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ABSTRACT: Toxoplasmosis is one of the most prevalent infectious disease around the globe and it is caused by the parasite named Toxoplasma
gondii. Infections normally lead to asymptomatic parasite persistence in immunocompetent warm-blooded hosts, including up to 30-50% of
humans. However, T. gondii infection has also a major medical concern and can lead to life-threatening diseases, after reactivation in
immunocompromized individuals, particularly in patients with human immunodeficiency virus/cancer or organ transplant recipients, after vertical
transmission to fetuses of pregnant women and by inducing recurrent uveitis in immunocompetent adults. More importantly, T. gondii undergoes
stage conversion from its fast-replicating tachyzoite to slow replicating dormant bradyzoite preferentially in the brain and skeletal muscles, and
lesser extent in the eye, liver, kidney and lung which enable the parasite to persist for the whole life of an individual. Due to the persistence
behavior of the parasite in different parts of human body, T. gondii can develop multiple human diseases with severe clinical symptoms. In this
study, we have summarized the association of T. gondii in multiple human diseases for instance Encephalitis, Parkinson’s disease, Schizophrenia,
Heart disease, Ocular Toxoplasmosis, Congenital abnormalities, Cancer and Diabetes. This highlights the potential role of T. gondii in developing
fatal diseases, particularly in immunocompromised individuals despite having asymptomatic nature of the parasite.
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Introduction

Toxoplasmosis, a disease caused by the infection with a muscles, liver, kidney, testis, etc. Many studies suggest that
protozoan parasite called Toxoplasma gondii (T. gondii), is this asymptomatic infection might also result in the
changing into worldwide jeopardy because the parasite infects development of other human pathologies particularly in
30-50% of human population worldwide(Jaroslav Flegr et al., immunocompromised conditions (Sibley, 1995).The clinical
2014). Cat is the definitive host where sexual reproduction of spectrum of T. gondii infection varies from well to severe
T. gondii occurs. Cat can be infected by the predation of general unwellness (Dalimi & Abdoli, 2012); most typically,
previously infected rabbit due to fearless behavior. Following infection can result a delicate disease with mild fever and
sexual reproduction, T. gondii releases into the environment lymphadenopathy. Primary infections with T. gondii
through cat feces as oocysts. These oocysts can persist in the throughout maternity may cause inborn disease (Desmonts &
environment for a long time even a year where they can infect Couvreur, 1974). However, some T. gondii infected people
intermediate host animals for instance pig, poultry, sheep, develop retinitis that may associate with visual impairments
goats, cows and birds. In these intermediate hosts animals, (Commodaro et al., 2009). In immunocompromised patients,
T.gondii undergoes stage conversion from its fast replicating T. gondii can develop severe neurological problems (Hinze-
tachyzoite into slow replicating bradyzoite preferentially in the Selch, 2015). Infections with T. gondii could manifest carditis
brain and skeletal muscles where it establishes chronic with myocardial inflammation and acute heart failure
infection and act as reservoirs of T. gondii transmission into (Alvarado-Esquivel et al., 2016). In rare instances, infection is
human host. Human can become infected mainly either by associated with  severe pathological symptoms, together
eating undercooked/raw meats and meat products or by with retinochoroiditis, myocarditis and encephalitis
ingestion of oocysts containing foods, vegetables and water. and doubtless resulting in death (Hsu et al., 2014). As it does
Congenital transmission and blood transfusion can act as other not show any symptoms normally, it had been long thought
minor routes of T. gondii transmission into human (Figure 1). that latent T. gondii infection was of a very little public health
After primary infection and due to developmental switching of significance except for coinciding immunological
T. gondii in human, the parasite can transmit into different disorders, like HIV infection (Lee & Lee, 2017).

organs of the body for example brain, eyes, skeletal and heart
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Figure 1. Life cycle and transmission of T. gondii into different organs of human body.

