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Background. Immune markers have been associated with 
schizophrenia, but few studies have examined multiple 
markers in both recent onset and chronic schizophrenia 
patients. Methods. The sample of 588 individuals included 
79 with recent onset psychosis, 249 with chronic schizophre-
nia, and 260 controls. A combined inflammation score was 
calculated by principal components factor analysis of the 
levels of C-reactive protein, Pentraxin 3, and IgG antibod-
ies to gliadin, casein, and Saccharomyces cerevisiae mea-
sured in blood samples. Inflammation scores among groups 
were compared by multivariate analyses. Results. The 
chronic schizophrenia group showed significant elevations in 
the combined inflammation score compared with controls. 
The recent onset group surprisingly showed a reduction in 
the combined inflammation score. Consistent with these 
findings, the chronic schizophrenia group had significantly 
increased odds of a combined inflammation score greater 
than the 75th and the 90th percentile of that of the controls. 
The recent onset group had significantly increased odds of 
a combined inflammation score less than the 10th and the 
25th percentile level of the controls. Conclusions. The recent 
onset of psychosis may be associated with inherent deficits 
in innate immunity. Individuals later in the course of disease 
may have increased levels of innate immunity. The reasons 
for these changes are not known with certainty but may be 
related to compensatory increases as the disease progresses. 
Longitudinal studies are needed to determine the course of 
immune abnormalities in schizophrenia and their role in the 
clinical manifestations of the disorder.
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Introduction

Schizophrenia is a disease of unknown etiology. 
Immunological abnormalities have been identified from 

blood samples and may contribute to the pathophysiol-
ogy of the disorder.1–6 Evidence for a role of immunologic 
factors in schizophrenia also comes from epidemiological 
studies that show an association between several perinatal 
infectious exposures and the development of schizophre-
nia in the offspring.7 Epidemiologic studies also show 
an increased schizophrenia risk in persons who have a 
history of severe infection or autoimmune disease.8,9 In 
addition, the areas of the genome that show the strongest 
association with schizophrenia risk are those involved in 
the major histocompatibility complex (MHC) and other 
immune regulatory regions.10 Aspects of both the innate 
and the adapative immune system may be implicated in 
schizophrenia.3

A number of immune markers have been associated 
with schizophrenia. In a previous study, we found that 
individuals with established schizophrenia have levels of 
C-reactive protein (CRP), a pentraxin protein which is 
a nonspecific marker of inflammation, that are signifi-
cantly increased compared with controls.11 The individu-
als with schizophrenia also had increased odds of having 
elevated CRP relative to both the 75th and the 90th per-
centile level of the controls; these analyses were adjusted 
for demographic factors and also body mass index (BMI) 
and cigarette smoking. Elevated CRP in schizophrenia 
has been found by other researchers and substantiated by 
a recent meta-analysis.1,12 Pentraxin 3 is a related acute 
phase pentraxin protein that has been much less studied 
than CRP. Like CRP, Pentraxin 3 is an important com-
ponent of the innate immunity system and provides early 
defense against infections.13

Several markers of intestinal inflammation have also 
been implicated in schizophrenia. Gliadin is a glycopro-
tein derived from the ingestion of gluten from dietary 
wheat and related grains. An autoimmune response to 
gliadin and other related antigens is found in some gas-
trointestinal disorders such as celiac disease. In previous 
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studies, we have found elevated levels of IgG antibod-
ies to gliadin, but not other markers of celiac disease, in 
individuals with chronic schizophrenia and recent onset 
psychosis.14 An autoimmune response to casein, the fam-
ily of proteins in cow’s milk, is also associated with gas-
trointestinal inflammation. In a previous study, we found 
elevated IgG antibodies to casein proteins, particularly 
to whole casein and the alpha(s) subunit, in individuals 
with established schizophrenia and recent onset psycho-
sis.15 Unlike antibodies to casein and gliadin, antibodies 
to the yeast Saccharomyces cerevisiae (ASCA) are not 
dependent on dietary intake as Saccharomyces cerevisiae 
is a normal inhabitant of the GI tract. We have found 
elevated levels of ASCA in some schizophrenia patients 
adding further evidence for the possible role of intestinal 
inflammation in schizophrenia.16

In this study we examined the role that inflammation 
plays in schizophrenia by comparing several markers of 
inflammation in schizophrenia patients at different points 
in the disease course, those with recent onset of psycho-
sis and those with chronic schizophrenia, to individuals 
without a history of psychiatric disorder. We compared 
the levels of each of 5 inflammatory markers in these 3 
participant groups, as well as a composite inflammation 
score that was calculated from the levels of the 5 markers.

