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Abstract

Psychiatric disorders are a group of disorders characterized by a combination of changes in
behavior, disturbed thoughts, emotions, and relationships with others. They are considered the
3 most common diseases worldwide, after malignancy and cardiovascular diseases, but the
etiology of psychiatric disorders is still questionable. Besides, biological, psychological, and
environmental factors increased evidence for the role of viral, bacterial, and parasitic infections
in the development of some psychiatric disorders. Studies suggested an association between
parasites, especially those with neurological tropism and psychiatric disorders. Toxoplasmo-
sis, human African trypanosomiasis, malaria, Chagas’ disease, neurocysticercosis, and human
toxocariasis are neurotropic parasitosis that has a predilection for central nervous system in dif-
ferent ways, which could be a trigger to develop neuropsychiatric disorders. Neurological and
psychiatric sequelae of these infections result mainly from a complex interplay between parasi-
te and host inflammatory and immune response affecting insitu brain neurotransmitters or caus-
ing vascular impairment and some work as space occupying lesions. The study reviewed how
those neurotropic parasites could be etiological agents for psychiatric and mental disorders.
Keywords: Toxoplasmosis, Trypanosomiasis, Chagas disease, Malaria, Neurocysticercosis,
Toxocariasis, Psychiatric disorders, Mental disorders, Schizophrenia, Depressive disorders, Bi-

polar disorders, Pathogenesis, Etiology.
Introduction

Psychiatric disorders are chronic illnesses
that have significant financial costs to patie-
nts, families, and societies, include schizop-
hrenia, bipolar disorder, dementia, depressi-
on, and other related brain illnesses (Chen et
al, 2019). More than 25% of individuals in
developing countries suffered from one or
more mental or behavioral disorders in their
lifetime (Daré et al, 2019) and in an Egypti-
an national preliminary study, about 16.93%
of the study population also suffered from
psychiatric disorders (Ghanem et al, 2009).

Toxoplasmosis (Chen et al/, 2019), malar-
ia, human African trypanosomiasis (Malle-
wa and Wilmshurst, 2014), Chagas disease
(Ozaki et al, 2011), cysticercosis (Wiwan-
itkit, 2014) and human toxocariasis (Alvar-
ado-Esquivel, 2013) are neurotropic parasit-
ic diseases that have a predilection to infect
the central nervous system (CNS). Due to
the persistent and emerging burden of para-
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sitic diseases in developing countries, attent-
ion was concentrated on these conditions
(Elsheikha et al, 2016; Vigo et al, 2016).
Human brain is shielded by cellular barrie-
rs that control the entry of molecules and
microorganisms into the brain parenchyma.
The blood-brain barrier (BBB), blood-cereb-
rospinal fluid barrier (BCSFB), and the men-
ingeal barriers are the main barrier systems
that protect neurons from blood-borne exter-
nal insults including infections (Idro et al,
2022). Also, parasites adopted a various me-
chanisms for tissue migration or systemic
spread in human body (Gazzinelli et al,
2014). While some parasites could cause ac-
ute neurological damage that would be fatal,
others’ ability to adapt to the human host
also made it possible for chronic, and per-
haps lifelong, CNS infection (Maizels et al,
2018). Therefore, for a parasite to infect the
CNS, it must first get passed brain's cellular
barriers and then be able to evade the immu-



ne responses that are specific to CNS. Clini-
cal CNS symptoms were frequently linked
to processes that arise from the unique host-
parasite interaction, which is still poorly un-
derstood (Idro et al, 2022).

The current study aims to review the asso-
ciation of parasitic infections, particularly
those with neurological tropism with various
human neuropsychiatric disorders; and how
it could be elicited by such infections.

