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Parasites are different organisms that can be classified into single-cell organisms and multicellular organisms.
Complications caused by parasites affect both children and adults in high number. Some parasites cause
diseases with symptoms and other cause no symptoms. Parasites can be present in unusual places such as in
central nervous system (CNS). The parasitic infections of CNS are sources of mortality and morbidity.
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Introduction

Central nervous system (CNS) infections are significant
as they affect the health of CNS [1]. It was reported
that 25% of individuals in the world were infected with
parasites, where these infections are more prevalent in
developing agricultural and rural areas in the tropical and
subtropical countries [2]. Human parasites may exist in
an abnormal location in the body such as CNS. All over
the world, parasitic diseases of the CNS are considered
sources of mortality and morbidity. Parasites are a variety
of organisms which can be classified into protozoa the
single cell organism and metazoan the multicellular
organisms [3]. The protozoans are either obligate parasites
or free-living [4]. Protozoa are the most eukaryotic cells
distributed in the world, and they are essential pathogens
for both humans and animals [5], where they cause very
mild to severe, life-threatening diseases [6]. Helminths
cause diseases by the physical disruption of tissues
where they migrate and stimulate intensive inflammatory
response [7]. A large number of parasites infect humans
and sometimes many of them migrate to the CNS and
cause diseases [8]. Neurological disabilities caused by
parasitic infections include infection with malaria, Taenia
solium, Schistosoma, Toxoplasma gondii, and Soil-
transmitted helminths [9].

Infection of CNS includes cysticercosis, echinococcosis,
schistosomiasis, and toxoplasmosis. Malaria also
causes CNS disorders [10]. Some parasites cause
diseases with symptoms, whereas the others only cause
few symptoms [3]. These disorders involve variety of
vectors, causative organisms, and have several modes
of transmission as well as endemic areas [3]. Seizures
and epilepsy are related to parasitic brain infections
using encephalopathy, diffuse encephalitis, or intra-
cerebral location of the parasite [11]. Most of the
seizures that caused by the parasitic disease is a result
of neurocysticercosis and malaria [9]. The complication
caused by the parasitic infections affect millions of
adults and children in low- and middle-income countries,
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these complications include cognitive, neurological, and
mental health complications [3]. Although the previous
complications occur in endemic areas of parasites,
sporadic cases appear in non-endemic regions [3].
Our continent Africa is considered to be the home of
malaria [3] and two species of Schistosoma (Schistosoma
mansoni and Schistosoma haematobium) represent a
problem in Egypt as they transmit via the Nile River
valley [12]. Also, there are increasing speed in the
international travel which may cause transmission of
these parasites. Schistosomiasis associated with travel
has been reported [13,14]. For the previous reasons,
in the present review, we focused on two examples of
parasites that cause CNS diseases, malaria as an example
of protozoa and Schistosoma as an example of metazoan.

Methods

In this review, we used the Internet to get articles related
to the current subject. We searched scientific websites
such as research gate, Google Scholar, and PubMed. The
research process involved the use of different keywords to
obtain the recent and more articles about the subject, the
keywords used are “CNS parasitic diseases, neurological
diseases, and parasites of CNS.” Several articles were
obtained including original articles and review. We
reviewed nine articles published between the year 2005
and 2016. Only one article published in 2005, while the
other articles were more recent.
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Discussion

Infection of CNS is a significant health problem which
increased the number of cases recently [15]. Parasites are
a large group of variety organisms. They can be divided
into protozoa the single cell organisms and metazoa the
multicellular helminths [3].

Parasites of the central nervous system

Malaria

Malaria is one of the most infectious diseases in the
developing countries [16]. It is a worldwide most
common and important parasitic disease, almost
3.2 billion persons were at risk of malaria in 2015 and
it was estimated that annually there are 300—500 million
new cases and 1.5-2.7 million deaths [3,17].

The highest incidence of malaria in sub-Saharan Africa
which is the home of 89% of malaria cases and 91% of
malaria deaths [3]. African children and Asian adults are
the most affected persons by malaria with a higher percent
in children where >90% of cases are children with £5
years of age [3]. However, during 1979-1998 in the USA,
there were 118 deaths [18]. Malaria is responsible for
most of the seizures that caused by parasitic disease [9],
coma may follow generalized seizures [19].

The primary symptoms of malaria are general symptoms
such as abdominal discomfort, headache, fatigue,
irregular fever as well as muscle aches, while orthostatic
hypotension, vomiting, and nausea are frequently
occurring [3]. The mechanism of neurocognitive problems
caused by malaria is not fully identified [9]. However, the
suggested injury mechanisms involving parasite toxin,
metabolic derangements, anoxia, vascular leakage, stroke
and increased intracranial hypertension [11].

Five species of malaria infect human, almost all severe
morbidity and mortality of malaria are associated
with Plasmodium falciparum species [20], and it is
responsible for most of the malaria cases (80%) as
well as deaths from malaria (90%) [21]. Plasmodium
falciparum also is responsible for acute seizures and
most common CNS infections [8]. It is responsible for
most of the CNS infections that result in wide range of
neurological complications [6]. This species is a fatal
parasitic infection worldwide, and most death caused
by this species occurs in young children in sub-Saharan
Africa [17].

