Pre prints.org

Review Not peer-reviewed version

Neuroschistosomiasis: A Narrative
Review of a Multifaceted Nature of a
Neglected Tropical Disease

Jamir Pitton Rissardo " , Vishnu Vardhan Byroju , Ana Leticia Fornari Caprara

Posted Date: 10 December 2024
doi: 10.20944/preprints202412.0822.v1

Keywords: neuroschistosomiasis; schistosomiasis; bilharzia; Katayama fever; flatworm; platyhelminths;
imported diseases; acute schistosomiasis; cercarial dermatitis; chronic schistosomiasis

Preprints.org is a free multidisciplinary platform providing preprint service
that is dedicated to making early versions of research outputs permanently
available and citable. Preprints posted at Preprints.org appear in Web of
Science, Crossref, Google Scholar, Scilit, Europe PMC.

Copyright: This open access article is published under a Creative Commons CC BY 4.0
license, which permit the free download, distribution, and reuse, provided that the author
and preprint are cited in any reuse.



https://sciprofiles.com/profile/1830016
https://sciprofiles.com/profile/2311233

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 10 December 2024 d0i:10.20944/preprints202412.0822.v1

Disclaimer/Publisher’'s Note: The statements, opinions, and data contained in all publications are solely those of the individual author(s) and

contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to people or property resulting
from any ideas, methods, instructions, or products referred to in the content.

Review

Neuroschistosomiasis: A Narrative Review of a
Multifaceted Nature of a Neglected Tropical Disease

Jamir Pitton Rissardo *, Vishnu Vardhan Byroju 2 and Ana Leticia Fornari Caprara

Neurology Department, Cooper University Hospital, NJ 08103, USA;
byroju-vishnu@cooperhealth.edu (V.V.B.); fornari-caprara-ana@cooperhealth.edu (A.L.F.C.)
* Correspondence: jamirrissardo@gmail.com

Abstract: Neuroschistosomiasis, a severe neurological manifestation of schistosomiasis caused by parasitic
trematodes of Schistosoma, represents a significant yet often overlooked public health challenge, particularly
in tropical and subtropical regions. Characterized by the invasion of the central nervous system by Schistosoma
larvae, neuroschistosomiasis can lead to a wide range of neurological complications, including motor
dysfunction, cognitive impairment, seizures, and even paralysis. Despite its devastating impact on affected
individuals, neuroschistosomiasis remains underdiagnosed and underreported, primarily due to limited
awareness among healthcare professionals and the complexity of its clinical presentation. Early recognition
and timely intervention are paramount in mitigating the neurological sequelae of neuroschistosomiasis.
Improved diagnostic tools and surveillance systems are needed to facilitate accurate diagnosis and prompt
treatment initiation. Furthermore, there is a critical need for further research to better understand
epidemiology, pathophysiology, and optimal management strategies for neuroschistosomiasis. Integrating
neuroschistosomiasis into existing schistosomiasis control programs, strengthening healthcare infrastructure
in endemic areas, and fostering interdisciplinary collaboration among healthcare professionals, researchers,
policymakers, and community stakeholders are essential to addressing this neglected tropical disease
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1. Introduction

1.1. Overview of Schistosomiasis

Schistosomiasis, caused by parasitic flatworms of the genus Schistosoma, remains a persistent
global health concern, affecting millions of people in tropical and subtropical regions [1]. The disease
is characterized by its unique life cycle, involving freshwater snails as intermediate hosts and humans
as definitive hosts. While schistosomiasis is traditionally associated with its impact on the digestive
and urinary systems, recent research has highlighted its lesser-known neurological manifestations
[2].

Schistosomiasis has a deep-rooted history, with evidence suggesting its presence in ancient
Egyptian mummies [3]. Over the centuries, it has been recognized as a significant public health
challenge, particularly in regions with inadequate sanitation and limited access to clean water. The
three main species of Schistosoma responsible for human infections are S. mansoni, S. japonicum,
and S. haematobium [4]. Each species exhibits a specific geographic distribution and affects a
preferred organ system, with S. mansoni and S. japonicum primarily affecting the digestive system,
while S. haematobium targets the urinary system [5].

Understanding the schistosome life cycle is crucial for comprehending the disease's transmission
(Figure 1). Eggs laid by adult worms in human veins pass into freshwater through urine and feces,
hatching into larvae that infect snails. The larvae develop further inside the snails, releasing infectious
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cercariae into the water. Cercariae penetrate and migrate to the bloodstream upon contact with
human skin and reach the liver, where they mature into adult worms [6].
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Figure 1. Life Cycle of Schistosoma Species and Global Prevalence. Eggs of Schistosoma species are
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organisms.

released into the water and develop into miracidia. These develop into sporocysts in their
intermediate hosts, snails. Cercariae arise from sporocysts, which penetrate human skin, enter the
circulation system, and mature in the liver. Adult worms migrate to venules of the bowel and
bladder, lay eggs, and propagate the cycle. The upper left corner depicts a map highlighting the
global prevalence of Schistosoma species.

S. mansoni and S. japonicum are species that predominantly infect the mesenteric veins of the
intestines and liver [7]. The presence of adult worms leads to the deposition of eggs in the intestinal
wall, causing inflammation and tissue damage. Individuals infected with S. mansoni or S. japonicum
may experience abdominal pain, diarrhea, and reticuloendothelial system. In severe cases, chronic
infection can result in portal hypertension and liver fibrosis. S. haematobium primarily targets the
veins around the bladder and pelvic organs [8]. Eggs deposited in the urinary tract can lead to
inflammation, ulceration, and scarring. Hematuria, dysuria, and urinary tract infections are common
symptoms of urogenital schistosomiasis. Chronic infection may contribute to bladder dysfunction,
hydronephrosis, and an increased risk of bladder cancer [9].

