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Objective: To perform a meta-analysis on studies reporting prevalence
of Toxoplasma gondii (T. gondii) infection in any psychiatric disorder
compared with healthy controls. Our secondary objective was to
analyze factors possibly moderating heterogeneity.
Method: A systematic search was performed to identify studies into
T. gondii infection for all major psychiatric disorders versus healthy
controls. Methodological quality, publication bias, and possible
moderators were assessed.
Results: A total of 2866 citations were retrieved and 50 studies
finally included. Significant odds ratios (ORs) with IgG antibodies
were found in schizophrenia (OR 1.81, P < 0.00001), bipolar disorder
(OR 1.52, P = 0.02), obsessive–compulsive disorder (OR 3.4,
P < 0.001), and addiction (OR 1.91, P < 0.00001), but not for major
depression (OR 1.21, P = 0.28). Exploration of the association
between T. gondii and schizophrenia yielded a significant effect of
seropositivity before onset and serointensity, but not IgM antibodies
or gender. The amplitude of the OR was influenced by region and
general seroprevalence. Moderators together accounted for 56% of
the observed variance in study effects. After controlling for
publication bias, the adjusted OR (1.43) in schizophrenia remained
significant.
Conclusion: These findings suggest that T. gondii infection is associated
with several psychiatric disorders and that in schizophrenia reactivation
of latent T. gondii infection may occur.
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Summations

• Toxoplasma gondii infection is not only associated with schizophrenia, but also with bipolar disorder,
possibly addiction, and OCD, but not with major depression.

• The association increases with higher antibody titers, but decreases with higher baseline exposure to
T. gondii of the population, although it remains significant.

• It appears that in schizophrenia reactivation of latent T. gondii infection may occur. Acute toxoplas-
mosis does not seem to be implicated.
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Considerations

• After controlling for evidence of publication bias, the association of Toxoplasma gondii infection with
schizophrenia seems to be smaller than previously estimated and serointensity became an uncertain
moderator.

• Although region-specific effects were found, there are insufficient studies looking at a T. gondii strain-
specific risk on psychiatric disorders.

• Effect of disease state could not be analyzed, which could account for the considerable residual heter-
ogeneity found in our analysis.

Introduction

The intracellular parasite Toxoplasma gondii
(T. gondii) is a common pathogen within the pop-
ulation, with a varied worldwide prevalence (1). It
can cause asymptomatic latent infections, except
during pregnancy or in immunocompromised
patients (2). The parasite has a complex life cycle,
whereby it needs to end up in the intestines of cats
(felines) to be able to sexually reproduce (3). In
other hosts than cats (intermediate hosts, all warm-
blooded animals), it invades the body after inges-
tion, whereby it quickly duplicates until the
immune system of the host subdues the parasite
(4). The parasite then transforms into a slow repli-
cating stage and forms intracellular cysts in muscle,
liver, and neuronal cells to reside in a latent stage
potentially for the rest of the host’s life (5). To end
up in the cat’s intestine again, research has shown
that a latent T. gondii infection is able to modulate
the behavior of intermediate hosts like mice,
increasing the chance to be caught by cats (6, 7).

Evidence has emerged that latent toxoplasmosis
not only causes behavioral changes in mice, but
probably also in humans (8, 9). Moreover, there is
substantial evidence suggesting an increased preva-
lence of T. gondii infection in schizophrenia. Meta-
analyses showed that the odds ratio (OR) of being
seropositive to T. gondii is 2.7 in patients with
schizophrenia compared to healthy controls (10, 11).

Several hypotheses, assuming causality, have
been postulated to explain this association. First,
T. gondii may increase dopamine production,
which has been shown in vitro by Prandovsky and
colleagues (12). Second, the type of immune
response in patients with schizophrenia to T. gon-
dii infection has been postulated to lead to deleteri-
ous effects (13, 14). An extensive literature
demonstrating immunological abnormalities in
psychoses is available, including changed serum
levels of cytokines in schizophrenia patients (15),
changes in enzymes of the immune-modulatory ky-
nurenine pathway (16, 17), activated glia in vivo

(18), the immunosuppressive effects and/or anti-
infectious effects of antipsychotics (19), activation
of human endogenous retrovirus (20), while
immuno-genetic markers associated with schizo-
phrenia (21–23) also support this assumption.
Major perturbation induced by T. gondii on gut
microbiota is another issue recently recognized in
schizophrenia (24).

However, dopamine and immunological distur-
bances are not unique to schizophrenia. Both have
been reported in other psychiatric disorders (25–
29), including several immuno-genetic functional
markers known to reduce anti-infectious response,
in particular with bipolar disorder (30–32). There-
fore, T. gondii could be involved in other psychiat-
ric disorders besides schizophrenia. Associations
of T. gondii infection with other psychiatric disor-
ders, such as bipolar disorder (33) and obsessive–
compulsive disorder (OCD) (34), have indeed been
reported but hitherto no analysis has looked sys-
tematically at studies linking T. gondii infection
with different psychiatric disorders.

Moreover, although an association between IgG
antibodies against T. gondii and schizophrenia has
been found, considerable heterogeneity between
studies was found and debate exists on the nature
of the association, whether the T. gondii infection
truly precedes the disease and whether severity of
the infection is relevant (35). For ideas about pop-
ulation attributable risk, it would be informative
to what extent the exposure to T. gondii in the
population influences the magnitude of the associ-
ation with psychiatric disorders (36). Furthermore,
it has been postulated that gender could moderate
the association between T. gondii exposure and
psychiatric disorders (37, 38). Lastly, Arias et al.
(11) found in their meta-analysis some evidence for
publication bias, which deserves further attention.

Aims of the study

The primary objective was to evaluate whether
Toxoplasma gondii infection is more prevalent in
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one or more psychiatric disorders compared with
healthy controls by performing a systematic search
and meta-analysis. Our secondary objectives was
to explain heterogeneity between studies by look-
ing at various potential moderators, to assess pub-
lication bias and if applicable correct for that.

Material and methods

We followed the systematic review guidelines pro-
vided by the PRISMA statement (39). We con-
ducted a systematic search (Appendix 1) looking
for studies analyzing T. gondii infection in any psy-
chiatric disorder compared to healthy controls in
MEDLINE, PsychInfo, and EMBASE until Sep-
tember 19, 2013. Inclusion criteria were as follows:
(i) original research papers; (ii) published in Eng-
lish, French, Spanish, or Dutch; (iii) analysis of
T. gondii infection; (iv) a group with a distinct psy-
chiatric disorder defined by a DSM-III (or ICD-9)
or higher classification method; (v) a group of
healthy control subjects; and (vi) use of one of the
following diagnostic assays: Sabin-Feldman dye
test, complement fixation (CF), immune hemagglu-
tination (IHA), immune fluorescence (IF), or
enzyme-linked immunosorbent assay (ELISA). If
multiple assays were used in a study, we utilized
the results of the assay that showed the smallest
difference.

