Brazilian Journal of Psychiatry

bjp

Revista Brasileira de Psiquiatria

REVIEW ARTICLE

Braz J Psychiatry. 2021 Jul-Aug;43(4):438-445
doi:10.1590/1516-4446-2020-0904
Brazilian Psychiatric Association

()

Association between exposure to toxoplasmosis and
major psychiatric disorders: a systematic review

Santiago M. Fernandes,'?

Alan R. Dias,"? Angela Miranda-Scippa

2,3,4

" Faculdade de Medicina da Bahia, Universidade Federal da Bahia (UFBA), Salvador, BA, Brazil. >Centro de Estudos de Transtornos de Humor
e Ansiedade (CETHA), Complexo Hospitalar Universitdrio Professor Edgard Santos, UFBA, Salvador, BA, Brazil. *Programa de Pds-
Graduagdo em Medicina e Satide, UFBA, Salvador, BA, Brazil. *Departamento de Neurociéncias e Satide Mental, Faculdade de Medicina da

Bahia, UFBA, Salvador, BA, Brazil.

Objective: To assess the association between exposure to toxoplasmosis and major psychiatric
disorders through a systematic review of the literature.

Methods: The literature review was performed in the MEDLINE, SciELO, and PsycINFO databases.
To evaluate the quality of the studies included in the review, the Newcastle-Ottawa Scale was used.
Results: Thirty-one studies were included, and the majority found an association between exposure to
toxoplasmosis and schizophrenia or bipolar disorder (58.3 and 54.5% of the included papers,
respectively), but not major depressive disorder. We found no significant difference in mean quality
scores between studies that corroborated and contradicted the association hypothesis for either
schizophrenia or bipolar disorder. All included papers were considered at least satisfactory according
to the Newcastle-Ottawa Scale (total scores > 6 out of 9).

Conclusion: Although there was no association between exposure to toxoplasmosis and major
depressive disorder, the results indicate an association with both bipolar disorder and schizophrenia,
despite their heterogeneity. Further studies should be performed with more specific variables so that
the nature of these relationships can be elucidated.
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Introduction

Toxoplasma gondii (T. gondii) is a protozoan parasite that
occurs worldwide and has a high seroprevalence, infect-
ing more than 60% of the population in some countries."
Known for its ability to alter the host’s behavior to increase
the chance of transmission, there is much curiosity about
its effects on human health during the latent phase of
infection.

T. gondii has three stages of development: tachyzoites,
bradyzoites, and oocysts. When attacked by the host’s
immune system, some of the parasites turn into cystic
formations containing bradyzoites, which initiates the
chronic or latent phase of the disease. Although a rela-
tionship between schizophrenia and toxoplasmosis has
been hypothesized since the 1950s,? only recently has
this and other associations been deeply investigated.®*

In the early 1990s, the association between T. gondii
infection, neuropsychiatric disorders, and personality
changes was also studied.®® Further studies have raised
the possibility that exposure to toxoplasmosis (ET) is a
risk factor for diseases such as schizophrenia and mood
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disorders. Moreover, different authors have reported that
mood stabilizers and antipsychotics used in bipolar dis-
order (BD) treatment can inhibit T. gondii replication
in vitro.*®

This evidence is founded on the fact that the main
neurobiological changes caused by latent T. gondii
infection in humans are consistent with the pathophysiol-
ogy of neuropsychiatric diseases such as schizophrenia
and mood disorders, as was found in a previous review.”
Furthermore, an experimental study has shown that
T. gondii infection in mammalian dopaminergic cells repeat-
edly raises dopamine-dependent K* secretion. In the
same study, staining the brains of infected rats with
dopamine-specific antibodies resulted in strong staining
of cysteine-containing regions. Tyrosine hydroxylase, the
limiting enzyme in dopamine production, was also found
within intracellular cysts. The overall conclusion of this
study was that ET plays an important role in increasing
dopamine metabolism in neurons.®

Indeed, the dopaminergic system plays a significant
role in the etiology of mood disorders and schizophrenia.
The dopamine hypothesis in BD states that high levels of
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dopamine are found in the mania’/hypomania phases,
while decreasing levels of this neurotransmitter occur in
the depressive phase.®'°

