MonexyrnisipHi MexaHizmu ma mepariesmudHi crmpameeii Naegleria fowleri Carter (1970): cmepmeribHo HebesreqHa aveba, W0 Noxupae MO30K

Molecular mechanisms and therapeutic strategies of Naegleria fowleri Carter (1970): a review of the fatal brain-eating amoeba

ISSN 2075-5457 (print), ISSN 2220-9697 (online)

DOI: 10.26565/2075-5457-2024-42-2
UDC: 579

Molecular mechanisms and therapeutic strategies of

Naegleria fowleri Carter (1970): a review of the fatal brain-eating amoeba
N. Datta

Naegleria fowleri is a thermophilic free-living amoeba that can cause a rare and fatal infection of the brain called primary
amoebic meningoencephalitis (PAM). PAM is a serious public health concern, as it affects mostly young and healthy
individuals who are exposed to warm freshwater environments, and has a mortality rate of approximately 98%. The
infection occurs when the amoeba enters the nasal cavity during swimming or other recreational activities, and migrates
to the brain through the olfactory nerve. In the brain, the amoeba causes extensive tissue necrosis, haemorrhage, and
inflammation, leading to severe neurological symptoms and death within days. The pathogenesis of N. fowleri infection
is not fully elucidated, but recent studies have shed some light on the molecular mechanisms that enable the amoeba
to invade, proliferate, and evade the hostimmune system. These mechanisms include the expression of various surface
molecules that mediate adhesion, motility, and phagocytosis of host cells, as well as the secretion of proteases and
other factors that degrade host extracellular matrix and modulate host immune response. However, there are still many
unanswered questions regarding the complex interactions between the amoeba and its host, which limit the
development of effective diagnostic and therapeutic strategies. PAM is often misdiagnosed as bacterial meningitis, due
to its nonspecific clinical presentation and lack of reliable diagnostic tests. This results in delayed or inappropriate
treatment and poor prognosis. Currently, there is no specific or approved treatment for PAM, and the available options
are based on empirical evidence or case reports. The survival rate of PAM remains very low, despite the use of multiple
drugs and supportive care. Therefore, there is an urgent need for more research on the pathogenesis of N. fowleri and
the identification of novel targets for intervention. With the advances in genomic and proteomic technologies, new
opportunities have emerged to explore the molecular biology of N. fowleri and its host response. By identifying the
genes and proteins involved in key processes such as adhesion, motility, and immune evasion, researchers can design
targeted therapies to disrupt these essential functions and prevent or treat infection. This review provides a
comprehensive overview of the current state of knowledge on N. fowleri, its pathogenic molecular mechanisms, and
the biological processes involved in its infection, as well as the challenges and perspectives for future research.
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Introduction

Primary Amoebic Meningoencephalitis (PAM) is caused by a parasite named Naegleria fowleri,
which freely lives within the host and results in death (Siddiqui et al., 2016). An autopsy is usually the only
way to diagnose and determine the cause of death since symptoms typically appear rapid and the host
rapidly deteriorates (Jamerson et al., 2017). A key feature of PAM is the rapid deterioration of brain tissue
caused by the secretion of cytolytic factors by the amoeba, such as phospholipase A, phospholipase B,
neuraminidase, and elastase (Visvesvara et al., 2007). This is due to the amoeba’s mechanical
consumption of living cells, which causes the host brain tissue to be damaged (Visvesvara et al., 2007).
PAM can cause headaches, stiff necks, fevers, and nausea, which are commonly mistaken for bacterial
meningitis (Marciano-Cabral, 1988). After to 10 days the death of the host will occur in absence of treatment
(Evdokiou et al., 2022). As a result of contact with contaminated freshwater, amoebas enter the nasal
passages and attach to the nasal mucosa (Marciano-Cabral, 1988). In addition to migration up olfactory
nerves, replication occurs within the frontal lobe via the cribriform plate (Siddiqui et al., 2016). The initiation
of replication in the brain activates a strong immune response involving macrophages, neutrophils, and
eosinophils (Jamerson et al., 2017). By secreting cytolytic factors and proteases, N. fowleri lyses cells
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(Jamerson et al., 2017), causing hemorrhagic necrosis of the central nervous system (CNS). There have
been several high-profile cases of Naegleria fowleri over the past five years that have engendered mass
news information. As a result of mass news attention, public fear was produced rather than public
education. The discussion below examines the biology, pathogenesis, mechanism of pathogenesis,
pathophysiology and diagnosis options of N. fowleri.

