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Efficacy of anti-Toxoplasma medications on symptom
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meta-analysis
Juan F. Cano,1,20000-0000-0000-0000 Sebastián Galindo-Pita,20000-0000-0000-0000 Andrés Felipe Sarmiento,1,20000-0000-0000-0000 DanielaMéndez,20000-0000-0000-0000

Bibiana Briceño,20000-0000-0000-0000 Germán Mejı́a-Salgado,3,40000-0000-0000-0000 Alejandra de-la-Torre3,40000-0000-0000-0000

1Centro Rosarista de Salud Mental, Escuela de Medicina y Ciencias de la Salud (EMCS), Universidad del Rosario, Bogotá, Colombia.
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Objective: This systematic review and meta-analysis assessed the efficacy of anti-Toxoplasma
medications on schizophrenia spectrum disorders. Given the emerging evidence linking Toxoplasma
gondii infection to schizophrenia, understanding these results may provide targeted treatments for
patients with schizophrenia who are infected with T. gondii.
Methods: A comprehensive search of PubMed, Scopus, and Lilacs databases following Preferred
Reporting Items for Systematic Reviews and Meta-Analyses guidelines identified studies on anti-
Toxoplasma antibiotics in schizophrenia or schizoaffective disorder. The inclusion criteria were
primary observational studies and randomized controlled trials, and the risk of bias was assessed
using appropriate tools. Meta-analyses of the standardized mean differences were conducted to
compare Positive and Negative Syndrome Scale scores from baseline to post-treatment. Statistical
analyses were performed in R 4.3.1. Funnel plots and Egger’s tests were applied to assess publication
bias.
Results: Of 5,491 screened studies, 19 met the inclusion criteria: 13 randomized controlled trials, four
secondary analyses, one cross-sectional study, and one cohort study. A meta-analysis of the
randomized controlled trials revealed that antibiotics had a small effect on symptom improvement
(-3.12, 95%CI -5.82 to -0.41). Minocycline yielded mixed outcomes, showing improvements in
negative symptoms and cognitive function in some studies but no effect on others. Other antibiotics,
like azithromycin and artemisinin, showed limited benefits regarding T. gondii immunoglobulin G-
positive patients, although artemether did not. No publication bias was detected.
Conclusion: Anti-Toxoplasma antibiotics may offer potential benefits as adjunctive therapy for
schizophrenia. However, the studies’ heterogeneity and methodological limitations make it difficult to
draw conclusions. Large-scale randomized controlled trials are needed to further clarify the role of anti-
Toxoplasma antibiotics in schizophrenia treatment.
Systematic review registration: PROSPERO, CRD42024522694
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Introduction

Schizophrenia, a chronic mental illness that affects
approximately 0.75% of the global population, is char-
acterized by a range of symptoms that affect cognition,
emotion, and behavior, leading to significant impairment
in daily functioning.1,2 The DSM-5 requires at least
two symptoms, including one positive symptom, such
as hallucinations, delusions, disorganized speech, or

abnormal motor behavior, for diagnosis.3 Negative symp-
toms, such as diminished emotional expression and
motivation, are also crucial in the clinical presentation.4-6

The etiology of schizophrenia is multifactorial, invol-
ving both genetic and environmental factors.7 Genetic
studies have identified various loci associated with
the disorder, reflecting its complex nature.8 Dopamine
dysfunction plays a central role in psychosis,9 but
environmental factors like prenatal infections, particularly
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toxoplasmosis, also contribute significantly to schizophre-
nia risk.10

In recent decades, the link between Toxoplasma gondii
infection and schizophrenia has been extensively
researched. Studies suggest that T. gondii is a potential
environmental risk factor for schizophrenia and schizo-
affective disorder.11-15 Epidemiological data show a
significant association between maternal exposure to T.
gondii and an increased risk of schizophrenia in offspring,
including earlier symptom onset,16-19 which shows the
importance of infection timing during fetal development.

Cross-sectional and cohort studies show a higher
prevalence of T. gondii antibodies in individuals with
schizophrenia than the general population,15 which sug-
gests that chronic T. gondii infection, especially in those
genetically predisposed to altered immune responses, may
exacerbate schizophrenia symptoms.20-22 Experimental
studies in murine models have provided insights into its
pathophysiological mechanisms. T. gondii infection affects
dopamine neurotransmission via the kynurenine pathway,
potentially influencing schizophrenia symptomatology.23

Elevated kynurenic acid levels inhibit a7 nicotinic recep-
tors, reducing dopamine release and linking immune
activation, glutamate modulation, and dopaminergic dys-
regulation.24 Additionally, T. gondii contains genes that
encode tyrosine hydroxylase, an enzyme important for
dopamine biosynthesis.14

Toxoplasmosis treatment has been explored, with
studies suggesting that some first-generation antipsycho-
tic medications with anti-Toxoplasma properties may
alleviate psychotic symptoms and cognitive impairment
in seropositive patients.25

Although no universally effective treatment for T. gondii
infection exists, several medications are commonly
used,26,27 Pyrimethamine-sulfadiazine remains the most
commonly used regimen for the active stage, but it does
not address the latent stage.26 Other treatments, including
spiramycin, azithromycin, atovaquone, traditional Chinese
medicine, trimethoprim-sulfamethoxazole, and combina-
tions of pyrimethamine with clindamycin, atovaquone,
clarithromycin, or azithromycin, have also been tested.27,28

Despite promising results, no regimen has proven superior
to pyrimethamine-sulfadiazine, and none target the latent
stage of the infection. These findings highlight the need for
innovative treatment strategies.26,27,29

Medications used to treat toxoplasmosis primarily
inhibit T. gondii replication in the brain.30 Recent studies
suggest that these medications may also affect brain
neurotransmitters, particularly dopamine, which plays a
key role in schizophrenia pathophysiology.31 By reducing
the parasitic load and modulating dopaminergic activity,
these antibiotics may provide additional antipsychotic
effects, potentially alleviating psychiatric symptoms in
schizophrenia associated with T. gondii infection.32

In addition to their antiparasitic activity, some anti-
biotics used or investigated in the context of T. gondii
infections exhibit anti-inflammatory properties.33,34 This
may be particularly relevant given the emerging role of
neuroinflammation in schizophrenia.35 These agents can
modulate microglial activation and pro-inflammatory

cytokine production,34 suggesting a biological pathway
that may influence symptom severity, especially in
negative and cognitive domains.36

This systematic review aimed to evaluate the efficacy
of anti-T. gondii medications on clinical outcomes,
including positive and negative symptom severity, and
cognitive functioning in schizophrenia patients. A thor-
ough literature search and analysis of the included studies
were conducted to assess treatment efficacy and explore
potential biological mechanisms.