Additional clinical trials were sought in trial regis-
ters and in references of all reviews on this topic.
Screening of the search results by manuscript titles
and abstracts was performed independently by two
researchers (AS and AK). As a final screening, the
whole manuscript was read to validate inclusion. All
authors were approached for additional data if nec-
essary on method information, possible moderators,
or data to reach inclusion criteria. Also, all authors
were asked whether data of published work over-
lapped (leading to exclusion of one of the papers)
and whether they were aware of relevant (un)pub-
lished work of themselves or colleagues.

Meta-analysis of eligible studies

For all studies, an odds ratio (OR) was calculated.
ORs adjusted for confounders were used if avail-
able. As considerable heterogeneity has been
shown in previous meta-analyses (10, 11), the ran-
dom effects model was used in all analyses for con-
servative purposes, which assumes there are
differences among the effect sizes as a result of vari-
ations in study characteristics. I-squared (I2) was
calculated to estimate the amount of heterogeneity.
Meta-analytical calculations were carried out with
Comprehensive Meta-analysis Software 3.0 (40).

If 10 or more studies were available, additional
analysis of moderators was calculated if available
(study quality, gender, high antibody titers, mean
age, disease phase-specific rates, seroprevalence of
healthy control population, region where study
was performed, (un)published, age-adjusted
rates).

All selected articles were screened on study qual-
ity independently by two researchers (AS and GF)
following Cochrane criteria of quality on case–
control or cohort studies (41). If there was a differ-
ence in quality score, the difference was discussed.
If consensus could not be reached, a third opinion
was asked (LdH) for a final decision. The continu-
ous scores were used for analysis of heterogeneity.

It is well known that there is an increased preva-
lence of T. gondii infection with increasing age,
which could account for some of the heterogeneity
(42), so average age of patients and controls were
analyzed as moderators, as well as age adjustment.

Higher antibody titers compared to controls has
been called serointensity, whereby numbers on
high versus low, but still positive, antibody titers
were used to see if this influenced magnitude of the
OR. Disease state (i.e., acutely ill versus remitted)-
specific analysis was not possible, as most studies
did not provide individual patient data.

Another possible moderator on the magnitude
of the association is strain type of the T. gondii
parasite prevalent in that region. As only one study
has looked into that so far (43), we looked at an
indirect measure with categorizing the study
according to its region and looking at the ampli-
tude of the OR. Research has shown that there is a
difference in strain prevalence in each region (44),
whereby we identified the following regions: North
and South America, Europe, the Middle East,
Africa, and Asia.

Examination of the residual heterogeneity was
analyzed to estimate the impact of the moderators
separately. Where applicable meta-regression
analysis (for continuous data) or subgroup analy-
sis (for categorical data) was performed with the
methods of moments and the mixed effects model
respectively.

To assess to which extent moderators together
influenced variance of the true effect, expressed by
tau2, a regression analysis was performed investi-
gating multiple moderators as covariates. By inves-
tigating whether each moderator contributed to
the variation, a model was constructed explaining
the maximal amount of variance. The amount of
variance caused by the moderators was expressed
by R-squared.

Also, IgM antibodies against T. gondii in cases
and controls were analyzed separately. If both
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groups had no IgM antibodies, no OR was calcu-
lated, because the OR would then only be depen-
dent on difference between numbers of cases and
controls.

The potential for publication bias was assessed
by examination of funnel plots and by the Egger’s
test (which was considered significant if the one-
sided P value was ≤0.10). If applicable, Duval and
Tweedie’s trim and fill method was used for a bet-
ter estimation of the true OR (45).

Results

Following our systematic search 2866 studies
were found, from which 50 studies were finally
included (see flowchart in Fig. 1) (33, 34, 42, 43,
46–87). Of these studies, four were unpublished
(Hammer C, Ehrenreich H. 2014, personal com-
munication, Torrey E. 2003, personal communi-
cation, Gallo C. 2005, personal communication,
and Dickerson F. 2005, personal communica-
tion). Some studies reported seroprevalence of
T. gondii in more than one psychiatric disorder
compared to healthy controls, resulting in unique
datasets for schizophrenia (n = 42), bipolar disor-
der (n = 11), major depression (n = 10), addiction
(n = 4), and OCD (n = 2). No other psychiatric
disorders meeting inclusion criteria were found.
A total of 12 009 cases and 71 441 healthy con-
trols were analyzed. See Table 1 for a summary
of all studies found.

Schizophrenia

An overall OR of 1.81 (95% CI 1.51–2.16,
P < 0.00001) was found, indicating a substantial
association of schizophrenia with T. gondii infec-
tion (Fig. 2). With the exception of Conejero-
Goldberg et al. (56), who tried without success to
find DNA of T. gondii in postmortem brain sam-
ples in patients and controls, all other studies
looked at IgG antibodies against T. gondii in
serum and one in CSF (67). Evidence for publica-
tion bias was shown by a significant regression
slope by the Egger’s test: P < 0.01. The funnel plot
confirmed this. Duval and Tweedie’s trim and fill
was used to correct for this publication bias, add-
ing 11 imputed studies with a low OR showing an
adjusted OR of 1.43 (95% CI 1.21–1.70).

A very high heterogeneity (I2 = 82%) was found
between studies. No clear pattern emerged when
investigating studies with high and low ORs.
Impact of subsequent moderators was assessed.

Study quality

A meta-regression with the precise estimates of
quality did not show a significant effect on the OR
(P = 0.53; data available upon request).