The prevalence of schistosomiasis is closely linked to environmental factors, socioeconomic
conditions, and access to clean water. Endemic in sub-Saharan Africa, the Middle East, Southeast
Asia, and parts of South America, the disease disproportionately affects communities with limited
resources and inadequate sanitation infrastructure [10]. Schistosomiasis has far-reaching
consequences on individuals and communities. Beyond its direct effects on health, the disease
contributes to poverty and hinders economic development. The chronic nature of infections can lead
to long-term disabilities, impacting productivity and quality of life. Efforts to control and prevent
schistosomiasis have primarily focused on mass drug administration of praziquantel, improved
water and sanitation, and snail control programs [11]. However, challenges such as drug resistance,
limited access to treatment, and ongoing transmission persist, necessitating a multifaceted and
sustained approach [12].

While the traditional focus of schistosomiasis has centered on its impact on the digestive and
urinary systems, emerging research has broadened our understanding to include neurological
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manifestations. Neuroschistosomiasis, characterized by its effects on the central nervous system,
presents new challenges in diagnosis, treatment, and prevention [13]. In conclusion, the historical
significance of schistosomiasis, its causative agents, and its life cycle provide a foundation for
understanding its traditional impact on the digestive and urinary systems [14]. However, with the
recognition of neurological manifestations, the landscape of schistosomiasis is evolving, demanding
a comprehensive approach to address the multifaceted challenges posed by this neglected tropical
disease.

1.2. Emergence of Neuroschistosomiasis

Neuroschistosomiasis is characterized by the infiltration of Schistosoma parasites into the
central nervous system (CNS). This encompasses a spectrum of neurological disorders, from acute
symptoms, including headaches and seizures, to chronic and subtle manifestations, such as cognitive
impairment and motor dysfunction [15]. The recognition of neuroschistosomiasis represents a critical
step in acknowledging the comprehensive impact of the disease beyond its traditional boundaries.
Understanding the epidemiology of neuroschistosomiasis is paramount for effective prevention and
intervention. While the geographical distribution of Schistosoma species remains a crucial factor,
neurological involvement is not uniform across all endemic regions [16]. This variability underscores
the need for targeted surveillance and research to elucidate the intricate interplay of environmental,
host, and parasite factors contributing to neuroschistosomiasis.

2. Neuroschistosomiasis: An Overview

2.1. Definition and Classification

Neuroschistosomiasis represents a distinctive and evolving facet of the broader schistosomiasis
spectrum, characterized by the involvement of the central nervous system (CNS) in Schistosoma
infections. As our understanding of this parasitic disease advances, recognizing neuroschistosomiasis
as a distinct entity has gained prominence, emphasizing its multifaceted clinical presentations [17].
The term “neuroschistosomiasis” encompasses a spectrum of neurological disorders induced by the
invasion of Schistosoma parasites into the CNS. This invasion initiates a cascade of immune
responses, inflammatory reactions, and tissue damage within neural tissues, leading to diverse
clinical manifestations. Understanding the different clinical forms of neuroschistosomiasis is
paramount for accurate diagnosis, effective treatment, and informed public health strategies [18].

The acute form of neuroschistosomiasis is characterized by the sudden onset of neurological
symptoms, often occurring during the initial stages of infection. Individuals experiencing acute
neuroschistosomiasis may present with severe headaches, reflecting the inflammatory response to
schistosome larvae in the CNS [19]. Seizures are another hallmark of this phase, emphasizing the
dynamic interaction between the parasites and the host's nervous system [20]. Diagnosis during the
acute stage can be challenging due to the nonspecific nature of symptoms, and misdiagnosis or
delayed recognition may occur.

In the subacute form, patients may exhibit a combination of headaches, cognitive impairments,
and subtle motor dysfunction. Subacute neuroschistosomiasis poses diagnostic challenges as
symptoms can overlap with various neurological conditions, necessitating a thorough clinical
evaluation and the utilization of specific diagnostic tools [21]. Early recognition of the subacute form
is crucial to prevent neurological deficits' progression and promptly initiate intervention.

Chronic neuroschistosomiasis represents the long-term consequences of sustained CNS
involvement by Schistosoma parasites [22]. This form is associated with persistent cognitive
impairments affecting memory, attention, and other higher-order cognitive functions. Motor
dysfunction, including weakness, tremors, and gait disturbances, may become more pronounced
over time. Psychiatric manifestations, such as depression and anxiety, further contribute to the
complexity of chronic neuroschistosomiasis [23]. The chronic form demands comprehensive,
multidisciplinary management, recognizing the enduring impact on patients’ daily lives and
functioning.
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A distinct clinical manifestation of neuroschistosomiasis involves the spinal cord, where
Schistosoma parasites invade the spinal canal and compromise the integrity of the spinal cord [24].
This form often presents symptoms such as back pain, lower limb weakness, and sensory
disturbances. Another rare presentation is transverse myelitis associated with schistosomiasis [25].

Cerebral neuroschistosomiasis primarily targets the brain parenchyma and the meninges,
leading to a distinct set of neurological symptoms. Imaging studies, including magnetic resonance
imaging (MRI), play a crucial role in identifying lesions within the brain. Cerebral
neuroschistosomiasis highlights the diversity of neurological complications, emphasizing the need
for specialized diagnostic approaches tailored to the affected regions of the CNS [26].

Individuals experiencing cognitive neuroschistosomiasis may show memory loss, attention
deficits, and difficulties in executive functioning [27]. The subtle nature of cognitive deficits in this
form may lead to underrecognition and delayed diagnosis. Evaluating global function becomes
pivotal, requiring neuropsychological assessments and cognitive testing to gauge the extent of
cognitive involvement accurately [28].

