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Background:Multiple sclerosis (MS) is an autoimmune inflammatory disease of the
central nervous system. Toxoplasma gondii infection is one of the risk factors of MS.
Knowing the correlation between T. gondii infection and MS could lead to a better
understanding of the disease incidence. This study aimed to assess the correlation
between T gondii infection and the disease incidence in infected individuals. .
Materials & Methods: Serum samples of 38 MS patients referring to the neurology
clinic of Ghaem hospitalin Mashhad in 2019 were analyzed by Pishtazteb commercial
kit for anti-T. gondii IgG and IgM antibodies using enzyme-linked immunosorbent
assay (ELISA). The obtained data were analyzed with SPSS software Version 20.
Findings: Among the 79 tested individuals, 22 were positive, and 57 were negative
for anti-T. gondii 1gG antibodies. Among the negative cases, 29 (50.9%) had MS, and
28 (49.1%) were controls. Among the positive cases, nine (40.9%) patients had MS,
and the remaining 13 (59.1%) were controls. The frequency of IgG antibody in the
case and control groups was not significantly different (p=.427). Anti-T. gondii IgM
antibody was negative in all samples. There was no significant difference between
the types of MS regarding the frequency of anti-T. gondii antibodies (p=.402).
Conclusion: No significant difference was found in the frequency of anti-T. gondii
IgG antibodies between the two groups. However, further studies with larger sample
sizes are recommended to gain a better understanding of the relationship between
anti-T gondii IgG antibody positivity and MS incidence.
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Introduction

Central nervous system diseases that affect
myelincouldbe classified intotwo categories:
the former comprises conditions that could
be acquired, while the latter pertains to
myelin disorders. Multiple sclerosis (MS) is
the most prevalent demyelinating disease
affecting the central nervous system [,
Among central nervous system disorders,
MS is the most common permanent cause
of disability in young adults (except trauma)
2l and life expectancy in patients with MS
is 7 to 14 years lower than in the healthy
population. In a recent meta-analysis study,
the standard mortality rate (SMR) among
individuals with MS was 2.8 times greater
than that observed in the general population.
Furthermore, this study revealed an
elevated mortality risk among MS patients,
particularly in cases with respiratory
infections and diseases, suicide, and heart
diseases Bl Despite undergoing treatment,
it's noteworthy that nearly two-thirds of
individuals with MS experience mortality
due to various infections and complications
associated with these conditions . MS is
more prevalent among women compared
to men. According to a comprehensive
systematic review encompassing 28
epidemiological studies from 1955 to 2000,
it was revealed that the estimated male-to-
female ratio for MS increased from 1:1.4 to
1: 2.3 during this period .

Infection, particularly viral infection
during childhood, is often considered as a
significant risk factor for the development
of MS. However, despite numerous efforts to
identify the infectious agent responsible for
MS through methods like virus isolation and
detection of viral antigens or genomes in the
brain and other tissues affected by MS, the
reproducibility of these claims has not been
demonstrated '°.

Toxoplasma gondii is an obligate intracellular
parasite protozoan 7. While cats serve as the
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primary hosts of T gondii, this parasite could
also infect a broad spectrum of intermediate
hosts, encompassing warm-blooded animals
such as birds, rodents, and humans. T gondii
could establish latent infections in various
tissues, including skeletal muscle, heart
muscle, and central nervous system (such
as brain, spinal cord, and retina), which
may persist throughout an individual’s life
81 It is estimated that 1.3% of the world’s
population is infected with this parasite ),
and numerous studies have been conducted
on this parasite due to its association with
abortion and congenital diseases in its
intermediate hosts %, T gondii undergoes
two distinct stages of asexual replication
within its intermediate hosts. During the
initial stage, tachyzoites (also known as
endozoites) quickly invade various host
cells. Subsequently, the latest generation
of tachyzoites initiates the second stage of
growth, leading to the development of tissue
cysts. Within these cysts, bradyzoites (also
referred to as cystozoites) undergo slow
proliferation 19,