1- Toxoplasmosis: Toxoplasmosis is a hig-
hly prevalent zoonosis. Immunocompromis-
sed and congenitally infected patients were
found to be particularly vulnerable to disea-
se’s fatalities (Elsheikha er al, 2009; Moha-
med and Hajissa, 2016). Its causative agent,
T. gondii, is an obligatory intracellular euka-
ryotic protozoan parasite (Tyebji et al,
2019). Its genotypes I and II were frequently
isolated in humans (Kim and Weiss, 2018).
Toxoplasmosis was estimated to infect about
one-third of people globally (Montoya and
Liesenfeld, 2004). Latin America, Eastern
and Central Europe, Middle East, South-East
Asia, and Africa are regions recorded to be
with a high prevalence (Fuglewicz et al,
2017). Seroprevalence of 7. gondii infection
varied across those countries and was correl-
ated with various sociodemographic and risk
factors, including pregnancy, age, ethnicity,
residence, water supply, and pets (Alvarado-
Esquivel ef al, 2011; Cong et al, 2015; Mulf-
likhah et al, 2018; Achaw et al, 2019; Tam-
an and Alhusseiny, 2020). Acute Toxoplas-
ma infection was indicated by a low avidity
IgG, but a high IgG avidity indicated a long-
er-than-three-month-old chronic one (Berre-
djem et al, 2017; Chemoh et al, 2019).

Toxoplasma gondii infection was found to
play a significant role in the pathogenesis of
numerous psychiatric disorders, including
patients unable to interpret details that typi-
cally corresponded with cognitive ability
and depressive illness, such as mental retar-
dation and schizophrenia (Del Grande et al,
2017; Muflikhah et al/, 2018; Helaly and Gh-
orab, 2023). In Poland in 1953, first rese-a-
rch on association between 7. gondii infect-
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ion and psychiatric patients was published
(Kozar, 1953).

Many studies linked between toxoplasmo-
sis exposure and schizophrenia, bipolar diso-
rder, and major dpressive disorder (MDD),
and found a significant association, but not
with MDD (Sutterland et al, 2015; Fernand-
es et al, 2021). Others linked 7. gondii sero-
positivity to symptoms of depression and an-
xiety (Groér et al, 2011; Duffy et al, 2015),
generalized anxiety disorder (Markovitz et
al, 2015), obsessive-compulsive disorder
(Miman et al, 2010), suicidality (Zhang et
al, 2012), mixed anxiety and depressive dis-
order (Alvarado-Esquivel ef al, 2016) and
aggression and impulsivity (Cook et al,
2015). But, contradictory findings were rep-
orted (Gale et al, 2014; Sudgen et al, 2016).
Nessim et al. (2023) in their meta-analysis
study conducted for the year 2019 stated that
the population fraction attributable of mental
disease associated with toxoplasmosis was
20.4% for schizophrenia; 27.3% for bipolar
disorder; and 0.29% for suicidal behavior.
Toxoplasmosis had been extensively studied
as a risk factor for neuropsychiatric disord-
ers. Possible mechanisms included immuno-
pathology and blood-brain barrier disruption
(Xiao et al, 2018; Helaly and Ghorab, 2023).

The psychiatric disorder for which 7. gon-
dii investigated extensively is schizophren-
ia, and a substantial body of research sho-
wed that people with schizophrenia had sig-
nificantly higher serum levels of 7. gondii
antibodies (Sutterland et a/, 2015; de Barros
et al, 2017; Morsy et al, 2021).

Toxoplasmosis was debatable as a risk fac-
tor for bipolar disorder. While some studies
linked between T. gondii sero-positivity and
bipolar disorder, others refuted the idea that
T. gondii infection could serve as a potential
risk factor for the condition (Del Grande et
al, 2020; Ynceboz and Inceboz, 2021).

The role of T. gondii in the development
of psychiatric illnesses was shown to be both
directly, by affecting neurons, glial cells,
and brain structures, and indirectly, by in-
ducing a specific immune response and the



subsequent release of proinflammatory cyto-
kines & neurotoxic factors (Yiiksel and Ko-
cazeybek, 2013; Del Grande et al, 2017). In
the toxoplasmosis latent stage, the parasite
could persist within cysts in the host's mus-
cle cells, astrocytes, microglia, and neurons
throughout life (Halonen and Weiss, 2013).

Toxoplasma gondii infection in mice was
found to increase the level of dopamine in
the brain (Henriquez et al., 2009). This find-
ing was supported by the observation of an
increase in dopamine release in neuronal cu-
Itures containing parasite cysts (Prandovsz-
ky et al, 2011). Also, chronic toxoplasmosis
was linked to higher extracellular glutamate
concentrations and lower levels of glutama-
te transporter GLT-1 in astrocytes (David et
al, 2016). Increased levels of glutamate (Ch-
ang et al, 2007) and decreased hippocampal
volume (Kraguljac et a/, 2013) were in schi-
zophrenic patients. According to Fuglewicz
et al. (2017) schizophrenia was linked to
changes in levels of many neurotransmitters,
such as dopamine, glutamate, serotonin, and
gamma amino butyric acid (GABA), as well
as increased kynurenic acid (KYNA) in cer-
ebrospinal fluid (Erhardt ef al, 2001), CNS
(Plitman et al, 2017) and serum (Morsy et
al, 2021). It was suggested that abnormal
KYNA accumulation causes N-methyl-D-as-
partate receptor (NMDA-R) hypo-function
in schizophrenic patients (Zador et a/, 2019).

