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Abstract

Objective: Latent Toxoplasma infection has been associated with widespread brain immune
activation, increased blood brain barrier permeability, neural disruption, increased dopamine
release in dopaminergic neurons, with NMDA activation and with schizophrenia (SZ) onset
risk. Toxoplasma has been suggested to be a source of chronic low-grade inflammation and
this inflammation has been associated with cognitive impairment in SZ. The objective of the
present study were (i) to determine if latent Toxoplasma infection was associated with
specific clinical features in stabilized SZ subjects, with cognitive impairment and with
increased low-grade peripheral inflammation and (ii) to determine if Treatments with Anti-
Toxoplasmic Activity (TATA) were associated with improved outcomes in subjects with

latent Toxoplasma infection.

Methods: A comprehensive 2 daylong clinical and neuropsychological battery was
administered in 250 SZ subjects included between 2015 and 2017 in the national
FondaMental Expert Center (FACE-SZ) Cohort. Solid phase-enzyme microplate
immunoassay methods were used to measure 1gG class of antibodies to T. gondii in blood
sample. Latent Toxoplasma infection was defined by T. gondii IgG ratio >0.8, equivalent to
>10 international units. Chronic peripheral inflammation was defined by highly sensitive C

reactive protein blood level >3 mg/L.

Results: Latent Toxoplasma infection has been found in 184 (73.6%) of this national
multicentric sample. In the multivariate analyses, latent Toxoplasma infection has been
significantly associated with higher PANSS negative (aOR=1.1 [1.1-1.1], p=0.04) and
excitement subscores (aOR=1.3 [1.1-1.6], p=0.01), with two specific symptoms (i.e.,
reference delusion (aOR=3.6 [1.2-10.6] p=0.01) and alogia (aOR=16.7 [2.0-134.7], p=0.008))
and with chronic low-grade peripheral inflammation (27.2% vs. 7.6%, aOR=3.8 [1.4-10.3],
p=0.004). Extrapyramidal symptoms remained significantly associated with latent
Toxoplasma infection. On the opposite, no significant association of latent Toxoplasma
infection with age, gender, age at SZ onset, suicide behavior or cognitive deficits has been
found in these models (all p>0.05). TATA were associated with lower depressive symptoms
(aOR=0.8[0.7-0.9], p=0.01), and with lower rates of chronic peripheral inflammation (20.9%
vs. 48.6%, aOR=3.5 [1.5-7.9], p=0.003) but not with higher cognitive scores (p>0.05).



Conclusion: The present findings suggest that Toxoplasma is almost 3 times more frequent in
SZ population compared to general population in France. The potential cerebral
underpinnings of the association of latent Toxoplasma infection and the above-mentioned
outcomes have been discussed. Future studies should confirm that TATA may be effective to

reduce Toxoplasma-associated depressive symptoms and low-grade peripheral inflammation.

Keywords: Toxoplasma gondii, schizophrenia, inflammation, symptoms, treatment



Introduction

Schizophrenia (SZ) has been strongly associated with latent Toxoplasma infection,
even before the onset of the illness (Sutterland et al., 2015). Toxoplasmosis is the most
common protozoa parasite infecting one third of the global human population (Kim and
Weiss, 2008). This intracellular parasite alters the expression of host cell genes (including
brain cells) and persists in the form of cysts. These cysts can reactivate and release parasites
by neo-spread throughout the host, depending on his/her immune status (Carruthers, 2002). T.
gondii’s neurotropism and its impact on dopamine pathway have been demonstrated
(Prandovszky et al., 2011) and dopamine disturbances may be associated with psychotic or
mood episodes (Abi-Dargham, 2014). Toxoplasma infection has also been suggested to active
cross-reactions with NMDA receptors that are involved in SZ onset and maintenance as well
as with disruption of neuronal circuits and cognitive deficits (Lucchese, 2017). Toxoplasma
infection has also been associated with the complement C1Q activation, which can cause
synapse pruning that has been suggested to be involved in SZ onset (Xiao et al., 2016).
Exposure to Toxoplasma has been associated with increased blood-brain barrier permeability
in SZ subjects (Kannan et al., 2017) and with substantial and widespread immune activation
including increased C reactive protein (Tomasik et al., 2016).

