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Abstract
Some studies suggest that Toxoplasma gondii infection may increase the risk of developing schizophrenia. Determining 
changes in blood biomarker concentrations may provide new insights into the underlying mechanisms associated with 
Toxoplasma gondii infection in schizophrenia. The aim of the study was to evaluate the concentrations of several serum 
neurobiological and immune parameters and to identify changes in their concentrations that could potentially be indica-
tors of psychopathologic changes in infection. The concentration of biomarkers was determined in serum from patients 
with schizophrenia (uninfected n = 50, infected n = 30) and from mentally healthy volunteers (uninfected n = 51, infected 
n = 29) using multiplex analysis. A number of psychometric scales have been applied to assess the cognitive function-
ing. No significant associations were between schizophrenia and Toxoplasma gondii infection (p = 0.54; OR = 1.18; 95% 
CI = 0.69–2.01). However, infected patients with schizophrenia had more severe cognitive impairment compared to uninfected 
schizophrenia patients (PDQ-20). The group of biomarkers has been identified whose concentration changes were observed 
only between Toxoplasma gondii–infected healthy individuals and individuals with schizophrenia (neurobiological indica-
tors KLK6, UCHL1, Amyloid beta 1–42 and neurogranin; anti-inflammatory cytokine IL-10; chemokines IL-8 and MIP-1 
beta), but not between uninfected groups. The hypothesis was proposed that it is possible to use these indices as indicators 
of the development of schizophrenic psychopathology in Toxoplasma gondii infection. The associations of blood biomarker 
concentrations with IgA and IgM antibody levels (chemokine RANTES) and with schizophrenia symptoms (hormone-like 
messenger KLK6; chemokines IP-10 and GRO alpha) were found. Toxoplasma gondii reactivation leads to a decrease in 
negative symptomatology and reduced FGF-21 levels in patients with schizophrenia, and increased CNTF and NGF beta 
levels compared to the latent form.
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Introduction

Schizophrenia is a severe mental disorder affecting 
approximately 0.75% of the global population (Moreno-
Küstner et al. 2018). This disorder is characterized by psy-
chosis and a pathological cognitive state, and results in 
difficulty in distinguishing between reality and delusion. 
Individuals with schizophrenia typically have a reduced 
life expectancy, and the initial signs of the disorder often 
emerge during early adulthood (Rantala et al. 2022). The 
etiology of schizophrenia is complex and multifactorial. 
Genetic predisposition, environmental influences, and 
certain infectious agents, particularly Toxoplasma gondii, 
contribute to the risk of developing the disorder (Chaud-
hury and Ramana 2019).

Toxoplasma gondii is an obligate intracellular parasite 
of the Coccidia class (Torrey et al. 2007; Chaudhury and 
Ramana 2019). The definitive hosts of the parasite belong 
to the feline family, where the sexual cycle of Toxoplasma 
gondii development occurs. In all other vertebrate species 
(intermediate hosts), the parasite reproduces asexually 
(Torrey et al. 2007; Chaudhury and Ramana 2019). Inter-
mediate hosts of Toxoplasma gondii, including humans, 
become infected through ingestion of oocysts from the 
environment or tissue cysts of other animals (Chaud-
hury and Ramana 2019; Rantala et al. 2022). Toxoplasma 
gondii can exist in several forms in intermediate hosts. 
Intermediate hosts ingest sporulated oocysts, and in their 
organism, the oocysts rapidly transform into tachyzoites. 
Tachyzoites are rapidly multiplying and invasive forms 
that disseminate in the host and cause symptoms of acute 
toxoplasmosis (Sanchez and Besteiro 2021). Tachyzoites 
differentiate into slowly growing cysted bradyzoites that 
remain largely hidden from the immune system, and in this 
state can remain in the organism for a long time (Cerutti 
et al. 2020). Bradyzoites can reactivate into actively pro-
liferating tachyzoites and cause acute infection. Weakened 
immunity is most often the cause of this, for example in 
HIV infection and cancer (Halonen and Weiss 2013).

Toxoplasma gondii is neurotropic; the parasite migrates 
within brain tissue, localizing in astrocytes, microglia, and 
neurons. The distribution of cysts within the brain signifi-
cantly influences behavioral alterations in infected hosts 
(Pearce et al. 2012; Chaudhury and Ramana 2019). There 
is published evidence that Toxoplasma gondii infection in 
humans contributes to increased aggression and impulsiv-
ity, but this has not yet been definitively proven (Beaumont 
et al. 2024). There is a long-standing interest in investigat-
ing the possible link between exposure to this parasite and 
the development of severe psychiatric disorders (Pearce 
et al. 2012). Toxoplasma gondii has been most extensively 
studied in schizophrenia, and the meta-analysis showed 

that overall, the likelihood of Toxoplasma gondii seroposi-
tivity was 2.73 times higher in patients with schizophre-
nia than in the general population (Torrey et al. 2007). 
Other meta-analyses have also reported an association of 
Toxoplasma gondii infection with schizophrenia and other 
psychiatric disorders (Sutterland et al. 2015; Contopoulos-
Ioannidis et al. 2022). The impact of Toxoplasma gondii 
on the risks of developing psychiatric disorders may be a 
significant issue, as this parasite is highly prevalent, infect-
ing approximately 30% of people worldwide (Torrey et al. 
2007; Chaudhury and Ramana 2019). The relationship 
between Toxoplasma gondii reactivation and the develop-
ment of psychiatric disorders is particularly interesting. 
This issue is poorly understood, but according to a meta-
analysis, for example, it is possible that reactivation of 
latent infection may occur in schizophrenia (Sutterland 
et al. 2015). In addition, there are data from a study on 
mice, which demonstrated that reactivation of chronic Tox-
oplasma gondii infection with immunosuppressive therapy 
causes depressive behavior without overt symptoms of the 
disease (Mahmoud et al. 2016). Therefore, the question of 
the possible connection between reactivation of infection 
and the development of psychiatric disorders remains open 
and needs to be carefully studied.

Not every patient with schizophrenia has Toxoplasma 
gondii infection, and it may be only one possible cause of 
schizophrenia (Rantala et al. 2022). Genetic and environ-
mental factors, both immune system-dependent and immune 
system-independent, may be involved (Bhadra et al. 2013). 
The heterogeneity of schizophrenia symptoms associated 
with toxoplasma infestation is probably due to the sponta-
neous distribution of parasite cysts in the host brain. This 
may explain the presence of individuals with Toxoplasma 
gondii infection without significant symptoms of schizophre-
nia (McConkey et al. 2013). Overall, the mechanisms and 
effects by which Toxoplasma gondii infection may serve as 
a cause or catalyst for illness are only beginning to be under-
stood (Osman et al. 2022). It is important to find factors 
that mediate the development of schizophrenia in infected 
individuals and to develop accessible methods by which to 
assess the risks of developing a schizophrenia when infected, 
for example by analyzing blood biomarkers (Bhadra et al. 
2013). Infectious diseases and psychiatric disorders can 
potentially lead to changes in the concentration of various 
blood biomarkers. Among other things, blood values that 
reflect the state of the immune and nervous systems, which 
are impaired in schizophrenia, are important (Rantala et al. 
2022).