Inhibiting KYNA formation thereby, impr-
oved neurotransmitter signaling and cogniti-
ve impairments (Zador et al, 2019). It was
noted that mice with chronic 7. gondii infec-
tion got higher amounts of KYNA, 3-Hydro-
xykynurenine (3-HK), and quinolinic acid
(QUIN) in their brains (Notarangelo et al,
2014). Treatment with anti-parasitic drugs
allowed levels of these metabolites to return
to normal, revealing the direct link between
brain infection and activation of kynurenine
pathway (KP) (Notarangelo et al, 2014).

In latent toxoplasmosis, the development
of low-grade chronic neuroinflammation de-
fined by the up-regulation of proinflammat-
ory cytokines such as tumor necrosis factor,
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interleukin-12,interleukin-1p and interferon-
gamma (IFNy) were thought to be the trigger
for the activation of the KP (Tedford and Mc
Conkey, 2017). Also, KP activation was rep-
orted to cause a downstream release of the
neuroactive substances KYNA and QUIN,
which have an impact on neuronal functions
(Braidy and Grant, 2017).

A reported mechanism of 7. gondii in the
onset of depression was that host immune
response activated to produce proinflamma-
tory cytokines (IL-6 & TNF). Depression
was found to result from a decrease in serot-
onin synthesis in the brain (Webster and Mc
Conkey, 2010; Dalimi and Abdoli, 2012). A
study found that two T. gondii genes encode
tyrosine and phenylalanine hydroxylases
that catalyzed the conversion of phenylalani-
ne to tyrosine. Tyrosine was converted into
dopa, the first step in the production of dop-
amine that specifically modifies behavior
(Gaskell et al, 2009; Henriquez et al, 2009).
To understand the relation between 7. gondii
and dysthymia or mild to moderate depres-
sion, more research was required as stated in
literature (Saadatnia and Golkar, 2012; Sutt-
erland et al, 2015). Nessim et al. (2023) re-
ported that, toxoplasmosis and mental health
should be a research priority given the enor-
mous potential impact of reducing this para-
site in general population.

2- Malaria: According to the World Malar-
ia Report, there were 241 million malaria
cases in 2020 as opposed to 227 million cas-
es in 2019 (WHO, 2022a). Malaria is a dise-
ase caused by Plasmodium spp. even with
adequate antimalarial treatment that in cere-
bral form could cause vascular blockage, de-
creased cerebral blood flow, and other alter-
ations that might result in acute or long-term
neurological deficits (Monterio et al, 2014).
Cerebral malaria (CM), with impaired cons-
ciousness, prostration, multiple convulsions,
deep breathing and respiratory distress (met-
abolic acidosis), acute pulmonary edema and
acute respiratory distress syndrome, circula-
tory collapse or shock, and acute kidney inj-
ury were in clinical features of P. falciparum



severe malaria (Idro et al, 2005; 2010a).

Two patterns of neuropsychological seque-
lae were found to be associated with CM,
depending on the time of symptoms onset
(Idro et al, 2010a). The first was immediate
and was characterized by status epilepticus
and coma during the acute illness, leading to
focal sequelae such as hemiplegia and focal
seizures, or multifocal sequelae with spastic
quadriparesis, motor abnormalities, cogniti-
ve and behavioral impairment, blindness, sp-
eech, or hearing impairment. Within months
or years following CM, the second pattern
(post-malaria neurological syndrome) were
found to appear, and behavioral impairments
and/or epilepsy would be present. Clinically,
this picture showed as confusion, a slight
stupor, or even psychosis. However, it was
noticed to quickly worsen to the point of sei-
zures and coma with a decerebrate posture
(Mufaddel et al, 2014).

