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Abstract
Many parasites induce characteristic changes in their host. The effect of Toxoplasma gondii (T. gondii) infection on
the cerebrum and neuropsychiatric patients has been increasingly emphasized in recent years. T. gondii has a high affinity for brain tissue where tachyzoites may form tissue cysts and persist for a life long time. Some psychiatric symptoms
such as schizophrenia and mental retardation may be induced by the infection of T. gondii. Furthermore, experiments
demonstrated that some antipsychotics and mood stabilizers used to treat phychosis displayed the function of inhibiting T.
gondii replication. Investigations from various regions in China also support that psychosis in some patients is associated
to T. gondii infection. [Life Science Journal. 2007; 4(4): 38 – 41] (ISSN: 1097 – 8135).
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1 Introduction

2 Dopamine Modulation and Etiological Implication of Psychosis

Toxoplasma gondii (T. gondii) is an intracellular parasite that infects virtually all warm-blooded vertebrates including humans. It is estimated that about 30% – 60% of
the population in both the developed and the developing
countries are infected with this parasite through the ingestion of food and water contaminated with cysts or oocysts[1]. An immunocompetent person who infected with
T. gondii, is characterized by reproduction of tachyzoite
in cells of different tissues[2] and within weeks or months,
tachyzoites disappear and tissue cysts form in various tissues, mainly in brain and muscles. These cysts are believed
to persist throughout the life of the immunocompetent
hosts in whom psychotic manifestation may be induced.
Many epidemiological studies focused on patients with
CNS diseases have been carried out in recent years, and
increasing evidence supports the hypothesis that T. gondii
infection may be an etiological factor for the development
of psychosis in some patients[3–5].

Many reports indicated that T. gondii might be an etiological agent in some cases of psychosis. Stibbs (1985)
suggested that T. gondii infection might contribute to the
increase of the dopamine level in mice brain[6]. Evidence
showed that dopamine is one of the key compounds related to psychosis such as schizophrenia, and bipolar
disorder in laten toxoplasmosis patients[7,8]. Dopamine releasing in the nucleus accumbens by activating the retrohippocampal region can disrupt the fornix section of brain
as evolve to develop a psychosis[9]. It has long been recognized that amphetamine abuse can produce schizophrenia-like symptoms, which involves an increased release
of dopamine in response to the methamphetamine. Moreover, abnormal behavioral responses to directly acting dopamine agonists have been demonstrated[10]. The clinical
deterioration of schizophrenia is suggested a disruption
on the frontal cortex where is known to play an important
role in emotional processing and decision-making. Pathopsychomotor manifestation can be induced by the chronic
action of the changed dopaminergic baseline in frontal
cortical dysfunction patients. For those healthy and immu-
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nocompetent subjects subtle change of the serodopamine
concentration are less susceptible to develop psychosis.
In contrast, continued prolonged excessive dopaminergic
activation is posited to induce neuronal degeneration in
dopamine system, leading to a hypodopaminergic state
and psychotic symptoms[7].
The central nervous system (CNS) is the most commonly affected site of the latent toxoplasmosis and this
infection may exert a certain extent impact on the development of mental faculties. Patients with latent toxoplasmosis present specific changes in psychomotor performance. Their capacity of learning and memory decreases
and the time to simple reaction is significantly prolonged.
The infected subjects had lower IQ (P = 0.003) and lower
probability of achieving a higher education (P < 0.001)[11].
This lower IQ was also observed in children aging from
3 to 13 years old with subclinically congenital toxoplasmosis[12]. These clinical evidence indicate that T. gondii
infection in central nervous system may cause mental
damage. Experimental studies in mice also indicated that
T. gondii could alter host’s behavior and neurotransmitter
function[13]. Webster and colleagues performed a series of
studies on the effect of T. gondii on rat’s behavior and
their results showed that the infected rats were significantly more active than the uninfected control animals[14,15]. In
man, evidence suggests that infection with T. gondii associate with alterations of behavior and psychomotor skills.
By examining 19 cases of T. gondii antibodies in patients
with schizophrenia and affective disorders from the publications worldwide, Torrey and Yolken considered that
Toxoplasma gondii, as an infectious microorganism might
be an etiological agent in some cases of psychosis[3].

were associated with the alterations of behavior and psychomotor skills[26]. Clinic evidence showed that the seropositivity of Toxoplasma in children has associated with
tiredness and intelligent development in some ways[25].
These results are in accordance with the results reviewed
by Torrey and Yolken[3].