Neuroinflammation and neurodegeneration are among the 
hypotheses of schizophrenia. Increased concentrations of neu-
roinflammatory markers, activation of microglia, which are 
components of neuroinflammation, have been shown in both 
plasma (Bedrossian et al. 2016; Lee et al. 2017; Campeau et al. 
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2022; Pinjari et al. 2022) and brain (Trépanier et al. 2016) 
in schizophrenia. Uncontrolled activity of pro-inflammatory 
cytokines and microglia can cause schizophrenia together with 
genetic vulnerability and glutamatergic neurotransmitters (Na 
et al. 2014). It involves the participation of immune dysfunc-
tion in the pathogenesis of schizophrenia. However, whether 
neuroinflammation leads to the development of schizophre-
nia or whether the inflammatory component is a secondary 
step in the pathogenesis is still controversial. In turn, Toxo-
plasma gondii also modulates the immune system by infecting 
microglia and astrocytes and cause chronic inflammation of 
the CNS. The parasite suppresses astrocyte function in the 
brain, leading to glutamate accumulation, and nerve cell death 
(Chaudhury and Ramana 2019; Rantala et al. 2022). So, Toxo-
plasma gondii infection, by causing neuroinflammation and 
immune dysfunction, may contribute to the development of 
schizophrenia (Ermakov et al. 2023). Therefore, both schizo-
phrenia and Toxoplasma gondii infection can potentially lead 
to altered immune system function, which can be detected by 
some immune blood parameters.

It is also necessary to mention that neuroinflammation is 
closely linked to neurodegeneration (Na et al. 2014). Pro-
inflammatory cytokines play pleiotropic roles in the CNS 
that include roles in synaptic plasticity and neurogenesis (Na 
et al. 2014). Altered concentrations of markers of neurode-
generation have also been observed in schizophrenia (Runge 
et al. 2023). Accumulating biological findings support the 
role of neurodegenerative processes in the pathogenesis of 
schizophrenia (Stone et al. 2022).

Based on the above, it is important to assess the risks of 
schizophrenia symptoms in Toxoplasma gondii infection, 
which requires the development of a specific diagnostic 
approach. Therefore, the aim of our study was to evaluate 
the concentration of several serum biochemical parameters 
in patients with schizophrenia and mentally healthy controls 
infected with Toxoplasma gondii and to identify changes in 
their concentrations that could potentially be indicators of 
psychopathologic changes in this infection.

The decision was made to evaluate a large panel of 
diverse biomarkers, which includes both neuroinflammatory 
indicators and biomarkers of neurodegeneration, in order 
to study the problem from different aspects. In addition, in 
our study, the decision was made to investigate the effect of 
reactivation of infection on clinical and biochemical char-
acteristics of patients.

Materials and methods

Patients

Participants with mental disorders were recruited from 
Mental Health Clinic No. 1 named after N.A. Alexeev 

within the Department of Health of Moscow. The control 
group consisted of healthy volunteers who attended peri-
odic medical examinations. This research was conducted 
in accordance with the guidelines of the Helsinki Dec-
laration. Experiments involving human participants were 
conducted in accordance with ethical guidelines (Proto-
col No. 2/28.10.2020 approved by the Local Ethics Com-
mittee of Mental Health Clinic No. 1 named after N.A. 
Alexeev within the Department of Health of Moscow). 
Written informed consent was obtained from all partici-
pants. A total of 353 subjects participated in the study, 
including 193 patients with schizophrenia and 160 healthy 
volunteers.

The following inclusion criteria were applied: individu-
als with a history of schizophrenia (F20) diagnosis at least 
1 year prior, as established during an inpatient evaluation; 
age range between 18 and 55 years; the participant must 
provide written consent for the clinical interview and the 
collection of blood samples for genetic testing. Two psychia-
trists independently verified the diagnosis through structured 
clinical interviews, adhering to the International Classifica-
tion of Diseases (ICD-10) diagnostic criteria. All partici-
pants were excluded if they met any of the following criteria: 
the presence of concomitant psychiatric disorders, including 
drug and substance abuse (including alcohol); organic men-
tal disorders of any etiology; mental retardation; and severe 
systemic and chronic neurological conditions.

Healthy control subjects were recruited from volun-
teers who participated in preventive medical examinations 
at Outpatient Clinic No. 121 (Moscow). Participants were 
excluded if they met any of the following criteria: a history 
of psychiatric illness, a positive family history (first-degree 
relatives) of psychiatric illness, substance abuse, or severe 
somatic diseases.

Patients with schizophrenia and healthy volunteers par-
ticipating in the study had not previously been treated for 
toxoplasmosis. Patients with schizophrenia and healthy 
volunteers were assessed for socio-demographics, age, sex, 
height, and weight. Patients with schizophrenia were tested 
using a series of psychometric scales. Blood was collected 
from patients and healthy volunteers, and serum was used to 
determine specific antibodies IgG, IgM, IgA to Toxoplasma 
gondii, and the avidity of IgG antibodies.

One hundred sixty people were randomly selected for 
multiplex analysis of blood parameters determination, and 
therefore, four experimental groups were formed depending 
on mental and infection status: Control (n = 51), mentally 
healthy volunteers without Toxoplasma gondii infection; 
Control + T (n = 29), mentally healthy volunteers with Toxo-
plasma gondii infection; Sch (n = 50), patients with schizo-
phrenia without Toxoplasma gondii infection; Sch + T (n = 
30), patients with schizophrenia and with Toxoplasma gondii 
infection.
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Psychometric scales

The primary methodology for data collection was the cli-
nician-administered, descriptive approach, which involved 
reviewing medical records, clarifying patient complaints, 
monitoring alterations in their mental and physical health, 
and assessing their social functioning. To measure changes 
in psychotic, depressive, negative symptoms, and the quality 
of social functioning, the scales were employed at all visits:

1.	 Positive and Negative Syndrome Scale (PANSS) is a 
widely used instrument for quantifying symptom sever-
ity in schizophrenia. It consists of 30 distinct items, 
organized into subscales measuring positive, negative, 
and general psychopathology symptoms. A higher score 
indicates a more severe manifestation of symptoms. The 
PANSS is widely recognized as the global “gold stand-
ard” for evaluating the symptomatology of schizophre-
nia. (Lindenmayer 2017).

2.	 Calgary Depression Scale for Schizophrenia (CDSS) has 
demonstrated high reliability in evaluating depression in 
schizophrenia. CDSS is a 9-item scale, with each item 
rated on a 0–3 scale (Reznik et al. 2023).

3.	 The NSA-5 scale was developed to quantify the sever-
ity of negative symptoms in individuals diagnosed with 
schizophrenia, comprising five items, each scored on a 
0-to-4 rating scale (Reznik et al. 2023);

4.	 Perceived Deficits Questionnaire, 20-item (PDQ-20) 
has been demonstrated to be an effective tool for assess-
ing patients’ subjective perception of cognitive deficits 
during remission phases of schizophrenia. The PDQ-20 
consists of 20 items, each evaluated on a scale ranging 
from 0 to 4, with the total score derived from the sum 
of responses across all 20 items (Strober et al. 2016; 
Reznik et al. 2023);

5.	 Progressive Supranuclear Palsy Clinical Deficits Scale 
(PSP)—a scale developed from the integration of the 
DSM-IV Social and Occupational Functioning Assess-
ment Scale (SOFAS) and the Global Assessment of 
Functioning (GAF). The assessment takes into account 
four categories of functioning: potentially rewarding 
activities, relationships with significant others and other 
social connections, self-care, and disturbing and aggres-
sive behaviors. The scale has demonstrated its reliabil-
ity and efficiency as a tool for assessing individual and 
social performance. The PSP is a rating scale with a 
maximum score of one hundred, which is divided into 
ten equal intervals, each of which is assigned an ordinal 
value (Jelastopulu et al. 2014; Reznik et al. 2023).