It does not infect brain directly. However, coma can result
from severe infection [9]. Plasmodium falciparum cause
cerebral malaria which is the most severe complication
of malaria and it can cause acute encephalopathy [9,22].
Children, pregnant women, immunosuppressed persons
and non-immune individuals are the most categories to
develop cerebral malaria [23].

Cerebral malaria also can obstruct microvasculature in
the brain by means of sequestration [24]. Cerebral malaria
caused by the sequestration of erythrocytes which are
infected with malaria, almost in 2% of cases [25]. This
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erythrocytic stage is responsible for the occurrence of
cerebral malaria [6].

When RBCs are infected with Plasmodium falciparum
merozoites, these merozoites produce a protein to the
surface of the infected RBCs; these infected blood
cells adhere to the walls of microvasculature by a
unique interaction between the cells and the vascular
endothelium, this process known as cytoadherence [26].
Cytoadherence leads to the occurrence of few methods
such as the release of endothelial microparticles, apoptosis
of host cells and endothelial activation that occur in the
brain; the endothelial activation process has an essential
role in the pathogenesis of cerebral malaria [27].

The sequestration of red blood cells is caused by the
presence of the parasite-derived protein on the cells [26].
Plasmodium falciparum erythrocyte membrane protein 1
was thought to be the dominant virulence factor of cerebral
malaria [28]. By increase in the number of attached
infected cells, the mass increases in size and causes
impairment in the perfusion of blood, hence hypoxia
occurs resulting in a coma [24]. The cytoadherence
process causes a decrease in blood flow and as a result of
this obstruction in microcirculation occurs [29].

More serious sequestration of infected RBCs makes the
obstruction of blood flow irreversible, so hypoxia spreads
widely and ischemic injury occurs and finally death [30].
The severity of the disease can be evaluated by the ratio
between the decreased level of Ang-1 or increased Ang-2
in the serum, where Ang-1 and Ang-2 are two endothelial
regulators [31].

There is a difference between symptoms in adults and
children [29]. Cerebral malaria results in encephalopathy
and coma [25] and other several neurological diseases
including seizures, opisthotonus, nystagmus, and
conjugate gaze palsy [32]. The symptoms of cerebral
malaria include the most severe manifestation in young
children which is the impairment of consciousness
accompanied by coma [33], coma occurs suddenly with
seizure then fever develops [6].

The children patient also expresses common symptoms
such as metabolic acidosis, brainstem signs, anemia,
brain swelling, intracranial hypertension, hyperpyrexia,
hypoglycemia, shock, retinal changes, and electrolyte
imbalance [23]. 30% of children experience brainstem
dysfunction [34,35], while ocular bobbing, sixth nerve
palsies, and nystagmus are occasional symptoms [36].

In adult patients, they suffer icterus, hypoglycemia,
alteration in mental status, and disseminated intravascular
coagulation [25]. In children, seizures are most commonly
occurring after the sudden onset of coma, whereas
in adults a seizure is related to gradually developed
coma [37]. Seizures represent 80% of African children
of cerebral malaria symptoms [34,35]. With parasitemia,
the risk of seizures increases [38].

Seizures in Africa are the frequent reason for admission to
hospitals [39,40], where one-third of seizures cases in the
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emergency room in Africa are because of malaria [40].
It was found that seizures represented 15.8% of the total
admissions and 69% of those were due to Plasmodium
falciparum malaria [39]. Seizures occur in 25% of
cerebral malaria [8].

Cerebral malaria develops long-term  cognitive
impairment in one of four infected children [41]; long-
term cognitive disability also can be resulted from severe
malarial anemia [42]. Cerebral malaria also can cause
behavioral problems and epilepsy in long-term [43]. The
association with epilepsy was reported in the endemic
region in Africa [44]. In a prospective study on children
by van Hensbroek et al. [45], they found that 5 in 466 out
0f 490 survivors had seizures at 1 month and another at 6
months and 18 months, this suggested that development
of epilepsy in the short term was infrequent.

Carter et al. [46] found that active epilepsy was
noted in 6.4%, 4.6%, and 1.1% in children with a
history of cerebral malaria with complicated seizures,
uncomplicated cerebral malaria, and a control population,
respectively. This can be attributed to the predisposing of
cerebral malaria with complicated seizures to epilepsy.
By usage of suitable treatment, the mortality rate caused
by cerebral malaria becomes 15-25% [25].

Schistosoma

The infection of helminths to the CNS occurs worldwide,
especially in tropical and subtropical countries with high
prevalence [47]. It is a significant public health problem
in the developing countries [17]. Schistosoma is a severe
public health problem especially in tropical areas where
200 million persons approximately got infected with it,
and 20 million of them suffer severe illness. Also, it is
one of the most prevalent parasites causing a parasitic
disease [47]. Schistosomiasis is endemic in sub-Saharan
Africa, the Middle East, South America, Asia, and the
Caribbean Islands [48]. After malaria and amebiasis,
schistosomiasis is the third-leading endemic parasitic
disease in the world [2].