Sometimes, patients may present with a combination of clinical forms, making the diagnostic
landscape even more complex. Overlapping syndromes, where neurological manifestations coexist
with traditional gastrointestinal or urogenital symptoms, challenge clinicians to consider the
interconnectedness of various organ systems affected by schistosomiasis [29]. A holistic approach
must address the diverse clinical scenarios and tailor interventions accordingly.

2.2. Epidemiology

The incidence, prevalence, and geographical distribution of neuroschistosomiasis are complex
and multifaceted aspects that are still evolving as research in this field progresses.
Neuroschistosomiasis poses unique challenges in diagnosis, epidemiology, and understanding its
geographic spread [30].

Accurate incidence data for neuroschistosomiasis remain challenging to obtain due to the
underreporting and misdiagnosis of cases, particularly in regions with limited healthcare
infrastructure. The acute phase of neuroschistosomiasis is often characterized by severe symptoms
such as headaches and seizures, leading individuals to seek medical attention [31]. However, the
subtle and chronic forms are underrecognized, contributing to underestimations of true incidence.
Research efforts are continually working towards refining diagnostic criteria and surveillance
methods to capture a more accurate picture of the incidence of neuroschistosomiasis [32].

Determining the prevalence of neuroschistosomiasis is complex due to the varying clinical
presentations and the challenges associated with an accurate diagnosis. In regions where
schistosomiasis is endemic, prevalence studies traditionally focus on gastrointestinal and urogenital
forms. However, as awareness of neuroschistosomiasis grows, researchers increasingly incorporate
neurological assessments into broader prevalence studies. The chronic nature of some neurological
manifestations further complicates prevalence estimates, as individuals may only seek medical
attention once symptoms become more pronounced [33].

The geographical distribution of neuroschistosomiasis is closely tied to the distribution of
Schistosoma species [34]. While Schistosoma mansoni and Schistosoma japonicum are traditionally
associated with intestinal schistosomiasis, they have shown a propensity for causing neurologic
manifestations. Schistosoma haematobium, primarily responsible for urogenital schistosomiasis, has
also been linked to neurological complications [35].

Regions with a high prevalence of schistosomiasis, such as sub-Saharan Africa, the Middle East,
Southeast Asia, and parts of South America, are likely to have a significant burden of
neuroschistosomiasis [36]. Environmental factors further influence the distribution, the presence of
suitable snail hosts, and the behavior of the human population in interacting with infested water
sources. Localized studies and case reports have emerged from endemic regions, providing insights
into the occurrence of neuroschistosomiasis in specific areas. However, the lack of systematic
surveillance and standardized diagnostic approaches hinders a comprehensive understanding of its
global distribution [37].


https://doi.org/10.20944/preprints202412.0822.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 10 December 2024 d0i:10.20944/preprints202412.0822.v1

2.3. Risk Factors

The likelihood of neurological involvement in schistosomiasis is influenced by a combination of
factors related to the parasite, the host, and the environment. Identifying these factors is crucial for
understanding the mechanisms of neuroschistosomiasis and developing targeted interventions. S.
mansoni and S. japonicum are primarily associated with intestinal schistosomiasis but have
demonstrated a propensity for causing neurologic complications [9]. The ability of these parasites to
invade the central nervous system may contribute to the increased likelihood of neurological
involvement.

Higher parasite loads, measured by the number of Schistosoma larvae (cercariae) entering the
host, have been linked to an increased risk of neurological complications. A heavy burden of parasites
may lead to more widespread tissue damage and immune responses in the central nervous system
[38]. The host’'s immune response plays a crucial role in developing neuroschistosomiasis.
Individuals with heightened immune reactivity may experience more pronounced inflammation in
response to Schistosoma invasion, contributing to neurological symptoms [39].

Schistosomes employ various immune evasion strategies, including the release of
immunomodulatory molecules [40]. These strategies may influence the host's immune response and
potentially contribute to the ability of the parasites to invade neural tissues. Host genetic factors can
affect the susceptibility to schistosomiasis and its complications. Genetic variations in the host's
immune response or neural tissue susceptibility may contribute to the likelihood of neurological
involvement [41].

Children and adolescents may be more susceptible to neurological involvement due to the
immaturity of their immune systems [42]. Additionally, older individuals with age-related changes
in immune function may be at increased risk. Co-infections with other pathogens, such as malaria or
other parasitic diseases, can modulate the host's immune response and potentially raise the risk of
neurological complications in schistosomiasis [43].

Some studies suggest that gender may influence the likelihood of neurological involvement. For
instance, gender-specific hormonal and immunological factors may contribute to variations in
disease outcomes. Malnutrition, particularly deficiencies in certain micronutrients, can compromise
the immune response and increase susceptibility to severe manifestations, including neurological
complications [44].

Activities involving prolonged contact with infested freshwater, such as swimming, bathing, or
agricultural work, increase the risk of exposure to schistosome larvae and subsequent neurological
complications [45]. The presence of snail intermediate hosts, which facilitate the life cycle of
schistosomes, contributes to the environmental risk of infection. Regions with abundant snails may
see a higher prevalence of schistosomiasis and associated neurological involvement [46].

3. Pathophysiology

3.1. Mechanisms of Neural Invasion

The invasion of the central nervous system (CNS) by schistosome parasites involves a complex
interplay between the parasites, the host's immune system, and the blood-brain barrier (BBB) (Figure
2). The mechanisms through which schistosome parasites breach the BBB and invade the CNS are
still the subject of ongoing research, but several hypotheses have been proposed [47]. Schistosomes
initially infect humans through the skin, where cercariae penetrate and enter the bloodstream. Once
in the bloodstream, they travel throughout the body, eventually reaching the veins surrounding the
intestines or bladder, depending on the Schistosoma species [48]. During this systemic circulation,
schistosomes may gain access to the CNS.
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Figure 1. Pathophysiology of neuroschistosomiasis. Schistosoma species use the circulatory system
to seed the neurovascular unit. Through interactions with the host immune system and the release
of cytokines by microglial cells, they weaken the blood-brain barrier and enter the brain, resulting in
effects of varying acuity and severity. Schistosoma species can seed vessels and cause local

inflammatory reactions by forming granulomas.

