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Abstract

Background and Aim: Toxoplasmosis is the most widespread zoonotic disease that

affects one‐third of the world's population, and imposes a major public health

problem worldwide. This study aimed to assess the prevalence of toxoplasmosis

among patients with neuropsychiatric patients.

Methods: Electronic databases PubMed, Google Scholar, Web of Science, Research

Gate, and Scopus were thoroughly searched from February to March 2022 to

identify all relevant studies. The quality of studies was evaluated using the

Newcastle−Ottawa quality scale for case‐control and cross‐sectional studies.

Statistical analysis was done using STATA version 12 software. A random effect

model was used to compute the global pooled seroprevalence of Toxoplasma gondii

infection. Heterogeneity was quantified by using I2 value. Subgroup analysis was

done, and publication bias was assessed using a funnel plot and Egger's test.

Result: Of 1250 studies, 49 containing 21,093 participants and conducted in 18

countries were included. The global pooled seroprevalence of T. gondii IgG antibody

was 38.27% (95% CI: 32.04−44.9) among neuropsychiatric patients and 25.31%

(95% CI: 21.53−29.08) in healthy controls with substantial heterogeneity of 98.3%.

The prevalence of T. gondii IgG antibody was higher in males (17.52%) than in

females (12.35%) neuropsychiatric patients. The highest pooled prevalence of

T. gondii IgG antibody was in Europe (57%) followed by Africa (45.25%) and Asia

(43%). Time based analysis showed the highest pooled prevalence of T. gondii IgG

antibody in 2012−2016 (41.16%).

The global pooled seroprevalence T. gondii IgM antibody among neuropsychiatric

patients and healthy controls was 6.78% (95% CI: 4.87−8.69) and 3.13% (95% CI:

2.02−4.24), respectively.

Conclusion: The pooled prevalence of chronic and acute T. gondii infection among

neuropsychiatric patients was 38.27% and 6.78%, respectively. This showed a high
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burden of toxoplasmosis among neurological and psychiatric patients and urges

routine screening of those patients and providing appropriate treatment. It also

indicates the need for different stakeholders to develop targeted prevention and

control strategies for T. gondii infection.

K E YWORD S

global prevalence, neuropsychiatric disorder, psychiatric patients, Toxoplasma gondii,
toxoplasmosis

1 | INTRODUCTION

Toxoplasmosis is the most widespread zoonotic disease caused by

Toxoplasma gondii, which is a single‐cell obligate intracellular

apicomplexan protozoan parasite that can invade and replicate inside

all nucleated cell types of warm‐blooded animals. T. gondii infects a

one‐third of the world's population with a seroprevalence of ranging

from 10% to more than 90%.1,2 It causes potentially serious disease

in human and animals resulting in a major public health and economic

burden in the world. T. gondii is reported to have a wide spectrum of

intermediate hosts, which includes human, sheep, pig, rodents, and

birds and harbors the asexual tachyzoite which is the active and lytic

form of the parasite that cause life‐threatening diseases. The tissue

cyst forms of the parasite is a slow‐growing stage capable of building

cysts mostly in the brain and muscle tissues.3–5 Human beings

acquire T. gondii infection through ingestion of the tissue cysts in raw

or undercooked meat containing the latent cyst, sporulated oocysts

in contaminated water or food, and congenitally from mother to

child.6,7 High prevalence of toxoplasmosis is reported in Africa,

Southeast Asia, Middle East, Central/Eastern Europe, and Latin

America. Variable prevalence of T. gondii infection was reported in

Asia (13.3%−85.3%), Europe (40%−76%), Africa (21.74%−74.8%),

North America (7.3%−26.5%). In immunocompetent individuals,

T. gondii infection is usually asymptomatic and majority of the

parasite is cleared during acute phase infection. Surviving parasites

persist as slow‐growing bradyzoite tissue cysts, most abundant in

tissues with limited immune surveillance, including brain, eye, cardiac,

and skeletal muscle.3 In symptomatic cases, T. gondii is associated

with lymphadenopathy, non‐flue like symptoms, toxoplasmic retino-

choroiditis, ocular toxoplasmosis, and toxoplasmic encephalitis.7 It

also causes sever opportunistic infection in pregnant and other

immunocompromised patients due to reactivation of infection in the

central nervous system (CNS).8 The synergetic effect of parasite

growth, tissue damage, inflammatory response, host and parasite

genotype results in the severity of the diseases.4

T. gondii is able to produce long‐lasting infection and persists in

the CNS invading neurons, and functional glial cells leading to various

neurological and mental disorders.9 T. gondii pass the impermeable

blood brain barrier (BBB) through several mechanisms such as

monocyte and other infected myeloid derived cells extravasate from

capillaries to the brain, trans‐endothelial migration through attach-

ment of the parasite to CD11b/ICAM1integrins, paracellular entry

of the parasite into the CNS through actin‐myosin motors, and

endothelial lysis.9,10

Several neurological and mental disorders have been reported in

patients with toxoplasmosis such as Alzheimer's disease (AD),

schizophrenia, bipolar disorders, generalized anxiety disorder (GAD),

obsessive‐compulsive disorder, suicidality, Parkinson's disease, epi-

lepsy, depression, dysphoria, and sexual promiscuity.11–16

There are several postulates regarding the chronic neuro-

pathologic mechanisms in toxoplasmosis. These could be down-

regulation of the glutamate receptor (GLT‐1) expression leading to

increased level of extracellular glutamate and excitatory glutamater-

gic signaling and neural damage, and alteration of glutamate

decarboxylase 67 (GAD67) which consequently leads to decreased

GABAergic synaptic activities. In addition, parasite induced inflam-

mation and overexpression of several cytokines by the infection can

contribute to the onset of seizure in T. gondii infected individuals.4 T.

