella N.
Improvement in psychotic symptoms after a gluten-free diet
in a boy with complex autoimmune illness. Am J Psychiatry.
2015;172:219-221.

Jackson J, Eaton W, Cascella N, et al. A gluten-free diet in
people with schizophrenia and anti-tissue transglutaminase
or anti-gliadin antibodies. Schizophr Res. 2012;140:262-263.
Kalaydjian AE, Eaton W, Cascella N, Fasano A. The gluten
connection: the association between schizophrenia and celiac
disease. Acta Psychiatr Scand. 2006;113:82-90.

Scarr E, Millan MJ, Bahn S, et al. Biomarkers for psychiatry:
the journey from fantasy to fact, a report of the 2013 CINP
think tank. Int J Neuropsychopharmacol. 2015;18(10):pyv042.
Goldberg D. Plato versus Aristotle: categorical and dimen-
sional models for common mental disorders. Comprehensive
Psychiatry. 41:8-13.

Howes OD, Kapur S. The dopamine hypothesis of schizo-
phrenia: version IIl-the final common pathway. Schizophr
Bull. 2009;35:549-562.

Van Praet JT, Donovan E, Vanassche I, et al. Commensal
microbiota influence systemic autoimmune responses. EMBO
J.2015;34:466-474.

Krischer JP, Lynch KF, Schatz DA, et al.; TEDDY Study
Group. The 6 year incidence of diabetes-associated autoan-
tibodies in genetically at-risk children: the TEDDY study.
Diabetologia. 2015;58:980-987.

van Maurik IS, Zwan MD, Tijms BM, et al.; Alzheimer’s
Disease Neuroimaging Initiative. Interpreting biomarker

131.

132.

133.

134.

135.

136.

137.

138.

139.

140.

141.

results in individual patients with mild cognitive impairment
in the Alzheimer’s biomarkers in daily practice (ABIDE) pro-
ject. JAMA Neurol. 2017;74:1481-1491.

Ezeoke A, Mellor A, Buckley P, Miller B. A systematic, quan-
titative review of blood autoantibodies in schizophrenia.
Schizophr Res. 2013;150:245-251.

van Mierlo HC, de Witte L, Derksen RH, Otten HG; GROUP
investigators. The prevalence of antinuclear antibodies in
patients with schizophrenia spectrum disorders: results from
a large cohort study. NPJ Schizophr. 2015;1:15013.

Zandi MS, Deakin JB, Morris K, et al. Immunotherapy
for patients with acute psychosis and serum N-Methyl
D-Aspartate receptor (NMDAR) antibodies: a de-
scription of a treated case series. Schizophr Res.
2014;160:193-195.

Lejuste F, Thomas L, Picard G, et al. Neuroleptic intoler-
ance in patients with anti-NMDAR encephalitis. Neurol
Neuroimmunol Neuroinflamm. 2016;3:e280.

Pollak TA, Beck K, Irani SR, Howes OD, David AS,
McGuire PK. Autoantibodies to central nervous system
neuronal surface antigens: psychiatric symptoms and psy-
chopharmacological implications.  Psychopharmacology.
2016;233:1605-1621.

Dickerson F, Adamos MB, Katsafanas E, et al. The asso-
ciation among smoking, HSV-1 exposure, and cognitive
functioning in schizophrenia, bipolar disorder, and non-psy-
chiatric controls. Schizophr Res. 2016;176:566-571.
Dickerson F, Kirkpatrick B, Boronow J, Stallings C,
Origoni A, Yolken R. Deficit schizophrenia: association
with serum antibodies to cytomegalovirus. Schizophr Bull.
2006;32:396-400.

Chorlton SD. Toxoplasma gondii and schizophrenia:
a review of published RCTs. Parasitol Res. 2017,
116:1793-1799.

Brown AS, Derkits EJ. Prenatal infection and schizophrenia:
a review of epidemiologic and translational studies. Am J
Psychiatry. 2010;167:261-280.

Jackson J, Eaton W, Cascella N, et al. A gluten-free
diet in people with schizophrenia and anti-tissue trans-
glutaminase or anti-gliadin antibodies. Schizophr Res.
2012;140:262-263.

Eaton W, Mortensen PB, Agerbo E, Byrne M, Mors O, Ewald
H. Coeliac disease and schizophrenia: population based case
control study with linkage of Danish national registers. BM.J.
2004;328:438-439.

6102 Arenige /0 uo Jasn uopuo 8bsjj0) AlsIenlun AQ Z0SE88Y/EEZ/L/SYAdRASqR-a0IE/UNS|INgRIUaIYdoZIY9S/W0o dnoolwspeoe//:sd)y Wol) papeojumoq