Sometimes, the first sign of cerebral invol-
vement during malaria infection was found
to be overtly psychotic behavior. Hallucina-
tions, delusions, mania, and paranoid psy-
chosis were the most prevalent neuropsychi-
atric complications in some cases (Kumar et
al, 2003). Long-term cognitive impairment,
acquired language problem, inattention, im-
pulsiveness and hyperactivity, conduct dis-
orders, obsessive symptoms, and impaired
social development were found to happen
among the neuropsychiatric impairments
caused by CM in children. Also, destructive
and injurious behaviors were noted (Markh-
am and Koenig, 2011).

Post-malaria neurological syndrome was
noticed to develop after symptomatic malar-
ial infection and clearance of parasites from
blood. It was found to be characterized by
the emergence of neurological and psychiat-
ric symptoms, which could happen one to
four months after exposure. Generalized co-
nvulsion, delayed cerebellar ataxia, inappro-
priate speech or behavior, aggression, psy-
chosis with auditory or visual hallucinations,
catatonia with waxy flexibility, fine postural
tremor, and reduced muscle tone were the
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clinical manifestations (Kumar et al, 2003).
Attention deficit hyperactivity disorder
(ADHD), which causes deficits in the cogni-
tive, behavioral, and interpersonal domains,
hyper-activity, impulsiveness, and inattenti-
veness had also been seen in CM survivors
(Idro et al, 2010b; Nevin and Croft, 2016).
Mostly, damage caused by CM in the front-
ostriatal and cerebellar areas by a reduction
in local blood flow or neuronal loss produc-
ed impairments in dopamine signaling and
consequently ADHD (Lou et al, 1989).

There were postulated pathological mecha-
nisms that cause neurological complicati-
ons and mortality in cerebral malaria. Infect-
ed erythrocytes, platelets, and activated leu-
kocytes were thought to trigger inflammato-
ry events because of elevated adhesion mol-
ecules on the inflamed endothelium, which
could reduce microvascular blood flow and
could decrease the delivery of nutrients to
the affected brain tissue and vessel walls,
followed by bleeding and neuronal alterna-
tions (Newton et al, 1998; Faille ef al, 2009;
Cox and Mc Conkey, 2010; Monterio et al,
2014). Another mechanism related to com-
mon mental and psychotic symptoms associ-
ating CM was found to be immune mediated
via increased level of TNF-a (Jenkins et al,
2019).

An important part of pathogenesis of CM
was found to be played by disturbances in
the homeostasis of cerebral microcirculation,
which resulted in vascular obstructions, de-
creased cerebral blood flow, and blood-brain
barrier disruption associated with high cere-
bral vasoconstriction, which in the presence
of seizures and/or fever could cause increas-
es metabolic demands with a consequent
risk of neural injury (Kennan et al, 2005;
Abbott et al, 2006; Idro et al, 2006; Monter-
1o et al, 2014).

Almost all anti-malarial medications, with
the exception of artemisinin derivatives,
were found to be associated with neuropsy-
chiatric symptoms (Grabias and Kumar,
2016). Neuropsychiatric side effects from
mefloquine treatment developed in roughly



28% of P. falciparum malaria patients (Ronn
et al, 1998). While artemisinin or antifolates
were not known to be linked to neuropsychi-
atric complications, all quinoline antimalari-
al medications were known for their neuro-
psychiatric side effects (Telgt et al, 2005).
Mefloquine's neuropsychiatric side effects
included anxiety, paranoia, depression, hall-
ucinations, psychotic behavior, and even su-
icidal thoughts. A prodromal stage of mod-
erate symptoms such as dizziness, insomnia,
and generalized anxiety as stated could prec-
ede mefloquine-induced psychosis, which
could progress to a full-blown psychosis
with paranoid delusions and psychomotor
agitation (Tran et al, 2006; Nevin and Croft,
2016). Neuropsychiatric symptoms such as
increased psychomotor activity, disorienta-
tion, excessive talking, delirium, confusion,
increased need for sleep or insomnia, audito-
ry hallucinations, and mania-like sym-ptoms
were linked to chloroquine treatment (Garg
et al, 1990; Aneja et al, 2019; Talarico et al,
2022).