gondii infection may also lead to impaired catecholamine metabolism

resulting psychological, behavioral, and motor changes in infected

individuals.17

Several studies reported that there is a significant association

between T. gondii and the various psychiatric and neurological

disorders. A recent systematic review reported schizophrenia to be

the most frequently linked psychiatric disorder with T. gondii

infection.18 A meta‐analysis conducted on the effect of T. gondii on

epilepsy reported T. gondii to the main risk factor for epilepsy.19

Another systematic review and meta‐analysis that evaluated the

association between T. gondii infection and Parkinson and Alzheimer

diseases found a positive association between the parasite and the

neuropsychiatric diseases.20

Although several studies have reported the seroprevalence of T.

gondii among neuropsychiatric patients in different parts of the

world, studies reporting the pooled prevalence of T. gondii at the

global level are lacking. Therefore, this systematic review and meta‐

analysis was aimed to systematically review and determine the global

burden and impact of T. gondii infection among patients with

neuropsychiatric disorders and the importance of screening patients

with neuropsychiatric disorders for toxoplasmosis to improve the

quality of life of the patients.
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2 | MATERIALS AND METHODS

2.1 | Search strategy and study selection

All articles regarding T. gondii infection were retrieved through

systematic search of electronic databases such as PubMed/Central,

Google Scholar, Web of Science, Research Gate, and Scopus from

February to March 2022. The keywords used in this study includes;

(1) Prevalence, seroprevalence, and magnitude, (2) Toxoplasmosis,

T. gondii, (3) psychiatric disorder, mental disorder, neurologic

disorder, (4) world, Africa, Asia, Europe, Middle East, America, Russia.

These keywords were also used in combination for retrieving the

studies. Cited sources from these papers were used as a resource for

finding other related studies. Duplicates were removed and three

independent reviewers (H. B., D. G. F., H. D.) continued to screen the

title and abstract of all potentially eligible studies. Then the full text

of potentially eligible studies that reported the prevalence of T. gondii

infection among patients with neuropsychiatric disorders were added

to the collections for extraction. Disagreements among authors

during data extraction were resolved by discussion.

2.2 | Eligibility criteria

Original articles that reported the seroprevalence of T. gondii

infection among patients with any neuropsychiatric disorders

were included. Studies reported only in English were included.

However, non‐English articles which had abstracts in English that

contained the required data for extraction were also included. On

the other hand, studies reported the seroprevalence of T. gondii

infection among non‐neuropsychiatric human study participants

and nonhuman subjects (animals, rodents) were excluded.

Furthermore, review articles, case reports, and letters to the

editor were also excluded.

2.3 | Outcome variables

The outcome variable for this study is the global pooled sero-

prevalence of T. gondii infection (T. gondii IgG and IgM antibodies)

among neuropsychiatric patients.

2.4 | Data extraction and quality assessment

Data from the eligible studies were extracted by three reviewers

(H. B., N. M., and H. E.) independently in a Microsoft Excel sheet. The

information extracted from each study includes name of the first

author, publication year, country, continent, study design, sample

size, number of male and female participants, diagnostic methods,

form of neuro‐psychiatric disorder, prevalence of IgG, prevalence of

IgM among case and control group. Quality of the included studies

was assessed using the Newcastle−Ottawa quality scale for a case‐

control and cross‐sectional studies.21,22

F IGURE 1 Flow diagram for the selection of eligible studies.

BISETEGN ET AL. | 3 of 15



T
A
B
L
E

1
C
ha

ra
ct
er
is
ti
cs

o
f
th
e
in
cl
ud

ed
st
ud

ie
s.

A
ut
ho

r/
ye

ar
/r
ef
er
en

ce
C
o
un

tr
y

St
ud

y
d
es
ig
n

N
eu

ro
p
sy
ch

ia
tr
ic

d
is
o
rd
er
s

C
as
es

C
o
nt
ro
ls

Sa
m
p
le

si
ze

Ig
G

ca
se

Ig
G

(%
)

Ig
M

ca
se

Ig
M

(%
)

Sa
m
p
le

si
ze

Ig
G

ca
se

Ig
G

(%
)

Ig
M

ca
se

Ig
M

(%
)