Adult schistosomes reside in the veins, releasing eggs that pass into the bloodstream [49]. Some
eggs may become trapped in the microvasculature, leading to granuloma formation and localized
inflammation. The inflammatory response can compromise the integrity of the vascular endothelium,
potentially allowing schistosome larvae or antigens to cross into the CNS [50]. Also, the host's
immune response to schistosome infections plays a pivotal role in the invasion of the CNS. The
release of excretory-secretory products by schistosomes can induce an inflammatory response,
activating immune cells. In turn, this immune response may contribute to the breakdown of the BBB,
allowing the parasites to breach the barrier and invade neural tissues [51].

Schistosomes are known to produce molecules that mimic host proteins [52]. These mimicry
mechanisms allow the parasites to evade the host's immune system and potentially exploit host
pathways involved in BBB regulation. By mimicking host molecules, schistosomes could modulate
the function of endothelial cells forming the BBB, facilitating their entry into the CNS. Moreover,
schistosomes may exhibit chemotactic responses, following chemical gradients to navigate host
tissues [53]. Once in the vicinity of the CNS, the parasites may use adhesive molecules to interact with
and adhere to endothelial cells of the blood vessels in the CNS. This adhesion is a crucial step in the
invasion process.

Schistosomes employ various strategies to evade the host’s immune system. The ability of the
parasites to modulate the host’s immune response may contribute to their successful invasion of the
CNS. By subverting immune detection and response, schistosomes may exploit vulnerabilities in the
BBB [54]. It is important to note that the precise mechanisms of how schistosome parasites breach the
BBB and invade the CNS remain an area of active research. The complexity of host-parasite
interactions, the diversity of Schistosoma species, and the dynamic nature of the immune response
contribute to the challenges in fully elucidating these mechanisms [55].

3.2. Immune Response

The interplay between the host's immune response and schistosome-induced
neuroinflammation is a dynamic and complex process that plays a central role in the pathogenesis of
neuroschistosomiasis [56]. As Schistosoma parasites invade the central nervous system (CNS), they
interact with the host's immune system, triggering inflammatory responses that contribute to the
development of neurological manifestations. Understanding this interplay is crucial for elucidating
the mechanisms underlying neuroschistosomiasis and developing targeted therapeutic interventions
[57].
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Schistosomes release various excretory-secretory products, including proteins and
glycoproteins, into the host tissues. These products serve as immunomodulatory molecules that can
influence the host's immune response [58]. Some of these molecules may directly affect immune cells,
altering their functions and contributing to the initiation of neuroinflammation. Also, schistosomes
in the CNS activate various immune cells, including macrophages, microglia, and lymphocytes [59].
These cells play pivotal roles in the immune response against the parasites but can also contribute to
neuroinflammation. The activation of microglia is particularly relevant in schistosome-induced
neuroinflammation.

The immune response to schistosomes involves the release of cytokines, signaling molecules that
orchestrate and regulate immune reactions. In neuroschistosomiasis, an imbalance in cytokine
production can lead to an exaggerated inflammatory response. Pro-inflammatory cytokines, such as
interleukin-13 (IL-1§), interleukin-6 (IL-6), and tumor necrosis factor-alpha (TNF-a), contribute to
neuroinflammation and tissue damage [60]. Moreover, the chemotactic properties of schistosome
antigens may attract immune cells to the site of infection in the CNS. Leukocyte infiltration
contributes to the inflammatory milieu within neural tissues. This infiltration is a crucial component
of neuroinflammation in response to schistosome invasion [61].

The interaction between the host's immune response and schistosomes can lead to the
generation of reactive oxygen species (ROS) and reactive nitrogen species (RNS). Oxidative stress,
resulting from an imbalance between the production of these reactive species and antioxidant
defenses, contributes to tissue damage and neuroinflammation in the CNS [62]. Also, toll-like
receptors (TLRs) are innate immune receptors that recognize pathogen-associated molecular patterns
(PAMPs). Schistosome-derived molecules can activate TLRs, leading to the production of pro-
inflammatory cytokines and amplification of the immune response [63]. TLR activation in the CNS
contributes to neuroinflammation in response to schistosome infection.

Regulatory T cells (Tregs) are a subset of T cells with immunosuppressive properties. The
balance between pro-inflammatory and anti-inflammatory responses, including the induction of
Tregs, influences the outcome of neuroschistosomiasis [64]. Tregs may act to limit excessive
inflammation and prevent immunopathology. As mentioned above, the inflammatory response
initiated by the host’s immune system can contribute to the disruption of the BBB. The compromised
integrity of the BBB allows immune cells, antibodies, and potentially even schistosome parasites or
antigens to enter the CNS, exacerbating neuroinflammation.

4. Clinical Presentation

4.1. Acute Neuroschistosomiasis

During the acute phase of neuroschistosomiasis, individuals may experience symptoms that
reflect the invasion of the central nervous system (CNS) by Schistosoma parasites [65]. This phase
typically occurs shortly after the initial infection and is characterized by an inflammatory response
to the presence of schistosome larvae in neural tissues [66].

Intense headaches are a hallmark symptom of acute neuroschistosomiasis [67]. The
inflammatory response triggered by schistosome larvae in the CNS can increase intracranial pressure,
resulting in severe and persistent headaches. These headaches are often described as throbbing and
may be exacerbated by position or physical activity changes. Seizures are another prominent
manifestation of acute neuroschistosomiasis [68]. Seizures may vary in intensity and presentation,
ranging from focal seizures to generalized tonic-clonic seizures involving loss of consciousness.