Methods

The study population consisted of 588 individuals: 79 
with a recent onset of psychosis, 249 with chronic schizo-
phrenia, not of recent onset, and 260 controls without a 
history of psychiatric disorder. The details of the recruit-
ment and evaluation of individuals in these groups have 
been previously described.14

The participants having a recent onset of psychosis met 
the following criteria: (1) onset of psychotic symptoms 
for the first time within the past 24  months defined as 
the presence of a positive psychotic symptom of at least 
moderate severity that lasted through the day for several 
days or occurred several times a week and could not have 
been limited to a few brief  moments; (2) age between 18 
and 45 inclusive; and (3) absence of substance-induced 
psychosis or of psychotic symptoms which occurred only 
in the context of intoxication or withdrawal. All of the 
recent onset patients were receiving anti-psychotic medi-
cation at the time of study participation.

The individuals with chronic schizophrenia met the 
following criteria: (1) age between 18–65 inclusive; (2) 
diagnosis of schizophrenia or schizoaffective disorder 
meeting criteria in the Diagnostic and Statistical Manual 
of Mental Disorder Fourth Edition (DSM-IV); (3) onset 
of psychotic symptoms more than 24  months earlier; 
and (4) currently receiving antipsychotic medication 
treatment.

The nonpsychiatric control sample met these crite-
ria: (1) age between 18–65 inclusive and (2) absence of 

a current or past psychiatric disorder as confirmed by 
screening with the Structured Clinical Interview for 
DSM-IV Axis I Disorders Non-Patient edition (SCID-I/
NP).17

All participants met the following additional criteria: 
(1) absence of  current substance dependence over the 
past 1  month and of  any history of  intravenous sub-
stance abuse; (2) absence of  mental retardation; (3) 
absence of  apparent acute infection; and (4) absence of 
a serious medical disorder that would affect cognitive 
functioning.

The participants with recent onset psychosis were 
recruited from inpatient and day hospital programs at a 
large psychiatric health system in Baltimore, Maryland. 
The participants with chronic schizophrenia were 
recruited from these same programs and at affiliated 
outpatient treatment sites in the region. The control par-
ticipants were recruited using posted announcements at 
local health care facilities and universities in the same 
geographic area as the sites from where the individu-
als with recent onset psychosis and with schizophrenia 
were drawn.

The studies were approved by the Institutional Review 
Boards of the Sheppard Pratt Foundation and the Johns 
Hopkins Medical Institutions following established 
guidelines. All participants provided written informed 
consent after the study procedures were explained.

A blood sample was obtained from all participants 
and analyzed as described below. Pentraxin 3 and high-
sensitivity CRP levels were measured by means of com-
mercially available enzyme immunoassay kit obtained 
from IBL America. IgG antibodies to gliadin, casein, 
and Saccharomyces cerevisiae (ASCA) were measured 
by means of solid phase immunoassays as previously 
described.16 Samples from different groups were run on 
the same plate to minimize experimental variation.

Participants were asked about their educational level, 
other demographic variables, current cigarette smok-
ing status as well as the presence of co-occurring medi-
cal conditions. Height and weight were used to calculate 
BMI. All participants were individually administered a 
brief  cognitive battery, the Repeatable Battery for the 
Assessment of Neuropsychological Status (RBANS, 
Form A).18 Participants in the psychiatric groups were 
also interviewed and rated on the Positive and Negative 
Syndrome Scale (PANSS)19 to assess current psychiatric 
symptoms; medication data were recorded from their 
clinical charts.

Statistical Analyses

Five markers were measured from the blood samples and 
included in the calculation of the composite score. The 
markers were selected based on their significant individ-
ual association with schizophrenia in previous studies as 
noted in the introduction.



136

F. Dickerson et al

In order to obtain a single composite measure of all 5 
markers, principal components analysis (PCA) was per-
formed on the entire sample. PCA uses measured data 
to generate “components” which function as summary 
scores of the observed variables. PCA is a commonly 
used technique for data reduction (ie, generating a small 
number of summary scores from a larger number of mea-
surements) and is preferable to factor analysis for this 
purpose.20 A 1-component solution was specified in order 
to obtain a single composite score; because the solu-
tion contained only 1 component, rotation was not pos-
sible, since rotation determines how the components are 
allowed to correlate with one another. The factor load-
ings were used to calculate a composite score of inflam-
mation for each participant, which is a weighted sum of 
each marker, with the loadings used as weights.