A
lv
ar
ad

o
‐E
sq
ui
ve

l
(2
0
1
7
)2
7

M
ex

ic
o

C
as
e
co

nt
ro
l

N
eu

ro
lo
gi
ca
l
d
is
o
rd
er

3
4
4

2
5

7
.3

5
1
4
.3

3
4
4

3
5

1
0
.2

N
A

N
A

A
lv
ar
ad

o
‐E
sq
ui
ve

l
(2
0
1
6
)2
8

M
ex

ic
o

C
as
e
co

nt
ro
l

D
ep

re
ss
io
n

8
9

1
1

1
2
.4

N
A

N
A

3
5
6

2
2

6
.2

4
1
.1

D
ar
ya

ni
(2
0
1
0
)2
9

Ir
an

C
as
e
co

nt
ro
l

Sc
hi
zo

p
hr
en

ia
8
0

2
8

3
5

9
1
1
.2

9
9

2
5

2
5
.3

1
1

1
1
.1

C
he

n
(2
0
1
9
)3
0

C
hi
na

C
as
e
co

nt
ro
l

P
sy
ch

ia
tr
ic

d
is
o
rd
er
s

7
9
8

1
0
6

1
3
.3

3
3

4
.1

6
8
1

6
4

9
.4

1
3

1
.9

Sa
p
m
az

(2
0
1
9
)3
1

T
ur
ke

y
C
as
e
co

nt
ro
l

D
ep

re
ss
io
n

3
7

8
2
1
.6

N
A

N
A

3
6

2
5
.6

N
A

N
A

A
kg

ul
(2
0
2
1
)3
2

T
ur
ke

y
C
as
e
co

nt
ro
l

Sc
hi
zo

p
hr
en

ia
1
1
7

6
3

5
3
.8

N
A

N
A

1
2
0

3
3

2
7
.5

N
A

N
A

A
lv
ar
ad

o
‐E
sq
ui
ve

l
(2
0
0
6
)3
3

M
ex

ic
o

C
as
e
co

nt
ro
l

P
sy
ch

ia
tr
ic

d
is
o
rd
er
s

1
3
7

2
5

1
8
.2

N
A

N
A

1
8
0

1
6

8
.9

N
A

N
A

H
us
ee

in
(2
0
2
0
)3
4

E
gy

p
t

C
as
e
co

nt
ro
l

Sc
hi
zo

p
hr
en

ia
an

d
b
ip
o
la
r
d
is
o
rd
er

1
1
0

5
7

5
1
.8

N
A

N
A

5
0

1
5

3
0

N
A

N
A

M
uf
lik
ha

h
(2
0
1
8
)3
5

In
d
o
ne

si
a

C
as
e
co

nt
ro
l

Sc
hi
zo

p
hr
en

ia
9
4

6
5

6
9
.1

N
A

N
A

6
4

4
2

6
5
.6

N
A

N
A

A
ka

lt
un

(2
0
1
8
)3
6

T
ur
ke

y
C
as
e
co

nt
ro
l

O
C
D

an
d
G
A
D

1
2
0

4
0

3
3
.3

N
A

N
A

6
0

6
1
0

N
A

N
A

E
ls
ai
d
(2
0
1
4
)3
7

Li
b
ya

C
as
e
co

nt
ro
l

P
sy
ch

ia
tr
ic

d
is
o
rd
er
s

3
0
0

1
5
1

5
0
.3

N
A

N
A

3
0
0

9
9

3
3

N
A

N
A

A
lv
ar
ad

o
‐E
sq
ui
ve

l
(2
0
1
1
)3
8

M
ex

ic
o

C
as
e
co

nt
ro
l

Sc
hi
zo

p
hr
en

ia
5
0

1
0

2
0

2
4

1
5
0

8
5
.3

N
A

N
A

A
lv
ar
ad

o
‐E
sq
ui
ve

l
(2
0
1
3
)3
9

M
ex

ic
o

C
as
e
co

nt
ro
l

P
sy
ch

ia
tr
ic

d
is
o
rd
er
s

1
5
6

7
4
.5

3
1
.9

1
2
7

1
0

7
.9

3
2
.4

R
as
hn

o
(2
0
1
6
)4
0

Ir
an

C
as
e
co

nt
ro
l

A
lz
he

im
er
's
d
is
ea

se
8
7

5
8

6
6
.5

N
A

N
A

8
7

4
9

5
6
.3

N
A

N
A

K
he

ir
an

d
is
h
(2
0
1
6
)4
1

Ir
an

C
as
e
co

nt
ro
l

Sc
hi
zo

p
hr
en

ia
an

d
b
ip
o
la
r
d
is
o
rd
er

1
7
0

1
0
3

6
3
.5

1