Fever is a common systemic symptom during the acute phase of neuroschistosomiasis, which is
related to the inflammatory response and the host’s immune reaction to schistosome larvae [69].
Neurological deficits may manifest due to the inflammatory processes affecting the CNS. Individuals
with acute neuroschistosomiasis may experience focal neurological deficits [70]. The nature and
severity of neurological deficits can vary among affected individuals.

Nausea and vomiting may occur in the systemic response to acute neuroschistosomiasis.
Photophobia and a stiff neck can be indicative of meningeal irritation during acute
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neuroschistosomiasis [71]. These symptoms suggest meningeal irritation and may contribute to the
severity of headaches. In severe cases, acute neuroschistosomiasis may lead to altered consciousness.
This can range from confusion and disorientation to more profound states of impairment. Altered
consciousness may be associated with the severity of neurological involvement and the extent of
inflammation in the CNS. It's important to note that the symptoms of acute neuroschistosomiasis can
overlap with those of other neurological conditions, making accurate diagnosis challenging [72].

4.2. Chronic Neuroschistosomiasis

Chronic neuroschistosomiasis manifests with a spectrum of clinical presentations. The chronic
phase may follow the acute phase of neuroschistosomiasis or, in some cases, present insidiously
without an apparent acute episode. The clinical manifestations of chronic neuroschistosomiasis are
diverse and can affect various aspects of neurological and cognitive functioning [73].

Chronic neuroschistosomiasis can lead to cognitive deficits affecting memory, attention, and
executive functions. Individuals may experience difficulties in learning, recalling information, and
maintaining focus. The mental impairment can vary in severity, impacting daily functioning and
quality of life. Also, motor dysfunction is a common manifestation of chronic neuroschistosomiasis.
Individuals may exhibit weakness, tremors, and difficulties with coordination and balance. Gait
disturbances are also observed, contributing to mobility challenges [74].

In some cases, chronic neuroschistosomiasis may present with urinary and bowel incontinence.
Individuals may experience numbness, tingling sensations, or heightened sensitivity in various body
parts. In addition, neuropsychiatric symptoms, including depression and anxiety, are associated with
chronic neuroschistosomiasis [75]. The enduring impact of neurological deficits, coupled with the
chronic nature of the disease, can contribute to emotional and psychological distress. While seizures
are more commonly associated with the acute phase, some individuals with chronic
neuroschistosomiasis may continue to experience recurrent seizures. Seizures can further contribute
to cognitive impairment and functional limitations [76].

Chronic neuroschistosomiasis may affect cranial nerves, leading to facial weakness, double
vision, and difficulty swallowing. Psychomotor retardation refers to a slowing of physical and mental
processes. Individuals with chronic neuroschistosomiasis may exhibit delayed movements, reduced
reaction times, and a general slowing of cognitive and motor functions [77].

Moreover, behavioral changes may be observed, including irritability, apathy, and social
withdrawal. These changes can be secondary to the cognitive and emotional impact of chronic
neuroschistosomiasis. In some cases, chronic neuroschistosomiasis may lead to the development of
hydrocephalus, which can exacerbate neurological symptoms [78].

5. Diagnosis

5.1. Neuroimaging

Neuroimaging is crucial in diagnosing neuroschistosomiasis by providing detailed images of
the CNS structures. These imaging modalities contribute to identifying characteristic lesions,
assessing disease severity, and differentiating from other neurological conditions. MRI and CT are
valuable tools for detecting brain and spinal cord lesions associated with neuroschistosomiasis. These
lesions may manifest as inflammation, granulomas, or focal abnormalities [19].

Schistosoma-induced granulomas are a characteristic feature of neuroschistosomiasis [79].
Neuroimaging can identify these granulomas, which are inflammatory nodules formed in response
to the presence of schistosome eggs or antigens. The granulomas may appear as hyperintense or
hypointense regions on MRI, depending on the stage and composition of the lesions. Also, the extent
and severity of neuroschistosomiasis can be assessed through neuroimaging [80]. The number, size,
and location of lesions observed on MRI or CT scans can help gauge the severity of CNS involvement.
Neuroimaging is essential for evaluating potential complications of neuroschistosomiasis, such as
hydrocephalus or cerebral edema. These complications may require specific interventions, and
neuroimaging provides crucial information for treatment planning.
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5.2. Cerebrospinal Fluid Analysis

Examining cerebrospinal fluid (CSF) for schistosome antigens and inflammatory markers is a
valuable diagnostic approach in evaluating neuroschistosomiasis. This analysis provides crucial
information about the presence of Schistosoma parasites in the CNS and the inflammatory response
induced by their invasion [81].

The presence of schistosome antigens in CSF can be detected using specific laboratory assays.
Enzyme-linked immunosorbent assay (ELISA) and other immunological methods are employed to
identify schistosome-derived molecules, providing evidence of active infection within the CNS [82].
Detection of schistosome antigens in CSF directly indicates the presence of parasites in the CNS.
Pleocytosis and an increased concentration of proteins, particularly immunoglobulins, can indicate
an ongoing inflammatory reaction. Serial analysis of CSF during treatment allows monitoring of the
response to anti-schistosomal therapy [83]. A decrease in schistosome antigens, a reduction in
pleocytosis, and normalization of inflammatory markers in CSF may indicate a positive response to
treatment.

6. Differential Diagnosis

Diagnosing neuroschistosomiasis presents significant challenges, primarily due to overlapping
symptoms with other neurological diseases. The similarities in clinical presentations make
distinguishing neuroschistosomiasis from various neurological conditions challenging, leading to
delayed or misdiagnosed cases. The symptoms of neuroschistosomiasis, especially during the acute
phase, are often nonspecific. Headaches, seizures, and fever, common in neuroschistosomiasis, are
also seen in other neurological infections, migraines, and inflammatory conditions, making it
challenging to pinpoint the specific cause based solely on clinical presentation.

