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Abstract

Background: It has been suggested that the etiology of
schizophrenia, in a distinct group of patients, originates from
an autoimmune reaction against platelets. Previous studies
have demonstrated significantly higher blood titers of plate-
let-associated autoantibodies (PAA) in adult schizophrenia
patients as compared to normal healthy subjects. In addi-
tion, young adult schizophrenia patients at their early stages
of the disorder displayed higher PAA titers than older pa-
tients with longer duration of the disorder. Aim: To assess
the blood titers of PAA in children with schizophrenia as
compared to matched control subjects without psychotic
disorders, as a possible diagnostic parameter. Methods:
Twenty-nine children with DSM-IV schizophrenia in the ac-
tive psychotic state, with an age range of 6-12 years (mean +
SD: 9.6 + 1.5 years), with average Positive and Negative Syn-
drome Scale scores of 108 + 19.2, were assessed. The control

group consisted of 25 children with DSM-IV conduct disor-
der in a similar age range of 5-12 years (mean + SD: 9.5 +
1.6 years). The blood titers of PAA were evaluated using an
optimized ELISA test, expressed by a linear optical density
(OD) scale. The blood samples of all participants were tested
anonymously and were scored under a code number. A test
recording above 1.4 OD units was predefined as positive. Re-
sults: The titers of PAA of children with schizophrenia (1.9 +
0.5 OD units, range: 0.7-2.44 units) were significantly (p <
0.00001) higher than those of the control group (1.0 +£ 0.4 OD
units, range: 0.45-2.28 units). In 83% of the children with
schizophrenia (24 out of the 29 patients) a positive test, i.e.
OD >1.4, was detected. In contrast, in the control group, only
12% (3 of the 25 subjects) displayed a positive test, p <
0.00001. Conclusions: High titers of PAA in children with
schizophrenia as compared with nonpsychotic controls may
indicate an active autoimmune process in the early onset of
schizophrenia. The PAA level may therefore provide a sup-
portive diagnostic biomarker for childhood schizophrenia.
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Introduction

Distinct features of immune dysfunctions associated
with autoimmune processes have been implicated in
some forms of schizophrenia [1]. Most of the reported
immune dysregulations in schizophrenia overlap with
central pathophysiological mechanisms, as well as with
clinical manifestations of the disorder [1-3]. It has been
suggested that in a distinct group of patients, psychotic
symptoms may originate from an autoimmune reaction
against platelets [4-6]. Accordingly, platelet-associated
autoantibodies (PAA), which can cross-react with brain
tissue, penetrate the blood-brain barrier as a result of a
traumatic physical, emotional or inflammatory insult [7]
with an ensuing psychotic eruption [5, 8]. Previous stud-
ies have demonstrated significantly higher blood titers of
PAA in adult schizophrenia patients as compared to nor-
mal healthy subjects [4-6]. In addition, young schizo-
phrenia patients at their early stages of the disorder dis-
played higher PAA titers than older patients with longer
duration of the disorder [9-11].

Childhood onset schizophrenia (COS) is a very rare
and severe form of schizophrenia characterized by an on-
set of psychotic symptoms by the age of 12 years or ear-
lier (very-early-onset schizophrenia) [12, 13]. The fre-
quency of COS is reported to be less than 1 case in
10,000-30,000 children. There is an extreme paucity of
immunological studies in COS [14, 15] and blood titers
of PAA in this group of patients have not yet been inves-
tigated.

The aim of the present study was to determine the
blood levels of PAA in children with schizophrenia in
comparison with matched children without psychotic
disorders and to evaluate their diagnostic potential.

Methods

Subjects

The study participants were children with schizophrenia,
with an age range of 6-12 years, admitted to the Ness-Ziona
Mental Health Center while in the acute psychotic state. Inclu-
sion criteria required that the participating patients met the
DSM-1V diagnosis criteria of schizophrenia, according to the
Structured Clinical Interview for Axis-I DSM-IV Disorders — Pa-
tient Version [16] and exhibited a minimal score of 60 on the
Positive and Negative Syndrome Scale [17]. All patients had to
have a normal routine laboratory test. Patients with unstable
physical-medical conditions, past or current medical or neuro-
logical illness, or current major routine laboratory abnormalities
were excluded from the study. In addition, treatment-resistant
patients under treatment with clozapine were also excluded. The
control group consisted of children with DSM-IV conduct dis-
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order in the age range of 5-12 years. All tested subjects of both
groups underwent an assessment of physical diseases, using a
special questionnaire and a physical examination. The study was
approved by the Institutional Review Board and all parents of the
minors signed a written informed consent for participating in
the study.