3a: Human African Trypanosomiasis: Hu-
man African trypanosomiasis (HAT), also
known as African sleeping sickness, is a
vector-borne parasitic disease. African tryp-
anosomiasis, which is caused by parasies of
the genus Trypanosoma and spread by infe-
cted tsetse flies, was found to be endemic in
36 sub-Saharan African Nations. More than
95% of cases documented were due to 7ryp-
anosoma brucei gambiense (WHO, 2022 b).

The clinical presentation of HAT was di-
vided into two distinct phases: The early
haemolymphatic stage and the late encepha-
litic stage, which could affect the central
nervous system. Within a few months after
initial infection by rhodesiense type, the dis-
ease could start acutely (the parasite invades
the CNS early), but it could also start slow-
ly, with chronic symptoms and a late CNS
infection lasting months to years as with the
gambiense type (Morys$ et al, 2015). The
initial manifestation of the disease was no-
ticed to be insidious in the late (encephalitic)
stage, and the range of potential clinical
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phenotypes was broad (Atouguia and Ken-
nedy, 2000). Due to the wide range of repo-
rted neurologic symptoms, they were group-
ed into broad categories such as psychiatric,
motor, and sensory abnormalities, and sleep
disorders. Mental disturbances might be sub-
tle and included irritability, lassitude, head-
ache, obvious personality changes, and psyc-
hiatric presentations like violence, hallucina-
tions, suicidal tendencies, and mania (Atou-
guia and Kennedy, 2000; Kone” et al/, 2021).
Typical sleep disturbances included lethar-
gy, distractibility, and uncontrollable urges
to sleep, as well as a reversal of typical sle-
ep-wake cycle in which nocturnal insomnia
alternated with daytime somnolence. Reacti-
vated disease with CNS involvement could
develop in leukemia, lymphoma, Hodgkin's
disease, transplantation, and AIDS patients
(Kennedy, 2004).

Meningoencephalitis, with cellular proli-
feration in the leptomeninges and a diffuse
perivascular white matter infiltration domi-
nated by lymphocytes, plasma cells, and ma-
crophages, were found to be the pathologic
basis of late-stage sleeping sickness. Mark-
edly active macrophages and astrocytes were
found in the perivascular cuffs and adja-
cent parenchyma, and pathognomonic moru-
la or Mott cells that were assumed to be
modified plasma cells with eosinophilic in-
clusions comprising IgM, could be found in
white matter (Adams et al, 1986; Atouguia
and Kennedy, 2000).

Patients with CNS sleeping sickness were
found to have altered cytokine levels. For
instance, significant elevations of IL-10
were seen in the plasma and CSF in both
early and late stages of rhodesiense illness,
and they decreased after therapy to levels
seen in control subjects, who were not in-
fected (MacLean et al, 2001).

In late-stage disease compared to levels
found following treatment, total but not free
plasma TNF-levels were also increased.
However, uncertainty surrounded the source
of the elevated IL-10. Similar studies in
gambiense-infected patients have also noted



elevated CSF IL-10 levels in late-stage ill-
ness, along with a rise in IL-6 and IL-8 lev-
els (Lejon et al, 2002).

Other alterations which were noted in pa-
tients with CNS HAT included very high
CSF prostaglandin D2 levels (Pentreath,
1995), which was related to the marked
somnolence, and elevated blood and CSF
endotoxin levels corresponded to the CNS
pathology (Pentreath, 1989). Therefore, ear-
ly astrocyte activation was probably crucial
in triggering the inflammatory response in
the central nervous system. Also, during try-
panosomiasis, the monoaminergic neurotra-
nsmitters dopamine, serotonin, and norepi-
nephrine were altered in brain, which could
be a factor in the neuropsychiatric disorders
seen in HAT (Stibbs and Curtis, 1987; Amo-
le et al, 1989).

A study showed that biomarkers in CSF
were able to distinguish patients at 1% stage
or advanced 2" stage of HAT with absolute
specificity. Two of these biomarkers; ne-
opterin and 5-hydroxytryptophan showed
100% specificity and sensitivity between the
two stages of the disease in patients’ sam-
ples. Neopterin was found to be an inflam-
matory biomarker previously shown in CSF
of 2™ stage but not 1 stage patients. 5-hy-
droxytryptophan was recorded to be an im-
portant metabolite in the serotonin synthetic
pathway, the key pathway in determining
somnolence, thus offering a possible link to
the eponymous symptoms of sleeping sick-
enss. Following trypanosome invasion of the
CNS, including an increase in 5-hydroxytr-
yptophan, and a decrease in tryptophan in
advanced 2" stage of HAT patients was rec-
orded. This change was accompanied by a
small increase in kynurenine in advanced
stage disease (Vincent et a/, 2016)