6.	 Montgomery-Åsberg Depression Rating Scale 
(MADRS)—the scale is specifically designed to assess 
the severity of depressive symptoms and identify 
changes resulting from antidepressant therapy. The 

scale comprises 10 items, each rated on a scale from 0 
(absence of symptoms or normal) to 6 (severe or persis-
tent presence of a symptom), allowing a maximum total 
of 60 points (Hudgens et al. 2021).

7.	 Patient Health Questionnaire (PHQ-9) is a 9-item ques-
tionnaire that serves as a basis for the DSM-IV diagnosis 
of depressive disorders (Kroenke et al. 2001).

8.	 Self-evaluation of Negative Symptoms (SNS) evalu-
ates all five categories of negative symptoms, including 
social withdrawal, blunted affect, estrangement, anhedo-
nia, and alogia. The scale consists of 20 items, with four 
items per negative symptom, and the score reflects the 
previous week’s manifestations (Wójciak et al. 2021).

9.	 Cognitive Complaints in Bipolar Disorder Rating Scale 
(COBRA) is a self-assessment instrument comprising 16 
items designed to evaluate cognitive dysfunction across 
multiple domains. These domains include executive 
function, attention and concentration, processing speed, 
verbal learning, and memory (Bonnín et al. 2024).

Serum sample collection

Blood parameters were measured in serum. Blood samples 
for analysis were collected from the cubital vein in the fast-
ing state, typically before 9 a.m. Serum was isolated imme-
diately following blood collection via centrifugation at 3000 
rpm for 10 min at 4 °C, and then stored at –80 °C until 
analysis.

Toxoplasma gondii serological analysis 

Specific markers of Toxoplasma gondii infection were 
determined in blood serum samples: IgG antibodies to 
Toxoplasma gondii and their avidity index (AI), IgM, 
and IgA to Toxoplasma gondii. The level of antibodies 
and AI were determined by enzyme-linked immunosorb-
ent assay (ELISA) using the kits “ToxoplaStripG” (TU 
9398–005–4037–1634-2008), “VectoToxo-IgG” (FSR 
2012/12998, Vector-Best JSC), “ToxoplaStripM” (TU 
9398–005–4037–1634-2008), “VectoToxo-IgM” (FSR 
2012/12999, Vector-Best JSC), “VectoToxo—IgA” (No. FSR 
2012/14096, Vector-Best JSC) and “VectoToxo—IgG—
avidity” (No. FSR 2019/8630, Vector-Best JSC). The results 
of the study were evaluated according to the manufacturer’s 
instructions. The following values were considered as high 
level of IgG antibodies: titer 1:6400 and higher and 200 IU 
and higher when using the test systems “ToxoplaStripG” and 
“VectoToxo-IgG,” respectively.

Toxoplasma gondii reactivation was determined by the 
presence of specific IgA with high avidity of IgG. Reactiva-
tion is also often accompanied by increased IgG levels, so 
an IgG level of more than 200 IU was considered a marker 
of reactivation.
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Multiplex assay

Commercially available multiplex immunoassays were 
employed according to the manufacturer’s guidelines to 
assess serum blood parameters (ProcartaPlex™ Multi-
plex Immunoassay and ProcartaPlex™ Human Neurosci-
ence Panel 18-Plex, Thermo Fisher). The measurements 
were performed using a Luminex analyzer (Luminex™ 
100/200™). Therefore, the concentration of two groups of 
markers in the blood serum was measured: neurobiologi-
cal (kallikrein-6 (KLK6), S100 calcium-binding protein B 
(S100B), ubiquitin C-terminal hydrolase L1 (UCHL1), glial 
fibrillary acidic protein (GFAP), neurofilament-H (NF-H), 
chitinase 3 Like 1 (CHI3L1, YKL-40), ciliary neurotrophic 
factor (CNTF), Amyloid beta 1–42, GDNF, Total Tau, 
neural cell adhesion molecule 1 (NCAM-1), nerve growth 
factor beta (NGF beta), brain-derived neurotrophic factor 
(BDNF), Tau [pT181], macrophage migration inhibitory 
factor (MIF), TAR DNA-binding protein 43 (TDP-43), 
neurogranin) and immunological (fibroblast growth factor 
21 (FGF-21), macrophage inflammatory protein 1 alpha 
(MIP-1 alpha), stromal cell-derived factor-1 alpha (SDF-1 
alpha), interleukin-27 (IL-27), Interferon γ-induced protein 
(IP-10), interleukin-8 (IL-8), interleukin-10 (IL-10), eotaxin, 
interleukin-17 A (IL-17 A), chemokine (C–C motif) ligand 
5 (CCL5, RANTES), macrophage inflammatory protein 1 
beta (MIP-1 beta), monocyte chemotactic protein-1 (MCP-
1), interleukin-9 (IL-9), growth-regulated oncogene alpha 
(GRO alpha), interleukin-23 (IL-23), interleukin-21 (IL-21), 
and interleukin-22 (IL-22)).

Statistical processing

Analysis was performed using jamovi and RStudio software. 
All figures were created using R Studio.

Upon receiving the data, its distribution was assessed 
for normality using the Shapiro–Wilk test. This assess-
ment determined the appropriate criteria for statistical 
comparison: parametric or non-parametric. In the context 
of a normal distribution, the mean and standard deviation 
were utilized. In the case of an abnormal distribution, the 
median and interquartile range were calculated. Assuming 
a normal distribution, parametric analysis was conducted, 
using analysis of variance (ANOVA), followed by Tukey’s 
multiple comparison tests for post hoc analysis, and data 
were presented as Mean ± SE. Non-parametric analysis was 
performed in the case of non-normal distribution using the 
Kruskal–Wallis test and subsequent multiple comparison 
tests (Dwass–Steel–Critchlow–Fligner); the data were pre-
sented as median (Q1, Q3). Differences were considered 
statistically significant at p < 0.05.

The categorical variables including the serum reactivity 
to Toxoplasma gondii, family history of mental disorders, 

and where the person lived (urban or rural) were compared 
by the use of the chi-squared test. Odds ratio (OR) and its 
95% CI were calculated.

The data on blood biochemical parameters were standard-
ized and subsequently employed for principal component 
analysis (PCA) within the RStudio environment. Samples 
were compared by mental and infection status.

A Pearson correlation analysis was conducted using the 
Jamovi and RStudio software for correlation assessment. A 
r < − 0.7 or r > 0.7 and p < 0.01 were considered statisti-
cally significant for the correlation analysis to account for 
multiple comparisons.

Results

Evaluation of antibody levels to Toxoplasma 
gondii in mentally healthy volunteers and patients 
with schizophrenia

Diagnosis of Toxoplasma gondii infection is based on sero-
logic tests that detect Toxoplasma gondii-specific IgG and 
IgM antibodies. IgM appear approximately 1 week after 
infection, and IgG antibodies appear 1–3 weeks after the 
appearance of IgM antibodies. The presence of IgM usually 
indicates an acute infection (Teimouri et al. 2020; Bollani 
et al. 2022). Therefore, IgM is formed during fresh, primary 
invasion and such an acute, clinically manifested form of 
toxoplasmosis is very rare (Kodym et al. 2015). IgG is an 
indicator of chronicity of the disease. It is also known that 
Toxoplasma gondii infection is a latent infection of the brain. 
Activation of infection around the cysts of the parasite can 
increase dopamine levels, which can lead to the formation 
of IgA antibodies, a marker of Toxoplasma gondii reactiva-
tion (Gubareva et al. 2013; Kodym et al. 2015). Avidity is 
the cumulative strength with which a polyclonal mix of IgG 
molecules reacts with several protein epitopes. The func-
tional binding affinity of IgG binding against Toxoplasma 
gondii increases progressively after infection. Low IgG avid-
ity values usually indicate the first few months of primary 
infection, while high avidity values indicate secondary infec-
tion (Teimouri et al. 2020).