Methods

Study design

This systematic review and meta-analysis adhere to
Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) guidelines. The protocol was
registered in the International Prospective Register of
Systematic Reviews (PROSPERO, CRD42024522694;
March 9, 2024). As this study relied exclusively on
publicly available data, aggregate data, institutional
review board approval was not required.

Search strategy

A systematic search was conducted in PubMed, Scopus,
and LILACS – databases selected for their broad cover-
age of biomedical literature on schizophrenia and T.
gondii infection. Customized search strategies incorpor-
ating MeSH, Entry, and DECs terms were applied
(Supplementary Material S1). The searches were per-
formed on March 21, 2024, and the process was
documented according to PRISMA standards (Figure 1).

Eligibility criteria

We included primary observational studies and clinical
trials that enrolled at least 10 individuals diagnosed with
schizophrenia or schizoaffective disorder. Eligible study
designs included case series, case-control studies, cohort
studies, cross-sectional studies, and clinical trials. Pub-
lications in English or Spanish were considered. We
excluded case series with fewer than 10 patients, non-
human studies, case reports, economic analyses, and all
types of reviews (systematic, scoping, and narrative),
since they did not meet the scope of this review.

Participant criteria

The included studies enrolled patients of any age, sex, or
ethnicity diagnosed with schizophrenia or schizoaffective
disorder according to DSM-IV or DSM-5 criteria (depend-
ing on study year). Participants must have received
medications reported in the literature to exhibit anti-
Toxoplasma activity – either antiparasitic agents or
psychiatric drugs with demonstrated anti-Toxoplasma
effects.25 Studies that did not confirm diagnosis through
structured or semi-structured interviews were excluded.
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Study selection

All search results were uploaded into Rayyan (https://
new.rayyan.ai/), an online platform that facilitates screen-
ing for systematic reviews. Two pairs of reviewers (AFS,
SGP, DM, and BB) independently screened the studies
and categorized as ‘‘included,’’ ‘‘excluded,’’ or ‘‘requiring
further revision.’’ Discrepancies were resolved through
discussion, and when necessary, a third reviewer (JFC)
adjudicated according to the predefined eligibility criteria.

Data extraction

Data extraction was performed by two reviewers (SGP
and AFS) using a standardized, pre-validated form in
Microsoft Excel. The extracted variables included author,
title, digital object identifier, publication year, study

design, sample size, patient demographics, number of
participants receiving anti-Toxoplasma medications, and
outcomes related to symptom severity, which were
assessed using validated scales such as Positive and
Negative Syndrome Scale (PANSS),37 the Scale for the
Assessment of Negative Symptoms,38 and the Scale for
the Assessment of Positive Symptoms,39 in addition to
cognition, which was assessed using cognitive batteries.
A third reviewer (JFC) independently verified the
extracted data for accuracy and consistency.

Risk of bias assessment

Risk of bias was independently evaluated by two
reviewers, using validated tools tailored to each study
design.

Records screened
(n=3,276)

Reports assessed for eligibility
(n=47)

Records excluded (n=3,228):

Reports sought for retrieval
(n=48)

Reports not retrieved
(n=1)

Id
en

ti
fi

ca
ti

o
n

Identification of studies via databases and registers
In

cl
u

d
ed

S
cr

ee
n

in
g

Records identified from:

Studies included in the review
(n=19)

– Databases (n=5,491):
Records removed before
screening (n=2,215):

Reports excluded (n=28):

– Records removed (n=153)
– Records marked as ineligible

by automation tools (n=2,062)

– Did not fulfill inclusion
criteria (n=3,211)

– Incomplete information (n=15)
– Wrong population (n=2)

– Wrong population (n=18)
– Wrong intervention (n=5)
– Wrong study design (n=4)
– Protocol with no results (n=1)

– Registers (n=2)

PubMed (n=675)
Scopus (n=4,811)
LILACS (n=5)

Figure 1 PRISMA flow diagram detailing the identification, screening, eligibility assessment, and inclusion of studies in the
systematic review and meta-analysis, including records identified from PubMed, Scopus, LILACS, and study registers.
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Cohort studies

Cohort studies were assessed using the Clinical
Advances Through Research and Information Translation
tool from McMaster University (https://www.clarity
research.ca/), which evaluates eight domains, including
cohort selection, exposure assessment, and outcome
measurement. Responses were translated into risk levels:
‘‘Definitely yes’’ = low risk of bias; ‘‘Probably yes’’ or
‘‘Probably no’’ = some concern; ‘‘Definitely no’’ = high risk
of bias. Studies with a ‘‘high risk’’ score in any domain
were classified as having a high overall risk of bias.

Cross-sectional studies

Cross-sectional studies were assessed using Hoy et al.’s
modified tool,40 which includes 10 items spanning four
bias domains. Scores 0-1 indicated high external validity,
2 indicated some concern, and 3+ indicated low validity.
Internal validity was rated similarly. Studies with a ‘‘high
risk’’ score in any domain were classified as having a high
overall risk of bias.

Case series

Case series were assessed using criteria proposed by
Murad et al.41 A ‘‘yes’’ response indicated low risk of bias,
‘‘no’’ indicated high risk, and ‘‘not applicable’’ indicated
some concern.

Randomized controlled trials

Randomized controlled trials (RCTs) were assessed
using the RoB-2 tool,42 which covers five specific bias
domains: randomization, deviation from intended inter-
vention, missing data, outcome measurement, and
selection of the reported results.