Mean age

When the studies reporting the mean age of
patients or those of healthy controls (n = 27) were

2866 Citations from Medline, Embase and PsychInfo

141 Selected for detailed assessment of 
whole manuscript

(including reference screening)

55 Studies Selected for further analysis

2725 Excluded after title & 
abstract screening

43 Excluded following inclusion criteria

43 Reviews selected for reference screening:
1 Additional Study added for further analysis

50 Studies Selected for Final analysis with 
data on:

42 Schizophrenia
11 Bipolar Disorder
10 Major Depression
4 Addiction
2 Obsessive Compulsive Disorder

After contact with authors for additional 
information:

2 Excluded due to overlapping cases in studies
5 Excluded for not meeting diagnostic specificity
2 Excluded for inadequate Healthy Control group
1 Excluded for not providing Toxoprevalence data

11 Studies provided additional information
4 Unpublished studies retrieved
1 Published study added by author

Fig. 1. Flowchart of the study selection
process.
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Table 1. Summary of included studies

Authors Year Country
Patients (n) +
diagnosis

Controls
(n)

Toxo
determination

Age Pt
(mean, years)

Age HC
(mean, years)

1. Ahmad (46) 2010 Iran 80 SZ 99 ELISA 33.0* 33.8
2. Alipour (47) 2011 Iran 62 SZ 62 ELISA 37.5* 37.2
3. Alvarado-Esquivel (48) 2006 Mexico 38 SZ

6 BD
3 MD
25 AD

180 ELISA 43.3 (MD)
55.5 (SZ)
34 (BD)
NA (AD)

42

4. Alvarado-Esquivel (49) 2011 Mexico 50 SZ 150 ELISA 45.1* 45.1
5. Bamne (50) 2012 USA 604 SZ 404 ELISA 38.5 41.0
6. Blomstrom (51) 2013 Sweden 47 SZ 124 ELISA NA* NA
7. Brown (52) 2005 USA 63 SZ 123 IHA & SFDT 24.2* 25.2
8. Brown (53) 2013 USA 85 BD 170 IHA & SFDT NA* NA
9. Buchy (54) 2002 Vietnam 300 AD 150 Indirect dye EIA 39.3 28
10. Cetinkaya (55) 2007 Turkey 100 SZ

50 MD
50 ELISA 37.3 (SZ)*

37.4 (MD)*
37.2

11. Conejero-Goldberg (56) 2002 USA 14 SZ 26 PCR 39.9 48.7
12. Dickerson (unpub.) 2005 USA 405 SZ 170 ELISA NA NA
13. Dickerson (57) 2014 USA 172 ROS 314 ELISA 24.4* 32.0
14. Dogruman (58) 2009 Turkey 77 SZ

11 ROS
88 ELISA 38.5 (Total)

40.3 (SZ)
25.9 (ROS)*

29.7 (total)
26.2 (matched ROS)

15. El-Sayed (59) 2012 Egypt 60 SZ
30 MD

20 ELISA 38.0 (SZ)*
37.0 (MD)*

37.8

16. Emelia (60) 2012 Malaysia 144 SZ 144 ELISA NA NA
17. Gallo (unpub.) Unpub. Peru 119 SZ 119 ELISA NA (18–65)* NA
18. Gutierrez (61) 1996 Spain 647 AD 6454 ELISA 20–35 years 20–35 years
19. Hamdani (33) 2013 France 141 BD

91 SZ
171 ELISA 44.8 (BD)*

NA (SZ)
37.8

20. Hamidinejat (62) 2010 Iran 98 SZ
46 MD

48 ELISA 33 (median) 33 (median)

21. Hammer (unpub.) Unpub. Germany 876 SZ
60 BD
88 MD

1271 ELISA NA* NA

22. Hinze-Selch (42) 2007 Germany 277 SZ
464 MD

214 IF 37,4 (SZ)*
46 (MD)*

38.9

23. Horacek (63) 2012 Czech Republic 44 SZ 56 ELISA 30.8 27.9
24. Khademvatan (64) 2013 Iran 117 BD 200 ELISA 33.9 33.8
25. Khademvatan (65) 2014 Iran 100 SZ 95 ELISA NA NA
26. Krause (66) 2010 Germany 31 SZ 30 ELISA 36.7 33.7
27. Leweke (67) 2004 Germany 113 SZ 73 ELISA 29.1 drugnaive

33.7 drugfree
30.5 treated

28

28. Li (68) 2013 USA 855 SZ 1165 ELISA NA* NA
29. Liu (69) 2011 China 477 SZ 210 ELISA 29.9 28.1
30. Martinez (70) 1995 Germany 37 AD 145 Autopsy; cerebral

toxoplasmosis
NA NA (overall 41.4)

31. Miman (34) 2010 Turkey 42 OCD 100 ELISA & IFA 34.1 (median) 38.1 (median)
32. Mortensen (71) 2007 Denmark 71 SZ 684 ELISA NA* NA
33. Mortensen (72) 2011 Denmark 127 BD 127 ELISA NA* NA
34. Nascimento (73) 2012 Brazil 41 SZ 95 ELISA 32.7 38.2
35. Niebuhr (74) 2008 USA 180 SZ 532 ELISA NA* NA
36. Park (75) 2012 South Korea 96 SZ 50 ELISA and IHA 46.1* 44.8
37. Pearce (77) 2012 USA 41 BD

515 MD
7440 ELISA NA* NA

38. Pearce (76) 2013 USA 183 SZ 137 ELISA 44.9 37.7
39. Pedersen (78) 2011 Denmark 80 SZ 44436 ELISA NA NA
40. Saraei-Sahnesaraei (79) 2009 Iran 103 SZ 114 ELISA NA NA
41. Tamer (80) 2008 Turkey 40 SZ 37 ELISA 33 (median) NA

42. Tanyuksel (81) 2010 Turkey 73 ROS 40 ELISA & SFDT 23.4 30.3
43. Tedla (82) 2011 Ethiopia 214 SZ

171 BD
71 ELISA 32.7 (SZ)*

31.6 (BD)*
30.4

44. Torrey (unpub.) Unpub. Ireland 55 SZ
10 BD

20 ELISA NA* NA

45. Wang (83) 2006 China 600 ROS 200 ELISA 22.6* 22.5
46. Xiao (43) 2009 USA 120 SZ 346 ELISA NA* NA
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Table 1. (Continued)

Authors Year Country
Patients (n) +
diagnosis

Controls
(n)

Toxo
determination

Age Pt
(mean, years)

Age HC
(mean, years)

47. Xiao (84) 2010 China 291 SZ
49 BD
29 MD
12 OCD

2634 ELISA NA NA

48. Yolken (85) 2001 Germany 38 ROS 27 EIA 27 median* NA
49. Yuksel (86) 2010 Turkey 300 SZ 150 ELISA & SFDT 42.6* 42.6
50. Zhou (87) 2011 China 1301 SZ

419 ROS
356 BD
237 MD

1552 ELISA 30.8 (SZ)*
32.0 (BD)
37.0 (MD)
24.4 (ROS)

30.0

SZ, schizophrenia; BD, bipolar disorder; MD, major depression; AD, addiction disorder; ROS, recent onset schizophrenia; OCD, obsessive-compulsive disorder; SFDT, Sabin-Feld-
man dye test; IHA, immune hemagglutination; IF, immune fluorescence; EILSA, enzyme-linked immunosorbent assay; NA, not available; Unpub., unpublished data.
*Age-adjusted analysis used.