4

8
.2

1
7
0

6
5

3
8
.2

8
4
.7

B
ak

re
(2
0
1
5
)4
2

Ir
aq

C
as
e
co

nt
ro
l

Sc
hi
zo

p
hr
en

ia
9
3

3
0

3
2
.3

9
9
.7

9
3

4
4
.3

1
1
.1

D
o
gr
um

an
(2
0
0
9
)4
3

T
ur
ke

y
C
as
e
co

nt
ro
l

Sc
hi
zo

p
hr
en

ia
8
8

4
2

4
7
.7

N
A

N
A

8
8

1
9

2
1
.6

N
A

N
A

M
o
uh

aw
es
s
(2
0
2
0
)4
4

Le
b
an

o
n

C
as
e
co

nt
ro
l

Sc
hi
zo

p
hr
en

ia
1
5
0

5
6

3
7
.5

N
A

N
A

1
5
0

1
0
.7

N
A

N
A

E
ss
hi
li
(2
0
1
6
)4
5

T
un

is
ia

C
as
e
co

nt
ro
l

Sc
hi
zo

p
hr
en

ia
2
4
6

1
8
4

7
4
.8

N
A

N
A

1
1
7

6
3

5
3
.8

N
A

N
A

F
al
la
hi

(2
0
1
7
)4
6

Ir
an

C
as
e
co

nt
ro
l

P
ar
ki
ns
o
n'
s
d
is
ea

se
1
1
5

6
1

5
3

N
A

N
A

1
1
5

6
4

5
5
.6

N
A

N
A

St
ep

an
o
va

(2
0
1
9
)4
7

R
us
si
a

C
as
e
co

nt
ro
l

N
A

1
1
5

6
2

4
0

N
A

N
A

1
5
2

3
9

2
5

N
A

N
A

A
lv
ar
ad

o
‐E
sq
ui
ve

l
(2
0
1
9
)4
8

M
ex

ic
o

C
as
e
co

nt
ro
l

B
ip
o
la
r
d
is
o
rd
er

6
6

6
9
.1

N
A

N
A

3
9
6

2
2

5
.6

4
1

H
am

d
an

i
(2
0
1
3
)4
9

F
ra
nc

e
C
as
e
co

nt
ro
l

B
ip
o
la
r
d
is
o
rd
er

1
1
0

8
5

7
6
.9

N
A

N
A

1
0
6

5
1

4
8
.2

N
A

N
A

H
am

id
in
ej
at

(2
0
1
0
)5
0

Ir
an

C
as
e
co

nt
ro
l

Sc
hi
zo

p
hr
en

ia
1
3
4

7
1

5
3

6
4
.5

4
8

1
4

2
9
.2

2
4
.2

A
lip

o
ur

(2
0
1
1
)5
1

Ir
an

C
as
e
co

nt
ro
l

Sc
hi
zo

p
hr
en

ia
6
2

4
2

6
7
.7

N
A

N
A

6
2

2
3

3
7
.1

N
A

N
A

A
b
d
o
lla
hi
an

(2
0
1
7
)5
2

Ir
an

C
as
e
co

nt
ro
l

Sc
hi
zo

p
hr
en

ia
3
5
0

1
6
4

4
6
.9

1
7

4
.8
5

3
5
0

1
2
0

3
4
.3

3
0
.9

Ja
m
es

(2
0
1
3
)5
3

N
ig
er
ia

C
as
e
co

nt
ro
l

P
sy
ch

ia
tr
ic

d
is
o
rd
er
s

1
4
0

4
3

3
0
.7

1
0

7
.1
4

1
4
0

2
5

1
7
.9

1
2

8
.6

A
b
d
el
aa
l
(2
0
1
6
)5
4

E
gy

p
t

C
as
e
co

nt
ro
l

N
eu

ro
p
sy
ch

ia
tr
ic

d
is
o
rd
er

2
3
0

5
0

2
1
.7

N
A

N
A

6
0

7
1
1
.7

N
A

N
A

4 of 15 | BISETEGN ET AL.



T
A
B
L
E

1
(C
o
nt
in
ue

d
)

A
ut
ho

r/
ye

ar
/r
ef
er
en

ce
C
o
un

tr
y

St
ud

y
d
es
ig
n

N
eu

ro
p
sy
ch

ia
tr
ic

d
is
o
rd
er
s

C
as
es

C
o
nt
ro
ls

Sa
m
p
le

si
ze

Ig
G

ca
se

Ig
G

(%
)

Ig
M

ca
se

Ig
M

(%
)

Sa
m
p
le

si
ze

Ig
G

ca
se

Ig
G

(%
)

Ig
M

ca
se

Ig
M

(%
)