Complete data was collected from 353 subjects who took 
part in the study (193 patients with schizophrenia and 160 
healthy volunteers). Analysis of antibodies to Toxoplasma 
gondii showed the presence of specific IgG antibody mark-
ers to Toxoplasma gondii in 40 of 193 (20.7%) patients with 
schizophrenia and in 29 of 160 (18.1%) psychiatric healthy 
volunteers. Four psychiatric patients and four healthy volun-
teers had IgM + —signs of acute Toxoplasma gondii infec-
tion, and they did not have IgG + status. Nine psychiatric 
patients and ten healthy volunteers had IgA + —signs of 
acute Toxoplasma gondii infection.
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Chi-squared test showed no difference in the incidence of 
Toxoplasma gondii infection between healthy subjects and 
patients with schizophrenia (χ2 = 0.38, df = 1, p = 0.54); the 
odds ratio was OR = 1.18, 95% CI = 0.69–2.01. Therefore, a 
significant association was found between schizophrenia and 
infection status with seroprevalence. Additionally, the power 
of the study was assessed as sufficient. For this, data from 
a recent meta-analysis were used. According to data from 
this study, the weighted seropositivity rate for patients with 
schizophrenia is 45% and for controls 30% (Contopoulos-
Ioannidis et al. 2022). The required sample size should be 
376 individuals in both groups to capture such a difference 
in proportion with a power of 80%, i.e., 188 in the schizo-
phrenia group and 188 in the control group (chi-squared 
power calculation: w = 0.1445908; N = 375.4268; df = 1; 
sig.level = 0.05; power = 0.8; N is the number of observa-
tions). The numbers of the groups are comparable in our 
case. Consequently, our population indeed has no associa-
tion of schizophrenia and toxolasmosis, and the group sizes 
in our experiment are sufficient for such a conclusion.

Evaluation of antibody levels between groups of con-
trols and patients with schizophrenia and seropositivity to 
Toxoplasma gondii showed no differences between groups 
(Table 1).

Effect of Toxoplasma gondii on symptomatology 
in patients with schizophrenia

The infectious status was determined of patients with schizo-
phrenia and detected IgG antibodies to Toxoplasma gondii 
in 40 patients out of 193. Also, all patients with schizophre-
nia were tested using a series of psychometric scales, and 
the results are presented in Table 2. Further Toxoplasma 
gondii-positive and Toxoplasma gondii-negative patients 
were compared and found significant differences only on 
the PDQ-20 scale—patients with Toxoplasma gondii had a 
higher score on this scale (p = 0.04) compared to patients 
without Toxoplasma gondii, indicating a more pronounced 
impairment of cognitive function as assessed by the PDQ-20 
self-assessment questionnaire in patients with Toxoplasma 

gondii. Evaluation of individual PDQ-20 scales showed 
significant differences only in the retrospective memory 
scale—this index was elevated in patients with Toxoplasma 
gondii (Table 2).

Study of the effect of Toxoplasma gondii 
on biological markers in blood in healthy volunteers 
and patients with schizophrenia

Complete data was collected from 160 people, from whom 
blood was drawn for determination of biomarkers in serum. 
General characteristics of the study population (for 160 
persons: Control (n = 51), Control + T (n = 29), Sch (n = 
50), Sch + T (n = 30)) are shown in Table 3. The groups 
did not differ from each other in terms of age, height, and 
weight. However, significant differences were found in the 
educational level and marital status of the study participants. 
Patients with schizophrenia had lower levels of education 
and were more likely to have single marital status compared 
to healthy controls.

KW analysis showed that some serum parameters dif-
fered between the patient and control groups, taking into 
account infection status (Table 4). Considering FDR cor-
rection, significant differences were shown for 15 blood 
parameters: KLK6, S100B, UCHL1, Amyloid beta 1–42, 
NCAM-1, NGF beta, neurogranin, MIP-1 alpha, IP-10, IL-8, 
IL-10, RANTES, MIP-1 beta, MCP-1, and GRO alpha, of 
which 7 neurobiological parameters and 8 immunological 
parameters.

The posterior analysis showed differences between groups 
for each of the 15 parameters. The results of the posterior 
analysis for neurobiological blood parameters are presented 
in Fig. 1. The control groups (Control and Control + T) dif-
fered significantly in all seven neurobiologic parameters. 
For Toxoplasma gondii infection, controls had the follow-
ing in their blood: decreased KLK6 concentration (p < 
0.001), increased S100B (p < 0.001), increased UCHL1 (p < 
0.001), decreased Amyloid beta 1–42 (p < 0.001), decreased 
NCAM-1 (p = 0.03), increased NGF beta (p < 0.001), and 
decreased neurogranin (p = 0.04) (Fig. 1). Meanwhile, the 

Table 1   Comparison of 
class-specific reactivity to 
Toxoplasma gondii antigens in 
serum samples obtained from 
individuals with schizophrenia 
and in samples obtained from 
control subjects

*The analysis was performed using Kruskal–Wallis test. Significant p-values (< 0.05) are highlighted in 
bold

Class of antibody Antibody levels χ2 df p

Control with Toxo-
plasma gondii (n = 29)

Patients with schizophrenia 
and Toxoplasma gondii (n = 
40)

IgG, median (Q1; Q3) 180 (94; 300) 150 (85; 262) 0.56 1 0.45
IgM, median (Q1; Q3) 0 (0;0); (IgM + n = 4) 0 (0;0); (IgM + n = 4) 0.72 1 0.40
IgA, median (Q1; Q3) 0 (0;0.6); (IgA + n = 10) 0 (0;0.3); (IgA + n = 9) 0.17 1 0.68
Avidity, median (Q1; Q3), % 74 (68; 84) 81 (73; 86) 1.12 1 0.29
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schizophrenia patient groups (Sch and Sch + T) did not differ 
in any of the parameters. However, some differences were 
found between control and schizophrenia. KLK6 concentra-
tion was higher in Sch and Sch + T groups compared to Con-
trol + T group (respectively, p = 0.006, p = 0.002, Fig. 1A). 
S100B concentration was higher in the Sch group compared 
to Control (p = 0.002; Fig. 1B). UCHL1 was decreased in 
Sch + T compared to Control + T (p = 0.008; Fig. 1C). 
Sch (p = 0.01) and Sch + T (p = 0.002) patient groups had 
higher Amyloid beta 1–42 concentration compared to Con-
trol + T (Fig. 1D). NCAM-1 concentration was reduced in 
Sch + T compared to Control (p < 0.001; Fig. 1E). NGF 
beta concentration was higher in Sch compared to Control 
(p = 0.002) and Control + T (p = 0.004), and in Sch + T 
compared to Control + T (p = 0.006) (Fig. 1F). Neurogranin 
concentration was higher in Sch (p = 0.01) and Sch + T (p = 
0.02) groups compared to Control + T (Fig. 1G). Therefore, 

statistically significant differences in many neurobiologi-
cal blood parameters were observed between Control + T 
and Sch + T groups, while fewer differences were observed 
between Control and Sch.