In fact, a meta-analysis® found a higher prevalence of
T. gondii antibodies in patients with schizophrenia than
healthy controls (odds ratio [OR] = 2.73). It should be
pointed out that this review collected data from papers
published since the 1950s across 17 countries, including
countries in Asia and Eastern Europe, which were absent
at the time from Western databases such as MEDLINE.
However, the authors did not consider age an important
confounding factor for ET diagnosis, as emphasized by
a later study that same year."" In addition, the hetero-
geneity of strains and their geographical distribution might
play a role in disease burden, as previously pointed out.'?
Another meta-analysis replicated the association between
schizophrenia and ET (OR = 2.74). Through the Egger
test (p = 0.045), these authors also identified a greater
trend toward publishing studies in this scope, and their
results indicated a significant difference between cases
and controls."®

Using a more rigorous method, the latest meta-analysis
of these disorders,'* including papers published until
2013, also found an association between ET and schizo-
phrenia (adjusted OR [aOR] = 1.43) and included BD and
addiction in the research. When adjusted for the pre-
viously outlined publication bias,'® the study found no
significant difference between studies that did and did
not adjust for matched age as a confounding variable.
Regarding BD, the authors found an overall association
with no evidence for publication bias (OR = 1.52), which
is consistent with previous studies, and no association
was found between major depressive disorder (MDD)
and ET.

Therefore, the objective of this review was to evaluate
the association between ET and major psychiatric dis-
orders through a systematic review, updating the litera-
ture and pointing out its major controversies. We also
point out questions that should be answered by future
research.

Methods

This review followed the Preferred Reporting ltems for
Systematic Reviews and Meta-Analyses (PRISMA) guide-
lines.'® A search was conducted for studies that reported
ET frequency (defined by one of the following diagnostic
methods: the Sabin-Feldman dye test, immunofluores-
cence, chemiluminescence, enzyme-linked immunosorbent
assay, enzyme immunoassays, or immune hemagglutina-
tion) and a diagnosis of schizophrenia, MDD, or BD,
according to criteria established by the DSM-IV, DSM-
IV-TR or DSM-5, or the ICD-10 and determined through
diagnostic structured interviews (the Structured Clinical
Interview for the DSM [SCID], the Mini-International
Neuropsychiatric Interview-Plus [MINI-PLUS], or the
Composite International Diagnostic Interview [CIDI]).
The MEDLINE/PubMed, SciELO, and PsycINFO data-
bases were searched. The basic research strategy was
based on the terms: (toxoplasmic OR toxoplasmosis OR
toxoplasma OR neurotoxoplasmosis OR t gondii OR
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toxopl*) AND (“major mental disorder” OR depression
OR “affective disorder” OR “bipolar disorder” OR schizo-
phrenia OR “mood disorder” OR schizophren* OR psy-
chosis).

Additional studies were obtained from the references of
the selected articles. The search was limited to articles in
English, French, Italian, Portuguese, and Spanish pub-
lished between 1994 (the year the DSM-IV was pub-
lished) and October 27, 2019.

The eligibility criteria for the review were human studies
evaluating the frequency of ET in adults (> 18 years of
age) of both genders with an established diagnosis of
psychiatric disorder according to DSM-IV or later criteria.
Clinical trials, cross-sectional studies, and retrospective
and prospective studies were included if the frequency of
ET in psychiatric patients was compared to healthy
controls. Apart from the aforementioned criteria, we also
excluded studies that did not control for coinfection of the
central nervous system with other pathogens. Additional
studies were sought in the references of all reviews on
this topic.

To evaluate the quality of the studies included in
the review, the Newcastle-Ottawa Scale (original version
for cohorts and case-controls, and an adapted version
for cross-sectional studies) was used.'®'” The articles
were classified into four quality levels: very good (9
points), good (7 to 8 points), satisfactory (5-6 points), and
unsatisfactory (< 5 points). Studies classified as unsa-
tisfactory were excluded. Moreover, to assess potential
differences in study quality between papers that corrobo-
rate vs. those that contradict the association hypothesis,
we used the total Newcastle-Ottawa Scale scores from
each paper and performed a two-sample Mann-Whitney
U test for each diagnosis, where applicable. Full data are
available in Table S1 (online-only supplementary material).