The correlation of T. gondii with several diseases or severe
clinical outcomes has been researched up to this time. In this
review, we have summarized T. gondii associated human
diseases.  These includes 1) Encephalitis in AIDS, 2)
Parkinson’s disease, 3) Depression and suicide, 4)
Schizophrenia, 5) heart disease, 6) Ocular Toxoplasmosis, 7)
Congenital abnormalities, 8) Epilepsy, 9) Leukemia, 10)
Cancer of the oropharynx, 11) Prostate cancer, 12) Asthma 13)
Aurthritis, 14) Autoimmune disease and 15) Diabetes.

Encephalitis in AIDS

Toxoplasmic Encephalitis (TE) is an opportunistic life-
threatening chronic infection that affects the central nervous
system (CNS) of immunosuppressed individuals such as
acquired immune deficiency syndrome (AIDS) patients and
transplant recipients (Lee & Lee, 2017). The reactivation of
chronic T. gondii infection is responsible for more than 95%
of TE among AIDS patients where the infection is caused by
the progressive loss of cellular immune surveillance. The
decline of CD4+ cell count below 100/mm? in AIDS results in
TE (Dannemann et al., 1992). In a study conducted in the US,
it was found that 10-40 %adult AIDS patients were found to
have a latent infection with T. gondii and about 33% of them
develop TE (Sibley, 1995). With the much higher occurrence
of latent infection the population of Africa, Haiti, Europe and
Latin America shows three to four times greater prevalence of
TE than the USA. A study in Austria shows 47% T. gondii
specific antibody positive AIDS patients develop TE
(Zangerle et al., 1994). One fourth to half of the T. gondii
infected AIDS patients in Europe and Africa is speculated to

develop TE (Clumeck et al., 1984. The epidemiological
factors could be possible causes of the increased propensity of
TE development in these regions which can be related to the
greater load of T.gondii in latent form due to recrudescence of
a chronic infection. Only 30-50% of HIV-positive patients
latently infected with T. gondii develop TE and the reason is
not clear. Certain factors like genetic predisposition, variation
in virulence among different strains of the parasite could
partially be responsible for the predisposition of the patients to
reoccurring infection. Host-genetic factors play important role
in developing toxoplasmosis and it was studied using murine
model (Suzuki et al.,, 1991) . The population of France,
Germany, Central Africa, and Haiti who are HIV positive with
CD4 cell counts below 200/mm? are recommended to undergo
several serological testing and detection of T.gondii infection
as they have a higher possibility of infection and infection
induced TE.

Parkinson’ s disease

The development of a long-term neurodegenerative disorder
affecting CNS specially hindering movements is called
Parkinson disease (PD). The underlying reason for PD is
basically unknown; but, progressive impairment of voluntary
motor control, which may be a clinical feature of this sickness,
is caused by a loss of dopamine neurons of substantia nigra
(Michel et al., 2016).A recent study suggests that T. gondii
tissue cysts are found throughout the whole brain which may
cause neurological damage (Boillat et al., 2020). The
correlation between T.gondii infection and parkinsonism is not
proven yet. According to a finding (Miman et al., 2010) a

1094



RahmanT. et. al.

significantly higher rate of anti-T. gondii IgG antibodies are
present in Parkinson’s patients which were absent in controls.
The association of T. gondii infection and PD was tested in a
group of patients attending public hospitals in Durango City,
Mexico (Alvarado-Esquivel et al., 2017). Although the results
do not support an association between T. gondii infection and
PD, however, suggest that T. gondii infection might influence
on the symptoms of PD. Further research might be needed to
understand the association of T. gondii and its impact on the
development of PD.