The results of a posteriori analysis for immunologic 
blood parameters are presented in Fig. 2. The control groups 
(Control and Control + T) differed significantly only in two 
immunologic indices; in case of toxoplasmal infestation in 
the blood of controls, there was an increase in the concentra-
tion of MIP-1 alpha (p = 0.01) and a decrease in IL-10 (p < 
0.001) (Fig. 2). At the same time, groups of patients with 
schizophrenia (Sch and Sch + T) did not differ from each 
other in any of the parameters. Some differences were also 
found between controls and schizophrenia. The concentra-
tion of MIP-1 alpha and MIP-1 beta was significantly lower 
in patients with schizophrenia compared to controls. The Sch 
group had lower concentration of MIP-1 alpha compared to 

Table 2   Results of 
psychometric scales in patients 
with schizophrenia (n = 
193) with regard to infection 
status: No—no evidence of 
Toxoplasma gondii infection 
(n = 153); Yes—evidence of 
Toxoplasma gondii infection 
(n = 40)

*The analysis was performed using Kruskal–Wallis test or ANOVA test. Significant p-values (< 0.05) are 
highlighted in bold

Scales Toxoplasma 
gondii

Mean/median SE/quartiles Χ2/F df p

CDSS No 10 3; 15 0.17 1 0.68
Yes 9 5; 14.5

NSA5 No 11.2 0.37 0.35 1 0.55
Yes 10.7 0.63

PANSS Positive No 22 18; 27 0.22 1 0.64
Yes 22 19.7; 27.2

PANSS Negative No 25 21; 29.2 0.001 1 0.98
Yes 25 21.5; 30

PANSS General No 46.5 41; 53 0.02 1 0.89
Yes 46.0 38.7; 52.2

MADRS No 14.0 7; 24 0.06 1 0.80
Yes 14.5 5.7; 24

PHQ9 No 9.0 4; 13 0.07 1 0.79
Yes 7.5 5; 13.7

PSP No 55 40; 62 2.51 1 0.11
Yes 51 35.5; 55.5

SNS No 16.2 0.72 0.03 1 0.87
Yes 16.5 1.12

COBRA No 18 11; 25 0.45 1 0.50
Yes 19 13; 25.5

PDQ-20 Total score No 18,5 11; 32 4.25 1 0.04
Yes 24.0 15.7; 38.2

PDQ-20 Concentration No 5.5 3; 8 2.43 1 0.12
Yes 6 5; 10

PDQ-20 Retrospective Memory No 4 2; 8 4.12 1 0.04
Yes 6 3; 9

PDQ-20 Prospective Memory No 4 1; 8 3.68 1 0.055
Yes 5.5 3; 8

PDQ-20 Planning/Organization No 5 2; 9 1.80 1 0.18
Yes 6 3.7; 10
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Control (p = 0.004) and Control + T (p < 0.001), and the Sch 
+ T group compared to Control (p < 0.001) and Control + T 
(p < 0.001) (Fig. 2A). The Sch group had lower MIP-1 beta 
concentration compared to Control + T (p = 0.009), and the 
Sch + T group compared to Control (p = 0.03) and Control 
+ T (p = 0.002) (Fig. 2B). Sch (p < 0.001) and Sch + T (p < 
0.001) schizophrenia patient groups had lower IL-8 con-
centrations compared to Control + T (Fig. 2C). Conversely, 
IL-10 concentration was elevated in Sch (p = 0.002) and Sch 
+ T (p < 0.001) groups compared to Control + T (Fig. 2D). 
Conversely, RANTES concentration was elevated in the Sch 
group compared to Control (p < 0.001), and in the Sch + T 
group compared to Control (p < 0.001) and Control + T (p = 
0.001) (Fig. 2E). IP-10 concentration was also elevated in 
patients with schizophrenia, in the Sch group compared to 
Control (p = 0.007), and in the Sch + T group compared to 
Control (p < 0.001) and Control + T (p = 0.008) (Fig. 2F). 
MCP-1 concentration was elevated in patients with schizo-
phrenia, in the Sch group compared to Control (p = 0.006), 
and in the Sch + T group compared to Control (p < 0.001) 
and Control + T (p = 0.006) (Fig. 2G). For GRO alpha, the 
only significant difference was observed—its concentration 
was higher in Sch compared to Control (p = 0.01; Fig. 2H). 
Therefore, the control and schizophrenia groups differed sig-
nificantly from each other in various indices (Control and 
Sch—MIP-1 alpha, RANTES, MCP-1, GRO alpha, IP-10; 

Control + T and Sch + T—MIP-1 alpha, IP-10, IL-8, IL-10, 
RANTES, MIP-1 beta, MCP-1). This suggests that there 
are general differences between controls and patients with 
schizophrenia regardless of infection status.

Group and infection status were considered qualitative 
variables, whereas the tested biochemical variables were 
considered quantitative variables in PCA analysis. Only 
those parameters for which significant differences were 
found between groups with FDR correction were consid-
ered as biochemical variables (Table 2). The PCA analysis 
showed potential differences between the control groups (C 
and Control + T) (Fig. 3), which formed two separate groups 
on the PCA biplot, but not between the groups of patients 
with schizophrenia (Sch and Sch + T), which is consistent 
with the results that were obtained when the blood param-
eters were compared separately between groups.

After stratification according to groups, PCA revealed 
that the first (Comp 1) and second (Comp 2) principal com-
ponents explained most of the variance. Comp 1 and Comp 
2 explained 57.1% and 14.9% of the variance in the Control 
group, 48.4% and 17.1% of the variance in the Control + T 
group, 50.3% and 15.5% of the variance in the Sch group, 
and 54.9% and 22% of the variance in the Sch + T group 
(Figure A1). The main Comp 1 in Sch, Sch + T, and Control 
groups is well represented by the cluster of positively corre-
lated variables Amyloid beta 1–42, IL-10, UCHL1, S100B; 

Table 3   General characteristics of study population on biomarker research in serum blood

*The analysis was performed using ANOVA test or chi-squared test. Significant p-values (< 0.05) are highlighted in bold

Variable\statistic Categories Group value Χ2/F df p

Control Control + T Sch Sch + T

N (% of total) 51 (31.9) 29 (18.1) 50 (31.2) 30 (18.8) - - -
Age, mean (SE) years 35.7 (1.1) 36.6 (1.3) 33.9 (1.3) 39.1 (1.5) 2.53 3 0.06
Height, mean (SE) cm 172.2 (1.1) 169.4 (1.7) 168.6 (1.2) 171.1 (1.8) 1.61 3 0.19
Weight, mean (SE) kg 73.1 (2.4) 73.6 (3.1) 69.6 (2.3) 75.5 (3.3) 0.87 3 0.46
Sex, n (% of total) Female 32 (20.0) 19 (11.9) 40 (25.0) 22 (13.8) 4.11 3 0.25

Male 19 (11.9) 10 (6.3) 10 (6.3) 8 (5.0)
Education
  Primary school, n (% of total) 0 (0) 0 (0) 3 (1.9) 1 (0.6) 121.2 18  < 0.001
  Incomplete secondary, n (% of total) 1 (0.6) 0 (0) 6 (3.8) 2 (1.3)
  Complete secondary, n (% of total) 11 (6.9) 3 (1.9) 12 (7.5) 7 (4.4)
  College, n (% of total) 0 (0) 0 (0) 25 (15.6) 17 (10.6)
  Unfinished higher education, n (% of total) 0 (0) 0 (0) 2 (1.3) 1 (0.6)
  Higher, n (% of total) 39 (24.4) 23 (14.4) 1 (0.6) 2 (1.3)
  Scientific degree, n (% of total) 0 (0) 3 (1.9) 1 (0.6) 0 (0)

Family
  Married, n (% of total) 15 (9.4) 11 (6.9) 10 (6.3) 7 (4.4) 27.06 12 0.008
  Informal marriage, n (% of total) 4 (2.5) 3 (1.9) 1 (0.6) 2 (1.3)
  Lives alone but has a partner, n (% of total) 9 (5.6) 3 (1.9) 0 (0) 0 (0)
  Divorced, n (% of total) 4 (2.5) 3 (1.9) 6 (3.8) 6 (3.8)
  Single, n (% of total) 19 (11.9) 9 (5.6) 33 (20.6) 15 (9.4)
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Comp 1 in Control + T group is represented by other vari-
ables—IL-8, MIP-1 alpha, MIP-1 beta, KLK6. Therefore, 
the Control + T group differs from other groups.