Considering the eligibility criteria, two authors (SMF
and ARD) reviewed the titles and abstracts of the articles
found and selected those suitable for full reading.
Differences in the selection of articles were analyzed by
a third author (AM-S) and resolved by consensus. We
also searched the bibliographic references of the selected
articles for studies not detected in the search.

Results

We analyzed the abstracts of 1,304 articles, with
subsequent inclusion or exclusion was based on the
previously mentioned criteria. Of these, 1,240 were
excluded, the most common reasons being the outcome
and an incompatible study design. We selected 64
articles for full reading and included 31 in the review,
which were analyzed in greater detail. All of the selected
articles were in English (Figure 1). According to the
quality assessment, none of the studies were classif-
ied as unsatisfactory (Table 1). We found no quality
difference between studies that corroborated or contra-
dicted the association hypothesis. No papers found
an association between MDD and ET, making the test
unnecessary. A summary of the included studies is avai-
lable as online-only supplementary material (Table S1).
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1,304 records identified in
MEDLINE, SciELO and PsycINFO

v

64 full-text articles selected for

detailed assessment of entire manuscript

v

31 articles
included in the review

Figure 1 Flowchart of the study selection process.

after title and abstract screening

1,240 records excluded |

for not meeting inclusion criteira

33 articles excluded |

Table 1 Total Newcastle-Ottawa Scale quality assessment scores for papers investigating the association between

schizophrenia and exposure to toxoplasmosis

Corroborates Total score* Contradicts* Total score
Alipour'® 6 Campos-Carli'® 7
Alvarado-Esquivel®® 7 Emelia®’ 6
Ansari-Lari®? 9 Hamdani?® 8
Blomstrom?* 9 Hinze-Selch’ 7
Cetinkaya®® 7 Horacek®® 7
Chen?’ 8 Karabulut®® 8
Dogruman-AI?® 7 Khademvatan®° 8
Esshili®! 8 Khademvatan®? 7
Hamidinejat®® 6 Pearce®* 7
Morais®® 6 Yolken®® 8
Mortensen®” 9 - -
Omar®® 7 - -
Tamer®® 6 - -
Yuksel*® 7 - -
Mean score (+ SD) 7.28 (= 1.13) 7.3 (= 0.67)

SD = standard deviation.
*Of a total possible score of 9.

Schizophrenia

Twenty-four of the included articles involved schizophre-
nia, 14 (58.3%) corroborating and 10 (41.6%) contra-
dicting the association hypothesis. The quality of the
studies ranged from satisfactory to very good (mean
score = 7.29, standard deviation [SD] = 0.95; Table 2).
We found no significant difference between the mean
scores of papers that corroborated or contradicted the
association hypothesis (p = 0.805).

Among the studies that corroborated the association
hypothesis, one case-control study®” assessed the sero-
logical status of 1,126 individuals (682 healthy controls,
186 patients with schizophrenia, and 258 patients diagno-
sed with affective disorders, including BD). After adjusting
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for place and year of birth, gender, and family history of
psychiatric disorders, the seroprevalence in the schizo-
phrenia group remained higher than that of healthy
controls (OR = 1.79; p = 0.045). This study also found
that a family history of psychiatric disorders was not a
confounding variable.

Another case-control study®' assessed the serological
status of 246 patients with schizophrenia and 117 healthy
controls. Patients diagnosed with schizoaffective or schizo-
phreniform disorders were excluded, and both age and the
type and dosage of psychotropic drugs used in treatment
were controlled for. The seroprevalence was significantly
higher in patient group (OR = 2.55; 95% confidence interval
[95%CI] 1.59-4.09; p = 0.00001), as was the serum
concentration of antibodies (71.3 = 81 international unit
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Table 2 Schizophrenia and exposure to toxoplasmosis: assessment of study quality using the Newcastle-Ottawa Scale