3 Surveying the Situation of T. gondii Infection
in Patients with Psychosis in China

In most of the studies, CCMD-2R (classification and
diagnosis criteria of medical psychiatric diseases that
is mostly used in China as ICD and DSM of the United
States) was used as the diagnostic criteria in psychotic
patients. Patients with obvious neuropathological changes were excluded. Results from these studies showed that
the prevalence of antibodies against T. gondii in psychotic
patients was much higher than in normal persons, with
significant differences of p < 0.05 or p < 0.01 between
them (Figure 2). The general results from the histogram
are in accordance with the results reviewed by Torrey
and Yolken and they also showed that seropositivity to T.
gondii in children is associated with mental retardation
and attention deficits. It was suggested that if the titer of
antibody against T. gondii in the patient’s serum was at 1
: 8 or higher, it was considered a seropositive to T. gondii.
However, if the titer of anti-T. gondii antibody was at 1 :
1600 or more, it indicated the acute Toxoplasma infection.

Figure 1. Distribution of the investigations on patients with psychosis and their Toxoplasma gondii antibody in China. Red five star
showing Beijing location, the black dots showing related city locations, province names shown in related regions.

A large number of epidemiologic and clinic studies
collected from 1953 to 2007 have shown that T. gondii
infection may contribute to some cases of psychosis[16]. In
animals, experimental infection indicated that T. gondii
can alter their behavior and neurotransmitter levels[17]. In
humans, however, clinic evidence showed that the acute
infection with T. gondii can produce psychotic symptoms
similar to those displayed by persons with schizophrenia. Recently, similar investigations on the relationship
between T. gondii infection and psychosis have also been
done in different areas in China (Figure 1). In these studies, antibodies against T. gondii were detected by ELISA, IFAT, or McAb-Sandwich-ELISA on patients with
schizophrenia and bipolar disorder and normal[18–25].
Studies indicated that serum antibodies against T. gondii
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Results from these studies have indicated that the incidence of T. gondii infection in psychiatric inpatients was
3 to 5 times more than that of the normal persons. These
results suggest that some psychiatric symptoms may be
caused by T. gondii infection. But, some researchers consider that the higher incidence of T. gondii in psychiatric patients may be due to their lower senses, incapable
of self-dependent and weaker function of cell immunity,
thus they have a higher opportunity of infecting T. gondii[26]. But the cause needs further study and throws more
light on it.
It has been estimated that there was only one cat in
each 50 to 60 families in China in past years. Based on
the results from nationwide surveys, the average rate of
T. gondii infection among normal peoples is about 6.02%.
Recent years in China, more families have been keeping
cats as pets in cities, and more families in villages keeping
cats for protecting their crops from rats. Keeping cats is a
very effective way to decrease the population of rats, and
it was suggested that every family in a village should keep
cats to kill rats[27,28]. However, people are not aware of the
potential danger of disseminating diseases by cats.

Figure 2. Serological studies of Toxoplasma gondii antibody in patients with psychosis and control subjects between 1997 and 2006
in different areas in China (vs. control, *: P < 0.05; **: p < 0.01,
respectively).

neurotransmitters in brain tissue and T. gondii produced
an increase in dopamine concentration[32]. These results
are consistent with the studies indicating that brain infection with T. gondii can result in behavioral aberrant in experimentally infected animals[33].
Fourth, Benjamin and Ebstein reported that the level
of the factor Novelty Seeking was associated with certain
alleles of dopamine transporter and receptors. A psychomotor study on 875 military conscripts with latent toxoplasmosis showed positive subjects have significantly
lower psychomotor performance in Novelty Seeking (NS)
scores[34]. Jones-Brando and his colleagues demonstrated
several commonly used medications of antipsychotics
such as Fluphenazine HCl, Chlorpromazine and Clozapine, for treating schizophrenia and bipolar disorder have
the ability to inhabit the replication of T. gondii[35].
Such studies imply that psychosis is the diseases of
brain structural or functional abnormalities, which the
causation of the diseases may be infectious microorganisms such as T. gondii. We suggest that patients with CNS
symptoms detection of etiologic agents should be attached
a certain importance, and development of medications
with the function of anti-specific infectious microorganisms in CNS may have a promising significance.