From a clinical point of view, latent Toxoplasma infection has been associated with
older age of SZ onset (Esshili et al., 2016), treatment resistance (Vlatkovic et al., 2017), more
severe illness course (Celik et al., 2015) and lower functioning (Esshili et al., 2016). Latent
Toxoplasma infection has been associated with negative symptoms in one study (Esshili et al.,
2016), but not in one another (Karabulut et al., 2015). Conflicting results have also been
found on the association between latent Toxoplasma infection and suicide attempt, with some
studies suggesting it as a potential risk factor for suicide (Dickerson et al., 2017; Okusaga et
al., 2016, 2011) vs. one other as a protective factor (Hsu et al., 2014). One other major
finding in this field was the discovery that several antipsychotic drugs, and mood stabilizers
such as valproate, have anti-toxoplasmic activity (Treatments with Anti-Toxoplasmic
Activity, TATA) (Fond et al., 2013). However, it remains unclear whether the administration
of TATA may be associated with better clinical outcomes in SZ subjects with latent
Toxoplasma infection (Fond et al., 2015). Latent Toxoplasma infection may therefore play a
major role in pathogenesis but also on clinical presentation of SZ patients and response to

treatment.



The objectives of the present study were to determine (i) if latent Toxoplasma
infection was associated with some clinical features (including illness characteristics,
psychotic and mood severity, suicide, cognitive deficits and remission under treatment) and
with increased peripheral inflammation in a national sample of stabilized SZ subjects and (ii)
if TATA were associated with better clinical outcomes in subjects with latent Toxoplasma
infection. Our hypotheses were that latent Toxoplasma infection was associated with higher
levels of psychotic symptomatology under treatment, with lower cognitive scores, with higher
suicidal behavior, with increased low-grade peripheral inflammation and that TATA was

associated with better outcomes in subjects with latent Toxoplasma infection.

Population and methods

Study design

The FACE-SZ (FondaMental Academic Centers of Expertise for Schizophrenia) is a
national cohort of 10 Schizophrenia Expert Centers, set up by a scientific cooperation
foundation in France, the FondaMental Foundation (www.fondation-fondamental.org) (for all
details, see (Schirhoff et al., 2015)).

Study population
Consecutive clinically stable patients (defined by no hospitalization and no treatment
changes during the 8 weeks before evaluation) with a DSM-IV-TR diagnosis of schizophrenia

or schizoaffective disorder were consecutively included in the study.

Data collected

Patients were interviewed by members of the specialized multidisciplinary team of the
Expert Center. Information about education level and illness duration was recorded. Current
daily tobacco smoking was self-reported. Ongoing psychotropic treatment was recorded as
well as other medication. The Simpson and Angus Scale (SAS) is a 10-item scale used in the
evaluation of clinical and research practices to assess DIP. One item measures gait, six items
measure stiffness and three items measure tremor, salivation and palpebral reflex respectively.
This scale is validated and among those most used in individuals with schizophrenia in
naturalistic conditions (Knol et al., 2010). Anti-toxoplasmic activity was defined according to
in vitro definition (Fond et al.,, 2015, 2013). Cyamemazine, fluphenazine, haloperidol,

levomepromazine, loxapine, paliperidone, risperidone, thioridazine, zuclopenthixol, valproate



were considered as TATA (“TATA+”) while amisulpride, aripiprazole, carbamazepine,
clozapine, lamotrigine, lithium carbonate, olanzapine, quetiapine, tiapride were considered as
having no or negligible antitoxoplasmic activity (“TATA-"). TATA+/ TATA- groups were
defined according to the current treatment, given that patients were stabilized for more than 8
weeks at the inclusion in the study.

National Adult Reading Test (Nelson and O’Connell, 1978) provides an estimate of
premorbid intellectual ability. French version of the NART was used in our analysis
(Mackinnon and Mulligan, 2005).