Correlation of antibody concentration 
with neurobiologic and immune blood parameters 
and psychometrics

Correlations of Toxoplasma gondii infection antibodies with 
significant blood parameters were compared in Control + T 
and Sch + T groups, and with psychometric scales in Sch + T 
group, the results are presented in Figure A2. No significant 
correlations (p < 0.01) were found in the Control + T group 
for these measures, but the Sch + T group showed a single 
significant but not strong positive correlation of RANTES 
concentration with IgA (r = 0.58 p < 0.001) and IgM (r = 
0.61 p < 0.001) antibodies.

Correlation of concentrations of immune 
and neurobiologic blood parameters 
with psychometric characteristics in patients 
with schizophrenia

Correlation analysis was performed to determine associa-
tions between psychometric scale scores and significant 
blood parameters in the Sch and Sch + T groups, and the 
results are presented in Figure A3. The Sch group had no 
significant correlations. However, a sufficient number of 
weak but significant correlations were found in the Sch 
+ T group: PANSS General had a positive correlation with 
KLK6 concentration (r = 0.51; p = 0.004); MARDS was also 
positively correlated with KLK6 concentration (r = 0.48; 
p = 0.007); PSP had a negative correlation with IP-10 (r = 
− 0.56; p = 0.002) and GRO alpha (r = − 0.52; p = 0.003). 
Therefore, the neurobiological index KLK6 was positively 
correlated with the severity of general symptoms of schizo-
phrenia and with the severity of depressive symptoms in 
patients with schizophrenia and Toxoplasma gondii. Immu-
nologic indices IP-10 and GRO alpha were positively corre-
lated with the severity of impairments in social and personal 
functioning.

Correlation of concentrations of immune 
and neurobiological blood parameters with each 
other

Correlation analysis was performed to determine the asso-
ciations between significant blood parameters in each experi-
mental group, and the results are presented in Figure A4 and 
Table S1. It was shown that all groups were characterized by 
predominantly positive significant relationships between the 
concentrations of blood parameters (Supplementary mate-
rial, Table S1).Ta
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The Control and Control + T groups showed two similar 
clusters of associated immune blood parameters (cluster 1: 
MIP-1 alpha, MIP-1 beta and IL-8; cluster 2: RANTES, IP-10, 
MCP-1). However, another cluster of predominantly neuro-
biological parameters (IL-10, S100B, UCHL, Amyloid beta 
1–42, NGF beta) was observed in the Control group, which 
was weakly expressed in Control + T. It is noteworthy that the 
Sch group was similar to Control, as a cluster of associated 
parameters (IL-10, S100B, UCHL, NGF beta, IL-8) similar to 
Control could be identified, and a group-specific cluster (neu-
rogranin, KLK6, NCAM-1) could be identified. In the Sch + T 
group, it was possible to identify a cluster that was observed 
in Control and Sch (IL-10, S100B, UCHL, NGF beta, IL-8, 
Amyloid beta 1–42) and another cluster specific to this group 
(MIP-1 alpha, MIP-1 beta, NCAM-1, neurogranin). Therefore, 

the Control, Sch, and Sch + T groups appeared similar to each 
other with a large cluster of associated blood parameters (IL-
10, S100B, UCHL, NGF beta, IL-8, Amyloid beta 1–42); in 
the Control + T group, this cluster was weakly expressed. 
However, the control and schizophrenia patient groups were 
similar to each other by small clusters. Overall, the correla-
tion analysis confirms that the control groups differed more in 
blood parameters than the schizophrenia groups.

Effect of reactivation of Toxoplasma gondii infection 
on schizophrenia symptoms and blood biomarker 
concentrations

In addition, the effect of Toxoplasma gondii reactiva-
tion has been studied on patients with schizophrenia and 

Fig. 1   Concentration of neurobiologic parameters in blood of 
patients with schizophrenia taking into account infection status. A 
Blood KLK6 concentration. B Blood S100B concentration. C Blood 
UCHL1 concentration. D Blood Amyloid beta 1–42 concentration. 
E Blood NCAM-1 concentration. F Blood NGF beta concentration. 
G Blood neurogranin concentration. Data are expressed as Med (Q1; 
Q3) in boxplots. Black horizontal lines—medians; Black points—out-

liers; Red boxes—data on a person with Toxoplasma gondii infection; 
Grey boxes—data on a person without Toxoplasma gondii infection; 
*- < 0.05, **- < 0.01, ***- < 0.001; No—absence of Toxoplasma 
gondii infection; Yes—presence of Toxoplasma gondii infection; 
Control—mentally healthy volunteers; Schizophrenia—patients with 
schizophrenia
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mentally healthy individuals. For this purpose, the course 
of the disease was determined for each infected subject 
(reactivation or latent) and compared clinical and bio-
chemical parameters between the different forms. Detailed 
results are presented in Supplementary material (Table S2, 
Table S3). The Control + T group had increased concen-
trations of the neurotrophins CNTF (χ2 = 4.69; p = 0.03) 
and NGF beta (χ2 = 4.89; p = 0.03) in blood during Toxo-
plasma gondii reactivation compared to latent controls. 
The Sch + T group had a statistically significant decrease 
in blood FGF-21 concentration (χ2 = 6.17; p = 0.01) in 
patients with reactivation compared to the latent form; it 

was noted that that the latent group had an increase in 
FGF-21 levels in 5 out of 15 individuals, but no increase 
in this biomarker was observed in reactivation group.

The Sch + T group had significant differences on two 
psychometric scales between reactivation and latent form. 
A decrease in the PANSS Negative and SNS scores was 
observed in during reactivation, indicating a decrease in 
negative symptoms in schizophrenic patients during Toxo-
plasma gondii reactivation. A reduction in symptoms on 
the PANSS scale was observed, specifically in the symp-
toms of emotional withdrawal, difficulty in abstract think-
ing and lack of spontaneity and flow of conversation.

Fig. 2   Concentration of immunologic indices in blood in patients 
with schizophrenia taking into account infection status. A Blood 
MIP-1 alpha concentration. B Blood MIP-1 beta concentration. C 
Blood IL-8 concentration. D Blood IL-10 concentration. E Blood 
RANTES concentration. F Blood IP-10 beta concentration. G Blood 
MCP-1 concentration. H Blood GRO alpha concentration Data are 
expressed as Med (Q1; Q3) in boxplots. Black horizontal lines—

medians; Black points—outliers; Red boxes—data on a person with 
Toxoplasma gondii infection; Grey boxes—data on a person without 
Toxoplasma gondii infection; *- < 0.05, **- < 0.01, ***- < 0.001; 
No—absence of Toxoplasma gondii infection; Yes—presence of 
Toxoplasma gondii infection; Control—mentally healthy volunteers; 
Schizophrenia—patients with schizophrenia



Parasitology Research          (2025) 124:53 	 Page 13 of 18     53 

Discussion

Many studies have previously shown that seroprevalence 
and antibody levels to Toxoplasma gondii were higher in 
patients with schizophrenia than in healthy subjects. How-
ever, no such effect was found in our study. It is known that 
the prevalence of Toxoplasma gondii infection can be differ-
ent in different regions; this applies also to different regions 
of Russia (Torrey et al. 2007; Stepanova et al. 2019). There-
fore, our results were compared with a limited number of 
studies conducted in the same region of Russia (Moscow 
city), and there was some rather contradictory data. The 
prevalence of Toxoplasma gondii infection was at the level 
of 25% in the general population of Moscow city residents 
(Stepanova et al. 2017, 2019), which roughly coincides with 
our data. However, in patients with schizophrenia, specific 
IgG antibodies to Toxoplasma gondii were detected in 40% 
of patients in one study (Stepanova et al. 2019), or in 16% 
of patients in another study (Romanov et al. 2020). It should 

be discussed that the power of our study was evaluated and 
was shown to be sufficient to assess the lack of association 
between schizophrenia and toxoplasmosis in our population. 
If we consider the available meta-analyses that show such 
an association, such as the study by Contopoulos-Ioannidis 
et al. (2022), they indicate a great heterogeneity of stud-
ies. The publications may have a bias because only positive 
results are published and results with missing linkage are 
not published. That is why meta-analysis has these results. 
Therefore, it is very important to publish negative results, 
which our study also demonstrated.