4 Conclusion
The clinical and epidemiological studies mentioned
above showed that there are some positive correlation between T. gondii infection and pathological effect on patients. There are some reasons based on:
First, sero-prevalence investigation in various regions
of China indicates there is a positive correlation between
T. gondii infection and psychosis. That is confirmed the
results of Yolken and his colleagues’ found that as compared with the control subjects, the individuals with firstepisode schizophrenia had significantly increased levels
of IgG, IgM, and IgA class antibodies to Toxoplasma proteins[29].
A second finding is T. gondii has a high affinity for
brain tissues. Couzinet developed an in vitro model for
studying of brain cells and the development of T. gondii in
central nervous tissues. Result showed glial cells in central nervous structure are the targets contracted by T. gondii[30]. Flegr suggests T. gondii has a high affinity to brain
by interacting with specific genes may induce functional
changes in it[31].
Third, studies indicated that any changes in the neurotransmitter levels could induce changes in personalityprofile[29]. In the Temperament and Character Inventory
questionnaire, Hosak et al indicated that shifts in person
ality factors correlated with concentration of particular

References
1. Tenter AM, Heckeroth AR, Weiss LM. Toxoplasma gondii: from
animal to humans. Int J Parasitol 2000; 30: 1217 – 58.
2. Brown AS. Prenatal infection as a risk factor for schizophrenia. Schizophr Bull 2006; 32(2): 200 – 2.
3. Torrey EF, Yolken RH. Does Toxoplasma gondii cause some
∙ 40 ∙

Zhu, et al, High risk of psychosis may be associated with toxoplasmosis
20. Wang CY, Zhang HH, Shi FM, et al. Studies on detecting the
infection of Toxoplasma gondii in diseases of central nervous
system. Chinese Journal of Zoonoses 2001; 17: 75 – 9.
21. Zhu SY, Lin YQ, Wang SJ, et al. Contrast study on schizophrenia’s toxoplasmosis infection rate. Medical Journal of Chinese
People’s Health 2003; 15: 405 – 7.
22. Tang W, Tu XD, Zhang SN. Investigation of Toxoplasma gondii
on the patients with psychosis. Journal of Clinical Psychological Medicine 2003; 13: 262.
23. Wang HL, Wang GH, Li QY, et al. Prevalence of Toxoplasma
infection in first-episode schizophrenia and comparison between Toxoplasma-seropositive and Toxoplasma-seronegative
schizophrenia. Acta Psychiatr Scand 2006; 114(1): 40 – 8.
24. Sun ZX, Li YJ, Fang F. Investigation Toxoplasma gondii antibody in patients with psychosis in Dalian city. Chinese Journal
of Parasitic Disease Control 2005; 18: 157 – 8.
25. Ma JH, Li R, Lu JH, et al. Serial observation and analysis for
the antibody detection in feeble intelligence children. Chinese
Journal of Zoonoses 2006; 22(8): 782 – 4.
26. Luo MQ, Gao ZS, Wu MX, et al. Observation on the clinical
and hemorrheological changes in schizophrenia patients infected with Toxoplasma gondii. China Tropical Medicine 2006; 6:
410 – 2.
27. Chen ZN. Investigation of the rat density with cat breeding in
the countryside of Simao city. Chinese Journal of Pest Control
2003; 19: 160 – 3.
28. Meireles LR, Galisteo AJ, Pompeu E, et al. Toxoplasma gondii spreading in an urban area evaluated by seroprevalence in
free-living cats and dogs. Trop Med Int Health 2004; 9(8): 876
– 81.
29. Yolken RH, Bachmann S, Ruslanova I, et al. Antibodies to
Toxoplasma gondii in individuals with first-episode schizophrenia. Clin Infect Dis 2001; 32: 842 – 4.
30. Couzinet B, Hafidi A, Prensier G, et al. Brain slices organotypic
culture, a new model to study Toxoplasma gondii infection. J
Eukaryot Microbiol 1999; 46(5): 75S – 6S.
31. Flegr J. Effects of Toxoplasma on human behavior. Z Parasitenkd Schizophr Bull 2007; 33(3): 757 – 60.
32. Hosak L, Preiss M, Halir M, et al. Temperament and character
inventory (TCI) personality profile in metamphetamine abusers: a controlled study. Eur Psychiatry 2004; 19(4): 193 – 5.
33. Skallova A, Kodym P, Frynta D, et al. The role of dopamine
in Toxoplasma-induced behavioural alterations in mice: an
ethological and ethopharmacological study. Parasitology 2006;
133(Pt 5): 525 – 35.
34. Skallova A, Novotna M, Kolbekova P, et al. Decreased level
of novelty seeking in blood donors infected with Toxoplasma.
Neuro Endocrinol Lett 2005; 26(5): 480 – 6.
35. Webster JP, Lamberton PH, Donnelley CA, et al. Parasites as
causative agents of human affective disorders? The impact of
anti-psychotic, mood-stabilizer and anti-parasite medication on
Toxoplasma gondii’s ability to alter host behaviour. Proc Biol
Sci 2006; 273(1589): 1023 – 30.