ANOVA were used to determine the associations 
between inflammation composite score and each indi-
vidual marker with diagnostic group. Post hoc means 
comparisons tests examined pair wise group differences; 
P values were adjusted for multiple comparisons using 
Tukey’s honest significant difference (HSD). Linear 
regression was used to assess the degree of  association 
between diagnostic group and the composite score and 
individual markers after adjusting for the covariates 
of  age, gender, race, maternal education and also cur-
rent cigarette smoking status, and BMI as these vari-
ables may be associated with immunity and potential 
confounders in the analysis. The 90 missing BMI values 
were imputed as previously described.21 Logistic regres-
sion models were used to determine the association 
between the inflammation score and diagnostic group 
after adjusting for the same covariates.

Logistic regression was also used to determine the odds 
ratios associated with increased and decreased levels of 
individual markers and the composite marker in the 
individuals with recent onset psychosis and those with 
chronic schizophrenia. For these analyses, increased lev-
els of antibodies were defined as levels greater than or 
equal to the 75th and 90th percentiles of the controls; 

decreased levels were defined as lesser than or equal the 
10th and the 25th percentile levels of the controls. The 
covariates age, gender, race, maternal education, smoking 
status, and BMI were also included in these analyses.

Results

Sample Characteristics

The study sample consisted of 588 participants, 79 with 
a recent onset of psychosis, 249 with chronic schizo-
phrenia, and 260 controls. The demographic and clinical 
characteristics of the study populations are presented in 
table 1.

Within the recent onset group, participants had the 
following diagnoses: schizophreniform disorder (n = 15, 
19%); schizophrenia (n = 18, 23%); schizoaffective disor-
der (n = 12, 15%); bipolar I disorder, most recent episode 
manic (n = 9, 11%); bipolar I disorder, most recent epi-
sode depressed (n = 3, 4%); bipolar disorder single manic 
episode (n = 4, 5%); major depression with psychotic fea-
tures (n = 11, 14%); delusional disorder (n = 1, 1%); brief  
reactive psychosis (n = 2, 3%); and psychotic disorder not 
otherwise specified (n = 4, 5%).

Within the chronic schizophrenia group, the patients 
had the following diagnoses: paranoid subtype (n = 42, 
17%); undifferentiated subtype (n = 64, 26%); schizoaf-
fective disorder (n = 135, 54%); and other schizophrenia 
subtype (n = 8, 3%).

All persons in the psychiatric groups were receiving 
psychotropic medication at the time of the study assess-
ment. A  total of 72 (91%) of the recent onset and 198 
(80%) of the schizophrenia group were receiving a sec-
ond generation antipsychotic medication. The following 
medications were the most commonly received: risperi-
done, n = 29 (37%) of the recent onset and n = 62 (25%) 
of the chronic schizophrenia group; olanzapine, n = 14 
(18%) of the recent onset and n = 44 (18%) of the schizo-
phrenia group; ziprasidone, n = 4 (5%) of the recent onset 
and n = 14 (6%) of the schizophrenia group; clozapine, 
n = 2 (3%) of the recent onset and n = 48 (19%) of the 

Table 1. Characteristics of Study Groups

Recent Onset of  
Psychosis (N = 79)

Chronic  
Schizophrenia (N = 249)

Nonpsychiatric 
Controls (N = 260)

Mean (SD) or Number (%)

Age, years 24.0 (6.2) 41.4 (11.8) 32.1 (11.4)
Male 52 (66%) 148 (59%) 102 (39%)
Caucasian race 40 (51%) 127 (51%) 136 (52%)
Years maternal education 13.9 (2.9) 12.4 (2.7) 13.7 (2.7)
Duration of illness 7.3 mo (7.2) 20.6 y (10.7) —
BMIa 26.1 (7.5) 30.8 (7.1) 27.5 (6.8)
Cigarette smoker 32 (41%) 159 (64%) 40 (15%)

Note: BMI, body mass index.
aN = 225 chronic schizophrenia, 194 controls.
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schizophrenia group; valproate, n = 3 (4%) of the recent 
onset and n = 49 (20%) of the schizophrenia group.