In Egypt, the distribution of Schistosoma species and
prevalence differs between governorates and regions [2].
It was found that prevalence of S. mansoni was 4.3% and
it was unusual in Upper Egypt, while in Lower Egypt
it was endemic and ranged from 17.5% to 42.9% [49].
S. haematobium was endemic in Upper Egypt and ranged
from 4.8% to 13.7% with a mean of 7.8%, while it was
rare in the Lower Egypt [49]. Each year worldwide, up to
300 million people experience schistosomiasis, which is
caused by five species [4].

The human disease commonly manifests as dermatitis
[50,51]. Maturation and migration of Schistosoma eggs
lead to Katayama syndrome which also known as acute
schistosomiasis; this syndrome causes an immune-
mediated hypersensitivity reaction [52]. The presence
of systemic illness and eosinophilia as well as fever
leads to acute encephalitis which occurs in 2-3% of
acute schistosomiasis cases [53]. The symptoms include
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myalgias, fever with urticarial swellings, eosinophilia,
and bloody diarrhea [54]; these symptoms are not
common in endemic areas but when exist they last for
several weeks [4].

A small percent of schistosomiasis patients give rise
to Neuroschistosomiasis [36]. More recently, in a
study in sub-Saharan Africa, it was reported that spinal
schistosomiasis caused 1-5% of nontraumatic spinal cord
injuries and 4.3% of schistosomiasis adults hospitalized
in China had CNS involvement [55,56]. Schistosoma
reaches to CNS by accident [47], three of five species
have been involved in CNS invasion [51].

The migration of Schistosoma eggs or worms to the
spinal cord or brain results in neuro-schistosomiasis,
this happens after infection with Schistosoma
mansoni, Schistosoma haematobium, or Schistosoma
Jjaponicum [9]. The three species of Schistosoma cause
complication for CNS where the eggs cause infarction
or granuloma formation. Schistosoma japonicum affects
the brain, whereas Schistosoma haematobium and
Schistosoma mansoni affect the spinal cord [3].

Schistosomiasis is considered an under-recognized
cause of acute encephalopathy in the tropics [57].
Epilepsy can be caused by schistosomiasis [58]. In
Egypt, schistosomiasis due to Schistosoma mansoni of
the spinal cord is considered the primary cause of the
parasitic invasion of the spinal cord [59]. Neurological
involvement usually occurs within weeks or months after
infection when eggs migrate via the vascular system to
the spinal cord or the brain. Symptoms may occur as a
result of the mass effect of the egg or from granuloma
formation around the egg [51].

The spinal cord involvement results in hemiparesis,
while in case of brain involvement, there is either
acute phase (schistosomal encephalopathy) or chronic
phase (cerebral schistosomiasis or pseudotumoral
encephalic schistosomiasis) [53]. In the chronic phase,
the pathogenesis is explained by the passage of eggs
of Schistosoma to CNS where they stimulate space-
occupying granulomatous reactions [53,60].

Posterior fossa and spinal cord are the most common
sites involved in pathogenesis when the parasite enters
to the CNS through Batson’s plexus [4]. Intracranial
pressure increases by granuloma formation mass and
intracranial hemorrhage can be produced by erosion of
vascular walls [4]. The clinical symptoms of cerebral
schistosomiasis include focal neurologic deficits, fever
and seizures [48]. The pathogenesis, manifestations and
outcome of the disease differ according to the phase and
clinical forms [53].

Clinical manifestations of schistosomiasis depend on the
species that caused the infection and they can appear at
several stages during the parasitic life cycle [4]. Symptoms
include urticarial rash; pulmonary infiltrates, fever and
cough; it is often accompanied by moderate peripheral
eosinophilia [3]. However, cerebral schistosomiasis is
common without symptoms, but it may exist with signs
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of space-occupying lesions including seizures, visual and
oral disturbances, headache, and papilledema [10].

Conclusion

Malaria and Schistosoma are two parasites that infect the
CNS. Malaria is very prevalent in sub-Saharan Africa; it
is responsible for most of the seizures cases that occurred
due to parasitic diseases. Five species of malaria infect
human: Plasmodium falciparum is the species that is
responsible for most of the CNS infections. Cerebral
malaria causes encephalopathy, coma, and opisthotonus.
Schistosoma prevalence in Egypt varies between
governorates. The neuro schistosomiasis occurs as a
result of the migration of Schistosoma eggs or worms to
the spinal cord or brain. The three species of Schistosoma
result in CNS complications. Schistosomiasis causes
acute encephalopathy and epilepsy. Hemiparesis is
caused by infection of Schistosoma to the spinal cord,
while brain infection causes the acute phase schistosomal
encephalopathy and the chronic phase cerebral
schistosomiasis.
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