Fig. 2. Schizophrenia and prevalence of IgG antibodies against Toxoplasma gondii. Analysis with random effects model. unpub.,
unpublished.
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analyzed with a metaregression analysis, no effect
on OR was found (both P = 0.78). There was no
significant difference between studies that used
age-adjusted (and/or age-matched) analysis and
those that did not (P = 0.45), heterogeneity
remained high.

Disease phase

Another potential moderator is phase-specific
ORs: Seven prospective studies reported an associ-
ation of T. gondii infection before the onset of
schizophrenia (43, 51, 52, 68, 71, 74, 78). Heteroge-
neity was moderate (I2 = 42%). Overall, a signifi-
cant OR of 1.30 (95% CI 1.05–1.61, P = 0.017)
was found, indicating an increased risk of T. gondii
infection before developing schizophrenia. Fur-
thermore, it was possible to discern 10 studies with
recent onset schizophrenia (defined as <2 years of
illness duration). Heterogeneity was moderate
(I2 = 43%). A substantial OR was found of 2.18
(95% CI 1.58–3.01, P < 0.00001). The other stud-
ies (n = 28) mainly investigated chronic schizo-
phrenia cases, showed very high heterogeneity
(I2 = 83%), and rendered an OR of 1.88 (95% CI
1.46–2.42, P < 0.000001). There was a significant
difference between groups (P = 0.01).

Serointensity

Apart from associations on seroprevalence
between cases and controls, several studies
reported a higher serointensity as well (42, 88).
Most studies looked at serointensity in schizophre-
nia (n = 13), and just one in major depression (42)

and bipolar disorder (33). Consequently, effect of
serointensity was analyzed in schizophrenia only.
Studies used different cut-offs for high antibody
titers at 60 IU/ml (60), 100 IU/ml (52), 128 IU/ml
(42), or 250 IU/ml (81). Other authors set the cut-
off at the 75th or 90th percentile of seropositive
control subjects to distinguish subjects with high
titers (71, 78). We calculated ORs using above-
mentioned studies and six studies that did not pub-
lish their serointensity rates (33, 49, 50) (Torrey E.
2003, personal communication, Gallo C. 2005, per-
sonal communication), whereby we used the 75th
and 90th percentile cut-offs of the provided data.

Using the 75th percentile in unpublished studies,
a significant OR was found of 1.85 (95% CI 1.11–
3.10, P = 0.019). When the 90th percentile of
unpublished studies was used, the OR was 2.27
(95% CI 1.35–3.47, P = 0.001). Heterogeneity
remained significant (I2 = 66%). One study had an
OR of 17 (46), which made it a clear outlier. When
excluding this study, the OR was 1.79 (95% CI
1.29–2.47, P < 0.001) indicating a significant asso-
ciation with high antibody titers and schizophrenia
and heterogeneity statistically became low
(I2 = 0%), although the forest plot still showed
considerable variation in ORs.

There was no evidence of publication bias with
Egger’s test (one-sided P = 0.48). However, when
studies were grouped into published and unpub-
lished data a significant group effect was found
(Q = 11.2, P = 0.001), with unpublished studies
showing no effect (OR 0.79) and published studies
a significant effect (OR 2.17) of serointensity
(Fig. 3). Using the 90th percentile in the unpub-
lished studies, the difference was less pronounced

Fig. 3. Schizophrenia and association with high IgG antibodies to Toxoplasma gondii. Analysis with random effects model.
0 = Unpublished; 1 = Published.
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and trend significant (OR 1.11 vs. 2.17, Q = 3.28,
P = 0.07).

Gender

In 21 studies, gender-specific seroprevalence rates
were provided (46–51, 55, 58, 63, 64, 72, 77, 78, 86,
87), fourteen studies on schizophrenia, four on
bipolar disorder, and three on major depression.

No significant gender effect on the OR of
T. gondii infection in schizophrenia was found
(P = 0.90) and heterogeneity remained high.

Seroprevalence of the control population

In all studies but two (57, 68), the percentage of
healthy controls with T. gondii antibodies was
given, which showed a broad range (0–87%) with
an average seroprevalence of 24%. The effect of se-
roprevalence on ORs was studied by metaregres-
sion. In schizophrenia, a significant decline of the
OR was observed (OR intercept = 2.51,
slope = �0.01, P = 0.036) with increasing seropre-
valence. When splitted in groups using a cut-off of
24%, a significant difference between groups was
found (Q-value between = 5.5, P = 0.02) with
studies with ‘low’ general seroprevalence showing
an OR of 2.34 (95% CI 1.74–3.13) and studies with
high general seroprevalence 1.49 (95% CI 1.19–
1.88), remaining significant nonetheless. Heteroge-
neity remained high in both categories.

Region specificity

For every region/continent, a significant OR was
found with high ORs in Africa, South America,
the Middle East and Asia and more modest ORs in
Europe and North America (Table 2). A
significant between group effect was found
(Q = 17.3, P = 0.004). The analysis was not feasi-
ble for the other psychiatric disorders separately,

but when all psychiatric disorders were combined,
yielding 69 datasets, a similar pattern was seen.

Analysis of covariates together

When all moderators were entered in a regression
model as covariates of the true effect and, they able
to maximally explain 56% of the variance
(s2 = 0.27, R2 = 0.56) using data of 40 studies. The
optimal model contained the following modera-
tors: seroprevalence of the control population,
region, and age adjustment. When a regression line
of this model was entered in a scatterplot with se-
roprevalence of the control population on the x-
axis, it showed that with 0–5% of the population
affected with T. gondii (taking into account age
adjustment and region) the OR would be around
3.3. Conversely, the OR would on average
approach 1.0 when the seroprevalence of the popu-
lation reached 40% (Fig. 4).

IgM antibodies

IgM antibodies against T. gondii often indicate an
acute infection (89) and this was explored in 22
studies, most of them (n = 19) in schizophrenia.
Because four studies did not find IgM antibodies
in cases and controls (52, 58, 71, 73), fifteen studies
remained for analysis (46, 48, 49, 55, 62, 65, 66, 75,
79-81, 83, 85, 87) (Gallo C. 2005, personal commu-
nication). Except for some studies in China and
Iran (46, 79, 83, 87), most studies found very few
subjects with IgM antibodies. Consequently, the
confidence intervals of the latter studies were large,
giving a low heterogeneity statistic, although the
OR ranged from 0.2 to 15.5. A non-significant OR
of 1.24 (95% CI 0.98–1.57, P = 0.08) was found.
Indication of publication bias was found (Egger’s
test P = 0.04) and the Duval’s trim and fill method
led to a new estimate of 1.08 (95% CI 0.81–1.46).
Five studies evaluated IgM antibodies in recent
onset schizophrenia (81, 83, 85, 87), showing a
non-significant OR of 1.58 (95% CI 0.80–3.11,
P = 0.19). Here, publication bias was suggested as
well (Egger’s test P = 0.05) and the Duval and
Tweedie’s trim and fill method showed an adjusted
OR of 0.93 (95% CI 0.45–1.91).