Non-randomized interventional studies

Non-randomized intervention studies were assessed
using the ROBINS-I tool,43 which covers seven domains:
confounding, selection of participants, classification of
intervention, deviation from interventions, missing out-
come data, measurement of outcomes, and selection of
the reported results. All risk assessments were visualized
using the Robvis tool (https://www.riskofbias.info/wel
come/robvis-visualization-tool).

Data synthesis and statistical analysis

All statistical analyses were conducted in R 4.3.1 (https://
www.R-project.org/). Meta-analyses of standardized
mean differences with 95%CIs were performed to assess
changes in PANSS scores from baseline to post-
treatment. Standardized mean differences were com-
puted using Hedges’ g, which applies a small-sample
correction to Cohen’s d via the escalc() function in the
metafor package.44 Heterogeneity was assessed using
the I2 statistic. Given anticipated clinical and methodolo-
gical variability across studies (I2 4 50%), a random-
effects model was employed. To avoid duplicating patient
populations, only one treatment arm was included when

multiple arms were reported in a study. For example, in
Zhang et al., who reported two treatment arms with
different doses, we selected the one corresponding to the
most commonly used dose among the included studies.45

In one study that included two distinct populations, the
data were plotted separately.46

Studies were stratified into two analytic groups: 1) all
eligible studies and 2) a subset of studies evaluating
minocycline. Although not a first-line agent for toxoplas-
mosis, minocycline has shown antiparasitic activity and
potential effects in multiple comparisons. Publication bias
was assessed through visual inspection of funnel plots
and Egger’s regression test.

Follow-up time was included as a moderator in the
meta-analysis to determine whether treatment effects
varied according to follow-up duration.

The complete and reproducible R code used for data
processing, effect size calculation, meta-analyses, mod-
erator analyses, and graphical outputs is provided in
Supplementary Material S2.

Ethics statement

This study complied with ethical standards for research
involving human subjects as defined by the Declaration of
Helsinki, the Belmont Report, and Colombian Resolution
008430 of 1993. Classified as risk-free under the
aforementioned resolution, the study did not involve direct
patient contact or access to non-anonymized personal
data and was based exclusively on previously published
studies. Therefore, ethics committee approval was not
required.

Results

Initially, 5,491 potentially relevant studies were identified.
After removing 153 duplicates, 5,338 articles remained for
screening. Using automated tools in Rayyan, 2,062
articles were excluded based on type (e.g., reviews or
letters) and population (e.g., animal studies). Subse-
quently, 3,276 articles were manually reviewed by two
independent investigators. Of these, 3,228 were
excluded: 3,210 for not meeting the inclusion criteria, 15
due to incomplete information, two for not meeting the
population criteria, and one for irrelevance. A total of 48
full-text reports were sought for retrieval, but one was
deemed unobtainable despite several attempts to contact
the authors. Consequently, 47 articles were assessed in
full, of which 28 were excluded for not meeting the
inclusion criteria. Ultimately, 19 studies were included in
the final synthesis (Figure 1).

Study characteristics

All 19 studies were included in the qualitative analysis:
13 RCTs, four secondary analyses of these RCTs, one
cross-sectional study from France, and one cohort study
from Denmark (Table 1 and Supplementary Table S1).
Most of the included studies did not evaluate first-line
treatments for toxoplasmosis but rather agents with
known or suspected anti-parasitic activity.

Braz J Psychiatry. 2026;48:e20254185

4 JF Cano et al.

https://www.clarityresearch.ca/
https://www.clarityresearch.ca/
https://www.riskofbias.info/welcome/robvis-visualization-tool
https://www.riskofbias.info/welcome/robvis-visualization-tool
https://www.R-project.org/
https://www.R-project.org/


T
a
b
le

1
C
h
a
ra
c
te
ri
s
ti
c
s
o
f
s
tu
d
ie
s
in
c
lu
d
e
d
in

th
e
s
y
s
te
m
a
ti
c
re
v
ie
w
e
v
a
lu
a
ti
n
g
a
n
ti
-T
o
x
o
p
la
s
m
a
a
n
d
a
n
ti
b
io
ti
c
tr
e
a
tm