Approximately one-third of the world’s
population carries T gondii, but in healthy
individuals, the immune system effectively
suppresses the activation of the parasite,
preventing the disease Ul. The majority of
these individuals remain unaffected with
asymptomatic healthy immune systems (10).
T gondii spreads extensively throughout the
host’s body and has the potential to infect the
brain and cause psychiatric disorders such
as depression, mixed anxiety and depression
disorder, and schizophrenia 113l Also, T
gondii induces comprehensive alterations
in host neurons and neurological signaling
pathways . Persistent T gondii infections
could lead to adjustments in neuronal
connections and synaptic plasticity
Koskderelioglu et al. (2017) and Stascheit
et al. (2017) in their studies identified an
inverse relationship between this infection
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and MS 0% 17 Conversely, other studies
have identified a notable and statistically
significant connection between T gondii
seropositivity and MS [1820  Therefore,
infections such as T gondii could have a
protective effect on MS.

Objectives: This article aimed to evaluate
the serum status of MS patients in terms of
anti-T gondii antibodies.

Materials and Methods

This prospective cross-sectional study
was conducted in Mashhad, Iran in 2019.
During the enrollment period at Ghaem
hospital’s neurology clinic, all patients
who were diagnosed with MS (38 cases)
and gave written consent to participate
in the study were included. The diagnosis
of MS generally involves a comprehensive
approach, incorporating clinical evaluation,
medical history assessment, neurological
examination (including magnetic resonance
imaging (MRI)), and various diagnostic tests.
The primary goal of this process is to rule out
other conditions that may present similar
symptoms and to confirm the presence of
distinctive features indicative of MS. The
diagnosis of MS relies on the McDonald
criteria, which integrate clinical, imaging,
and laboratory findings to improve both
accuracy and efficiency. The results of the
MS group were compared with those of the
control group, which comprised 41 serum
samples collected from patients admitted
to different wards of Ghaem hospital. The
control group patients showed no signs of
MS and were carefully matched with MS
patients in terms of gender and age.
Once collected, serum samples were
properly stored at -70 °C. They were later
examined for IgG and IgM antibodies against
T gondii using the Pishtazteb IgG enzyme-
linked immunosorbent assay (ELISA)
kit from Iran following the instructions
provided by the manufacturer. The antibody
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titers were expressed in international units
per milliliter (IU/mL). The cut-off value was
considered to be 10 IU/mL (at 450 nm).
Participants with antibody titers lower than
10 IU/mL were considered negative, and
those with antibody titers greater than 10
[U/mL were considered positive for T. gondii
infection.

Chi-square and independent T tests were
used to investigate the relationship between
the frequency of anti- T gondii antibodies
and qualitative (such as MS, occupation, and
gender) and quantitative (such as patients’
age) variables, respectively.

Findings

A total of 79 patients including 38 MS
patients (case group) and 41 non-MS patients
(control group) in the age range of 16-52
years were studied. The mean age of the two
groups was not significantly different. The
frequency distribution of sex in the case and
control groups is shown in Table 1, which
was not significantly different. The subjects
were divided into three groups in terms of
occupation: employed, unemployed, and
student. The frequency distribution of jobs
in the two groups was not significantly
different (Table 1). In MS patients, the age of
the disease onset was 14 to 44 years, and its
mean was 28.95 years. Among 38 patients
with MS, the disease was recurrent in 30
cases and progressive in eight patients. Also,
the first signs of the disease onset are shown
in Table 2.

According to the results, among the 79 tested
individuals, 22 were positive, and 57 were
negative for anti-T gondii IgG antibodies.
Among the negative cases, 29 (50.9%) had
MS, and 28 (49.1%) were controls. Among
the positive cases, nine (40.9%) patients
had MS, and the remaining 13 (59.1%)
were controls (Table 3). The statistical
analysis results showed that the mean age
of individuals with antibodies was higher
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Table 1) Frequency distribution of sex and occupation in the two groups of case and control
Case Group Control Group
Factor Numbers Percentage (%) Numbers Percentage (%) FValues
Sex
Male 9 39.1 14 60.9
Female 29 51.8 27 48.2 3
Occupation
Employed 17 4473 25 61
Unemployed 21 55.26 14 34.14 2
Student 0 0 2 4.87