Z
ak

i
(2
0
1
6
)5
5

Sa
ud

i
A
ra
b
ia

C
as
e
co

nt
ro
l

N
eu

ro
p
sy
ch

ia
tr
ic

d
is
o
rd
er

1
6
2

5
8

3
5
.8

1
0

6
1
6
2

2
4

1
4
.8

6
3
.7

K
ha

d
em

va
ta
n
(2
0
1
4
)5
6

Ir
an

C
as
e
co

nt
ro
l

Sc
hi
zo

p
hr
en

ia
1
0
0

3
4

3
4

N
A

N
A

2
0
0

5
3

2
6
.5

N
A

N
A

A
lv
ar
ad

o
‐E
sq
ui
ve

l
(2
0
1
6
)5
7

M
ex

ic
o

C
as
e
co

nt
ro
l

A
nx

ie
ty

an
d
d
ep

re
ss
iv
e
d
is
o
rd
er

6
5

1
5

2
3
.1

4
6
.2

2
6
0

1
8

6
.9

1
0

3
.8

K
ez
ai

(2
0
2
0
)5
8

A
lg
er
ia

C
as
e
co

nt
ro
l

Sc
hi
zo

p
hr
en

ia
7
0

4
9

7
0

N
A

N
A

7
0

3
7

5
2
.9

N
A

N
A

O
sk
o
ue

i
(2
0
1
4
)5
9

Ir
an

C
as
e
co

nt
ro
l

P
ar
ki
ns
o
n'
s
d
is
ea

se
7
5

6
4

8
5
.3

N
A

N
A

7
5

6
8

9
0
.3

N
A

N
A

M
ar
ko

vi
tz

(2
0
1
5
)6
0

U
ni
te
d
st
at
e

C
ro
ss
‐s
ec

ti
o
na

l
A
nx

ie
ty

d
is
o
rd
er
s

4
8
4

1
2
8

2
6
.5

N
A

N
A

N
A

N
A

N
A

N
A

N
A

G
ra
d
a
(2
0
2
2
)6
1

R
o
m
an

ia
C
as
e
co

nt
ro
l

P
sy
ch

ia
tr
ic

d
is
o
rd
er
s

3
0
8

2
0
9

6
7
.9

N
A

N
A

2
9
6

1
6
0

5
4
.1

N
A

N
A

N
as
ir
p
o
ur

(2
0
2
0
)6
2

Ir
an

C
as
e
co

nt
ro
l

D
ep

re
ss
io
n

8
7

5
2

5
9
.8

N
A

N
A

8
7

4
9

5
6
.3

N
A

N
A

A
lv
ar
ad

o
‐E
sq
ui
ve

l
(2
0
2
1
)6
3

M
ex

ic
o

C
as
e
co

nt
ro
l

Su
ic
id
al

id
ea

ti
o
n

3
0
6

3
7

1
2
.1

1
0

3
.3

1
7
3
9

1
3
4

7
.7

N
A

N
A

A
lv
ar
ad

o
‐E
sq
ui
ve

l
(2
0
2
1
)6
4

M
ex

ic
o

C
as
e
co

nt
ro
l

Su
ic
id
al

id
ea

ti
o
n

2
2
4

3
4

1
5
.2

5
2
.2
3

1
1
9
9

1
1
8

9
.8

N
A

N
A

A
lv
ar
ad

o
‐E
sq
ui
ve

l
(2
0
2
1
)6
5

M
ex

ic
o

C
ro
ss
‐s
ec

ti
o
na

l
Su

ic
id
e
vi
ct
im

s
8
7

7
8

N
A

N
A

N
A

N
A

N
A

N
A

N
A

A
ch

aw
(2
0
1
9
)6
6

E
th
io
p
ia

C
as
e
co

nt
ro
l

P
sy
ch

ia
tr
ic

d
is
o
rd
er
s

1
5
2

5
1

3
3
.6

1
1
.3

1
5
2

2
5

1
6
.4

6
3
.9

C
o
ng

(2
0
1
5
)6
7

C
hi
na

C
as
e
co

nt
ro
l

P
sy
ch

ia
tr
ic

d
is
o
rd
er
s

4
4
5

7
7

1
7
.3

1
4

3
.2

4
4
5

5
5

1
2
.4

1
0

2
.3

O
an

a
(2
0
1
9
)6
8

R
o
m
an

ia
C
as
e
co

nt
ro
l

Sc
hi
zo

p
hr
en

ia
an

d
p
sy
ch

o
ti
c
d
is
o
rd
er

9
1

4
0

4
4

N
A

N
A

2
0
6

7
3

3
5
.4

N
A

N
A

O
la
ri
u
(2
0
1
7
)6
9

R
o
m
an

ia
C
ro
ss
‐s
ec

ti
o
na

l
P
sy
ch

ia
tr
ic

d
is
o
rd
er
s

2
1
4

1
1
7

5
4
.7

N
A

N
A

N
A

N
A

N
A

N
A

N
A

Sh
eh

at
a
(2
0
1
6
)7
0

E
gy

p
t

C
ro
ss
‐s
ec

ti
o
na

l
N
eu

ro
d
ev

el
o
p
m
en

ta
l
d
is
o
rd
er

1
8
8

9
4

5
0

3
1

1
6
.5

N
A

N
A

N
A

N
A

N
A

E
b
ad

i
(2
0
1
4
)7
1

Ir
an

C
as
e
co

nt
ro
l

Sc
hi
zo

p
hr
en

ia
1
5
2

8
1

5
3
.2

4
8

3
1
.5

1
5
2

6
3

4
1
.4

3
0

1
9
.7

A
ns
ar
i‐
La

ri
(2
0
1
7
)7
2

Ir
an

C
as
e
co

nt
ro
l

Sc
hi
zo

p
hr
en

ia
9
9

4
2

4
2
.4

N
A

N
A

1
5
2

4
1

2
7

N
A

N
A

X
ia
o
(2
0
1
0
)7
3

C
hi
na

C
as
e
co

nt
ro
l

P
sy
ch

ia
tr
ic

d
is
o
rd
er
s

5
4
7

6
2

1
1
.3

N
A

N
A

2
6
3
4

3
2
9

1
2
.5

N
A

N
A

P
ra
nd

o
ta

(2
0
1
5
)7
4

E
gy

p
t

C
ro
ss
‐s
ec

ti
o
na

l
A
ut
is
m

4
6

1
1

2
3
.9

N
A

N
A

N
A

N
A

N
A

N
A

N
A

E
sn
af
o
gl
u
(2
0
1
7
)7
5

T
ur
ke

y
C
as
e
co

nt
ro
l

A
ut
is
m

1
0
2

3
2
.9

N
A

N
A

5
1

1
2

N
A

N
A

A
b
b
re
vi
at
io
ns
:
G
A
D
,
ge

ne
ra
liz
ed

an
xi
et
y
d
is
o
rd
er
;
N
A
,
no

t
av

ai
la
b
le
;
O
C
D
,
o
b
se
ss
iv
e‐
co

m
p
ul
si
ve

d
is
o
rd
er
.