Laboratory Procedure

A procedure outlined in our previous publications [9-11] was
used. Twenty milliliters of venous blood were drawn from each of
the participants and then evaluated at the laboratory at the Weiz-
mann Institute. Serum samples were isolated within 12 h and then
stored at —20°C until use. Titers of PAA were evaluated by a previ-
ously described ELISA procedure [9] which was optimized to a
highly reproducible test (to be published). In this test an immobi-
lized dimer of a peptide epitope from a specific platelet antigen [9]
provided the binder of circulating PAA, followed by an enzymatic
color release proportional to the level of bound PAA expressed in
units of optical density, OD. The color intensity scale required a
preevaluation of an empirical cutoff OD, below and above which
the test was registered as negative or positive, respectively. This
cutoff value was preevaluated with a battery of stored serum sam-
ples of registered normal subjects and schizophrenia patients and
was defined as 1.4 OD units.

Statistical Analysis

Blood titers of PAA of the schizophrenia patients were com-
pared with PAA titers of the control subjects, using a two-tailed
unpaired Student’s t test. Categorical data were analyzed using
Fisher’s exact test. All values are expressed as means + SD.

Results

A group of 29 children with schizophrenia with an
age range of 6-12 years (mean + SD: 9.6 + 1.5 years)
participated in the study. The control group consisted
of 25 children with an age range of 5-12 years (mean +
SD: 9.5 + 1.6 years). The children with schizophrenia
were in the active psychotic state at the time of exami-
nation, with average Positive and Negative Syndrome
Scale scores of 108 + 19.2 of which the score for positive
psychotic symptoms was 27 + 5.3 and the score for neg-
ative psychotic symptoms was 24.8 + 7.5. Most of the
patients were defined by the Clinical Global Impression
Scale as suffering from severe disturbance, with scores
ranging from 4 (moderately ill) to 7 (extremely ill), with
an average score of 5.8 + 0.8 (markedly to severely ill).
All children of the control group were diagnosed with
conduct disorder according to the DSM-IV diagnostic
criteria.

The titers of PAA of children with schizophrenia were
1.9 £ 0.5 OD units (mean *+ SD; range: 0.7-2.44 units),
while the titers of the control group were 1.0 + 0.4 OD
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Fig. 1. Summary of the OD recordings scored for children aged
6-12 years diagnosed with schizophrenia as compared to the
recorded values for control children (children suffering from
conduct disorder). The cutoff value is presented by a thick black
line.

units (mean + SD; range: 0.45-2.28 units). The average
titers of PAA in children with schizophrenia were sig-
nificantly (p < 0.00001) higher (almost 2-fold) than those
of the control group. In the group of children with
schizophrenia 24 out of the 29 patients (83%) displayed
a positive test (i.e. OD >1.4), i.e. test sensitivity = 83%.
In contrast, in the control group, only 3 of the 25 subjects
(12%) displayed a positive test, i.e. test specificity = 88%.
Comparison of the two groups by Fisher’s exact test
yielded a highly significant difference between the
groups: p < 0.000001. The results are summarized graph-
ically in figure 1.

Discussion

PAA is probably a mixed population of autoantibod-
ies, some of which being natural constituents of normal
blood sera. It is plausible that in schizophrenia a specific
PAA subgroup prevails, contributing the excess amount
recorded in our COS patients. It might be suggested that
such a subgroup of PAA is involved in the pathophysiol-
ogy of the disease by cross-reacting with brain tissue [5,
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Fig. 2. A comparative summary of the ranges of serum PAA levels,
presented as OD values, recorded in 4 separate groups of patients
with schizophrenia [10, 11; this study]. The experimental cutoff
value of OD = 1.4 is presented by the horizontal black line. The
vertical bars represent the range of the recorded OD values.

8]. High titers of PAA may thus indicate an active auto-
immune process which contributes to the overt neurode-
velopmental impairments, at the very early onset of
schizophrenia.

It has been previously reported that the serum of
schizophrenia patients is enriched with PAA [4, 6,10, 11]
and an inverse correlation has been detected between the
age of patients and the level of PAA titers [10, 11]. The
main objective of the present study was to further inves-
tigate the validity of the above findings in children with
schizophrenia. We found significantly higher PAA se-
rum levels in children with schizophrenia as compared
to the control group of children with conduct disorder.
In addition, a very high rate (83%) of positive tests for
blood PAA levels was demonstrated in children with
schizophrenia at their very early stage of the disorder as
compared to children without psychotic spectrum disor-
der, where only 12% displayed a positive test for blood
PAA levels. In comparison to our previous studies in
adult and adolescent patients [10, 11], we found in this
study even a higher level of positive tests for PAA blood
levels in children with COS expressed by sensitivity of
83% and specificity of 88%. Figure 2 presents a compari-
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son of the results of the present study with the results
obtained by this method in our previous studies [10, 11].
It clearly indicates that PAA evaluation could serve as an
important diagnostic parameter for the possibility of
eventual onset of schizophrenia in children with prodro-
mal symptoms.

It appears that high serum titers of PAA in children
with schizophrenia as compared with nonpsychotic con-
trols may indicate an active autoimmune process in the
early onset of schizophrenia, and thus circulatory PAA
levels may provide a supportive diagnostic biomarker for
childhood schizophrenia.
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