e
n
ts

a
s
a
d
ju
n
c
ti
v
e
th
e
ra
p
y
in

s
c
h
iz
o
p
h
re
n
ia

s
p
e
c
tr
u
m

d
is
o
rd
e
rs

A
u
th
o
r

C
o
u
n
tr
y

n
T
y
p
e
o
f

s
tu
d
y

T
im

e
P
o
p
u
la
ti
o
n

B
a
s
a
l

tr
e
a
tm

e
n
t

In
te
rv
e
n
ti
o
n

P
o
s
it
iv
e

s
y
m
p
to
m

a
s
s
e
s
s
m
e
n
t

N
e
g
a
ti
v
e

s
y
m
p
to
m

a
s
s
e
s
s
m
e
n
t

C
o
g
n
it
iv
e

s
y
m
p
to
m

a
s
s
e
s
s
m
e
n
t

C
o
n
c
lu
s
io
n
s

W
a
n
g
4
7

C
h
in
a

1
0
0

R
C
T

8
w
e
e
k
s

S
c
h
iz
o
p
h
re
n
ia

d
ia
g
n
o
s
e
d

o
2
y
e
a
rs

w
it
h
Ig
G
+

fo
r

T
.
g
o
n
d
ii

R
is
p
e
ri
d
o
n
e

A
rt
e
m
e
th
e
r

P
A
N
S
S

T
h
e
n
e
g
a
ti
v
e

s
u
b
s
c
a
le

o
f

P
A
N
S
S

B
A
C
S

B
e
n
e
fi
ts

fo
r

n
e
g
a
ti
v
e

s
y
m
p
to
m
s

D
ic
k
e
rs
o
n
4
8

U
n
it
e
d
S
ta
te
s

5
7

R
C
T

1
2
w
e
e
k
s

S
c
h
iz
o
p
h
re
n
ia

A
n
ti
p
s
y
c
h
o
ti
c

A
rt
e
m
is
in
in

P
A
N
S
S

T
h
e
n
e
g
a
ti
v
e

s
u
b
s
c
a
le

o
f

P
A
N
S
S

R
B
A
N
S

N
o
b
e
n
e
fi
ts

D
ic
k
e
rs
o
n
4
9

U
n
it
e
d
S
ta
te
s

2
8

R
C
T

1
6
w
e
e
k
s

S
c
h
iz
o
p
h
re
n
ia

w
it
h
Ig
G
+

fo
r
T
.
g
o
n
d
ii

A
n
ti
p
s
y
c
h
o
ti
c

A
z
it
h
ro
m
y
c
in

P
A
N
S
S

T
h
e
n
e
g
a
ti
v
e

s
u
b
s
c
a
le

o
f

P
A
N
S
S

-
N
o
b
e
n
e
fi
ts

C
h
a
u
d
h
ry

4
6

P
a
k
is
ta
n
&

B
ra
z
il

1
1
4

R
C
T

1
2
m
o
n
th
s

S
c
h
iz
o
p
h
re
n
ia

s
p
e
c
tr
u
m

d
is
o
rd
e
r,
d
ia
g
n
o
s
e
d

o
5
y
e
a
rs

A
n
ti
p
s
y
c
h
o
ti
c

M
in
o
c
y
c
lin
e

P
A
N
S
S

T
h
e
n
e
g
a
ti
v
e

s
u
b
s
c
a
le

o
f

P
A
N
S
S

-
B
e
n
e
fi
ts

fo
r

n
e
g
a
ti
v
e

s
y
m
p
to
m
s

D
e
a
k
in

5
0

U
n
it
e
d

K
in
g
d
o
m

2
0
7

R
C
T

1
2
m
o
n
th
s

S
c
h
iz
o
p
h
re
n
ia

s
p
e
c
tr
u
m

d
is
o
rd
e
r,
d
ia
g
n
o
s
e
d

o
5
y
e
a
rs

A
n
ti
p
s
y
c
h
o
ti
c

M
in
o
c
y
c
lin
e

P
A
N
S
S

T
h
e
n
e
g
a
ti
v
e

s
u
b
s
c
a
le

o
f

P
A
N
S
S

-
N
o
b
e
n
e
fi
ts

K
e
lly

5
1

U
n
it
e
d
S
ta
te
s

5
0

R
C
T

1
2
m
o
n
th
s

S
c
h
iz
o
p
h
re
n
ia

o
r

s
c
h
iz
o
a
ff
e
c
ti
v
e
d
is
o
rd
e
r

C
lo
z
a
p
in
e

M
in
o
c
y
c
lin
e

B
P
R
S

-
M
C
C
B

B
e
n
e
fi
ts

fo
r
s
o
m
e

s
y
m
p
to
m

c
a
te
g
o
ri
e
s

(a
n
x
ie
ty
,

d
e
p
re
s
s
io
n
)

K
h
o
d
a
ie
-

A
rd
a
k
a
n
i5
2

Ir
a
n

4
0

R
C
T

8
w
e
e
k
s

S
c
h
iz
o
p
h
re
n
ia

R
is
p
e
ri
d
o
n
e

M
in
o
c
y
c
lin
e

P
A
N
S
S

T
h
e
n
e
g
a
ti
v
e

s
u
b
s
c
a
le

o
f

P
A
N
S
S

-
B
e
n
e
fi
ts

fo
r

n
e
g
a
ti
v
e

s
y
m
p
to
m
s
a
n
d

g
e
n
e
ra
l

p
s
y
c
h
o
p
a
th
o
lo
g
y

L
e
v
k
o
v
it
z
3
3

Is
ra
e
l

5
4

R
C
T

6
m
o
n
th
s

S
c
h
iz
o
p
h
re
n
ia

d
ia
g
n
o
s
e
d

o
5
y
e
a
rs

A
n
ti
p
s
y
c
h
o
ti
c

M
in
o
c
y
c
lin
e

P
A
N
S
S

S
A
N
S

C
A
N
T
A
B

B
e
n
e
fi
ts

fo
r

n
e
g
a
ti
v
e

s
y
m
p
to
m
s
a
n
d

e
x
e
c
u
ti
v
e

fu
n
c
ti
o
n
in
g

L
iu

5
3

C
h
in
a

7
9

R
C
T

1
6
w
e
e
k
s

S
c
h
iz
o
p
h
re
n
ia

d
ia
g
n
o
s
e
d

o
5
y
e
a
rs

R
is
p
e
ri
d
o
n
e

M
in
o
c
y
c
lin
e

P
A
N
S
S

S
A
N
S

C
o
g
n
it
iv
e
te
s
t

b
a
tt
e
ry

b
a
s
e
d

o
n
M
C
C
B

B
e
n
e
fi
ts

fo
r

n
e
g
a
ti
v
e

s
y
m
p
to
m
s
a
n
d

a
tt
e
n
ti
o
n

W
e
is
e
r5

4
R
o
m
a
n
ia

&
M
o
ld
o
v
a

2
0
0

R
C
T

1
6
w
e
e
k
s

S
c
h
iz
o
p
h
re
n
ia

o
r

s
c
h
iz
o
a
ff
e
c
ti
v
e
d
is
o
rd
e
r

A
n
ti
p
s
y
c
h
o
ti
c

M
in
o
c
y
c
lin
e

P
A
N
S
S

-
B
A
C
S

N
o
b
e
n
e
fi
ts

C
o
n
ti
n
u
e
d
o
n
n
e
x
t
p
a
g
e

Braz J Psychiatry. 2026;48:e20254185

Anti-Toxoplasma medications in schizophrenia 5



T
a
b
le

1
(C

o
n
ti
n
u
e
d
)