BISETEGN ET AL. | 5 of 15



2.5 | Statistical analysis

The data extraction was done using Microsoft Excel worksheet and

the meta‐analysis was done by using STATA version 12 software with

the metan commands. The outcome of this study was reported as

percentage prevalence and exact 95% confidence interval (CI). The

point estimate and 95% CI of seroprevalence of T. gondii infection for

all the included studies were calculated. Due to the high heterogene-

ity reported, the global pooled seroprevalence of T. gondii infection

among neuropsychiatric patients and healthy controls was calculated

using a random effect model.23 The Cochrane's Q test and I2 statistics

provide an estimate of the percentage of variability in effect

estimates that is due to heterogeneity rather than chance alone

were used to assess the heterogeneity. The I2 statistics (percentage

of total variability due to heterogeneity) indicates the heterogeneity

and its value of 25%, 50%, and 75% corresponds to low, moderate,

and high heterogeneity, respectively.24 Subgroup analysis for the

primary outcome was performed in sex, region, country, and year of

publication. Moreover, publication bias was assessed by visual

observation of the symmetry of the funnel plot, and Egger's test

statistics.25 Sensitivity analysis was done to assess the impact of a

single study on the overall pooled effect size.

3 | RESULT

3.1 | Selection and identification of studies

A total of 1250 articles were retrieved by systemic search and other

methods. Of the total retrieved studies, 967 studies were removed

F IGURE 2 Forest plot showing the global pooled seroprevalence of Toxoplasma gondii IgG antibody among neuropsychiatric patients from
2006 to 2022.
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due to duplication, reviews, case reports, letters to the editor, and

meta‐analysis. Then the abstract and full text of 283 articles were

evaluated in detail based on the eligibility criteria and 234 articles

were removed due to failure to fulfill the inclusion criteria. Finally, 49

eligible studies were included in this systematic review and meta‐

analysis. The preferred reporting items for Systematic Review and

Meta‐analysis (PRISMA checklist 2009) was followed (Figure 1).26

3.2 | Study characteristics

In this systematic review and meta‐analysis, 49 studies conducted in 18

countries from the four continents (Asia, North America, Africa, and

Europe) that consisted of 8592 neuropsychiatric patients and 12,501

healthy controls were included. The included studies were conducted

between 2006 and 2022. The majority of the studies were from Iran (12

studies) and Mexico (10 studies). The number of studies was higher in

Asia followed by North America and Africa. In terms of epidemiological

design, majority of the studies (44/49) were case‐control. All the

included studies used ELISA as their diagnostic method. Neurological

and mental disorders such as autism, schizophrenia, suicide victims,

suicidal ideation, depression, Parkinson's disease, anxiety, bipolar

disorders, psychiatric, and neurodevelopmental disorders were reported

to be associated with T. gondii infection in the included studies (Table 1).

3.3 | Seroprevalence of chronic T. gondii infection
(IgG antibody) among neuropsychiatric patients
and healthy controls

Overall, the seroprevalence of T. gondii IgG among patients with

neuropsychiatric disorders was variable, ranged from 2.9% reported

in Turkey75 to 85.5% reported in Iran.59 In this meta‐analysis, the

global pooled seroprevalence of T. gondii IgG antibody among

neuropsychiatric patients was 38.27% (95% CI: 32.04%−44.9%).

There was substantial heterogeneity with I2 of 98.3% (Figure 2).

F IGURE 3 Forest plot showing the global seroprevalence of Toxoplasma gondii IgG antibody among apparently healthy control from 2006
to 2022.
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Comparatively, lower global pooled seroprevalence of T. gondii IgG

antibody was found among health controls (25.31%; 95% CI:

21.53−29.08). The seroprevalence of T. gondii IgG among healthy

controls ranged from 0.7% reported in Lebanon 202044 to 90%

reported in Iran.59 Significant heterogeneity was also observed

(I2 value of 97.9%) (Figure 3).

3.4 | Seroprevalence of acute T. gondii infection
among neuropsychiatric patients and healthy controls

Of the included 49 studies, 18 studies reported the prevalence of T.

gondii IgM antibodies among neuropsychiatric patients and 15 studies

reported the prevalence of IgM antibodies among healthy controls.

The global pooled seroprevalence of T. gondii IgM antibody among

neuropsychiatric patients was 6.78% with a range varying between

1.3% and 31.5%. On the other hand, the global pooled sero-

prevalence of T. gondii IgM antibody among healthy controls was

3.13% with a range varying between 0.85% and 19.7%. There was

significantly high heterogeneity with I2 value of 93.7% among the

cases. However, the heterogeneity was relatively lower in the healthy

controls (I2 value of 79.1%) (Figure 4).