Bipolar disorder

A significant OR of 1.52 (95% CI 1.06–2.18,
P = 0.02) was found, indicating a significant asso-
ciation of T. gondii infection with bipolar disorder
(Fig. 5). Heterogeneity was high (I2 = 67%). No
moderator significantly impacted the OR sepa-
rately (data available upon request). However, the

Table 2. Region-specific associations of Toxoplasma gondii with schizophrenia

Region
Studies
(n)

Point
estimate

Lower
limit

Upper
limit P-value

Africa 2 3.74 1.70 8.23 0.001
South America 4 2.48 1.71 3.58 0.000
Asia 6 2.06 1.13 3.77 0.018
Middle East 11 2.04 1.30 3.22 0.002
Europe 12 1.53 1.11 2.10 0.010
North America 7 1.26 1.03 1.54 0.022
Overall 41 1.60 1.39 1.84 0.000
Total between 0.004

Studies grouped by region investigating IgG antibodies to T. gondii in schizophrenia.
Analysis performed with the mixed effects analysis.
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regression analysis using several moderators as
covariates, the moderator (un)published data and
age adjustment explained 82% of the variance in
true effect (R = 0.82). Nevertheless, the Egger’s
test was not significant, indicating no significant
publication bias. The funnel plot showed an evenly
distribution (data available on request).

Major depression

A non-significant OR of 1.21 (95% CI 0.86–1.70,
P = 0.28) was found, indicating no overall differ-
ence of T. gondii infection between healthy con-
trols and subjects with depression. The
heterogeneity was high (I2 = 64%). The heteroge-
neity is also reflected in the studies evaluating large
cohorts, where Zhou and colleagues in China,
found a high OR of 2.41, while Hammer and Eh-
renreich (personal communication) and Pearce
et al. found a low OR of 0.66 and 0.8 respectively
(77, 87). This difference could be due to the fact
that Zhou analyzed subjects with depression with

psychotic features (personal communication) and
that these data were not yet adjusted for age and
gender, as they were with Hammer and Ehrenreich
(personal communication) and Pearce et al. With-
out the study of Zhou et al., the heterogeneity was
considerably lower (I2 = 16%). The OR attenuated
to 1.01 (95% CI 0.80–1.28, P = 0.95). This was
confirmed by a significant effect of studies that
adjusted (or matched) for age in studies looking at
major depression (Q = 5.0, P = 0.03) and those
that did not, the latter showing a higher OR.

Also, meta-regression with the estimates of qual-
ity was analyzed with a significant decline of the
OR (P < 0.001) with increasing quality (data avail-
able upon request), mainly due to the above-men-
tioned studies. Not surprisingly, age adjustment as
a covariate explained 73% of the variance. How-
ever, quality of studies alone explained all the vari-
ance of the true effect (R2 = 1.00).

The Egger’s test was not significant (P = 0.36),
and the funnel plot showed an evenly distribution
(data available on request).

Fig. 4. Meta-regression analysis of the odds ratio of schizophrenia and prevalence of IgG antibodies against Toxoplasma gondii.
Meta-regression model whereby the log odds ratio is plotted against the prevalence of antibodies against T. gondii in the healthy con-
trols in each study (seroprevalence), taking into account the covariate region and age adjustment of study. Y = intercept of log odds
ratio if seroprevalence is zero. Age adjustment 0 = not adjusted (reference variable) and 1 = adjusted. The reference variable of
region is Europe.

Fig. 5. Bipolar disorder and prevalence
of IgG antibodies against Toxoplasma
gondii. Analysis with random effects
model. unpub., unpublished.
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Obsessive–compulsive disorder

Two studies reported on OCD compared with con-
trols (34, 84), both finding an elevated OR, with an
overall OR of 3.4 (95% CI 1.73–6.68, P = 0.0004).

Addiction

Four studies were included, from which three
reported seroprevalence rates of T. gondii in public
health studies evaluating healthy subjects as well as
drug abusing patients (54, 61, 70). Although the
studies were not designed as case–control studies
with a hypothesis about a possible relationship
between T. gondii infection and addiction, it was
possible to discern ‘healthy’ subjects [e.g., pregnant
mothers (54, 61)] and addicted subjects. Most iden-
tified studies concerned intravenous drug using
patients (heroin), which was not operationalized
further following diagnostic criteria. Nevertheless,
the chance that these patients would not have an
addiction following diagnostic criteria was consid-
ered to be so low that it was decided to include
these studies. A significant OR of 1.91 (95% CI
1.49–2.44, P < 0.00001) was found, indicating an
increased prevalence of T. gondii infection in (her-
oin) addiction (Fig. 6). The heterogeneity of this
few studies was low (I2 = 12%).

Egger’s test was trend significant (one tailed
P = 0.10) indicating possible publication bias. The
funnel plot showed that the OR could even be
underestimated (data available upon request).

Discussion

This is the first study that systematically analyzed
the association of T. gondii within different psychi-
atric disorders. It showed that T. gondii infection
is not only significantly associated with schizophre-
nia, but also with bipolar disorder, addiction, and
OCD, but not with major depression.

In schizophrenia, the evidence of an association
with T. gondii is overwhelming, despite evidence of
publication bias. When corrected for this bias an
OR of 1.43 (1.21–1.70) remained, which is lower
than reported in previous meta-analyses (10, 11),

who did not correct for potential publication bias.
Torrey et al. found far more publications in other
languages, but we chose to conduct a thorough
and replicable systematic review following the
PRISMA statement (39), which is considered
methodologically superior.

Heterogeneity was generally high in our analy-
sis, which is a problem when trying to draw con-
clusions based on the overall OR.

In schizophrenia, it was possible to assess sev-
eral moderators, giving us more information on
the nature of the variance of effect sizes between
studies. Importantly, phase-specific ORs showed
that a T. gondii infection seems to precede the dis-
order and that the association gets stronger during
the illness. Second, serointensity was more preva-
lent in schizophrenia cases compared to controls,
pointing at either a more active infection or a
stronger immune response. These findings (tempo-
rality and biological gradient) give an indication
that T. gondii infection (and/or its immune
response against it) may be a causal factor in the
etiology of developing schizophrenia.