Depression and suicide

One of the leading causes of the global chronic illness burden
is depression or major depressive disorder according to the
study of WHO on 2013. A mood disorder expressed as few or
no interest, severe mood swing, depleted cognitive function,
decreased sleep and appetite along with poor energy is termed
as Depression (Pratt & Brody, 2008). It affects an individual
physically, personally and professionally. Suicidal tendencies
of patients are high and the rate of mortality due to this reason
is about 2-8% and about 50% of suicidal deaths are due to
depression or another psychological disorder (Bachmann,
2018). The underlying reasons for developing major
depressive disorder are thought to be genetic, psychological,
environmental, family history of psychological disorder,
medication on certain drugs, history of trauma or abuse, etc.
Depression is not very uncommon in people around the world
and it was found to have association with a great extent of
mortality to people with T.gondii infection (Duffy et al.,
2015). In addition to this, it was shown in a study that T.gondii
is responsible for bipolar disorder (Hinze-Selch, 2015).

Schizophrenia

Delusions and hallucinations in adults are found to be
associated with some cases of Toxoplasmosis. Early case
reports found that the patients with clinical symptoms such as
paranoid and bizarre delusions, disorganized speech, flattened
affect, auditory and visual hallucinations and thought disorder
(Minto & Roberts, 1959) were initially diagnosed as
schizophrenic, and later the patients were found to be
diagnosed with T. gondii infection suggesting T. gondii may
contribute to schizophrenia. T.gondii infection can be long
term and started at an early life. It can vary from person to
person based on genetic predisposition, immunity, dose, time,
and virulence of the strain, and the part of the brain affected.
There is a fact that T.gondii activates retroviruses in animals
(Gazzinelli et al., 1996) and schizophrenic patients had
increased retroviral activation within their central nervous
systems.  Although schizophrenia is expressed after
adolescence, it originates at an early stage of brain
development. So both prenatal and postnatal infection of
T.gondii can result in schizophrenia. Glial cells especially
astrocytes are seen to be mostly affected by T.gondii in cell
culture (Halonen et al., 1996). Glial abnormalities and a
decreased number of astrocytes are seen in Postmortem
studies of schizophrenic brains. Schizophrenic persons show
abnormalities in neurotransmitters, such as dopamine and
norepinephrine, which is later proved to be affected by
T.gondii (Conejero-Goldberg et al., 2003).Cognitive function
is comparatively poor in T.gondii seropositive schizophrenic
patients than seronegative schizophrenic patients of the same
age and similar degrees of psychotic symptoms.
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Heart Disease

Chronic heart failure (CHF) involves interactions between the
cardiovascular, neuroendocrine and immune systems. In a
study, the seropositivity rate for anti-Toxoplasma IgG and
IgM antibodies was interrogated by ELISA in patients with
CHF (n=97) and control subjects (n=50) (Yazar et al., 2006).
The study found that 66 of 97 (68 %)patients and 18 of 50 (36
%) of healthy subjects were found to be positive for 1gG
antibodies of T.gondii. Therefore, T. gondii infection is a risk
factor in developing CHF. In addition to this, in a later study
indicates that T. gondii infection is associated with heart
disease (Alvarado-Esquivel et al., 2016). Natural Killer cells
contribute the first line of non-antigen specific defense against
infections.