3b: American Trypanosomiasis (Chagas
disease): Chagas disease (CD), also known
as American trypanosomiasis, is a potent-
ially fatal disease caused by the protozoan
parasite Trypanosoma cruzi. It was found to
affect 6 to 7 million people worldwide. Cha-
gas disease was mostly found in endemic
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regions of 21 countries in continental Latin
America, where it was mostly spread when
people come into contact with the feces of
infected blood-sucking triatomine bugs i.e.,
vector-borne transmission (WHO, 2018).

Trypanosoma cruzi infection was found to
yield inflammation mainly in the heart and
gastrointestinal tract. Since the parasite were
also found to prefer brain cells including mi-
croglia, astrocytes, and neurons (Corréa-De-
Santana et al, 2006), it could influence the
nervous system (Da Silva et al/, 2010). The
disease has an acute and a chronic phase.
One-third of patients could progress to the
chronic stage of the illness. Chronic CD
were found to typically begins with a latency
period known as chronic indeterminate
form, which could go undiscovered for more
than 30 years or the entirety of one's life.
The majority of those who have been infect-
ed were noticed to continue to be so. How-
ever, this indeterminate form might occa-
sionally be followed by symptomatic forms
of the chronic phase, which noted to be cha-
racterized by a decline in parasitemia and by
cardiac, digestive, or neurological manifest-
ations (Prata, 2001; Clayton, 2010; Lidani et
al, 2019). Besides, the behavioral changes
and development of psychiatric comorbid-
ities like anxiety and depression could occur
during the chronic phase of CD, conditions
that, in principle, could not be solely attri-
buted to patient's psychological state (Jack-
son et al, 2012; Vilar-Pereira et al, 2015;
Suman et al, 2017).

The understanding of the major depressive
disorder could be attributed to an immune-
inflammatory condition, where activated ne-
uro-immune and related oxidative pathways
caused alterations in brain neurons resulting
in symptoms of depression (Maes, 1995;
Wichers et al, 2005). This psychiatric condi-
tion was found to make CD worse and make
the patients feel even more heavily burde-
ned, substantially impairing their life quality
(Ozaki et al, 2011; Duarte-Silva et al, 2020).

4- Neurocysticercosis: A well-known ne-
uroparasitosis in humans especially in pork



consuming countries is neurocysticercosis
(NCC), a parasitic infection of CNS (Dar¢ et
al, 2019). The clinical signs and symptoms
of NCC were found to vary and rely on the
topography, number, size, and stage of le-
sions, in addition to the immunological re-
sponse of the host to the parasite (Del Brutto
etal,2001).

The initial immune response to cysticerci
was recorded to be minimal, which could
explain the long latent period. Seizures,
headache, intracranial hypertension caused
by an obstruction in cerebrospinal fluid
(CSF) flow, stroke, ophthalmologic, and en-
docrinological manifestations were found to
be among the commonest NCC symptoms
and signs (Garcia and Del Brutto, 2005).

Seizure were recorded to be the most freq-
uent clinical manifestation of intraparench-
ymal NCC, whereas in extraparenchymal
NCC, which referred to infections of ventri-
cles and subarachnoid spaces; manifestatio-
ns included hydrocephalus, dysfunction of
multiple cranial nerves, visual and hormonal
impairment attributed to compression of the
hy-pophyseal stem and optic nerves (Arria-
da-Mendicoa et al, 2003; Sinha and Sharma,
2009).

The severity of psychiatric symptoms was
correlated with the use of anti-parasitic med-
ications to treat NCC, associated with an
increase in CNS inflammation (Fortenza et
al, 1997). Confusion, disorientation, memo-
1y loss, hallucinations, psychomotor incoor-
dination, progressive worsening of language
ability and mental deterioration were the
most reported mental alterations (Verma et
al, 2011).