Neuroschistosomiasis shares clinical features with other parasitic infections affecting the central
nervous system, such as neurocysticercosis or cerebral malaria [84]. Also, while neuroimaging is
crucial in diagnosing neuroschistosomiasis, the lack of specific imaging findings poses challenges.
Lesions and granulomas may resemble those seen in other neuroinflammatory or infectious diseases,
making considering other diagnostic modalities and comprehensive clinical information necessary.
Moreover, access to advanced diagnostic tools such as neuroimaging and specific laboratory tests
may be limited in regions with endemic schistosomiasis. Lack of awareness about the disease,
especially in non-endemic areas, leads to insufficient consideration of neuroschistosomiasis in the
differential diagnosis.

In chronic cases, neuroschistosomiasis may present with subtle, insidious symptoms, making it
challenging to associate them with a parasitic infection. Cognitive deficits and motor dysfunction
may be attributed to other chronic neurological conditions, delaying the identification of
neuroschistosomiasis. A comprehensive travel history is crucial in suspecting neuroschistosomiasis,
as individuals may acquire the infection in endemic regions [85]. However, reliance solely on travel
history may be challenging if patients have lived in or visited multiple areas with different infectious
risks. Individuals in endemic regions may experience concurrent infections, making it difficult to
attribute symptoms solely to neuroschistosomiasis. The coexistence of other infectious diseases
complicates the diagnostic process and necessitates a thorough investigation.

6.1. Distinguishing Neuroschistosomiasis from Other Neurological Conditions

The diagnosis of neuroschistosomiasis can be challenging due to the overlap of symptoms with
various neurological conditions. Considering a broad range of potential differential diagnoses is
crucial to ensure accurate identification and appropriate management.

The larvae of the pork tapeworm, Taenia solium, cause neurocysticercosis [86]. It can present
with seizures, headaches, and neurological deficits. Imaging studies, such as MRI, may reveal cystic
lesions in the brain. In addition, toxoplasmosis, caused by the protozoan Toxoplasma gondii, can
affect the CNS and present with neurological symptoms. Imaging studies may reveal ring-enhancing
lesions [87].
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Bacterial, viral, or fungal meningitis can present symptoms similar to neuroschistosomiasis,
including headaches, fever, and altered consciousness. CSF analysis is crucial for differentiating
infectious causes. Also, cerebral malaria, caused by Plasmodium falciparum, can result in
neurological symptoms such as seizures and altered mental status. It is prevalent in regions where
schistosomiasis is also endemic [88]. Moreover, TB meningitis can cause chronic meningitis with
symptoms such as headache, fever, and altered mental status [89]. CSF analysis is crucial for detecting
Mycobacterium tuberculosis and assessing the inflammatory response.

MS is an autoimmune demyelinating disorder that can present with a variety of neurological
symptoms, including cognitive deficits, motor dysfunction, and visual disturbances. Neuroimaging
helps distinguish MS from neuroschistosomiasis [90]. Vascular conditions leading to ischemic or
hemorrhagic strokes may manifest with neurological symptoms similar to those seen in acute
neuroschistosomiasis. Various types of epilepsy can present with seizures, which is a common
symptom in neuroschistosomiasis. Differentiating the etiology of seizures requires a comprehensive
clinical and diagnostic evaluation.

Conditions like autoimmune encephalitis can present with psychiatric symptoms, seizures, and
altered consciousness [91]. Serological and CSF studies help in identifying specific autoimmune
antibodies.

Cryptococcal meningitis, caused by Cryptococcus neoformans, can result in chronic meningitis
with symptoms overlapping with neuroschistosomiasis [92]. CSF analysis is essential for diagnosis.
Primary CNS lymphoma is a rare form of non-Hodgkin lymphoma, which can present with
neurological symptoms that require brain biopsy for definitive diagnosis. Also, certain metabolic
disorders, such as urea cycle disorders or mitochondrial diseases, may present with neurological
symptoms [93]. Detailed metabolic and genetic testing may be necessary for diagnosis.

7. Treatment Strategies

7.1. Antiparasitic Drugs

Praziquantel is the most widely used drug for treating schistosomiasis, including
neuroschistosomiasis [94]. It is effective against adult schistosomes and is crucial in reducing the
parasite burden, alleviating symptoms, and preventing further complications. Praziquantel disrupts
the integrity of the schistosome's tegument, the outer surface of the parasite. This leads to increased
permeability and calcium influx, ultimately causing paralysis and death of the adult worms.

Praziquantel is effective against adult schistosomes, including those that may have migrated to
the CNS. Treatment with praziquantel aims to eliminate the parasites and halt the progression of the
disease. Also, praziquantel kills adult schistosomes and reduces the production of eggs by the
remaining worms, which is crucial in preventing further tissue damage, inflammation, and
granuloma formation in the CNS.

The efficacy of praziquantel in neuroschistosomiasis depends on the dosage and treatment
regimen. A standard oral dose of praziquantel is usually administered based on the patient’s weight.
The treatment may involve a single dose or multiple doses over a short period, depending on the
severity of the infection and the Schistosoma species involved. Early initiation of praziquantel
treatment is associated with better outcomes in neuroschistosomiasis. Early intervention can prevent
the progression of neurological complications and may improve the chances of neurological recovery.

One potential limitation is that praziquantel has limited blood-brain barrier (BBB) penetration.
However, studies suggest that even with this limitation, praziquantel remains effective in treating
neuroschistosomiasis, likely due to the disruption of parasites outside the CNS that indirectly affect
the central nervous system. Also, the neuroschistosomiasis may lead to disruption of the BBB,
facilitating the penetration of praziquantel in the CNS.