Ocular Toxoplasmosis

Toxoplasmosis is an important cause of ocular disease in
immunosuppressed as well as immunocompetent persons. The
uvea is affected which results in uveitis and it is believed that
a significant reason behind this is ocular toxoplasmosis which
is caused by T.gondii infection. A large number of ocular
cases are secondary to postnatal infection with T. gondii. It is
observed that 70-90% of patients with congenital
toxoplasmosis and 10-12% of patients with postnatal infection
develop ocular disease (Gilbert et al., 2008). When ocular
lesions appear the serum IgG titers may be low and IgM may
be absent. The lesions are intensely white, with an overlying
vitreous inflammatory response. Current lesions accompanied
by a severe vitreous inflammatory reaction might have a
“headlight in the fog” appearance. Choroid inflammation is
usually secondary and does not occur if retinal inflammation is
absent. Severe secondary iridocyclitis can occur as well.
Several people with acquired toxoplasmosis may suffer from
atypical ocular lesions, vasculitis, vitritis, anterior uveitis,
without developing a focal necrotizing retinochoroiditis.
Drugs so far developed cannot eliminate tissue cysts and
therefore cannot prevent chronic infection. A toxoplasmosis
scar will be related to severe visual field loss once it happens
near to the optic disc (Harrell & Carvounis, 2014).Ocular
infection has long been considered a sickness that was
primarily caused by inborn infection, while symptomatic
ocular caused by acquired infection following birth was
considered rare. This finding was confirmed by different
teams in most populations exposed to T. gondii (Atmaca et al.,
2004; Bosch-Driessen et al., 2002). The rate of congenital
infection varies from 0.13% to 0.01% and it depends on the
geographical region of the world. In neonates with inborn
infection, the incidence of retinochoroiditis varies in numerous
studies however is also as high as 80%(Vasconcelos-Santos et
al., 2009). Infants are mostly infected by ocular lesion which
is the most general instance of ingrained infection. Ocular
infection typically presents with classic ophthalmic findings,
and therefore the diagnosing is reached by clinical
examination with none laboratory confirmation of T.gondii
infection (Dodds, 2006). Vision defect is also secondary to a
macular lesion, whereas lesions settled at the peripheral tissue
layer typically cause vision loss secondary to severe vitreous
inflammation (Mets et al., 1996). Nervus opticus involvement
is less common however might induce severe visual field
defects in addition to the loss of visual sense.
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Congenital abnormalities

Congenital toxoplasmosis can cause a wide spectrum of
clinical manifestations; however, it does not produce definite
symptoms in 75% of newborns. Interestingly, about 63 years
ago, it was observed that mother of Down syndrome affected
children had a much greater probability of having latent
toxoplasmosis (84%) than the mother of normal children
(32%); however, the probability of infection in fathers did not
alter between children with and without this disorder. The
membrane of the surface of T.gondii has distinct protein
transporters which bind to folic acid with high affinity and it
results in accession and salvage of exogenous folate
compound (Massimine et al., 2005). Folate deficiency occurs
as a result of this phenomenon. Iron and deficiencies are also
caused which hampers the developing fetus and it is followed
by T.gondii infection. In a study in Czech Republic, the
development of embryos in mothers with latent toxoplasmosis
was slower compared to those who did not have an infection,
although, the birth weight of newborns was approximately the
same as those of infection-free mothers (Kankova & Flegr,
2007).There is a possibility that the effect of toxoplasmosis on
the development of embryos is relatively different in other
parts of the world, however further studies are needed to
address this.

Epilepsy

Epilepsy is a neurological disorder characterized by abnormal
brain activity, causing seizures, sensations, periods of unusual
behaviour, and sometimes experiencing consciousness. The
association between latent toxoplasmosis and cryptic epilepsy
has already been suggested to exist based on case control
studies (Yazar et al., 2003), implying a strong correlation
between epilepsy and T. gondii infection. Although these
studies suggest a correlation another study contradicts the
finding (Critchley et al., 1982).

Leukemia

A meta-analysis performed in 2016, suggests a possible link of
T. gondii infection with the occurrence of leukemia (Huang et
al., 2016). This link was further evidenced by another study
where it was shown that T. gondii specific 1gG was detected in
96 (56.4%) leukemia patients and 72 (42.4%) healthy subjects
while IgM antibodies were detected in 10 patients (5.9%) and
3 (1.8%) controls (Huang et al., 2014). In a recent study
performed on a relatively higher number of sample sizes, it
was found that T. gondii infection in leukemic children is
significantly higher compared to healthy children(Na Zhou et
al., 2019). Although studies suggest a possible link between T.
gondii infection and leukemia, however, the cause and effect
relationship amongst them has not established; T. gondii could
be a risk factor of developing leukemia or patients may
develop a secondary infection as a result of
immunosuppression. Further large-scale studies may warrant
to address this.

Cancer of the mouth/oropharynx

Tonsillitis is a common manifestation of acute toxoplasmosis
which can develop local chronic inflammation resulting in
precancerous changes in patients An association of the
prevalence of toxoplasmosis with oral cancer has been
reported in 2018(N Zhou et al., 2018). This study showed oral
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cancer patients were reported to have significantly higher T.
gondii specific antibodies (IgG or IgM) than healthy subjects.