On the other hand, some pre-onset studies were
birth-cohort studies (43, 51, 52, 90), which show
antibodies of the mother in a newborn child (as a
child is not yet able to form his own antibodies or
this is masked by the antibodies transmitted by the
mother) and are thereby indirect indications of a
T. gondii infection before onset of the disorder.
Transplacental transmission can occur with an
acute T. gondii infection during pregnancy, but is
considered to be a rare event (91). The other three
studies could be considered true pre-onset studies,
as they measured antibodies in adults who later
developed schizophrenia. These did not find a sig-
nificant association overall (data not shown) (68,
74, 78). The increased prevalence of antibodies in
mothers of offspring could at one hand be
explained by increased immune activation during
pregnancy, which is a known risk factor for later
development of schizophrenia (92–94). However,
Mortensen et al. (71) did not find increased general
IgG levels to be associated with an increased risk
for later development of schizophrenia in contrast
with IgG antibodies against T. gondii. Alterna-

Fig. 6. Addiction and prevalence of
IgG antibodies against Toxoplasma
gondii. Analysis with random effects
model. unpub., unpublished.
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tively, a reactivation of a latent T. gondii infection
during pregnancy occurs, possibly affecting the
unborn child. That serointensity of these four stud-
ies increased the OR to 1.91 (95% CI 1.20–3.04)
could be seen as confirmation of this hypothesis.

The fact that there was a significant difference
between published and unpublished studies on ser-
ointensity, also raises doubt on the true effect, even
though overall a significant effect was shown and a
higher cut-off in the unpublished data appeared to
increase the OR. Therefore, we argue that uncer-
tainty concerning the support for a causal etiology
still remains.

Gender on the other hand did not prove to be a
moderator in T. gondii and psychiatric disorders in
this meta-analysis. This finding does not seem to fit
well with animal and human research showing gen-
der-specific effects of T. gondii on behavior (95–
97). Different neurobiological effects have been
reported as well (38, 95), both in acute and chronic
infection. It might be that gender differential ani-
mal behavior changes are not translatable into dif-
ferences in psychiatric categories. Alternatively,
Lindova and colleagues have shown that the differ-
ences in behavior alterations caused by T. gondii
between men and women are probably caused
more by gender differences in response to stress
itself, than by different effects of the parasite in the
brain of a male or a female (98). This supports our
finding that there is no gender specificity.

Seroprevalence of T. gondii infection in the con-
trol population was a relevant moderator for the
magnitude of the OR in schizophrenia, which is thus
also responsible for some of the heterogeneity. Per-
haps this is not surprising, because when the expo-
sure of a factor in the control population is higher, it
is more difficult to find a significant difference. Sta-
tistically, the finding does show us that T. gondii
does not cause an absolute increase in risk, because
then there would not be this ceiling effect. We
hypothesize that there is a limited population at risk,
by which T. gondii infection plays a role.

Nonetheless, even in countries with high sero-
prevalence of T. gondii, significant differences have
been found and the group of studies with a higher
than average (24%) seroprevalence still showed a
significantly increased OR. As latent T. gondii
infection is presumed to persist life long in the host
and IgG levels likely decrease below detection lev-
els with time. The enhanced presence of antibodies
therefore may be indicative of re-activation of
T. gondii and/or of an enhanced immune response
in these patients with high higher seroprevalence
(81, 99).

Finally, we showed significant variation of the
OR according to region, which could be seen as an

indication of strain-specific effects of T. gondii on
the human brain (43, 44, 100). Regional differences
in strain prevalence have been reported (44, 100),
and strain-specific effects have been found in affec-
tive psychosis as well as on anxiety and depression
levels (43, 101). This strain hypothesis could only
be indirectly analyzed in schizophrenia specifically
in our study. Interestingly, the type II and III
strains, which were not associated with psychiatric
disorders in these studies, are more commonly
found in North America and Europe where more
modest ORs were found.

A meta-regression analysis showed that several
moderators together explained about 56% of the
variance of the true effect in schizophrenia. This
showed that regional differences, age adjustment in
studies and especially seroprevalence of T. gondii
in the population matters in the amplitude of the
OR. Nevertheless, considerable variance remains,
urging us to keep evaluating other factors poten-
tially responsible for this variation. Disease state
would be a interesting factor, as state-specific
immune abnormalities have been reported (27, 57).
Also studies have reported that Rhesus factor
could have a role in the immunity against T. gondii
infection and can protect against possible deleteri-
ous cognitive effects (102), but so far no study has
reported that this may be relevant in the suscepti-
bility for psychiatric disorders.

Bipolar disorder showed a similar association
with T. gondii infection with a significant OR of
1.52 (1.06–2.19), which shows that T. gondii infec-
tion is not only associated with schizophrenia.
There was no evidence of publication bias. How-
ever, a model with age adjustment and whether or
not studies were published accounted for the
majority of the variance in true effect. This was
partly caused by a large negative study of Hammer
and Ehrenreich (personal communication) using
data from the GRAS study (103), who found sig-
nificantly negative associations of T. gondii infec-
tion with bipolar disorder, but also schizophrenia
and major depression after controlling for age and
gender. Another large study of Hamdani et al.
(33), however, did show a significant OR after the
same corrections, whereby general seroprevalence
of the control population was high as well.

Factors possibly explaining the remaining heter-
ogeneity could be the strain hypothesis. Xiao et al.
(43) has shown that T. gondii strain type I is espe-
cially relevant in affective psychotic disorders.
However, due to a relatively limited amount of
studies, regional differences could not be checked
in this analysis.

Major depression was not related to IgG
antibodies against T. gondii, even though a
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toxoplasmosis infection has frequently been associ-
ated with fatigue (104). This implies that T. gondii
does not have a general association with psychiat-
ric disorders, but that there is a degree of specific-
ity.

The highly significant association with addiction
should be interpreted with caution, as the studies
on addiction were not case–control studies, and
therefore, there was no adequate matching of cases
and controls. The quality of the studies was there-
fore low. Another confounding factor could be
that the studies reported prevalence of T. gondii
infection in intravenous drug abusers. Concerning
the lifestyle of these patients, one could argue that
a T. gondii infection is a consequence rather than
risk factor in this type of addiction. On the other
hand, following animal research on changes of
risk-taking behavior in mice with T. gondii infec-
tion (3, 7) and human studies on suicide attempts
(105) and traffic accidents (9, 106), we hypothesize
that T. gondii infection may modulate risk/aversive
behavior, which may increase the risk of addiction
as a result (107). We consider this association to be
intriguing and think it deserves further investiga-
tion. If more evidence arises on this association,
one could argue that there should be a correction
for addiction in investigating T. gondii infection in
other psychiatric disorders versus healthy controls,
as addiction is a known risk factor in, for example,
schizophrenia (108).