Wechsler Adult Intelligence Scale — 3rd Edition (Wechsler, 2008) provides a measure
of general intellectual function in older adolescents and adults. Seven subtest short form
(Ryan and Ward, 1999) was used to estimate the Full Scale 1Q (FSIQ), Verbal 1Q (VIQ) and
Performance 1Q (PIQ), and allowed exploration of the following cognitive areas: Picture
Completion (visual exploration and detail perception), Digit-Symbol Coding (visual-motor
coordination, motor and mental speed), Similarities (abstract verbal reasoning), Arithmetic
(mathematical problem solving), Matrix Reasoning (nonverbal abstract problem solving,
inductive spatial reasoning), Digit span (attention, working memory, mental control),
Information (general information acquired from culture, semantic memory). An additional
subtest, Letter-Number Sequencing was administered, which along with two other primary
subtests, Digit Span and Arithmetic, allowed the calculation of a Working Memory Index

(WMI) (auditory working memory and mental control).

Trail Making Test (Reitan, 1958) reflects the control of attention, visual exploration,
speed and mental flexibility. The subject is asked to connect, by making pencil lines,
encircled numbers randomly arranged on a page in proper order (Part A) and encircled
numbers and letters in alternating order (Part B). A French version of the normative data was
used (Godefroy, 2008).

California Verbal Learning Test (Delis et al., 2000) is designed to measure verbal
learning and memory using a multiple-trial list-learning task. The examiner reads the word list
and records the patient’s oral responses verbatim in the order in which they are given.
Learning efficiency, strategies, interference management and learning bias are measured. A

French version of the task was used in this study (Poitrenaud et al., 2007).



Doors test (Baddeley et al., 1994) is a visual recognition memory test in which
participants view photographs of 12 doors for 3 seconds each. Immediately thereafter,
participants are presented with 12 arrays of four doors each, and are asked to identify the door
from the previous list. In the second part new photographs of doors are displayed, but the

recognition stimuli are rather similar to the key list.

The Continuous Performance Test — ldentical Pairs (CPT-IP) is a computerized
measure of sustained, focused attention or vigilance. This version is a part of MCCB-Matrics
Consensus Cognitive Battery and involves monitoring a series of multiple digits and
responding with a button press each time that two stimuli in a row are identical (Nuechterlein
et al., 2008)

Serological analysis
Solid phase-enzyme microplate immunoassay methods were used to measure IgG class of
antibodies to T. gondii in blood sample. The results were quantified by calculating a ratio
between the reactivity of the samples and a standard sample run on each microplate. Latent
Toxoplasma infection was defined by T. gondii 1gG ratio >0.8, equivalent to >10 international
units. All samples were analysed under code by the laboratory not having access to diagnostic
or clinical information. As the clinical evaluation and the serological analysis were separated

in time and location, the clinical evaluation and the serological analysis were both blinded.

Ethical concerns

The study was carried out in accordance with ethical principles for medical research
involving humans (WMA, Declaration of Helsinki). The assessment protocol was approved
by the relevant ethical review board (CPP-lle de France IX, January 18th, 2010). All data
were collected anonymously. As this study include data coming from regular care

assessments, a non-opposition form was signed by all participants.

Statistical analysis

Socio-demographics, clinical characteristics, addictive behaviour, neuropsychological
scores and treatments are presented using measures of means and dispersion (standard

deviation) for continuous data and frequency distribution for categorical variables. The data



were examined for normal distribution with the Shapiro-Wilk test and for homogeneity of
variance with the Levene test. Comparisons between individuals with or without latent
Toxoplasma infection, regarding demographic, clinical characteristics were performed using
the chi-square test for categorical variables. Continuous variables were analysed with Student
t-tests for normally distributed data and in case of normality violation, additional Mann-
Whitney tests were performed to confirm the result. The same analyses were carried out in
subjects with latent Toxoplasma infection only to compare those being administered TATA+

vs. TATA- at the time of the evaluation.

Multiple logistic regressions were then performed to confirm the association between
symptomatology (i.e., severity of symptoms based on PANSS scores and type of symptoms
based on SCID psychotic symptoms), cognition, peripheral inflammation and latent
Toxoplasma infection, after adjusting for the main confounding factors based on univariate
analysis (i.e., variables with p values < 0.20), namely age, gender and extra pyramidal
symptoms. Each association was tested in separate models to consider multicollinearity and
overfitting problems. Age and gender were forced in each model. To test our hypotheses on
the link between symptomatology and latent Toxoplasma infection, we performed four
models exploring (i) the link with the severity of symptoms (i.e., PANSS subscores) (model
1) (ii) the link with the type of symptoms (i.e., SCID psychotic symptoms) (model 2) (iii) the
link with peripheral inflammation (model 3). PANSS total score was only included in model 3
to avoid colinearity with PANSS subscores and SCID psychotic symptoms in the first two

models.