7.2. Symptomatic Management

In addition to antiparasitic treatment, supportive therapies play a crucial role in alleviating
neurological symptoms associated with neuroschistosomiasis. These supportive measures aim to
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manage complications, improve overall neurological function, and enhance the quality of life for
affected individuals.

For individuals experiencing seizures associated with neuroschistosomiasis, anticonvulsant
medications may be prescribed. These medications help control and prevent seizures, contributing
to improved neurological outcomes. Severe headaches are a common symptom of
neuroschistosomiasis. Analgesic medications, such as acetaminophen or nonsteroidal anti-
inflammatory drugs (NSAIDs), can be used to manage pain and alleviate headache symptoms.

Physical and occupational therapy are vital in addressing motor dysfunction and improving
functional abilities. Rehabilitation programs enhance muscle strength, coordination, and overall
mobility, improving daily functioning. Also, individuals with cognitive deficits resulting from
neuroschistosomiasis may benefit from speech and cognitive rehabilitation. These therapies address
memory impairment, attention deficits, and other cognitive challenges, promoting cognitive function
and communication skills. Given the potential impact of neuroschistosomiasis on mental health,
psychological and psychiatric support is essential. Counseling, psychotherapy, and psychiatric
medications may be recommended to address anxiety, depression, or other psychological symptom:s.

Individuals experiencing urinary or bowel dysfunction may benefit from symptomatic
treatment. This may include medications to address incontinence or other bladder and bowel
management strategies to improve overall quality of life. Neuropathic pain, which can be a
consequence of neurological damage, may require specific medications such as gabapentin or
pregabalin. Pain management strategies aim to reduce discomfort and improve the overall well-being
of affected individuals. Chronic pain, which can be associated with neurological complications, may
require comprehensive pain management strategies. This may involve a combination of
pharmacological and non-pharmacological interventions tailored to the patient’s needs.

8. Prognosis and Long-Term Outcomes

8.1. Impact on Quality of Life

Neuroschistosomiasis can have profound and long-term consequences on patients’ daily lives,
impacting various aspects of their physical, cognitive, and psychosocial well-being. The
consequences may persist even after successful antiparasitic treatment, emphasizing the importance
of comprehensive and ongoing care. Neuroschistosomiasis can lead to persistent neurological
deficits, including motor dysfunction, sensory disturbances, and cognitive impairment. These deficits
may affect daily activities such as walking, using fine motor skills, and performing routine tasks.

Chronic pain, often associated with nerve damage or granuloma formation, can significantly
impact patients’ daily lives. Pain may affect mobility, sleep, and overall quality of life, requiring
ongoing pain management strategies. Moreover, persistent neurological symptoms may result in
functional limitations, affecting activities of daily living (ADLs) such as dressing, bathing, and eating.
Rehabilitation strategies and assistive devices may be necessary to improve independence in daily
tasks.

Cognitive deficits, including memory impairment and attention difficulties, can pose challenges
in work, education, and social interactions. Patients may require support and accommodations to
manage cognitive challenges effectively. The psychosocial impact of neuroschistosomiasis can be
substantial. Stigmatization, social isolation, and changes in self-esteem may occur due to visible
symptoms or functional limitations. Psychosocial support and counseling are essential components
of comprehensive care.

Cognitive deficits and physical limitations may impact educational and occupational pursuits.
Individuals may face challenges completing education, maintaining employment, or pursuing
specific careers. Vocational rehabilitation and adaptive strategies may be beneficial. The impact on
social relationships can be multifaceted. Changes in physical appearance, communication difficulties,
or the need for additional support may influence interpersonal dynamics. Encouraging open
communication and educating families and communities can mitigate social challenges.
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The financial burden of managing chronic health conditions, including neuroschistosomiasis,
can be substantial [95]. Medical expenses, rehabilitation costs, and potential loss of income due to
disability may contribute to financial strain for affected individuals and their families. Patients often
develop adaptive strategies and coping mechanisms to navigate daily challenges. This may involve
assistive devices, modified living environments, and the development of resilience to cope with the
long-term consequences of neuroschistosomiasis.

8.2. Rehabilitation and Follow-Up Care

Managing persistent neurological deficits resulting from neuroschistosomiasis requires a
multidisciplinary approach that addresses the physical, cognitive, and psychosocial aspects [96].
Strategies aim to improve function, enhance quality of life, and promote independence.
Implementing rehabilitation programs tailored to the individual's needs can significantly improve
functional outcomes. Physical, occupational, and speech therapy may be recommended to address
motor deficits, enhance fine motor skills, and improve communication abilities.

Using assistive devices and adaptive technologies can facilitate independence in daily activities.
Mobility aids, orthotic devices, and adaptive personal care and communication tools can help
individuals with persistent neurological deficits. Cognitive deficits associated with
neuroschistosomiasis may benefit from cognitive rehabilitation [97]. This includes structured
exercises and interventions to improve memory, attention, and executive functions.

Chronic pain, a common consequence of neuroschistosomiasis, requires ongoing pain
management strategies [98]. This may involve medications, physical therapy, and complementary
approaches such as acupuncture or relaxation techniques. Individualized pain management plans
should be developed in collaboration with healthcare providers.

Psychosocial support is essential for individuals coping with persistent neurological deficits [99].
Counseling and psychotherapy can address emotional challenges, provide coping strategies, and
enhance resilience. Modifying the home environment to improve accessibility and safety is crucial.
Occupational therapists can guide home modifications tailored to the specific needs of individuals
with persistent neurological deficits. Encouraging regular physical activity, adapted to individual
capabilities, is essential for maintaining mobility and preventing secondary complications. Physical
exercise can also contribute to improved mood and overall well-being. Educating patients and their
caregivers about the nature of persistent neurological deficits, available support services, and self-
management strategies is crucial. Empowering individuals with knowledge enhances their ability to
participate in their care actively.