cases of schizophrenia? Schizophr Res 2003; 60: 52 – 3.
4. Brown AS, Schaefer CA, Quesenberry CP, et al. Maternal exposure to toxoplasmosis and risk of schizophrenia in adult offspring. Am J Psychiatry 2005; 162(4): 767 – 73.
5. Conejero-Goldberg C, Torrey EF, Yolken RH. Herpesviruses
and Toxoplasma gondii in orbital frontal cortex of psychiatric
patients. Schizophr Res 2003; 60: 65 – 9.
6. Stibbs HH. Changes in brain concentrations of catecholamines
and indoleamines in Toxoplasma gondii infected mice. Ann
Trop Med Parasitol 1985; 79: 153 – 7.
7. Skallova A, Kodym P, Frynta D, et al. The role of dopamine
in Toxoplasma- induced behavioural alterations in mice: an
ethological and ethopharmacological study. Parasitology 2006;
133(Pt 5): 525 – 35.
8. Suzuki T, Ishigooka J, Watanabe S, et al. Enhancement of delayed release of dopamine in the amygdala induced by conditioned fear stress in methamphetamine-sensitized rats. Eur J
Pharmacol 2002; 435: 59 – 65.
9. Berdoy M, Webster JP, Macdonld DW. Fatal attraction in rats
infected with Toxoplasma gondii. Proc R Soc Lond B Biol Sci
2000; 267: 1591 – 4.
10. Akiyama K, Kanzaki A, Tsuchida K, et al. Methamphetamineinduced behavioral sensitization and its implications for relapse
of schizophrenia. Schizophr Res 1994; 12: 251 – 7.
11. Shanmugam J, Naseema K, Sarada C, et al. Toxoplasma gondii IgM antibody prevalence study in patients suffering from
neurological disorder. Indian J Pathol Microbiol 1995; 38(4):
423 – 6.
12. Sharif M, Ziaei H, Daryani A, et al. Seroepidemiological study
of toxoplasmosis in intellectual disability children in rehabilitation centers of northern Iran. Res Dev Disabil 2006; 28(3): 219
– 24.
13. Asberg M. Neurotransmitters and suicidal behavior: the evidence from cerebrospinal fluid studies. Ann NY Acad Sci 1997;
836: 158 – 81.
14. Webster JP. The effect of Toxoplasma gondii and other parasites
on activity levels in wild and hybrid Rattus norvegicus. Parasitology 1994; 109(Pt 5): 583 – 9.
15. Webster JP, Brunton CF, Macdonald DW. Effect of Toxoplasma
gondii on neophobic behavior in wild broem rats, Rattus norvegicus. Parasitology 1994; 109(Pt 1): 37 – 43.
16. Novotna M, Hanusova J, Klosse J, et al. Probable neuroimmunological link between Toxoplasma and cytomegalovirus infections and personality changes in the human host. BMC Infect
Dis 2005; 5: 54.
17. Webster JP. The effect of Toxoplasma gondii on animal behavior: playing cat and mouse. Schizophr Bull 2007; 33(3): 752
– 6.
18. Luo SG, Shu CH, Ma ZG, et al. Investigation of Toxoplasma
gondii infection in patients with psychosis. Journal of Guangxi
Medical University 2005; 22: 141 – 2.
19. Lu ZM, Zhang HB, Zhang JS, et al. Serological investigation of
Toxoplasma gondii infection in schizophrenia patients. Chinese
Journal of Parasitic Disease Control 2002; 15: 299 – 301.

∙ 41 ∙