As the rationale for assessing the association between TATA and respectively clinical
and cognitive outcomes and peripheral inflammation was the inhibition of Toxoplasma
reactivation by TATA, only toxopositive subjects with fulfilled data for current psychotropic
treatment (N=145) were included in the further analyses. To explore the associations with
TATA in subjects with latent Toxoplasma infection, only two models were carried out (one
on specific symptoms and one on low-grade peripheral inflammation), given that no
significant association between TATA and general psychotic symptomatology (PANSS
subscores) was found in univariate analyses (with p>0.2). The final models included odds
ratios and 95 % confidence intervals. This study was a confirmatory analysis. No correction
for multiple testing has therefore been carried out, which is consistent with recommendations
(Bender and Lange, 2001). Analyses were conducted using SPSS 17.0 software (SPSS Inc.,

Chicago, IL). All statistical tests were two-tailed, with a level set at 0.05.



Results

Overall, 250 community-dwelling stabilized SZ were consecutively recruited between
2015 and 2017 in the Schizophrenia Expert Center Network. The mean age was 32.0+/-8.6
years, 184 (73.6%) were male, the mean age at illness onset was 21.8+/-6.7 years and the
mean PANSS score was 71.1+/-19.4. Overall, 184 patients (73.6%) were classified in the
group with latent Toxoplasma infection.

In the multivariate analyses, latent Toxoplasma infection has been significantly
associated with higher PANSS negative (OR=1.1 [1.1-1.1], p=0.04) and excitement subscores
(OR=1.3 [1.1-1.6], p=0.01), with two specific symptoms (i.e., reference delusion (OR=3.6
[1.2-10.6] p=0.01) and alogia (OR=16.7 [2.0-134.7], p=0.008)) and with higher rates of low-
grade peripheral inflammation (27.2% vs. 7.6%, aOR=3.8 [1.4-10.3], p=0.004) (table 1).
Extrapyramidal symptoms remained significantly associated with latent Toxoplasma infection
in each model. On the opposite, no significant association of latent Toxoplasma infection with
age, gender, age at SZ onset, suicide behavior or cognitive deficits has been found in these

models (all p>0.05) (for cognition, see supplementary material).

TATA were associated with lower depressive symptoms (aOR=0.8[0.7-0.9], p=0.01),
and with lower rates of chronic peripheral inflammation (20.9% vs. 48.6%, aOR=3.5 [1.5-
7.9], p=0.003) (table 2) but not with higher cognitive scores (all p>0.05, see table 2 and
supplementary table for cognition).

Discussion

Altogether, the present findings may be summarized as follows: in a national sample
of community-dwelling stabilized SZ subjects mean aged 32 years, 73.6% were found with
latent Toxoplasma infection. Latent Toxoplasma infection has been significantly associated
with higher negative and excitement subscores, with reference delusion and alogia, with
increased extrapyramidal symptoms and strongly with chronic low-grade peripheral
inflammation. On the opposite, no significant association of latent Toxoplasma infection with
age, gender, age at SZ onset, suicide behavior or cognitive deficits has been found. TATA
have been associated with lower depressive symptoms in toxopositive patients as well as with

lower peripheral low-grade inflammation.



The first result of this study is the extremely high prevalence of latent Toxoplasma
infection (almost three quarter) in a mean-aged population of 32 years, while Toxoplasma
prevalence has been estimated to decrease to 27% in 2020 in the mean-aged 40 years French
population (Nogareda et al., 2014). In other words, latent Toxoplasma infection has been
found to be almost 3 times higher in this non-selected national sample of SZ subjects that is
on average 8 years younger than the general population, while the rate of latent Toxoplasma
infection increased throughout life. These results are consistent with those of a recent meta-
analysis suggesting that the over-representation of Toxoplasma in SZ populations was found
even before illness onset (Sutterland et al., 2015) and those of another French study carried
out earlier in a different monocentric sample (Fond et al., 2015).