A
u
th
o
r

C
o
u
n
tr
y

n
T
y
p
e
o
f

s
tu
d
y

T
im

e
P
o
p
u
la
ti
o
n

B
a
s
a
l

tr
e
a
tm

e
n
t

In
te
rv
e
n
ti
o
n

P
o
s
it
iv
e

s
y
m
p
to
m

a
s
s
e
s
s
m
e
n
t

N
e
g
a
ti
v
e

s
y
m
p
to
m

a
s
s
e
s
s
m
e
n
t

C
o
g
n
it
iv
e

s
y
m
p
to
m

a
s
s
e
s
s
m
e
n
t

C
o
n
c
lu
s
io
n
s

Z
h
a
n
g
4
5

C
h
in
a

7
5

R
C
T

3
m
o
n
th
s

S
c
h
iz
o
p
h
re
n
ia

R
is
p
e
ri
d
o
n
e

M
in
o
c
y
c
lin
e

P
A
N
S
S

S
A
N
S

-
B
e
n
e
fi
ts

fo
r

n
e
g
a
ti
v
e

s
y
m
p
to
m
s

S
h
ib
re

5
5

E
th
io
p
ia

7
9

R
C
T

6
m
o
n
th
s

S
c
h
iz
o
p
h
re
n
ia

A
n
ti
p
s
y
c
h
o
ti
c

T
ri
m
e
th
o
p
ri
m

P
A
N
S
S

T
h
e
n
e
g
a
ti
v
e

s
u
b
s
c
a
le

o
f

P
A
N
S
S

-
N
o
b
e
n
e
fi
ts

Ib
ra
h
im

5
6

E
g
y
p
t

8
5

R
C
T

1
8
w
e
e
k
s

S
c
h
iz
o
p
h
re
n
ia

d
ia
g
n
o
s
e
d

o
5
y
e
a
rs

R
is
p
e
ri
d
o
n
e

V
a
lp
ro
a
te

P
A
N
S
S

-
P
e
n
n
-C

N
B

N
o
b
e
n
e
fi
ts

C
h
a
v
e
s
5
7

B
ra
z
il

2
4

R
C
T
–
S
e
c
o
n
d
a
ry

A
n
a
ly
s
is

1
2
m
o
n
th
s

S
c
h
iz
o
p
h
re
n
ia

s
p
e
c
tr
u
m

d
is
o
rd
e
r,
d
ia
g
n
o
s
e
d
o

5
y
e
a
rs

A
n
ti
p
s
y
c
h
o
ti
c

M
in
o
c
y
c
lin
e

P
A
N
S
S

-
-

It
m
a
y
b
e
h
e
lp
fu
l

a
s
a
c
o
a
d
ju
ta
n
t

th
e
ra
p
y
to

a
n
ti
p
s
y
c
h
o
ti
c
s

a
n
d
m
a
y
p
re
v
e
n
t

g
ra
y
m
a
tt
e
r
lo
s
s

K
ry
n
ic
k
i5
8

U
n
it
e
d

K
in
g
d
o
m

2
0
7

R
C
T
–
S
e
c
o
n
d
a
ry

A
n
a
ly
s
is

1
2
m
o
n
th
s

S
c
h
iz
o
p
h
re
n
ia

s
p
e
c
tr
u
m

d
is
o
rd
e
r,
d
ia
g
n
o
s
e
d
o

5
y
e
a
rs

A
n
ti
p
s
y
c
h
o
ti
c

M
in
o
c
y
c
lin
e

P
A
N
S
S

-
-

N
o
b
e
n
e
fi
ts

L
iu

5
9

C
h
in
a

5
5

R
C
T
–
S
e
c
o
n
d
a
ry

A
n
a
ly
s
is

1
6
w
e
e
k
s

S
c
h
iz
o
p
h
re
n
ia

d
ia
g
n
o
s
e
d

o
5
y
e
a
rs

R
is
p
e
ri
d
o
n
e

M
in
o
c
y
c
lin
e

P
A
N
S
S

S
A
N
S

-
N
o
b
e
n
e
fi
ts

Z
h
a
n
g
6
0

C
h
in
a

7
5

R
C
T
–
S
e
c
o
n
d
a
ry

A
n
a
ly
s
is

3
m
o
n
th
s

S
c
h
iz
o
p
h
re
n
ia

R
is
p
e
ri
d
o
n
e

M
in
o
c
y
c
lin
e

-
-

M
C
C
B

B
e
n
e
fi
ts

fo
r

c
o
g
n
it
iv
e

s
y
m
p
to
m
s

F
o
n
d
6
1

F
ra
n
c
e

1
1
4

C
ro
s
s
-S
e
c
ti
o
n
a
l

V
a
ri
a
b
le

S
c
h
iz
o
p
h
re
n
ia

P
A
N
S
S

-
-

N
o
b
e
n
e
fi
ts

d
e
W
it
te

6
2

D
e
n
m
a
rk

1
1
,1
5
7

P
o
p
u
la
ti
o
n
b
a
s
e
d

c
o
h
o
rt
s
tu
d
y

2
1
y
e
a
rs

S
c
h
iz
o
p
h
re
n
ia

A
n
ti
p
s
y
c
h
o
ti
c

D
o
x
y
c
y
c
lin
e

-
-

-
R
e
d
u
c
e
d

in
c
id
e
n
c
e
o
f

d
is
a
b
ili
ty

p
e
n
s
io
n

B
A
C
S
=
B
ri
e
f
A
s
s
e
ss
m
e
n
t
o
f
c
o
g
n
it
io
n
in

S
ch

iz
o
p
h
re
n
ia
;
B
P
R
S
=
B
ri
e
f
P
s
y
c
h
ia
tr
y
R
a
ti
n
g
S
ca

le
;
C
A
N
T
A
B
=
C
a
m
b
ri
d
g
e
N
e
u
ro
p
s
y
ch

o
lo
g
ic
a
l
T
e
s
t
A
u
to
m
a
te
d
B
a
tt
e
ry
;
C
N
B
=
C
o
m
p
u
te
ri
z
e
d