Prostate cancer

Male rats infected with the parasite have increased level of
testosterone. It can be correlated with higher cases of prostate
cancer and hypertrophy in human (J. Flegr et al., 2008; Lim et
al., 2013). Prostate gland and seminal vesicle inflammation are
noted in the histopathologic studies of the male reproductive
system in sheep which were infected with T.gondii (Lopes et
al., 2011).In mouse model, T. gondii infection was found to
induce a chronic inflammatory reaction in the prostate, leading
to microglandular hyperplasia in the inflamed prostates,
suggesting a role of T. gondii as a risk factor of prostate
cancer.

Asthma

Toxoplasmosis has a negative correlation with asthma
occurrence. It may be possible because of the anti-
inflammatory effect of histamine. Patients with asthma
produce a large amount of histamine which inflect the balance
of cytokine TH1/TH2(Packard & Khan, 2003), thus exerting
beneficial anti-inflammatory effects. While the opposite effect
is observed in T. gondii infection that preferentially generates
Thl response and therefore, this may explain a potential
negative correlation of T. gondii infection and the occurrence
of asthma.

Arthritis

T. gondii can be associated with the development of arthritis
which is supported by a number of studies. The association of
T. gondii infection with arthritis is evident from a case-control
study in the Chinese population (n=820, for both patients and
controls), where T. gondii specific antibodies were measured
by ELISA(Tian et al., 2017) and the abundance of IgG of the
respected antibody was found to be much greater in patients
suffering from arthritis (18.8%). It was only 12% in case of
healthy individuals. Patients with Rheumatoid arthritis and
reactive arthritis has greater infection seropositivity with
T.gondii than osteoarthritis, infectious and gouty arthritis.
Another study on Egyptian rheumatoid arthritis patients found
a positive correlation of seropositivity of T. gondii not only on
the occurrence of the disease but also on intensified clinical
characteristics, including longer disease duration, higher
number of tender and swollen joints, and longer time morning
stiffness (EI-Henawy et al., 2017).

Autoimmune disease

Autoimmune diseases are diverse clinical conditions, where
the immune system acts on self-antigen. The prevalence of T.
gondii-specific antibodies was reported to be significantly
higher in systemic sclerosis (p<0.0001), thyroid autoimmune
diseases (p<0.0001), pemphigus vulgaris(p<0.0001) and
vasculitis compared to control subjects (Petrikova et al.,
2010). However, this was unchanged in polymyositis, Churg-
Strauss vasculitis, SLE, multiple sclerosis etc. So, it can be
concluded that T.gondii has an association with several, but
not all, autoimmune diseases.

Diabetes
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Multiple case-control and meta-analysis suggest a positive
mellitus) and thus toxoplasmosis is considered as a potential
risk factor for this disease. However, no statistically
significant association was observed between T. gondiiand
type 1 DM. Importantly, a systemic review and meta-analysis
carried out on 4072 subjects from ten studies reported a
positive correlation of T. gondii infection and type 2 DM (Li
et al., 2018). The authors reported that 7 out of 10 publications
showed a positive correlation and overall, they reported a
significantly higher prevalence of T. gondii in type 2 DM
patients (47.8%; range 6.4-65.1%) than healthy subjects
(25.9%; range 3.2-59.0%) (L. et al., 2018).

Conclusion

T. gondii is a widely distributed parasite in nature and
therefore the infection rate is very high in human population
worldwide. Due to the persistent nature of the parasite, T.
gondii can be associated with multiple human diseases. In this
study, we have summarized the impact T. gondii in various
human diseases i.e encephalitis, Parkinson’s disease,
Schizophrenia, Heart disease, Ocular Toxoplasmosis,
Congenital abnormalities, Cancer and Diabetes etc.
Understanding the association of T. gondii in human diseases
would be beneficial for better management and treatment of T.
gondii mediated diseases.
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