Latent Toxoplasma infection has been associated with negative symptoms and excited
symptoms, and specifically with delusion reference and alogia, independently of
sociodemographic characteristics, treatments and comorbidities. This is consistent with
previous studies suggesting that Toxoplasma was associated with treatment resistance
(Vlatkovic et al., 2017) and more specifically with increased negative symptoms (Esshili et
al., 2016). The absence of association between Toxoplasma and negative symptoms in
Karabulut et al. study was probably due to statistical power lack (N=85) (Karabulut et al.,
2015). The present results have highlighted for the first time that latent Toxoplasma infection
was highly associated with alogia. The large IC of the odd ratio [2-134] is due to the small
number of SZ subjects with alogia in the toxonegative group (only one (1.7%) vs. 57 (36.3%)
in the toxopositive group). These results suggest that alogia may be highly specific of
toxopositive SZ subjects. Alogia is a negative symptom defined as a poverty of speech that
can be seen in SZ as well as in dementia and intellectual disability. It can be brought on by
frontostriatal dysfunction, which causes a degradation of the semantic store (Joyce et al.,
1996). A recent study has demonstrated that the reduction in speech was a strong predictor of
psychosis onset in subjects at risk for psychosis (Corcoran et al., 2018). The present results
suggest that latent Toxoplasma infection may cause particular brain dysfunctions related to
langage abnormalities, and the strong odd ratio (36.3% in toxopositive vs. 1.7% in
toxonegative subjects, aOR =16.7, p<0.0001) suggests that alogia is quite specific of SZ
subjects with latent Toxoplasma infection (only one toxonegative patient was classified with
alogia). Latent Toxoplasma infection has been associated for the first time with the delusion
of reference in the present study. Delusion of reference has been specifically associated with
the dysregulation of the mesolimbic dopaminergic system (Heinz and Schlagenhauf, 2010),

with altered brain functional connectivity (Lariviere et al., 2017) and gray matter
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abnormalities in the caudate head (Tao et al., 2015). The cysts of latent Toxoplasma have
been located in amygdala and ventral striatum, two areas that have been associated with
delusion of reference in schizophrenia (Menon et al., 2011). Alogia and delusion of reference
may therefore be seen as the result of a general brain dysfunction (Girard et al., 2017) that
may be specifically related to microglial activation (Laskaris et al., 2016), a microglial
activation that may be due to Toxoplasma infection.

Another major result of the present study is the association of latent Toxoplasma
infection with increased extrapyramidal symptoms, while no difference in daily dose of
antipsychotic treatments has been found between the groups. This suggests that Toxoplasma
dopaminergic brain modulation may be responsible of increased extrapyramidal symptoms
under antipsychotic treatment. This association has never been explored to date and should be
confirmed in other SZ populations.

Latent Toxoplasma infection has not been significantly associated with history of
suicide attempt in the present sample. This is not consistent with a previous study finding
lower rates of suicide attempt in a sample of 99 Iranian SZ subjects (Ansari-Lari et al., 2017).
In the Sugden et al. birth cohort study of 837 Americans, there was only a trend between Toxo
infection and suicide attempt (Sugden et al., 2016). In the Okusaga et al. study including 340
toxopositive American SZ subjects, suicide attempt was found to be significantly increased
only in those with increased kynurenic acid levels (Okusaga et al., 2016). A meta-analysis is
needed to determine whether or not latent Toxoplasma infection is associated with increased
suicide risk and the factors that may modulate this association (including age at Toxoplasma
infection, Toxoplasma strain and serointensity, ethnicity).

No significant association between Toxoplasma infection and cognitive deficits has
been found in the present study. This is consistent with the results in a previous preliminary
study with fewer cognitive tests (Sugden et al., 2016) and in a study carried out in a non-SZ
population (Shehata et al., 2016). This may be explained by the multiple confounding factors
and the intrinsic effect of schizophrenia. In other words, toxo-associated cognitive deficits
may be more pronounced in non-SZ populations compared to SZ because SZ subjects have
multiple other causes of impaired cognition (including genetic factors, lifestyle, other
treatments and comorbidities).