Reference Selection Comparability Exposure/outcome Total Quality Hypothesis of association
Alipour'® b o = 6 Satisfactory Yes
Alvarado-Esquivel®® o ** ** 7 Good Yes
Ansari-Lari®? ok b e 9 Very good Yes
Blomstrém?2* bl o b 9 Very good Yes
Campos-Carli'® wn > > 7 Good No
Cetinkaya®® b o ** 7 Good Yes
Chen?’ wrk > > 8 Good Yes
Dogruman-Al*° b * * 7 Good Yes
Emelia®' o b * 6 Satisfactory No
Esshili®' b b 8 Good Yes
Hamdani®® bl b b 8 Good No
Hamidinejat®® b o b 6 Satisfactory Yes
Hinze-Selch'" wnk * - 7 Good No
Horacek?® o * * 7 Good No
Karabulut®® wnk > > 8 Good No
Khademvatan®° wnk ** > 8 Good No
Khademvatan®? b o ** 7 Good No
Morais®® wx * b 6 Satisfactory Yes
Mortensen®” i > i 9 Very good Yes
Omar®® b b b 7 Good Yes
Pearce®* e > - 7 Good No
Tamer®® b ** * 6 Satisfactory Yes
Yolken®® b ** ** 8 Good No
Yuksel*° e > w* 7 Good Yes

Higher quality studies are indicated by more stars in each category.
(2), outcome or exposure (3), for a maximum total score of 9.

[IU] [SD =+ 5.19] vs. 52.3 = 75 IU [SD = 6.9]; p = 0.03).
The same study also pointed out that there was no
correlation between serological profile and characteris-
tics such as age, gender, disease duration, or schizo-
phrenia subtype.

A further study assessed the serological status of
several neurotropic pathogens (i.e., cytomegalovirus,
herpes simplex viruses HSV-1 and HSV-2, and T. gondii)
in 722 newborns, of whom 198 were diagnosed with
schizophrenia later in life and 524 were healthy controls.
After controlling for gestational age, place and date of
birth, age, and the mother’s country of origin, there was a
higher seroprevalence of both T. gondii and cytomegalo-
virus in the patient group (OR = 2,1; 95%CI 1,04,5 and
OR = 2.2; 95%Cl 1.0-5.1, respectively).2* Moreover, an
anti-T. gondii antibody level above the 90th percentile is
associated with a three-fold higher risk of schizophrenia
compared to levels within the reference range (OR = 3.2;
95%Cl 1.0-9.8).

Likewise, a case-control study comparing the serologi-
cal status of 343 patients with schizophrenia, 115 with
BD, 61 with MDD, and 681 healthy controls found a higher
seroprevalence in the first two groups (OR = 1.921; 95%
Cl1.301-2.817; p = 0.001 and OR = 2.281; 95%CI 1.341-
3.8; p = 0.003, respectively). Controlling for age and
gender, the study and also found a lack of association
between ET and MDD, replicating the results of previous
studies.?”

On the other hand, no significant difference in
serological status was found in a sample of 277 patients
with schizophrenia, 456 with MDD, and 214 healthy
controls, when acute or chronic infectious diseases,
inflammatory processes, place of origin, and the psycho-
tropic drug use were controlled for."" What the study did
find was a higher intensity, rather than prevalence, in the

The maximum scores in each category are: selection (4), comparability

patient groups, notably the schizophrenia group. More-
over, the use of antipsychotics was related to lower
antibody titers. This was the first study to emphasize the
importance of controlling for age, since it is a major
confounder for the seroprevalence of anti-T. gondii
immunoglobulin G (IgG) antibodies.

Only two studies investigated Brazilian samples. One
of them, a cross-sectional study that assessed the
serological status of 48 patients with schizophrenia and
40 healthy controls, found similar seroprevalence and
titers for both IgG and immunoglobulin M anti-T. gondii
antibodies in both groups.'® Another study, on the other
hand, compared 34 patients with schizophrenia and 85
healthy controls, finding a seropositivity prevalence of
91.18% (95%CI 77.04-96.95) among the patients, com-
pared to 70.59% (95%CI 60.18-79.21) among controls.
The difference was considered significant (p = 0.017).%°
These results, while mostly reinforcing the association
hypothesis, are relevant regarding possible biases and
confounders in some studies.