It was found that PDQ-20 scores increased in patients 
with schizophrenia in the presence of seropositivity to Toxo-
plasma gondii. Therefore, Toxoplasma gondii infection may 
lead to greater cognitive decline in patients with schizo-
phrenia. Similar results were presented by Dickerson et al. 
(2014), who found that Toxoplasma gondii infection can 
increase the risk of cognitive decline in individuals without 
psychiatric disorders and in individuals with bipolar disorder 

Fig. 3   PCA score plot of all signify biochemical blood parameters 
stratified according to groups; Dim1, component 1; Dim2, component 
2; C (n = 51), mentally healthy volunteers without Toxoplasma gondii 
infection; C + Tox (n = 29), mentally healthy volunteers with Toxo-

plasma gondii infection; Sch (n = 50), schizophrenia patients with-
out Toxoplasma gondii infection; Sch + Tox (n = 30), schizophrenia 
patients with Toxoplasma gondii infection
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(Dickerson et al. 2014), making infected psychiatric patients 
more vulnerable and requiring increased attention.

Our study showed certain differences in the content of 
some serum parameters in patients with schizophrenia and 
Toxoplasma gondii infection, as well as certain patterns in 
the associations of blood parameters with psychometrics. 
At present, there are not many studies showing changes in 
blood parameters in schizophrenia and Toxoplasma gondii 
infection. Such studies have mainly focused on the determi-
nation of blood cholesterol, triglycerides and lipoproteins 
(Flegr et al. 2014; Sagud et al. 2018; Xu et al. 2020), glu-
cocorticoids (Beaumont et al. 2024), kynurenine (Okusaga 
et al. 2016), dopamine (Ibrahim Ali et al. 2020; Ammar et al. 
2024), and metabolomic parameters (Osman et al. 2022). 
Therefore, it has been previously revealed that Toxoplasma 
gondii infection in patients with schizophrenia may lead to 
changes in the concentration of some blood biomarkers. 
Our study focused on another class of blood biomarkers that 
have been previously poorly studied in Toxoplasma gondii 
infection and schizophrenia—immune and neurobiological 
biomarkers.

Our study demonstrated that Toxoplasma gondii infec-
tion resulted in significant changes in the concentration of 
some neurobiological blood parameters (KLK6, S100B, 
UCHL1, Amyloid beta 1–42, NCAM-1, NGF beta, neuro-
granin) and immune parameters (MIP-1 alpha and IL-10) 
in mentally healthy individuals. The Toxoplasma gon-
dii–infected control group differed in blood parameters 
from all other groups. In contrast, Toxoplasma gondii 
infection did not lead to changes in the concentration of 
blood parameters in schizophrenia patients, as shown by 
statistical criteria, PCA analysis and correlation analy-
sis. Schizophrenia itself is associated with significant 
biochemical changes in the body and in the blood. For 
example, patients with schizophrenia can have altered 
concentrations of inflammatory markers, BDNF, monoam-
ines, oxidative stress markers, and low molecular weight 
metabolites (Lai et al. 2016). And therefore we hypoth-
esized that the effect of Toxoplasma gondii infection may 
not be apparent in the general biochemical abnormali-
ties due to such changes in schizophrenia. However, one 
interesting pattern was observed. The control and schizo-
phrenia groups without Toxoplasma gondii infection dif-
fered from each other only in two neurobiological param-
eters (NGF beta and S100B), the concentration of which 
increased in schizophrenia. However, more pronounced 
differences were found between the control group and the 
schizophrenia group with Toxoplasma gondii infection in 
the following parameters: KLK6, UCHL1, Amyloid beta 
1–42, NGF beta, neurogranin. Most of these blood param-
eters do not coincide with the groups without infection 
(except NGF beta), so we hypothesized that it is possible 
to use these parameters as indicators of the development 

of schizophrenic psychopathology in Toxoplasma gondii 
infection. Furthermore, the control and schizophrenia 
groups differed significantly from each other in various 
immune parameters. Control and schizophrenia without 
Toxoplasma gondii differed in MIP-1 alpha, RANTES, 
MCP-1, GRO alpha, IP-10; and Control and schizophre-
nia with Toxoplasma gondii—MIP-1 alpha, IP-10, IL-8, 
IL-10, RANTES, MIP-1 beta, MCP-1. Therefore, here, 
we can observe rather general differences in immunologic 
parameters between healthy individuals and patients with 
schizophrenia regardless of Toxoplasma gondii infection. 
However, IL-8, IL-10, and MIP-1 beta, which were not 
observed in the groups without infection, can be identified 
during infection, which could also potentially indicate the 
development of psychopathology in Toxoplasma gondii.

The first group has demonstrated potential relevance as 
biomarkers for the development of schizophrenic psycho-
pathology during Toxoplasma gondii infection. It includes 
several neurobiological indicators that may represent altera-
tions in nervous system function. Among them is KLK6, 
a hormone-like messenger that signals cells to changes in 
the extracellular proteolytic environment (Yoon et al. 2022). 
Interestingly, KLK6 in patients with schizophrenia and Toxo-
plasma gondii infection was positively correlated with the 
severity of general symptoms of schizophrenia and with the 
severity of depressive symptoms, and its serum concentra-
tion was elevated in this group compared with Toxoplasma 
gondii seropositive controls. This suggests that this marker 
may be associated with the development of schizophrenia 
symptoms. UCHL1 is a multifunctional protein expressed 
in neurons. It plays an important role in the regulation of 
the level of free ubiquitin in cells and redox state (Mi and 
Graham 2023). A decrease in serum UCHL1 has previously 
been shown in patients with schizophrenia (Demirel et al. 
2017). However, in our experiment, such a decrease was 
only shown in seropositive groups but not in Toxoplasma 
gondii infection healthy controls and patients. This indicates 
the importance of the Toxoplasma gondii infection factor in 
measuring UCHL1 in patients with schizophrenia. Amyloid 
beta 1–42 plays an important role in many cellular functions 
including synaptic activity, neuronal survival, ion channel 
formation, and neurotoxicity. Its aggregation contributes to 
neurodegenerative pathologies (Butterfield and Boyd-Kim-
ball 2004). The Toxoplasma gondii infection has been pro-
posed as a risk factor in the pathophysiology of Alzheimer’s 
disease (Ortiz-Guerrero et al. 2020), so changes in blood 
amyloid levels during infection may be a pattern. Neuro-
granin is a small protein normally expressed in granule-like 
structures of pyramidal cells in the hippocampus and cortex. 
It is involved in synaptic plasticity, synaptic regeneration, 
and long-term potentiation (Xiang et al. 2020). As an impor-
tant synaptic component, neurogranin is a potential and 
promising biomarker to improve the diagnosis, prognosis, 
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and severity assessment of neurological and psychiatric dis-
eases, including schizophrenia (Xiang et al. 2020).