Table 2) Frequency and percentage of the first signs
of patients with Multiple Sclerosis

First Sign of Frequenc Percentage
Disease q y (%)
Impaired gait 13 34.21
Visual problems 5 13.16
Upper limb_ 4 10.53
paraesthesia

Irppaired gait and 10 26.32
visual problems

Im_paired gait and 2 526
urinary problems

Impaired gait

and upper limb 2 5.26
paraesthesia

Visual problems

and upper limb 2 5.26
paraesthesia

Total 38 100.0

than that of those without antibodies, and
this difference was statistically significant
(independent t-test; p= .020). There was
no statistically significant difference in
the frequency of antibodies between the
case and control groups (Chi-square test;
p= .427). Also, the difference in antibody
seropositivity rate between the two sexes

Infection Epidemiology and Microbiology

was not statistically significant (Chi-square
test; p=.152). There was also no statistically
significant difference in the frequency of
anti-T gondii antibodies and the disease
course between the two MS types (Chi-
square test; p = .402). The frequency of
anti-T. gondii antibodies by MS type, sex, and
MS incidence is shown in Table 3.

Discussion

According to the current study results, there
was no significant difference in age and
sex between the case and control groups.
Although the frequency of anti- T gondii
IgG antibody was higher in the control
group than in the MS group, no significant
difference was observed between the control
and MS group. Anti-T gondii IgM antibody
was also negative in all samples, indicating
the absence of primary acute disease in
both case and control groups. There was no
statistically significant difference between
the types of MS in terms of the disease
course and the frequency of anti-T. gondii
antibodies.

Numerous studies have explored the
influential factors contributing to the
development of autoimmune diseases.
Among these factors, the increasing
significance of infectious agents as factors
involved in preventing, predisposing,
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Table 3) Frequency distribution of anti-T. gondii antibodies in term of type, sex, and Multiple Sclerosis incidence

Toxoplasmosis IgG

Properties P-Value
Negative Positive

Yes 50.9 40.9

MS (%) 42
No 49.1 59.1
Male 24.6 40.9

Sex (%) 0.152
Female 75.4 59.1
Relapsing Remitting 75.9 88.9

Type of MS 0.402
Progressive 24.1 11.1

or exacerbating various autoimmune
conditions has been recognized. Numerous
studies have demonstrated that frequent
exposure to infectious agents during
childhood could confer protection against
allergic and autoimmune diseases, including
MS. This phenomenon is often referred
to as the hygiene hypothesis ?!. Recent
studies have revealed a noteworthy inverse
association between the occurrence of MS
and the prevalence of Trichuris trichiura, a
common human parasite often indicative
of lower community health standards
on a global scale. These findings provide
contemporary support for the hygiene
hypothesis within the context of individuals
diagnosed with MS. Furthermore, owing to
the immunomodulatory impact of worms
on both innate and adaptive immune cells,
several ongoing clinical trials are actively
exploring the potential effects of these
parasites on autoimmune diseases [?2],

Several studies have been carried out on
the relationship between T gondii infection
and the risk of developing autoimmune
diseases as a result of the significant
prevalence of T gondii infection in the world.
It is estimated that 1.3% of the world’s
population is infected with this parasite. In
a study by Wagner et al. (2009) on mice, T
gondii infection was shown to trigger robust
immunomodulatory responses that either
prevented or diminished allergic reactions

Infection Epidemiology and Microbiology

(231 Another study found a lower prevalence
of T gondii seropositivity in patients with
type I diabetes in comparison to the healthy
population. This finding suggests a potential
protective role of T. gondii in type I diabetes
(241, Conversely, T gondii infection has been
shown to be associated with an elevated
risk of certain autoimmune conditions. For
instance, a meta-analysis study conducted
by Hosseininejad et al. (2018) discovered
that toxoplasmosis was associated with an
increased risk of rheumatoid arthritis ..