Major depressive disorder

Four studies included in this review involved MDD. All of
them contradicted the hypothesis that ET and MDD are
associated, consistent with previous literature (Table 3).
The quality of the studies ranged from good to very good
(mean score = 7.5, SD = 0.57).'1:2527:36 Degpite the
higher overall serum antibody levels in the patient group
(465 individuals with MDD), a case-control study found no
significant difference with healthy controls (214 indivi-
duals). It should be pointed out that first-episode patients
were significantly more likely to have high antibody titers,
and not all groups in this study were age matched."" In
another case-control study with 61 depressive patients,
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442

SM Fernandes et al.

six (9.8%) were seropositive for T. gondii compared to
64 out of 681 (9.4%) controls (OR = 1.052; 95%CI 0.466-
2.45; p = 0.810).2” A case-control study compared 571
healthy controls to 64 patients with MDD, finding no
association with ET (6.1 vs. 7.8%, further data not found).®®
In a fourth study, 12 of the 50 (24%) patients with MDD
were seropositive for IgG titers vs. 11 of the 50 healthy
controls(22%). Again, no association was found, consistent
with previous literature on the subject.?®

Bipolar disorder

Eleven papers included in this review involved BD. Of
these, six (54.5%) corroborated the association hypoth-
esis and five (45.4%) contradicted it. The quality of the
studies ranged from satisfactory to very good (mean
score = 7.45, SD = 0.82; Table 4). We did not find a
significant difference in mean quality scores between
papers that corroborated or contradicted the association
hypothesis (p = 0.279; Table 5). When adjusting for

covariates such as age and coinfection, the seropreva-
lence in the BD group was significantly higher the healthy
control group.?®

This finding has been replicated by several authors,
and an association between BD and T. gondii seropreva-
lence (OR =1.77; 95%CI 1.01-3.10; p = 0,045) was found
after excluding patients coinfected with other neurotropic
pathogens and a family history of psychiatric disorders.*®
On the other hand, another case-control study found no
association between serological markers of prenatal
infection and risk of BD.*®

Overall, the literature is still dubious as to the association
between ET and BD. While several studies have corrobo-
rated the hypothesis, others have consistently contradicted
it based on relevant samples.®”#245 Nevertheless, it should
be noted that both of the above described studies were
based on neonatal blood samples, meaning that the
antibodies probably originated from the mother, rather than
the newborn’s exposure to the parasite.

Table 3 Major depressive disorder and exposure to toxoplasmosis: assessment of study quality using the Newcastle-

Ottawa Scale

Reference Selection Comparability Exposure/outcome Total Quality
Cetinkaya®* b ** b 7 Good
Chen21 *kkk *k *k 8 Good
Hinze-Selch b * ** 7 Good
Yolken®® b ** b 8 Good

Higher quality studies are indicated by more stars in each category. The maximum scores in each category are: selection (4), comparability

(2), outcome or exposure (3), for a maximum total score of 9.
Hypothesis of association: all studies contradicted it.

Table 4 Bipolar disorder and exposure to toxoplasmosis: assessment of study quality using the Newcastle-Ottawa Scale

Reference Selection Comparability Exposure/outcome Total Quality Hypothesis of association
Afifi? - w* 7 Good Yes
Cher)é7 b b b 8 Good Yes
F *kkk *k ** N
: » ;o o
Hamdaniii b * b 6 Satisfactory Yes
Hamdani o > ** 7 Good Yes
MOrtensenZ ool > el ? Veg Ggod “o
ortensen i ** ** 00! [o]
OIiveira4476 wex b ** 7 Good Yes
Pearce el ** ** 7 Good No
Yolken®® i > * 8 Good No

Higher quality studies are indicated by more stars in each category
(2), outcome or exposure (3), for a maximum total score of 9.