While cognitive decline was in 87.5% of
NCC patients, psychiatric disorders were in
66.8% of people. Depressive disorders and
psychosis were found in 52.6% and 14.2%
of cases, respectively (Fortenza et al, 1997,
Dar¢ et al, 2019). Schizophrenic and manic-
like episodes were reported as potential ear-
ly NCC signs in another study by Morys et
al. (2015), who also proposed that psychiat-
ric symptoms of NCC were not caused by
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the parasite's direct impact on specific brain
tissue, but rather related to mechanical
changes in CSF pressure and inflammatory
damage to the brain parenchyma.

About one-fifth of NCC patients were rec-
orded with dementia, which could be an im-
portant presenting symptom (Bis-was et al,
1998; Wiwanitkit, 2014). In contrast to de-
generative dementia, which primarily affects
the elderly, dementias associated with NCC
were found to occur in people of any age.
Seizures and hallucinations were recorded to
be two neuropsychiatric manifestations that
could occasionally co-exist with dementia
(Shah and Chakrabarti, 2013).

Dementia syndrome seen in individuals
with NCC were found to result from a com-
bined effect of multiple parasitic and vascu-
lar lesions, disrupting fronto-parieto-temp-
oral networks related to intellectual perform-
ance in patients with susceptible brains (due
to recurrent epileptic seizures, a lack of edu-
cation, and advanced age) (Ramirez-Berm-
udez et al, 2005).

5: Human toxocariasis: Human toxocariasis
is a zoonotic and worldwide distributed dis-
ease due to infection by the larval stages of
Toxocara canis and T. cati, the common ro-
undworms of canids or felids, respectively
(Ma et al, 2018; Eslahi ef al/, 2020). Almost
1.4 billion people world-wide were reported
exposed to or infected with Toxocara spec-
ies (Rostami et al, 2019). Human infection
resulted through ingesting Toxocara eggs
from contaminated vegetables, food, or soil,
as well as from larvae in undercooked or
raw meats from paratenic hosts like cows,
sheep or chickens (Fakhri ef al, 2018; Rost-
ami et al, 2020a;b). Juvenile larvae in the
paratenic hosts, were found to migrate to va-
rious organs via systemic circulation, but did
not grow into mature worms (Ma et al,
2018).

Clinical syndromes brought on by larvae
migration included common/covert toxoca-
riasis; ocular larva migrans, and visceral lar-
va migrans (Taylor and Holland, 2001). Fur-
thermore, Toxocara spp. by breaching the



blood-brain barrier and invading the CNS,
larvae were found to cause neurotoxocariasis
(NT) (Deshayes et al, 2016). Local or gener-
alized inflammation was brought on during
larvae migration, mainly as a result of eosin-
ophilia or increased production of pro-infla-
mmatory cytokines and particular antibodies
(Ma et al, 2018). The main clinical complic-
ations of NT included encephalitis, meningi-
tis, myelitis, cerebral vasculitis, multiple scl-
erosis, epilepsy, and behavior disorders (S6-
ndergaard and Theorell, 2004; Quattrocchi
et al, 2012; Alvarado-Esquivel, 2013).

Toxocara spp. was suggested as a possible
etiology of schizophrenia (Kaplan et al,
2008; Khademvatan et al, 2014; Taghipoura
et al, 2021). Through its interaction with dif-
ferent neurobiological pathways, inflammat-
ion was found to play a role in the pathoph-
ysiology of several neuropsychiatric illness-
es (Khandaker et a/, 2015). Multiple stimul-
ating factors, such as infectious agents,
could induce inflammation (Johnson and Fo-
ster, 2018; Taghipour et al, 2019; 2022). As
a result, Toxocara infection was recorded to
serve as an amplifier of inflammation that
consequently involved in aetiopathogenesis
of schizophrenia (Taghipour ef al/, 2021).

Conclusions

Neurotropic parasitic infections were rec-
orded to be frequently associated with neu-
ropsychiatric disorders. Additionally, drugs
that are commonly prescribed to treat tropi-
cal illnesses like in case of antimalarial
drugs were found to affect mood and result
in psychosis. Neurological and psychiatric
impairments induced by these types of para-
sitic infections, which reported to cause pro-
found changes in the nervous system func-
tions, frequently associated with severe se-
quels or late-onset disturbances. It is there-
fore crucial to spread information about the
neuropsychiatric symptoms that could be
present in conjunction with neurotropic par-
asitic infections to raise awareness of these
problems and challenges. Prevention and
control of these parasitic CNS infections,
therefore, remains a global research priority.
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