N
e
u
ro
c
o
g
n
iti
v
e
B
a
tt
e
ry
;
Ig

=
im

m
u
n
o
g
lo
b
u
lin
;
M
C
C
B
=
M
A
T
R
IC
S
C
o
n
s
e
n
s
u
s
C
o
g
n
iti
v
e
B
a
tt
e
ry
;
P
A
N
S
S

=
P
o
s
it
iv
e
a
n
d
N
e
g
a
tiv
e
S
yn

d
ro
m
e
S
c
a
le
;
R
B
A
N
S
=
R
e
p
e
a
ta
b
le

B
a
tt
e
ry

fo
r
th
e

A
s
s
e
ss
m
e
n
t
o
f
N
e
u
ro
p
s
y
c
h
o
lo
g
ic
a
l
S
ta
tu
s
;
R
C
T
=
ra
n
d
o
m
iz
e
d
c
o
n
tr
o
lle
d
tr
ia
l;
S
A
N
S

=
S
c
a
le

fo
r
th
e
A
ss
e
s
s
m
e
n
t
o
f
N
e
g
a
tiv
e
S
ym

p
to
m
s
.

Braz J Psychiatry. 2026;48:e20254185

6 JF Cano et al.



Randomized controlled trials

The RCTs were conducted in a diverse range of
countries, including Brazil, Pakistan, China, the United
States, Egypt, Ethiopia, Iran, Israel, Romania, and
Moldova. The studies were selected based on title,
abstract, target population, and the presence of a base-
line treatment with an adjunctive intervention. The
investigated interventions included artemether, artemisi-
nin, azithromycin, and trimethoprim, and all studies
involved limitations such as small sample sizes, short
study durations, or limited reporting of clinical benefits.
Minocycline, a notable intervention due to its positive
outcomes in schizophrenia, was included in the quantita-
tive synthesis. Key information on sample size, follow-up
duration, and outcomes is summarized in Table 1.

Observational studies

Two observational studies were included: one cross-
sectional study from France and one cohort study from
Denmark. These studies offered supplementary insight
into the potential anti-Toxoplasma effects of antipsychotic
medications. However, both involved limitations, including
recruitment bias and missing adherence data.

Risk of bias

The cross-sectional study (Fond et al.) was assessed as
having an unclear risk of bias due to its non-representa-
tive sample and lack of random selection.63 The cohort
study (de Witte et al.) was rated as having a high risk of
bias due to uncertainties regarding baseline outcome
status and other methodological concerns.62

Among the RCTs, the overall risk of bias was rated as
low to unclear. Most uncertainties were related to the
randomization process, selective outcome reporting, and
the outcome measurement in several studies (Supple-
mentary Figures S1 to S3).

Qualitative synthesis

Randomized controlled trials

The included RCTs involved a diverse group of patients,
primarily diagnosed with schizophrenia or schizoaffective
disorder, usually up to 5 years after diagnosis. The age
range spanned from 15 to 65 years, with most participants
in their mid-20s to mid-40s. Sex distribution varied, with
some studies reporting a higher proportion of male
participants.33,50-53,55 The sample sizes ranged from 28
to over 200 patients.49,50 All RCTs were double-blind and
placebo-controlled, employing various randomization
methods, such as computer-generated lists,46,52 per-
muted blocks,50,51 and dynamic treatment allocation.56

Interventions varied across studies: Chaudhry et al.
found that adding minocycline to treatment as usual
significantly improved negative symptoms in patients from
Brazil and Pakistan (adjusted difference 3.53, 95%CI 1.55
to 5.51; p o 0.001).46 In Egypt, Ibrahim et al. found no
significant cognitive benefits from adjunctive valproic acid
(measured using the Arabic version of the Penn

Computerized Neurocognitive Battery) alongside risper-
idone.56 In England, Deakin et al. observed no significant
effects of minocycline on negative symptoms in patients
experiencing first-episode psychosis.50 In the United
States, Dickerson et al. found no significant changes in
positive, negative, or global symptoms (PANSS scores)
with azithromycin or artemisinin,48,49 while Kelly et al.
found improvements in working memory with minocycline,
though positive symptoms remained unchanged.51 In
China, Liu et al. reported improvements in negative
symptoms with minocycline, but not in cognitive
domains.53 Zhang et al. observed that high-dose minocy-
cline reduced negative symptoms and pro-inflammatory
cytokines.45 Wang et al. reported greater reductions in
negative symptoms with artemether plus risperidone
(repeated measure analysis of variance, F = 4.7, degrees
of freedom [df] =1.46, p = 0.03) but no difference in
positive or global PANSS scores.47 In Iran and Israel,
respectively, Khodaie-Ardalani et al. and Levkovitz et al.
reported that minocycline reduced negative symptoms
and improved executive function.33,52 In Ethiopia, Shibre
et al. found no significant benefits with trimethoprim.55 In
Moldova, Weiser et al. observed no significant improve-
ments with minocycline.54 Common limitations in these
studies included small sample sizes, short follow-up
durations, and variable treatment adherence.

Secondary analysis

Four studies performed secondary analyses of RCT data,
examining the effects of adjunctive minocycline in patients
with schizophrenia or schizoaffective disorder. These
analyses explored outcomes such as symptoms, brain
morphology, cerebral perfusion, cognitive functioning,
and inflammatory markers.

In England, Krynicki et al. reanalyzed data from an RCT
of 205 participants (predominantly male) with early-stage
schizophrenia or schizoaffective disorder. They found that
minocycline had no significant effects on inflammatory
markers (interleukin-6, tumor necrosis factor-alpha) or
PANSS-measured symptoms, suggesting that mino-
cycline has limited utility in early schizophrenia.58

In Brazil, Chaves et al. performed a secondary analysis
of 30 patients with early schizophrenia, finding signifi-
cantly greater gray matter volumes in the mid-posterior
cingulate cortex and precentral gyrus among patients
treated with minocycline compared to placebo, suggest-
ing a potential neuroprotective effect.57 However, the
optimal dose for neuroprotection remains unclear.