Principal Components Analysis Results

First the distributions of the 5 immunological markers 
were examined. All analytes were right-skewed, so all 
markers were log-transformed to normalize their distribu-
tions. Once transformed, the measures showed reasonably 
bell-shaped distributions without outliers or missing data. 
Next, the correlation matrix for the 5 transformed mark-
ers was examined. The correlations were generally weak 
to moderate, ranging from r = 0.023 (antibodies to gliadin 
and CRP) to r = 0.27 (antibodies to gliadin and casein). 
Generally, CRP was the most weakly correlated with the 
other measures, while the correlation between the level of 
casein antibodies and other measures was the strongest.

In order to obtain a single composite inflammation 
score, a one-component solution was specified. The fac-
tor loadings were as follows: ASCA, 0.4641; pentraxin 3, 
0.4465; antibodies to gliadin, 0.6348; antibodies to casein, 
0.7017; and CRP, 0.3493. Next, the factor loadings were 
used to calculate a composite score of inflammation 
markers for each participant. This score is a weighted 
sum of each marker (log-transformed) multiplied by its 
factor loading. The composite score was normally dis-
tributed with a mean value of −0.57 and SD of  1.14. The 
composite score is positively correlated with each of the 
individual markers, so a higher composite score reflects 
higher levels of the individual markers. The inflammation 
composite score was not significantly associated with any 

participant demographic variables: age, race, gender, or 
maternal education. The inflammation composite score 
was also not significantly associated with body mass 
index, cigarette smoking status, RBANS cognitive score, 
PANSS symptom score, or the receipt of individual medi-
cations or classes of medications including risperidone, 
olanzapine, clozapine, valproate, atypical anti-psychotics 
in the chronic schizophrenia or the recent onset group.

Inflammatory Markers

The distributions of the unadjusted composite inflamma-
tion scores for each of the diagnostic groups are shown 
in figure 1. The inflammation composite score was signifi-
cantly associated with diagnostic group (F [2,587] = 10.86, P 
< .0001). Post hoc means comparisons tests (Tukey’s HSD) 
showed the schizophrenia group (mean = −0.34 ± 0.07) to 
be significantly different from both the recent onset group 
(mean = −0.94 ± 0.13, P = .0001), as well as from the control 
group (mean = −0.68 ± 0.07, P = .0017). In both of these 
instances, the schizophrenia group had higher levels of the 
composite inflammation score. The recent onset group did 
not differ significantly from the controls (P = .18), prob-
ably due in part to the small sample size of this group and 
a lack of statistical power to detect a difference.

Each log-transformed marker and the composite 
score was compared between the recent onset group 
and the control group and the chronic schizophrenia 
group and the control group using linear regression 
adjusting for age, gender, race, maternal education, 
smoking status, and BMI. As shown in figure  2, the 
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Fig. 1. Distribution of composite inflammation score in study populations. Control group n = 260; recent onset psychosis n = 79; and 
chronic schizophrenia n = 249. The x axis represents the composite score from the principal components analysis (PCA). The y axis 
represents the proportion of the population under study. 
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recent onset group differed from the control group 
for composite inflammation score (coefficient −.298, 
P  =  .049). This value indicates that the level of  the 
composite score was lower in the recent onset group 
than the control group. The chronic schizophrenia 
group differed from the control group for antibodies 
to gliadin (coefficient  =  .333, P  =  .007); CRP (coef-
ficient = .469, P = <.001); ASCA (coefficient = .382, 
P =  .005); pentraxin 3 (coefficient =  .118, P =  .023); 
and the composite inflammation score (coeffi-
cient  =  .453, P  =  <.001). The level of  these markers 
was higher in the chronic schizophrenia group than in 
the control group

Logistic regression was also used to determine the odds 
ratios associated with having a relatively high combined 

inflammation score (defined as greater than or equal to 
the 75th and 90th percentile of the level in the control 
group) and a low inflammation score (defined as lesser 
than or equal to the 10th and the 25th percentile level of 
the control group) adjusting for age, gender, race, mater-
nal education, smoking status, and BMI. As shown in fig-
ure 3, the chronic schizophrenia group had a significantly 
decreased odds of having a composite inflammation score 
lesser than or equal to the 25th percentile of the level of the 
control group (OR = 0.509, 95% CI .303, .852, P = .010) 
and increased odds of having a composite inflammation 
score greater than or equal to 75th percentile level and the 
90th percentile level of the control group (OR = 2.13, 95% 
CI 1.38, 3.40, P =  .001; OR = 2.33, 95% CI 1.05, 5.20, 
P = .038). The recent onset group had increased odds of a 

Fig. 2. Regression coefficients of individual markers and composite inflammation score for recent onset and chronic schizophrenia 
groups. 