No association between Toxoplasma status and age at SZ onset has been found in the
present study, which is consistent with previous results (Ansari-Lari et al., 2017; Fond et al.,
2015) but inconsistent with others suggesting that latent Toxoplasma infection was associated

with older age at SZ onset (Esshili et al., 2016). The association between Toxoplasma and
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older age at SZ onset was only found in males in the Esshili et al. study, which may explain
the discrepancy with the present results. As this study was carried out in Tunisia, these
discrepancies may also be explained by different Toxoplasma prevalence and genotypes
across countries and different mean ages at Toxoplasma infection.

TATA has been associated with lower depressive symptoms but not with higher
cognitive scores in the present sample of toxopositive SZ subjects. This is consistent with one
of our previous study that suggested that TATA was associated with lower lifetime number of
depressive episodes in patients with bipolar disorders (Fond et al., 2015). Moreover, TATA
has been associated with lower rates of chronic peripheral inflammation in subjects with latent
Toxoplasma infection in the present sample, and peripheral inflammation has been associated
with depression in schizophrenia (Faugere et al., 2018). TATA have been described to inhibit
the parasite’s life cycle in vitro, and particularly its reactivation that may induce peripheral
inflammation. This result may open the path to new strategies to address low-grade peripheral
inflammation in SZ subjects. Given that this study was cross-sectional, no data on lifetime
TATA treatment prescription was available. Future studies should determine if administering
TATA in first-episode SZ subjects with latent Toxoplasma infection may improve the
prognosis and prevent chronic low-grade peripheral inflammation associated with latent
Toxoplasma infection. It may be hypothesized that the absence of significant association
between latent Toxoplasma and increased suicide behavior may also be due to TATA
administration in the present sample.

Strengths. The 2 daylong evaluation, the comprehensive neuropsychological test
battery, the standardized evaluation, the national multicentric recruitment, the assessment of
treatments effect and the multiple confounding factors taken into account in analyses may be
mentioned in the strengths of the present work. Specific psychotic symptoms, cognition,
peripheral inflammation and TATA have not been explored in previous studies on
Toxoplasma in SZ subjects; this is therefore a strength of the present work.

Limits and future directions. The Toxoplasma strain, the serointensity (IgG blood
level) and IgG avidity have not been reported in the present study. Only one diagnostic tool
has been used, which is a limit of the present work. As Toxoplasma infection is usually
asymptomatic, it has not been possible to measure the age at Toxoplasma infection, which
may have impacted clinical characteristics. It may reasonably be hypothesized that an
infection during early childhood may have more severe consequences on brain functioning, as
suggested in an animal model of brain Toxoplasma infection (Kannan et al., 2016). IgG

avidity is only a proxy to evaluate the most recent Toxoplasma infection/reactivation and is
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not provided in routine practice. While most of the Toxoplasma infections in France are due
to the genotype 2 strain (less virulent than the 1), it may be hypothesized that SZ subjects may
have been exposed to other strains, which may explain the increased risk for SZ onset in these
subjects (Xiao and Yolken, 2015). The ALOX12 gene (a gene coding for the arachidonate 12-
lipooxygenase) has been associated with immune response to Toxoplasma infection in human
cells, it may explain the discrepancies found between the present study and the literature
(Witola et al., 2014). Future studies should include these parameters that may modulate the
outcomes associated with latent Toxoplasma infection in SZ subjects. The population in the
Expert centers may represent the more severe cases of schizophrenia, however many patients
are referred for treatment management, diagnostic issues, the mean age was 32 years and
iliness characteristics (age at illness onset of 21.8 years, tobacco smoking prevalence of 52%)
suggests that the present sample may be representative of the French SZ population. The
analysis on TATA was carried out in a smaller sample of toxopositive subjects with treatment
data (N=145), these results may lack of statistical power and should be replicated in larger
samples.

Conclusion

The present findings suggest that latent Toxoplasma infection is 3 times more frequent
in SZ subjects compared to the general French population, and that latent Toxoplasma
infection is associated with specific psychotic features and with peripheral inflammation in
these subjects. Future studies should confirm in longitudinal analyses if administering TATA

treatments may improve depression, peripheral inflammation and other outcomes in SZ.
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