3.5 | Subgroup analysis

Subgroup analysis for sex, region, country, and publication year

was done to investigate the source of heterogeneity across

studies. With regard to sex of the study participants with

neuropsychiatric disorders, 26 and 25 studies reported the

prevalence of latent T. gondii infection among male and female

patients, respectively. The prevalence of T. gondii IgG antibody

was higher among males 17.52% (95% CI: 13.68−21.37) than in

females 12.35% (95% CI: 9.65−15.04). In both cases, high

heterogeneity was reported with I2 of 96.4% and 92%, respec-

tively (Figure 5). According to the continent, Europe contributed

for the highest pooled seroprevalence of T. gondii IgG antibody

(57%) followed by Africa (45.25%) and Asia (43%) (Figure 6).

Another subgroup analysis was done for countries. According to

this analysis, the highest pooled seroprevalence of T. gondii IgG

antibody was found in Romania 56.1% followed by Iran (55.03%)

and Egypt (36.93%). The least pooled prevalence was recorded in

Mexico 11.85% (Table 2). Time based subgroup analysis showed

the highest pooled prevalence of T. gondii IgG antibody in the

year 2012−2016 (41.16%) than in 2006−2011 (36.6%) and

2017−2022 (35.82%) (Figure 7).

F IGURE 4 Forest plot showing the global seroprevalence of anti Toxoplasma gondii IgM among neuropsychiatric patients and healthy
controls from 2010 to 2021.
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3.6 | Publication bias and sensitivity analysis

In this study, the symmetry of the funnel plot indicated the absence

of publication bias (Figure 8). Furthermore, the Egger's test statistics

confirmed the absence of publication bias with p‐value of 0.765.

According to sensitivity analysis, the pooled effect size when

individual studies omitted lied within the 95% CI of the overall

pooled effect size. This confirmed the absence of single study impact

on the overall pooled seroprevalence of T. gondii infection.

4 | DISCUSSION

The purpose of this systematic review and meta‐analysis was to

determine the global seroprevalence of T. gondii infection among

neuropsychiatric patients. To the best of our knowledge, our review

represents the largest systematic review and meta‐analysis of the

global pooled seroprevalence of T. gondii infection among neuro-

psychiatric patients including 21,093 study participants with 8592

neuropsychiatric patients and 12,501 healthy controls. People with

neuropsychiatric disorders are highly affected by T. gondii infection

proving the need for routine screening of neuropsychiatric patients

for T. gondii infection. The present study revealed that the global

pooled seroprevalence of chronic T. gondii infection was 38.27%

(95% CI: 32.04−44.49) among neuropsychiatric patients and 25.31%

(95% CI: 21.53−29.08) in apparently healthy controls with high

heterogeneity (I2 value of 98.3%). This finding is in line with the global

pooled prevalence of T. gondii among HIV patients (35.8%; 95% CI:

30.8−40.7)76 and the national overall pooled prevalence of human T.

gondii infection in Nigeria (32.92% [95% CI: 27.89−38.37]).77

Toxoplasma gondii induces a suite of behavioral and neurological

changes in the infected individuals. There are pronounced behavioral

changes in the individual infected with T. gondii. The parasite induced

behavioral alteration include decreased cognitive function, prolonged

reaction times, increased risk‐taking behavior, and suicidal tendencies

in individuals with latent T. gondii infection.32,78,79 The reason for the

complexity in human behavior is not yet understood, but it is

commonly seen in T. gondii seropositive individuals.

The global seroprevalence of T. gondii IgG antibody among

neuropsychiatric patients obtained in this study was higher than the

F IGURE 5 Forest plot showing the subgroup analysis Toxoplasma gondii IgG antibody seroprevalence by sex.
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pooled prevalence of T. gondii infection in cancer patients (30.8%),80

immunocompromised patients (35.9%),81 and Ethiopian general

population (34.59%).82 On the other hand, the finding of this study

was lower than the prevalence of T. gondii among the Iranian general

population (39.3%).83 The observed variability might be due to

differences in the study group, number of studies included in the

meta‐analysis, and the diagnostic methods employed.

The high burden of T. gondii infection among patients with

neurological and mental disorders can be associated with different

mechanisms employed by this neurotropic parasite. Once passing the

BBB through paracellular, transcellular or stowaway mechanism, T.

gondii infection results in different spectrums of neuropsychiatric

disorders and achieves this through alteration of the level of

neurotransmitters. Majority of the neurobehavioral and neurological

disorders associated with chronic toxoplasmosis are due to an elevation

of dopamine in the brain and alteration in the level of GABA, serotonin,

glutamate, nitric oxide, noradrenaline, and kynurenic acid.18 The

neuropsychiatric disorders include; AD which is characterized by the

abnormal configuration and excessive phosphorylation of amyloid

deposition and neurofibrillary tangles in neurons. This is associated

with T. gondii infection, due to the ability of the parasites to cause lower

beta‐amyloid plaque deposition through inflammation induced beta‐

amyloid phagocytosis and degradation.84 Unbalanced excitatory and

inhibitory neurotransmission due to toxoplasmosis can induce seizure in

T. gondii infected mice.4 Another neuropsychiatric disorder associated

F IGURE 6 Forest plot showing the pooled prevalence of anti Toxoplasma gondii IgG in different region of the world.