In a Chinese randomized placebo-controlled trial with
55 patients, Liu et al. reported that minocycline (200 mg/
day for 16 weeks) combined with risperidone significantly
reduced both PANSS and Scale for the Assessment of
Negative Symptoms scores, indicating improved negative
symptoms. They also reported a reduction in nitric oxide
metabolites. No significant changes were observed in
other biomarkers.59

Also in China, Zhang et al. explored cognitive function
in a 3-month trial with 57 patients, comparing high-dose
(200 mg/day) vs. low-dose (100 mg/day) minocycline.
The high-dose group showed greater cognitive

Braz J Psychiatry. 2026;48:e20254185

Anti-Toxoplasma medications in schizophrenia 7



improvement and reductions in interleukin-6 and inter-
leukin-1b levels, indicating a potential dose-response
relationship.60

Observational studies

In France, Fond et al. conducted a cross-sectional study
of 114 stable patients with schizophrenia or schizoaffec-
tive disorder (mean age: 35.69 years, 28.1% female). The
study compared patients who received antipsychotics
with anti-Toxoplasma activity vs. those who received
antipsychotics without such effects. No significant differ-
ences were observed in mood symptoms, suicidal
behavior, psychotic symptoms, or illness severity. Study
limitations included recruitment bias, the exclusion of non-
relapsing patients, and missing pre-treatment immuno-
globulin G titers.63

In Denmark, De Witte et al. conducted a cohort study
using national register data to examine the effect of
doxycycline on functional outcomes. The study included
11,157 outpatients (mean age: 22.4 years; 44.32%
female). The primary outcome – disability pension
incidence – was lower in patients exposed to doxycycline
than in those who did not receive tetracyclines (incidence
rate ratio: 0.68, 95%CI 0.56 to 0.83) or those who
received non-brain penetrant tetracyclines (incidence rate
ratio: 0.69, 95%CI 0.55 to 0.87).62 However, the study
lacked adherence data and detailed information on
treatment indications.

Meta-analysis

The meta-analysis revealed that adjunctive anti-Toxo-
plasma medications had a small to negligible effect on
PANSS results. Using a random-effects model, the
overall effect size was -3.12 (95%CI -5.82 to -0.41).
Heterogeneity, assessed through I2, was moderate at
31.32%. The mean follow-up duration across all interven-
tions was 23.7 (SD, 15.4) weeks. In studies that
specifically assessed minocycline, the pooled effect size
was -3.99 (95%CI -8.15 to 0.18), with an I2 of 58.68% and
a mean follow-up duration of 28.0 (SD, 17.0) weeks.
These findings are illustrated in forest plots for both
groups (Figure 2).

Minocycline showed mixed outcomes: while some
studies reported benefits for negative symptoms, others
failed to demonstrate statistically significant effects. Other
agents, such as azithromycin, artemisinin, and trime-
thoprim, generally showed no significant clinical benefits.
One exception was artemether, which showed poten-
tial efficacy in improving negative symptoms among
patients who were seropositive for anti-T. gondii immuno-
globulin G.

Time as a moderator

When adjusting for follow-up time, the overall pattern of
results remained consistent with the unadjusted models.
However, the duration of follow-up appeared to moderate
the magnitude of the effect sizes, and statistical sig-
nificance was lost in both models. For all interventions
combined, the adjusted effect size was -2.53 (95%CI

-7.81 to 2.75), whereas for minocycline it was -2.63 (95%
CI -11.83 to 6.57). Notably, minocycline’s effect on
symptom severity appeared more pronounced in studies
with longer follow-ups.

These adjusted analyses are shown in forest plots for
both subgroups (Figure 3), which illustrate the influence of
follow-up time on estimated treatment effects. Hetero-
geneity for all included studies was substantial (tau2 =
20.1425, I2 = 78.41%, Q = 48.2841, df = 10, p o 0.0001)
and was even higher in the minocycline subgroup (tau2 =
42.9375, I2 = 89.10%, Q = 46.1230, df = 6, p o 0.0001).
To further explore this moderating effect, additional forest
plots stratified by specific follow-up period are provided in
the Supplementary Figures S4 and S5.

Despite the observed heterogeneity, the decision to
pool the data was based on shared clinical endpoints (i.e.,
PANSS scores) and conceptual similarity among inter-
ventions targeting T. gondii-related mechanisms. Sensi-
tivity analyses incorporating follow-up duration as a
moderator and stratified forest plots (Supplementary
Figures S4 and S5) were used to explore and account
for this variability.

Publication bias

Funnel plots and Egger’s regression tests showed no
evidence of publication bias in the overall sample
(Supplementary Figure S6a) (Egger’s test: t = -0.2617,
df = 10, p = 0.7988; b = -2.1218, 95%CI -11.3197 to
7.0762) or the minocycline subgroup (Figure S3b); t =
-0.5134, df = 6, p = 0.6260; b = -1.0579, 95%CI -14.4291
to 12.3133).

Discussion

This systematic review and meta-analysis highlights the
limited clinical benefits of most anti-Toxoplasma medica-
tions for schizophrenia and related disorders. Agents
such as azithromycin, artemisinin, and trimethoprim
generally failed to show significant clinical improve-
ments.48,49,55 However, artemether showed some pro-
mise in alleviating negative symptoms in patients who
were seropositive for T. gondii immunoglobulin G,47

although the evidence remains preliminary and sparse.
The small overall effect sizes underscore the limited utility
of these agents as adjunctive treatments, calling for
cautious interpretation and further research to clarify their
mechanisms of action and potential therapeutic roles.

Although not the primary focus of this review, minocy-
cline has drawn interest due to its mixed results. Several
studies reported improvements in negative symptoms and
cognitive functioning,33,45,46,52,53,60 while others found no
significant effects.50,54,58,59 These inconsistencies likely
stem from variations in study design, population char-
acteristics, and follow-up duration. Interestingly, minocy-
cline’s benefits appeared more pronounced in studies
with extended follow-up, which suggests that its effects
may accrue over time. Secondary analyses also suggest
potential benefits for treatment-resistant cases with
prominent negative symptoms.33,45,52 Nevertheless, addi-
tional studies are needed to confirm these findings and to
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determine the contexts in which minocycline may be most
effective.