Fig. 3. Odds ratios of high and low composite inflammation scores in recent onset and chronic shizophrenia groups. 
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composite inflammation score lesser than or equal to the 
10th percentile and the 25th percentile of the level of the 
control group (OR = 2.38, 95% CI 1.09, 5.22, P = .030; 
OR = 2.18, 95% 1.18, 3.79, P = .012).

In terms of  the individual markers, the chronic schizo-
phrenia group had increased odds of  a pentraxin 3 level 
greater than or equal to the 75th percentile and the 90th 
percentile of  that of  the control group (OR  =  2.19, 
95% CI 1.33, 3.61, P =  .002; OR = 2.05, 95% CI 1.10, 
4.14, P  =  .047) and also of  having antibodies to glia-
din >= the 75th percentile of  that of  the control group 
(OR  =  1.76, 95% CI 1.09, 2.84, P  =  .020. The recent 
onset group had increased odds of  having antibodies to 
casein lesser than or equal to the 25th percentile of  the 
control group (OR = 1.96, 95% CI 1.11, 3.51, P = .020). 
The chronic schizophrenia group had decreased odds of 
a CRP level lesser than or equal to the 25th percentile of 
the level of  the control group (OR = .482, 95% CI .261, 
.890, P = .020) and increased odds of  having a CRP level 
greater than or equal to the 75th percentile and the 90th 
percentile of  the control group (OR = 2.09, 95% CI 1.27, 
3.39, P = .003; OR = 2.12, 95% CI 1.15, 3.92, P = .016). 
The recent onset group had increased odds of  a CRP 
level lesser than or equal to 25th percentile of  the con-
trol group (OR = 2.46, 95% CI 1.36, 4.42, P = .003) and 
decreased odds of  a CRP level greater than or equal to 
75th percentile level of  the controls (OR = .363, 95% CI 
.154, .855, P =  .020). The other comparisons were not 
significant (P > .05).

Discussion

Our study documents that immune abnormalities are 
present in individuals with recent onset psychosis and 
those with chronic schizophrenia compared to nonpsy-
chiatric controls. We employed a factor score to document 
these abnormalities. This factor score consists largely of 
measures of innate immunity, which is the component 
of the immune system largely responsible for the initial 
response to pathogens and other danger signals.22 Our 
findings confirm previous genetic and functional stud-
ies indicating altered innate immunity in many individu-
als with schizophrenia23,24 although the immune system 
is highly complex and the adaptive immune system may 
also be implicated in schizophrenia.3 Our findings are 
also consistent with studies indicating that altered innate 
immunity can alter behavior and cognitive performance 
in animal model systems.25

It is also of note that there may be other reasons for 
differences in antibody levels in the population in addi-
tion to those related to innate immunity. For example, 
the dose of antigen, time interval since exposure, genetic 
factors, and nutritional status may all affect antibody 
levels.26,27

We also found that, while both individuals with resent 
onset psychosis and chronic schizophrenia had immune 

abnormalities as measured by the factor score, the direc-
tion of the factor score differed in that individuals with 
recent onset psychosis had lower scores and individuals 
with chronic schizophrenia had elevated scores as com-
pared with controls. While our study was cross-sectional 
in nature, our findings suggest that innate immunity may 
be depressed early in the course of a psychotic illness and 
elevated later in the schizophrenia disease process. It is 
possible that these patients manifest an inherent deficit 
in innate immunity, a finding which is consistent with 
genetic studies indicating that individuals with schizo-
phrenia have polymorphisms in genes encoding Toll-
like receptors, major constituents of the innate immune 
response.28 This deficit in innate immunity may coexist 
with other inherited or acquired immune alterations.29