As mentioned above, three immune biomarkers have 
been identified among blood parameters that may indicate 
the development of psychopathology in Toxoplasma gondii. 
Among them, anti-inflammatory cytokine IL-10 is involved 
in maintaining tissue homeostasis during infection (Ouyang 
and O'Garra 2019), as well as chemokines IL-8 and MIP-1 
(Lesińska et al. 2014; Vilotić et al. 2022). In addition, a 
positive correlation was found between RANTES chemokine 
concentration and IgA and IgM antibodies in the group of 
schizophrenia patients seropositive for Toxoplasma gondii. 
This phenomenon was not observed in the control group 
with Toxoplasma gondii. Furthermore, the chemokines 
IP-10 and GRO alpha were positively correlated with the 
severity of impairments in social and personal functioning 
in patients with schizophrenia and Toxoplasma gondii. Unin-
fected patients with schizophrenia had no correlations of 
blood parameters and scales. Therefore, in our study, blood 
concentrations of several chemokines may be associated 
with schizophrenia in Toxoplasma gondii infection. In gen-
eral, cytokines and chemokines are signaling proteins that 
comprehensively regulate the proliferation and activation of 
immune cells. Dysregulation of these proteins is associated 
with neuroinflammation and with many diseases, including 
schizophrenia (Ermakov et al. 2023).

It is important to discuss here the neuroinflammatory 
mechanisms of action of Toxoplasma gondii infection. 
Animal studies have demonstrated that Toxoplasma gon-
dii infection can be a cause of inflammation in the CNS. 
Chronic infection with Toxoplasma gondii causes mice to 
have decreased anxiety, increased exploratory behavior, 
and loss of fear of predators, also persistent inflammation 
(Boillat et al. 2020). Chronic infection also impairs cognitive 
function in mice in behavioral tests and reduces the expres-
sion of genes associated with synaptic plasticity, signal 
transduction, and cognitive behavior. Meanwhile, infection 
significantly increases the expression of genes associated 
with pro-inflammatory responses (He et al. 2022). There-
fore, the potential impact of Toxoplasma gondii infection 
on neuronal function in humans and the increased risk of 
psychiatric and neurodegenerative diseases should be con-
sidered, but caution should be exercised when comparing 
the behavioral effects of toxo Toxoplasma gondii infection 
plasma between humans and animals (Boillat et al. 2020). 
Although our experiment showed no differences in blood 
parameters between groups of patients with schizophrenia, 
it is possible to evaluate inflammatory processes in con-
trol groups, the differences between which are significant. 
Here, infection led to an increase in the concentration of the 
inflammatory cytokine MIP-1 alpha and a decrease in the 
concentration of the anti-inflammatory cytokine IL-10. This 
indicates the possible presence of an inflammatory process 

in the Toxoplasma gondii–infected control group. It is con-
ceivable that Toxoplasma gondii infection may also lead to 
inflammation in patients with schizophrenia, but inflamma-
tory processes in schizophrenia do not occur solely due to 
infection, so it is difficult to assess exactly its contribution. 
It is important to note that reactivation of Toxoplasma gondii 
in the study participants did not lead to changes in inflam-
matory markers in the blood, and therefore probably did not 
affect inflammation.

Related to the topic of Toxoplasma gondii reactivation, 
it is necessary to discuss another interesting trend that our 
study showed, namely the reduction of negative symptoms 
in patients with schizophrenia and reactivation. Regarding 
depression, meta-analyses have demonstrated that Toxo-
plasma gondii infection is not associated with depression 
(Sutterland et al. 2015; Nayeri Chegeni et al. 2019). There-
fore, our results suggest a slightly different mechanism of the 
infection’s effect on depressive symptoms, which remains 
to be investigated. In addition, patients with schizophrenia 
did not have increased levels of the hormonal metabolic 
regulator FGF-21 when reactivated compared to the latent 
form. However, such an increase should be observed in 
schizophrenia and depression according to other studies 
(Qing et al. 2015; Mason et al. 2022). The control group 
with reactivation had increased concentrations of the neu-
rotrophins CNTF and NGF beta. This is generally associ-
ated with the absence of depressive symptoms in human and 
animal studies (Garcia et al. 2012; Martino et al. 2013; Zhou 
et al. 2024). The data obtained in our study thus indicate 
an improvement of depressive symptoms in patients with 
schizophrenia and biochemical changes in the blood that 
may be associated with this improvement. Indeed, this is a 
very interesting phenomenon that requires a careful study 
of its mechanisms. Currently, the role of Toxoplasma gondii 
reactivation in the progression of psychiatric disorders is 
poorly understood. Therefore, further studies are needed to 
clarify the role of Toxoplasma gondii in the clinical charac-
teristics of depressive symptoms in schizophrenia.

It is important to note that this study has limitations. 
Many additional factors beyond diagnosis and infection, 
such as the influence of antipsychotic medications in patients 
with schizophrenia, the presence of other diseases, the influ-
ence of dietary patterns, alcohol and substance use, smok-
ing, the presence of pets, and other factors that were not 
considered in this study, may influence blood biomarker con-
centrations. In addition, some differences were found in the 
social status of the study participants, namely in their level 
of education and marital status. These differences could 
potentially be factors that influenced the results of the study. 
Finally, our study did not take into account many possible 
comorbid infectious diseases that could affect the immune 
and mental status of the patient. Participants were excluded 
from the study if they had medical conditions such as HIV 
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and hepatitis, but did not take into account, for example, 
diseases such as Herpes virus and cytomegalovirus.

Conclusions

In conclusion, Toxoplasma gondii infection leads to changes 
in some blood parameters. Mostly significant changes are 
observed in mentally healthy individuals; however, when 
comparing healthy individuals infected with Toxoplasma 
gondii and individuals with schizophrenia, it was possible 
to identify a group of biomarkers whose changes are not 
observed between the uninfected groups (neurobiological 
indicators KLK6, UCHL1, Amyloid beta 1–42 and neuro-
granin; anti-inflammatory cytokine IL-10; chemokines IL-8 
and MIP-1 beta). The hypothesis has been proposed that it 
is possible to use these indices as indicators of the devel-
opment of schizophrenic psychopathology in Toxoplasma 
gondii infection. Also, associations of blood parameters 
were found with the content of IgA and IgM antibodies 
(chemokine RANTES), with symptoms of schizophrenia 
(hormone-like messenger KLK6; chemokines IP-10 and 
GRO alpha). It should also be noted that our study did not 
demonstrate a significant association between schizophre-
nia and infection status with seroprevalence (p = 0.54; OR 
= 1.18; 95% CI = 0.69–2.01), but infected patients with 
schizophrenia showed more severe cognitive impairment 
(PDQ-20 scale). Therefore, Toxoplasma gondii infection 
may lead to more severe cognitive decline in patients with 
schizophrenia. In addition, our study included an evaluation 
of the effect of Toxoplasma gondii reactivation on schizo-
phrenia symptoms and blood biomarkers. It was found that 
patients with schizophrenia and Toxoplasma gondii reactiva-
tion had reduced negative symptoms and appropriate blood 
biochemical changes. Our work is the first to investigate not 
only the prevalence of toxoplasma among different patient 
groups, but also correlations with serum biomarkers and 
with clinical data, which represents a certain diagnostic 
value of the data presented in it. This opens prospects for the 
identification of neurobiological mechanisms of the influ-
ence of Toxoplasma gondii infection on the development of 
psychiatric diseases.
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