TABLE 2 Seroprevalence of anti Toxoplasma gondii IgG among
different countries.

Country Region
Number
of studies

Pooled
prevalence
of IgG (%) 95% CI

Mexico North America 10 11.85 8.54−15.16

Iran Asia 12 55.03 46.88−63.19

China Asia 3 13.76 10.7−16.82

Turkey Asia 5 31.74 8.31−55.18

Egypt Africa 4 36.93 19.75−54.11

Romania Europe 3 56.1 42.97−69.23

10 of 15 | BISETEGN ET AL.



F IGURE 7 Forest plot showing the pooled seroprevalence of Toxoplasma gondii IgG antibody by publication year.

F IGURE 8 Funnel plot showing absence of publication bias.
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with T. gondii infection is bipolar disorder (manic depression), which

encompasses a wide range of behavioral changes and involve reduction

of corticosterone production due to latent T. gondii infection. Likewise,

significantly higher prevalence of T. gondii infection was also reported

among patients with schizophrenia. Toxoplasmosis patients are 2.73

times more likely to develop schizophrenia in their later life than healthy

controls.85 The presence of large amount of bradyzoite in the olfactory

bulb and production of large amount of anti T. gondii IgG is associated

with the development of anosmia. A compressive review that assessed

the association between T. gondii and neurologic disorders found that the

increased production of nitric oxide (NO2), enhanced the production of

inflammatory cytokines (interferon gamma, tumor necrosis factor alpha,

interleukin 1 reactive oxygen and nitrogen species), neurotic biomole-

cules, and altered the dopamine balance leading to olfactory impairment,

migraine, Asperger's syndrome, autism, and schizophrenia.86,87

According to subgroup analysis, the pooled seroprevalence of T.

gondii IgG antibody was higher among males 17.52% than in females

12.35%. This finding was in agreement with the finding of a meta‐

analysis study that assessed toxoplasmosis in Iranian population.83

With regard to regional classification, a high burden of chronic T.

gondii infection was reported in Europe (57%) followed by Africa

(45.25%) and Asia (43%). The pooled prevalence of T. gondii IgG

antibody in North America was 13.8%. The overall pooled sero-

prevalence of T. gondii IgG antibody among Iranian neuropsychiatric

patient was 55.03% (95% CI: 46.88−63.19). This was higher than the

prevalence of T. gondii among Iranian general population (39.3%),83

Iranian blood donors (34.4%),88 Iranian pregnant women (41%),89 and

immunocompromised patients in Iran (50.01%).90 This study also

showed 13.76% pooled seroprevalence of T. gondii IgG antibody

among neuropsychiatric patients in China. This finding was higher

than the prevalence of T. gondii among blood donors in China

(6.26%).91 The variability in the seroprevalence of chronic toxoplas-

mosis across the different regions of the world and countries might

be due to different reasons including geographical variation,

difference in climatic condition, implementation of prevention and

control strategies, personal and environmental hygienic conditions,

and animal contact behaviors. In addition, difference in life style and

habit of having close contact with cat or other felids can also

contribute to the variability in the prevalence of T. gondii across the

different regions and countries throughout the world.

The result of time‐based subgroup analysis demonstrated that

the pooled prevalence of chronic T. gondii infection was higher in the

year 2012−2016 (41.16%) compared to 2006−2011 (36.6%) and

2017−2022 (35.82%). The high prevalence in the year 2012−2016

might be due to climatic change, breaking of the prevention and

control strategies, and environmental hygienic conditions.

The global pooled prevalence of acute T. gondii infection among

neuropsychiatric patients and healthy controls was 6.78% (95% CI:

4.87−8.69) and 3.13% (95% CI: 2.02−4.24), respectively. This finding

was higher than the global prevalence of acute toxoplasmosis among

pregnant women (1.1%).20 According to the symmetry of the funnel

plot and the Eggers test statistics (p value of 0.765) there was no

publication bias in this systematic review and meta‐analysis.

The result of sensitivity analysis proved that there is no single

study that affects the pooled effect size. The overall pooled

prevalence of anti T. gondii IgG was calculated by omitting each

study sequentially and the computed pooled prevalence was within

the 95% CI of the overall pooled prevalence.

This study has few important limitations. First, the included

studies were conducted only in 18 countries from Asia, Africa, North

America, and Europe. There were no studies in Middle East, Latin

America, and other corners of the world. Next, there was substantial

heterogeneity observed between studies that may affect the

interpretation of the results. Finally, studies conducted in a language

other than English were excluded which might lead to lose of some

studies to be included.

5 | CONCLUSION

This systematic review and meta‐analysis showed that patients with

neurological and psychiatric disorders are facing infection with the global

endemic neurotropic parasite T. gondii. The global pooled prevalence of T.

gondii IgG antibody in those patients was 38.27%. This urges clinicians to

consider T. gondii infection in these patients, request appropriate routine

testing to confirm the infection and provide appropriate treatment to

those with the infection. Moreover, it is also an alarm to international,

continental, and nation health bureaus and other stakeholders to develop

targeted prevention and control strategies of T. gondii infection. This

review also provides valuable information to policy makers and different

stack holders. Moreover, the information could be used for future

complimentary research.
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