So far, several studies have been conducted
to investigate the association between
toxoplasmosis and MS, but the results have
been contradictory. In this study, the MS
group comprised 38 individuals including
29 women and nine men, while the
control group consisted of 41 individuals
including 27 women and 14 men. The
average age of patients in the MS group
was 33.8 £ 8.9 years, and the control group
had an average age of 32.0 + 3.0 years. No
significant difference in anti-T gondii 1gG
antibody levels was observed between the
MS and control groups. Additionally, all
samples tested negative for anti-T. gondii
[gM antibodies. In a study by Pestehchian
et al. (2014), involving 50 patients with
RRMS and a control group comprising 50
family members, the prevalence of anti-T.
gondii 1gG antibodies was found to be 36%
among patients and 49% among their family
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members. However, this disparity was not
statistically significant. Furthermore, in their
study, all samples tested negative for anti-T.
gondii 1gM antibodies. Additionally, there
was no significant relationship between the
duration of the disease and IgG antibody
levels, which aligns with the outcomes of the
present research [2%,

In a 2017 study, researchers examined 115
patients with RRMS and compared them to
a control group of 60 healthy individuals
regarding anti-T gondii 1gG antibodies. The
patient group had an average age of 41.16
+ 11.20 years, while the control group had
a mean age of 39.52 * 7.45 years. Notably,
the study found that 55% of the control
group tested positive for anti-T gondii
IgG antibodies, whereas only 33.9% of
the MS patients showed positive results.
Importantly, there was a statistically
significant difference in the frequency of
anti-T gondii IgG antibodies between the
two groups, highlighting the distinction
between individuals with and without MS in
this regard [°.

In a recent study by Orug et al. (2016),
which involved 52 MS patients and a control
group consisting of 45 individuals matched
in terms of age and socioeconomic status
with MS patients, a significant disparity
in the prevalence of anti-T gondii 1gG
antibodies was observed between the two
groups. Specifically, 44.2% of MS patients
tested positive for these antibodies, while
only 24.4% of subjects in the control group
exhibited similar results. Their study results
not only highlighted a marked difference
between the MS and control groups
regarding the frequency of anti-T gondii
IgG antibodies but also established a direct
correlation between the presence of anti-T.
gondii antibodies and the occurrence of
MS 26, The discrepancy in the results of
this study and other comparable research
may be attributed to the relatively small
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sample size and patient selection method
employed in this investigation. The present
study has limitations regarding the small
sample size of MS patients and the small
number of participating health institutions.
In 2017, Saberi and colleagues conducted
a comprehensive meta-analysis that
incorporated findings from five studies
exploring the potential connection between
T gondii and MS. Their analysis encompassed
a total of 669 MS patients and 770 control
individuals. The results revealed that 32.4%
of MS patients and 39.1% of controls tested
positive for anti-T gondii 1gG antibodies.
Interestingly, despite the slightly higher
prevalence of anti-T gondii 1gG antibodies
among MS patients compared to the control
group, this difference was not statistically
significant, which aligns with the findings of
the present study [#71,

Conclusion

Some studies have suggested a potential
correlation between T gondii infection and
MS, while others have found no significant
association. Some epidemiological studies
have reported a higher prevalence of T. gondii
antibodies in individuals with MS compared
to the general population. These studies
have suggested that exposure to the parasite
may be a risk factor for developing MS. On
the other hands, in some regions with a
high prevalence of T. gondii, the incidence of
MS is also higher. However, this correlation
is not consistent across all populations.
In conclusion, the correlation between T
gondii infection and the incidence of MS is a
complex and ongoing area of research. While
some studies have suggested a potential
link, the evidence is not definitive, and
more research is needed to understand the
underlying mechanisms and whether there
is a causal relationship between T gondii
infection and MS. In this study, although the
frequency of anti-T gondii IgG antibodies in
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the control group was higher than in the MS
group, no statistically significant difference
was observed between the control and
MS groups. Anti-T. gondii 1gM antibody
was negatively measured in all samples,
indicating the absence of active disease in
both case and control groups. Although the
results of this study contradict the health
hypothesis, more studies with larger sample
sizes are needed to better understand the
relationship between anti-T. gondii 1gG
antibody seropositivity and the incidence of
MS. Continued investigations on this topic
are necessary to provide further insights
into the pathogenesis of MS and potential
preventive strategies.
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