The increased OR of T. gondii antibodies in OCD
must be interpreted with caution as well, as it is
based on merely two average-sized studies (34, 84).
For example, Yuksel et al. (86) also evaluated OCD
subjects, but unfortunately not separated depression
and anxiety disorders, making it unsuitable for fur-
ther analysis. Nevertheless, this group did not show
a different seroprevalence from healthy controls. In
favor of the possible role in anxiety disorders are the
recent studies finding a significant association of
T. gondii with Generalized Anxiety Disorder (109).
Clearly, more studies are needed in this disorder
considering T. gondii infection.

No studies were found reporting an association
of T. gondii infection with other psychiatric disor-
ders such as autism, eating disorders, and atten-
tion-deficit disorder (ADHD). Autism has been
postulated earlier to be involved in congenital
toxoplasmosis (110, 111), where earlier studies on
mental retardation (112) in humans could support
this assumption. Neurocognitive effects of T. gon-
dii infection in animals and the increased suicidali-
ty and traffic accidents in humans also point to
attentional deficits and increased impulsivity (7).
Together these findings could suggest a possible
link with ADHD, personality disorders, and

T. gondii infection, whereby an increased preva-
lence of personality disorders has been reported in
seropositive patients with psychiatric disorders
(113).

IgM antibodies, a marker of acute/recent infec-
tion, did not seem to be associated with schizo-
phrenia. This is in sharp contrast with a recent
meta-analysis of Monroe and colleagues who
reported an OR of 1.6 of IgM antibodies against
T. gondii with psychosis, whereby this OR was
higher for recent onset/acute psychosis (114). In
our analysis, we also saw a modest, but non-signifi-
cant, association with recent onset schizophrenia.
A possible explanation for this difference is that we
also included data that had not been published
(87) (Gallo C 2003, personal communication). One
study found by Monroe et al. was not found by us
(115), and another was excluded for not fitting our
inclusion criteria (116). We did not include the
study of Liu et al. because the status of the IgM
seropositivity of the healthy controls did not
become clear to us. However, according to Mon-
roe and colleagues, Liu found a staggering OR of
48.6 (95% CI 3.0–792.3) making it a clear outlier
from other studies. When our analysis was
repeated with the two other studies (without Liu
et al.), our finding remained the same. We there-
fore think that our finding is closer to the true
effect, especially because we did find indications of
publications bias and corrected for that using the
Duval and Tweedie’s trim and fill method. Eye-
balling the funnel plot of Monroe and colleagues,
one could argue that this should have been carried
out in their analysis as well.

This implies that acute infection does not seem
to be more prevalent in schizophrenia, pointing at
a chronic latent infection, which started before
onset of the diagnosis of schizophrenia and is pos-
sibly reactivated if we consider the serointensity
finding valid. Animal research has also showed
that a chronic infection seems to alter the host’s
behavior (3, 117, 118). This could either point to a
direct pathophysiology caused by the parasite, or
alternatively that the T. gondii infection is reacti-
vated by alterations in the immune system or by
another infection.

Considering the neuroinflammation hypothesis,
microglial activation has been shown in vivo in
schizophrenia (18) and the possible relevance of
microglia in the pathophysiology of schizophrenia
is increasingly recognized (119–123). Microglia
play a role in controlling a T. gondii infection in
the brain (124), possibly through the kynurenine
pathway (125), whereby differences of the micro-
glial immune response to different strains of
T. gondii have been found (126). Alternatively, IL-6
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production of macrophages reverts the inhibition
of T. gondii replication caused by astrocytes and
microglial cells and may be involved in the mecha-
nism of reactivation of the infection in patients
with AIDS (127–129). IL-6 has repeatedly been
found to be raised in schizophrenia patients (15).

Another hypothesis links CD8 T-cell downregu-
lation with the mental effects of toxoplasmosis
(130), which can be caused by the kynurenine path-
way. Also a considerable amount of schizophrenia
susceptibility genes are implicated in the life cycle
of pathogens including T. gondii (13), whereby
these genes have a role in immunity, but also regu-
late binding to the integrin system which could
lead to hypofunction of NMDA-receptors (13), as
well as influencing AKT1 signaling (preventing
host cell death, but also regulation of dopamine-
dependent behavior) (131). Another infection
might reactivate a T. gondii infection. In support
of this hypothesis, several studies have found an
increasing risk with increased number of neuro-
tropic infections (66, 68).

From our analysis, the population seropreva-
lence and regional differences stood out as relevant
moderators in the observed variance of reported
effects. Apart from the strain hypothesis, the
immune protection against a T. gondii infection in
a population where this parasite is abundant might
be different to regions where the population has
less parasite-pressure.

The impact of T. gondii infection on increasing
the dopamine levels was demonstrated in vitro and
in mice (12, 132). It is therefore tempting to look at
the dopamine hypothesis, as this hypothesis is
implicated in schizophrenia (133), bipolar disorder
(134), OCD (135), and addiction (136). Also within
schizophrenia higher severity of positive symptoms
in T. gondii-positive patients has been reported (83,
137). Schizophrenia, bipolar disorder, and OCD
can be treated effectively with dopamine-blocking
agents (133, 138, 139). Addiction, however, can be
worsened by these medicines (140) and low dopa-
mine release has been associated with this disorder
(141). Clearly, more research is needed in this area
focusing on the effect of toxoplasmic infection on
the risk of addiction, symptom dimensions, and
dopamine neurotransmission in vivo is needed.

Toxoplasma gondii infection as a risk factor may
be independent from other risk factors for psycho-
sis and addiction: not more often found in men,
not more often in urban environments (78),
although possibly more often in mothers with a
psychiatric history (78). It should be noted in this
respect that a stronger immune reaction to another
microbiotic environment could be a risk factor in
migration and psychiatric illness (142) although a

study of Blomstrom et al. (51) did not find a rela-
tion between migration and infections in schizo-
phrenia.

If the association should prove to be causal,
these findings may give further clues about how
T. gondii infection can possibly modulate the risk
of specific psychiatric disorders. As these disorders
are classifications based on symptom profiles, the
challenge will be to translate this to underlying
neurobiological mechanisms (143). This in turn
can give an indication concerning the mechanism
by which T. gondii could increase the vulnerability
for several psychiatric disorders. To discern a sub-
group, where immune alterations and neurotropic
infections are relevant can help us delivering tar-
geted treatment (119, 144, 145). We suggest that it
could be valuable to see raised IgG prevalence
against T. gondii as one of the expressions of this
subgroup.