9. Prevention and Public Health Implications

9.1. Integrating Neuroschistosomiasis into Control Programs

Integrating neuroschistosomiasis into broader control programs for schistosomiasis is essential
for achieving comprehensive and sustainable disease management. This integration ensures that
efforts to prevent, diagnose, and treat neuroschistosomiasis are aligned with existing strategies for
controlling the overall burden of schistosomiasis.

Enhance surveillance systems to monitor the prevalence and distribution of
neuroschistosomiasis. Surveillance tools should include clinical, laboratory, and neuroimaging data
to identify and track cases accurately. Including neurological assessments as part of routine
evaluations in schistosomiasis-endemic areas can help identify individuals with neurological
symptoms early on, facilitating prompt diagnosis and intervention [100]. Implement educational
campaigns that raise awareness about the neurological complications of schistosomiasis. Community
education programs can empower individuals to recognize symptoms, seek timely medical care, and
understand the importance of preventive measures.

Integrate vector control strategies like snail control into existing schistosomiasis control
programs. Reducing the intermediate host snail population helps minimize the transmission of
schistosome larvae, including those that can cause neuroschistosomiasis. Include praziquantel, the
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primary drug for treating schistosomiasis, in mass drug administration campaigns. MDA should
target intestinal and urinary schistosomiasis and consider the potential impact on
neuroschistosomiasis by reducing the overall schistosome burden. Identify and prioritize high-risk
areas for neuroschistosomiasis based on epidemiological data and implement targeted treatment
interventions [101]. Specific Schistosoma species, environmental factors, or other risk factors for
neurological involvement may characterize high-risk areas.

Advocate for the inclusion of neuroschistosomiasis in national health policies and guidelines.
This ensures that the condition receives appropriate attention and resources for its prevention,
diagnosis, and treatment within the broader healthcare system. Strengthen healthcare infrastructure
to facilitate the diagnosis and management of neuroschistosomiasis. This includes training healthcare
professionals in endemic regions to recognize neurological symptoms and providing access to
neuroimaging facilities. Foster interdisciplinary collaboration among healthcare professionals,
researchers, policymakers, and community stakeholders. A collaborative approach ensures that
expertise from various fields contributes to the design and implementation of integrated control
programs. Conduct regular evaluations of schistosomiasis control programs to assess their
effectiveness in addressing neuroschistosomiasis. Evaluate the impact of interventions on reducing
the overall burden of the disease, including neurological complications [102].

9.2. Challenges and Future Directions

Preventing neuroschistosomiasis presents various challenges, ranging from limited resources
and awareness to the complex lifecycle of the schistosome parasites. Addressing these obstacles
requires a multifaceted approach encompassing preventive measures, community engagement, and
strengthening of the health system.

Lack of access to clean water and proper sanitation facilities in endemic regions contributes to
increased exposure to contaminated water sources, favoring schistosome transmission [103]. Many
affected communities may lack awareness about the transmission and consequences of
neuroschistosomiasis. This leads to delayed healthcare-seeking behavior and hinders the adoption of
preventive measures. Also, snail control, a crucial aspect of schistosomiasis prevention, is challenging
due to the diverse habitats of intermediate host snails. Implementing effective vector control
strategies requires sustained efforts and resources. Moreover, the complex life cycle of schistosomes
involving specific snail hosts and environmental factors makes it challenging to control transmission
[104]. Environmental modifications, such as irrigation projects, can create favorable conditions for
snail proliferation.

Mass drug administration with praziquantel is a cornerstone of schistosomiasis control [105].
However, achieving high coverage rates in endemic areas can be hindered by logistical challenges,
including community participation, drug distribution, and monitoring. The complex life cycle of
schistosomes involving specific snail hosts and environmental factors makes it challenging to control
transmission. Environmental modifications, such as irrigation projects, can create favorable
conditions for snail proliferation. Diagnostic methods for identifying neuroschistosomiasis may be
limited, especially in resource-limited settings [106]. The lack of sensitive and specific diagnostic tools
can result in underdiagnosis and delayed treatment.

A potential strategy for improving the neuroschistosomiasis burden is to invest in water and
sanitation infrastructure, which is fundamental to reducing schistosome transmission [107]. Access
to clean water and improved sanitation facilities help minimize contact with contaminated water
sources. Also, implement community-based health education programs to increase awareness about
schistosomiasis and its neurological complications [108]. Education should emphasize preventive
behaviors, early symptom recognition, and seeking timely medical care.

Another possible strategy for snail control is through environmentally friendly methods [109].
Research and implement innovative approaches for snail population reduction, targeting specific
ecological niches. Integrate neuroschistosomiasis prevention into existing mass drug administration
campaigns for schistosomiasis. Ensure high coverage rates, particularly in areas where both intestinal
and urinary schistosomiasis coexist.
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10. Conclusion

Neuroschistosomiasis represents a significant yet often overlooked public health challenge in
endemic regions. Recognizing and addressing neuroschistosomiasis is paramount due to its
devastating neurological consequences and the potential for long-term disability. While the primary
focus of schistosomiasis control has traditionally been on intestinal and urinary manifestations,
neglecting neuroschistosomiasis can lead to missed prevention and timely intervention
opportunities. Therefore, raising awareness among healthcare professionals, policymakers, and
affected communities about the neurological complications of schistosomiasis is critical for early
detection and intervention. Further research is needed to address gaps in our understanding of
neuroschistosomiasis, including its epidemiology, pathophysiology, and optimal management
strategies. Improved diagnostic tools, such as sensitive and specific tests for detecting neurological
involvement, are essential for accurate diagnosis and timely treatment.
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