. The maximum scores in each category are: selection (4), comparability

Table 5 Total scores using the Newcastle-Ottawa Scale for study quality assessment: Papers that assessed the hypothesis of
association between bipolar disorder and exposure to toxoplasmosis

Corroborates Total score* Contradicts Total score*
Afifi! 7 Frye*? 8
Chen?’ 8 Mortensen®” 9
Hamdani?® 8 Mortensen*® 7
Hamdani*3 6 Pearce*’ 7
Hamdani** 7 Yolken®® 8
Oliveira*® 7 - -
Mean score (*= SD) 7.16 (= 0.75) 7.8 (= 0.83)

* Of a total possible score of 9.
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Discussion

This review describes the main results of studies that
evaluated the association between ET and major psy-
chiatric disorders (schizophrenia, BD and MDD), using
the criteria and diagnostic interviews summarized in the
DSM-IV and later manuals. While there is consensus
regarding the lack of association between ET and MDD,*®
there are conflicting findings regarding its association with
schizophrenia and BD, since we observed heterogeneity
of results. A plausible explanation is the above-mentioned
strain hypothesis, 21432 since different regional strains of
T. gondii affect different populations and could mediate
different neuropsychiatric effects. Furthermore, the viru-
lence and strain-specific effects of the three types of
T. gondii, including an increased risk of psychosis in the
offspring of pregnant women exposed to the type |
parasite, have been previously described.*®

It has also been pointed out that the patient’s disease
and treatment phase may play a role in serum antibody
levels.®® Another study reported higher antibody levels in
both serum and cerebrospinal fluid in patients subsequent
to a first episode of schizophrenia who had not used anti-
psychotics. Conversely, they found lower antibody levels
in patients subsequent to a first episode of schizophrenia
who had been treated with antipsychotics than other
patients in the same state, both those who had never
used antipsychotics and those who formerly, but not
currently, used them.*°

Furthermore, a population-based study®' indicated that
constant exposure to the parasite is necessary to main-
tain serum immunoglobulin levels specific to it. Moreover,
carbamazepine, valproic acid, haloperidol, and risperi-
done exhibit inhibitory activity against T. gondii replication
in vitro, which indicates that patient treatment status
should be assessed and adjusted as a bias in forthcoming
studies.®

Based on these findings, it is possible that the
increased seroprevalence found in patients with recent
onset psychosis or first episode of schizophrenia falls
considerably in patients with chronic schizophrenia or BD,
depending on pharmacological treatment and the lack of
new exposure to the parasite. In fact, in these studies the
majority of patients were being treated with psychotropics
such as carbamazepine, lithium, and olanzapine and were
in the chronic stage of their respective disorders.'"19:21:26

In addition, a recently published French cohort study®?
showed that treatments with anti-toxoplasmic activity were
associated with a lower volume of depressive symptoms
(aOR = 0.8 [95%CI 0.7-0.9]; p = 0.01), as well as with lower
rates of chronic peripheral inflammation (20.9 vs. 48.6%;
aOR = 3.5 [95%CI 1.5-7.9]; p = 0.003). This is consistent
with the findings of a cross-sectional study on the same
drugs.>® The French cohort study consecutively selected
250 patients with schizophrenia, finding that their seropre-
valence of T. gondii was approximately three times higher
than that of the general population. Among the seropositive
patients, higher scores were found in the negative PANSS
subscales (OR = 1.1 [95%CI 1.1-1.1]; p = 0.04) and for
excitation (OR = 1.3 [95%CI 1.1-1.6]; p = 0.01), as well as
for extrapyramidal symptoms. This study was not included

Exposure to toxoplasmosis and major psychiatric disorders

in our review because it did not fit the eligibility criteria (i.e.,
it did not compare cases and healthy controls).

Despite contradicting the association hypothesis, a
cross-sectional study that controlled for sociodemo-
graphic variables such as age, gender and place of
residence, showed that seropositivity to anti-T. gondii
antibodies remained a good predictor of clinically relevant
psychotic symptoms (p = 0.001), including hallucinations
(incidence rate ratio [IRR] = 1.80; 95%CI 1.14-2.83; p =
0.011) and delusional symptoms (IRR = 1.48; 95%CI 1.13-
1.93; p = 0.004). In a logistic regression model, serum
antibody levels were also verified as a predictor of clinically
relevant psychotic symptoms when the variables “age,”
“gender,” “education level,” “residence region,” and “cat
ownership” were controlled for (OR = 1.35; 95%CI 1.15-
1.59; p = 0.001).%