Limitations

Unfortunately, current available studies did not
allow us to analyze disease states (i.e., acutely ill
versus remitted or chronically ill). There are some
indications in the literature that this might be rele-
vant (57, 146). Staging in psychiatric disorders
could show to be of interest in the field of neuroim-
munology and could give an indication how (reac-
tion to) a T. gondii infection behaves during the
development of a psychiatric disorder. It could
also provide insights into the moderators like sero-
intensity and general T. gondii prevalence in a pop-
ulation. The same applies for identifying
subgroups in these disorders.

Furthermore, indications of publication bias
were found in studies reporting an association with
schizophrenia and on the moderator serointensity
and IgM antibodies. Publication bias remains a
major challenge in science (147), and this meta-
analysis confirms that. However, we carefully cor-
rected for this bias in our analysis and thoroughly
searched for unpublished studies to avoid publica-
tion bias as much as possible. Compared to previ-
ous meta-analyses, our method rendered more
modest ORs, which could be seen as some external
validation of the reliability of our estimations (10,
11, 114).

A clear difference with the first meta-analysis on
schizophrenia and T. gondii infection is that we
did not include studies written in Chinese or East-
ern European languages (10). Excluding studies
based on language is considered to be methodolog-
ically less strong. Nevertheless, we wanted to per-
form a replicable systematic search, which is
considered the gold standard. In accordance with
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Torrey et al., our association has been shown to be
consistent in almost every continent of the world
(with the exception of Oceania, where no studies
have been reported).

Studying antibodies against T. gondii remains
an indirect measure of infection and does not give
much information about the activity or location of
T. gondii parasites. The only study trying to find
T. gondii parasites in the brain failed to do so in
cases and controls (56). Considering the average
old-age of the subjects in that study, this could be
seen as an unfortunate negative finding in a coun-
try with a general seroprevalence of 7–14% (148)
or as evidence that we have not discovered the
right methods yet to show a latent T. gondii infec-
tion in the brain.

Despite our careful analysis of possible modera-
tors, it was clear that significant heterogeneity
remained. With the software we used, it was possi-
ble to perform a regression analysis with different
moderators, which indicated that 56% of the vari-
ance in OR found in schizophrenia could be
accounted for by the moderators, leaving consider-
able variance unexplained. This urges to continue
to explore additional moderators of the associa-
tion.

In conclusion, our meta-analysis suggests that a
T. gondii infection is not only associated with
schizophrenia, but also with bipolar disorder and
possibly addiction and OCD. Furthermore, on
analysing heterogeneity by several moderators, it
appears that in schizophrenia a reactivation of a
latent T. gondii infection occurs and that general
seroprevalence and in which region the population
resides matters. Acute toxoplasmosis does not
seem to be implicated. The strength of the associa-
tion increases with higher antibody titers, but
decreases with higher baseline exposure to T. gon-
dii of the population. T. gondii infection does not
seem to show a gender differential effect. After
careful controlling for indications of publication
bias, the association seems to be smaller than pre-
viously estimated and serointensity was an uncer-
tain moderator. Pathophysiologically, immune
response to the infection and direct neurotransmit-
ter effects by the T. gondii parasite could be
responsible for these associations. Further efforts
on identifying a subgroup of psychiatric disorders,
where immune alterations are implicated, are
needed to improve our treatment practices.
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Appendix 1: Search strategy

Medline

Search (toxoplasmosis OR toxoplasmoses OR
toxoplasmic OR toxoplasma OR Neurotoxoplas-
mosis OR t gondii OR toxopl*) AND (mental dis-
order OR “mental disorders” (Mesh) OR
“Schizophrenia and Disorders with Psychotic
Features” (Mesh) OR paranoia OR paranoid OR
psychotic OR psychosis OR psychoses OR schizo-
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phren* OR bipolar OR mania OR manic OR
depression OR “Mood Disorders” (Mesh) OR
obsessive OR compulsive OR OCD).

EMBASE

1. (toxoplasmosis or Toxoplasma gondii or toxo-
plasma).ab,kw,sh,ti.

2. (toxoplasmoses or toxoplasmic or Neurotoxo-
plasmosis or t gondii or toxopl*).ab,kw,ti.

3. 1 or 2 (t gondii sensitief)
4. exp schizophrenia/
5. exp bipolar disorder/
6. exp mood disorder/
7. exp anxiety disorder/
8. exp mental disease/
9. (paranoia or psychotic or psychosis or psycho-

ses or depression or mania or bipolar or manic
or schizophren*).ab,sh,ti.

10. exp alcohol abuse/
11. alcohol abus*.ab,kw,ti.
12. (alcoholic? or alcoholism).ab,kw,ti.
13. alcoholism/
14. alcohol dependence.ab,kw,ti.
15. binge drink*.ab,kw,ti.
16. drug abus*.ab,kw,ti.
17. drug misuse*.ab,kw,ti.
18. exp drug abuse/
19. drug dependence.ab,kw,sh,ti.
20. substance abuse.ab,kw,sh,ti.
21. substance dependence.ab,kw,ti.
22. binge eating disorder/
23. binge eat*.ab,kw,ti.
24. bulimia.ab,kw,sh,ti.
25. increased appetite/
26. appetite.ab,kw,ti.
27. exp obesity/
28. (obesity or obese or overweight).ab,kw,ti.
29. tobacco dependence.ab,kw,sh,ti.
30. tobacco.ab,ti.

31. exp smoking/
32. smoking.ab,kw,ti.
33. nicotin*.ab,kw,ti.
34. narcotic.ab,kw,ti.
35. narcotic dependence/
36. (narcotic dependence or narcotic abuse or nar-

cotic addict*).ab,kw,ti.
37. (crack or cocaine or marihuana or marijuana

or cannabis or pot or hashish or heroin or di-
amorphine or morphine or morfin?).ab,kw,ti.

38. cocaine/
39. diamorphine/
40. morphine/
41. cannabis/
42. opiate/
43. opiate?.ab,kw,ti.
44. alcohol consumption/
45. drinking behavior/
46. (abstinence symptom or abstinence syndrome

or craving or drug withdrawal syndrome or
substance withdrawal syndrome or withdrawal
symptom or withdrawal syndrome).ab,kw,ti.

47. withdrawal syndrome.ab,kw,sh,ti.
48. autism/or asperger syndrome/or childhood dis-

integrative disorder/or “pervasive developmen-
tal disorder not otherwise specified”/

49. (autism or autistic or (asperger? adj2 (syn-
drome or disorder))).ab,kw,ti.

50. attention deficit disorder/
51. (attention deficit or adhd).ab,kw,ti.
52. or/4-51
53. 3 and 52

PsycINFO

1. (toxoplasmosis or toxoplasmoses or toxoplas-
mic or toxoplasma or Neurotoxoplasmosis or t
gondii or toxopl*).mp. (mp=title, abstract,
heading word, table of contents, key concepts,
original title, tests & measures).
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