Given that some antibiotics, such as tetracyclines
(e.g., minocycline and doxycycline) and macrolides
(e.g., azithromycin),61 have direct anti-inflammatory prop-
erties, the observed effects in these studies may be
driven more by their immunomodulatory actions than by
any direct antiparasitic activity against T. gondii. Tetra-
cyclines, for example, inhibit matrix metalloproteinases
and reduce pro-inflammatory cytokines like tumor necro-
sis factor-alpha and interleukin-6.64 Understanding these
mechanisms may inform future research into anti-inflam-
matory strategies for schizophrenia and help identify
subgroups of patients who could benefit from such
approaches.

Toxoplasma gondii, inflammation, and schizophrenia

The relationship between T. gondii infection and schizo-
phrenia has gained considerable attention, with several
studies linking seropositivity to an increased risk of devel-
oping the disorder.11,13,19,65 T. gondii can alter neuro-
transmitter pathways – particularly dopamine – and
activate immune responses, leading to chronic inflamma-
tion.11,66 This inflammatory state could contribute to the
neurodevelopmental and neurotransmitter abnormalities
seen in schizophrenia, especially in individuals with a
history of infection.17 T. gondii has been shown to trigger
microglial activation and elevate pro-inflammatory cyto-
kines in the central nervous system.67 This persistent
immune activation also interacts with metabolic pathways
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Liu et al., 2014

Weiser et al., 2019

Zhang et al., 2018

RE Model

Chaudhry et al., 2012 - Pakistan
Chaudry et al., 2012 - Brazil
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Figure 2 A) Forest plot of Positive and Negative Syndrome Scale change from baseline to endpoint – All interventions.
B) Forest plot of Positive and Negative Syndrome Scale change in PANSS from baseline to endpoint – Minocycline studies.
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such as the kynurenine pathway, which is frequently dys-
regulated in schizophrenia.68 Increased levels of kynurenic
acid, a known N-methyl-d-aspartate receptor antagonist,
could contribute to cognitive impairment and negative
symptoms.69 The anti-inflammatory effects of antibiotics
like minocycline, including inhibition of microglial activation,
may explain their potential therapeutic effects in this
context.70 These findings support the hypothesis that
targeting T. gondii or associated inflammation could
represent a novel treatment avenue, particularly for
seropositive individuals with an inflammatory profile.

Clinical implications

Minocycline’s potential to reduce negative symptoms is
clinically significant, as these symptoms are often resistant
to standard antipsychotic treatments and correlate with
poor functional outcomes.70 However, its neuroprotective,

anti-inflammatory, and dopaminergic modulation effects
could be responsible for its therapeutic benefits.71 Never-
theless, due to the substantial heterogeneity observed
across studies, caution is required when interpreting these
findings. This highlights the importance of identifying
specific patient subgroups, such as those with early-stage
illness or elevated inflammatory markers, who may benefit
most.72,73 In contrast, the limited efficacy of other
antibiotics, aside from some isolated findings for arte-
mether, indicates that their role in treating schizophrenia
remains unclear. Further research is required to determine
whether these agents act through immune modulation or
have direct anti-Toxoplasma effects.74-76

Methodological considerations and limitations

This review encountered several methodological chal-
lenges that complicated the synthesis and interpretation
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Figure 3 A) Forest plot of Positive and Negative Syndrome Scale change from baseline to endpoint for all interventions
adjusted by follow-up duration. B) Forest plot of Positive and Negative Syndrome Scale change from baseline to endpoint for
minocycline adjusted by time of follow-up.
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of the data. Heterogeneity across studies – including
differences in patient populations, treatment duration,
outcome measures, and study design – limited compar-
ability and generalizability.77 The use of varied rating
scales and diverse interventions introduced further com-
plexity.78 Small sample sizes and short follow-up periods
may have reduced the statistical power, hindering the
detection of long-term effects. Differences in control
conditions and baseline treatments were further sources
of bias. Additionally, geographic and cultural factors may
have influenced the outcomes, possibly reflecting varia-
tions in health care systems, genetic predispositions, or
environmental exposures.77-79 To address these issues,
we standardized effect size calculations and used follow-
up duration as a moderator. By focusing exclusively on
RCTs, we sought to enhance internal validity; however,
the inherent limitations of the included studies highlight
the need for more rigorous and standardized research in
this field.

Furthermore, although most of the RCTs were rated
as having a low to unclear risk of bias, several had
methodological uncertainties, particularly regarding the
randomization process, outcome measurement, and
selective reporting. These limitations, along with the high
risk of bias in the cohort study and the unclear risk in the
cross-sectional study, reduce confidence in the overall
findings and may partially account for the observed
inconsistencies. Consequently, the strength of the avail-
able evidence remains limited, underscoring the need for
more robust, well-controlled trials.

The substantial heterogeneity in some analyses,
particularly in the minocycline subgroup, raises important
concerns about the comparability of studies. Neverthe-
less, data pooling was considered appropriate due to the
clinical homogeneity of outcomes (e.g., PANSS scores),
conceptual alignment across interventions, and the
application of a random-effects model to account for
between-study variability. Moderator analyses and strati-
fied forest plots were also conducted to explore the
influence of follow-up duration, which partially explained
the observed heterogeneity. These steps aimed to
enhance the interpretability of the findings while acknowl-
edging the limitations inherent in combining diverse study
designs and populations.

Future directions

Future research should prioritize large-scale, well-
designed RCTs with sufficient statistical power to detect
meaningful effects. Studies should employ standardized
outcome measures and include long-term follow-up to
evaluate treatment durability. Moreover, future investiga-
tions should explore the biological mechanisms under-
lying the effects of minocycline and other antibiotics,
particularly the identification of biomarkers predictive of
treatment response. Future trials should also aim to
minimize clinical and methodological heterogeneity by
employing standardized protocols, homogeneous popula-
tions, and uniform outcome measures to improve the
comparability and generalizability of findings.
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