Serum antibody levels was also reported to be higher
in patients with schizophrenia than healthy controls, and
the acoustic startle response was slower in seropositive
than seronegative individuals. These data are consistent
with the psychomotor retardation observed in individuals
seropositive for T. gondii who have not been diagnosed
with a psychiatric disorder.®*

Together, these findings suggest that the literature’s
ambiguity about the association between ET and schizo-
phrenia is related to methodological flaws and indicates
that the statistical analysis in future research should
include variables such as disease stage and time since
onset, treatment type, patient origin, and seroprevalence
at the study site, as well as the participants’ age and
gender.

In BD the disease phase might play an even greater
role in this association. Several studies indicated that
chronic T. gondiiinfection of the central nervous system is
associated with increased dopamine levels through
previously mentioned mechanisms.®5%5¢ Traditionally,
manic or psychotic states have been associated with
dopaminergic hyperactivity. Moreover, psychostimulants
that increase extracellular levels of dopamine influence
behavior in a manner compatible with mania.>” Thus, in
addition to drug use, it would be important for research in
this field to provide more information about the patients’
mood at the time of data collection, as well as the type
and polarity of BD. It is possible that the heterogeneity of
the results is due to these factors. None of the studies
assessing this association took the above-mentioned
variables into account in their statistical analyses.

Concerning the temporal aspects of the infection,
a recent case-control study found that the association
between ET and schizophrenia (OR = 1.47; 95%CI 1.03-
2.09) was even stronger when pathogen exposure pre-
ceded the outcome (IRR = 2.78; 95%Cl 1.27-6.09).%8
Despite the methodological rigor, this study included
patients diagnosed with ICD-8 criteria and, thus, was
excluded from the present review.

A major limitation of our review is the use of serological
status as a diagnostic tool of latent toxoplasmosis, since
it is an indirect measure of T. gondii activity in the orga-
nism and does not necessarily indicate the presence of
cysts in the central nervous system. Also, as previously
discussed, some of the included studies were based on
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blood samples from newborns, meaning that the obser-
ved antibodies were most likely maternal. Nevertheless,
the National Reference Center for Toxoplasmosis high-
lights the presence of anti-T. gondii IgG antibodies as
indicative of the chronic presence of the parasite in the
body. It also shows that serological studies are the most
commonly used tool to identify T. gondii infection.%®
Furthermore, the same study indicates that serum levels
of IgG antibodies tend to progressively decrease approxi-
mately 1 year after primary infection, due to latent cysts
in certain areas of the body, such as the muscles, eyes,
and brain. This information is in line with previously
mentioned studies.>"®° The body of evidence indicates
that, although not the ideal method for detecting T. gondii
cystic activity in the central nervous system, serological
studies are the best diagnostic tool available today.

Moreover, coinfection by cytomegalovirus indicates
that there may be a non-specific inflammatory component
which acts as a confounding variable in cases where
there is an association between ET and major psychiatric
disorders.?* Further research on the topic should also
assess inflammatory and serological markers for other
known neurotropic infectious agents.

The inclusion of such variables in future studies will
help explain the relationship between T. gondii and major
psychiatric disorders, providing the scientific community
with information that can definitively identify both the
correlation and a possible causal relationship.

In conclusion, this systematic review has outlined the
controversy in the literature about the association between
ET and major psychiatric disorders. Although absent in
patients with MDD, the majority of the included studies
did find an association with schizophrenia and BD. The
heterogeneity of the results demonstrates the need for
greater attention to detail in future studies, including better-
defined samples and refined methods. While updating the
state of art on research about the association between ET
and major psychiatric disorders, we suggest the inclusion
of new variables in future studies: treatment status and
serum antibody levels of T. gondii; the seroprevalence of
other neurotropic pathogens (e.g., human immunodefi-
ciency virus 1 and 2, cytomegalovirus, HSV 1 and 2, and
hepatitis A, B, and C); a detailed description of the sample
regarding subtypes and different disease phases; and the
neutralization of other confounders, such as age, gender,
patients origin, and T. gondii strain.
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