Innate immunity comprises the first line of resistance 
against pathogens and plays a key role in activation and 
orientation of adaptive immunity and in the maintenance 
of tissue integrity and repair.13 Such a deficit in innate 
immunity might mean that there is more replication of an 
infectious agent within the central nervous system before 
the generation of an effective immune response. For 
example, exposure to several individual infectious agents 
such as Toxoplasma gondii in the perinatal period has been 
associated with an increased risk for schizophrenia.30–32 
While exposure to an infectious agent by itself  is unlikely 
to be causative, the immune response to the exposure may 
exacerbate symptoms. In addition, a decreased level of 
immunity may lead to an increased pathogen burden due 
to a decreased ability to clear microbial organisms from 
the CNS. For example, Toll-like receptors and other com-
ponents of the innate immune system have been found 
to be critical components of the individual response to 
infection with Toxoplasma gondii in humans and experi-
mental animals.33–35 Innate immunity has also been shown 
to be critical for the replication of other microbial agents 
within the central nervous system, including viruses24 and 
bacteria.36 Innate immunity may also be essential for the 
control of autoimmune processes through the suppres-
sion of potentially damaging self-antigens.37

It is of note that there were stronger associations for 
certain inflammatory markers (CRP, ASCA, antibodies 
to gliadin) than others (pentraxin, antibodies to casein), 
the explanation for which is uncertain. Pentraxin3 may 
be less susceptible to inflammatory signals compared 
to CRP; in addition, the level of antibodies to casein 
could be related to genetic differences or differences in 
exposure.38

The elevation of the inflammation composite score 
in individuals with chronic schizophrenia confirms and 
expands on previous studies performed by us and by 
others which have found elevations of individual mark-
ers in this population.1,11,12,14 The reason for the increase 
in markers of innate immunity during the course of dis-
ease are not known with certainty but may be related to 
a homeostatic increase in immune activation in response 
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to persistent immune suppression or in persistent neu-
roinflammation resulting from increased exposure to 
infectious agents.39 It is also possible that environmen-
tal exposures related to hospitalization, medications, or 
other life-style factors result in increased immune activa-
tion. It is uncertain if  immune dysfunction is part of a 
causative pathway or the result of protracted illness and 
consequent life circumstances. A role of inflammation in 
the causative pathway is supported by perinatal studies 
which show an association between some immune and 
infectious markers and the later development of schizo-
phrenia in the offspring,7,40,41 as well as by epidemiologi-
cal studies showing an increased rate of autoimmune 
disorders in persons prior to the onset of schizophrenia.8 
Support for a causal role also comes from the results of 
genome-wide association studies which show that the 
areas of the genome with the strongest association with 
schizophrenia risk are those involved in the MHC and 
other immune regulatory regions.10 However, the answer 
to this important question cannot be determined from a 
cross sectional study.

Regardless of its role in the etiology of schizophrenia, 
the elevated inflammation has implications for the physi-
cal health of persons with schizophrenia and their risk of 
cardiac disease and cardiovascular mortality.42,43 Careful 
monitoring and treatment of conditions associated with 
cardiac disease is essential in order to reduce the prema-
ture mortality found in this population.

Our study was limited by the relatively small sample 
size of  the recent onset group. Also, the study was cross-
sectional and we cannot determine the course of  immune 
markers from the time of  psychosis onset to later phases 
of  schizophrenia. It is also of  note that not all of  the 
participants in the recent onset group had a diagnosis 
of  schizophrenia, so the groups are not comparable in 
this regard. In addition, we did not control for all of  the 
factors that may contribute to elevations in inflamma-
tory markers. However, we did adjust for demographic 
variables and also for smoking status and for BMI. The 
differences between the recent onset and chronic schizo-
phrenia groups in immune markers are not likely to be 
due to the effects of  medication or treatment setting as 
both groups were receiving antipsychotic medication 
treatment and were recruited from many of  the same 
treatment settings. However, we cannot rule out that the 
duration of  medication exposure, which differed between 
the recent onset and the schizophrenia groups, influ-
enced the level of  the markers. Strengths of  the study 
include our measurement of  multiple immune markers, 
the laboratory method in which samples from different 
groups were run together, and the relatively large number 
of  individuals with chronic schizophrenia and nonpsy-
chiatric controls.

To follow up on the findings from this study, further 
investigations are needed to follow individuals longitu-
dinally from the time of psychosis onset, or preferably 

earlier, through later phases of schizophrenia to deter-
mine the course of immune abnormalities. Additional 
studies should also be performed to determine if  low 
CRP, possibly reflecting greater susceptibility to infec-
tions, combined with elevated antibody levels to toxo-
plasmosis confers greater risk for schizophrenia.
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