Taxonomy

The ultrastructural characteristics of protozoan unicellular eukaryotes were used by Levine et al.
(1980) to propose a classification system for this diverse group of organisms. However, this system was
revised by Adl et al. (2005) based on molecular phylogeny, biochemical pathway analysis, and
morphological criteria. Among the protozoan unicellular eukaryotes, the genus Naegleria has attracted
considerable attention due to its medical importance and evolutionary significance. Several studies have
focused on the molecular and genetic features of different Naegleria species, aiming to elucidate their
phylogenetic relationships and taxonomic status (Martinez-Castillo et al., 2016). The origin and evolution
of Naegleria have also been investigated by comparing the genome and transcriptome of Naegleria gruberi,
a non-pathogenic species, with those of other eukaryotes (Fritz-Laylin et al., 2010). These studies have
revealed that Naegleria gruberi possesses a complex molecular machinery and biochemical pathways that
are shared with animals and fungi, suggesting that it represents an ancient lineage of eukaryotes. However,
the taxonomy of Naegleria is still unresolved, especially for the pathogenic species Naegleria fowleri (De
Jonckheere, 2011). It belongs to the phylum Percolozoa and is technically classified as a shape-shifting
amoeboflagellate excavate, rather than a true amoeba. Although there are more than 40 species in the
genus Naegleria, only Naegleria fowleri has been found to cause disease in humans. The identification and
differentiation of Naegleria fowleri from other Naegleria species is challenging due to their morphological
similarity and genetic variability.

History

Naegleria fowleri was first identified in 1965 by Fowler and Carter in Australia (Fowler, Carter, 1965).
Ayear later, three fatalities were reported in Florida. It appeared that swimmers were the source of all cases
in either Australia or Florida, since Naegleria fowleri thrives in warm and fresh water. In addition to United
States tourists, Naegleria fowleri has also infected tourists from Japan, Italy, Thailand, New Zealand,
Belgium, England, Californian hot springs, and United States freshwater lakes (Seidel et al., 1982). One
must first appreciate the biology of Naegleria fowleri, its pathogenic mechanism, and the disease it causes,
primary amoebic meningoencephalitis, in order to better comprehend the spread of this organism (Ladki et
al., 2017). Naegleria fowleri species falls under the phylum Percolozoa. The microbe is a thermophylic free
living organism that is most dynamic above 86°F and can endure temperatures over 113°F (Heggie, 2010).
Thus, locals and tourists pursuing recreational water activities in the summer are most likely to find the
amoeba at its peak during this time (Ladki et al., 2017).

Life cycle

The free-living amoeba Naegleria fowleri flourishes in freshwater sources such as lakes, ponds in
hot climates (Marciano-Cabral, 1988). It has a complex life cycle that involves three morphological stages:
(i) the trophozoite or amoeboid form, which is the active and feeding stage that reproduces by binary fission;
(ii) the flagellate form, which is a temporary and non-feeding stage that develops in response to adverse
environmental stimuli such as food depletion and enables the amoeba to swim and disperse; and (iii) the
cyst form, which is a dormant and resistant stage that forms under harsh conditions such as low
temperature, high osmolarity, or chemical stress (Siddiqui et al., 2016). The transition between these stages
is regulated by environmental cues and molecular mechanisms that are not fully understood. The
trophozoite stage is responsible for causing primary amoebic meningoencephalitis (PAM), a rare but fatal
infection of the central nervous system (CNS) in humans and animals. The trophozoites are 10-35 pym in
length, with a granular cytoplasm, a single nucleus with a prominent nucleolus, and various organelles such
as mitochondria, endoplasmic reticulum, Golgi apparatus, and lysosomes (Khan et al., 2022). The
trophozoites are usually the predominant form of N. fowleri in nutrient-rich environments, such as warm
freshwater habitats or human body fluids. The flagellate form is 10-16 pm in length, with two anterior flagella
and no visible organelles. The flagellate form is occasionally found in cerebrospinal fluid (CSF) of infected
patients, but it is not considered to be pathogenic. The flagellate form can revert back to the trophozoite
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form when favourable conditions return. The cyst form is 7-15 ym in diameter, with a smooth and thick cell
wall, a single nucleus with a condensed chromatin, and a reduced cytoplasm. The cyst form is
environmentally resilient and can survive for long periods of time until better conditions occur. The cyst form
is not seen in brain tissue of infected patients and does not contribute to the pathogenesis of PAM. The
process of forming cysts from trophozoites or flagellates is called encystation, while the process of forming
trophozoites from cysts is called excystation (CDC, 2021). Naegleria fowleri infects humans or animals by
entering the nose during water-related activities such as swimming or nasal irrigation. The trophozoites
then penetrate the nasal mucosa and migrate along the olfactory nerves to reach the brain, where they
cause extensive tissue damage and inflammation by feeding on neurons and glial cells, secreting proteases
and phospholipases, inducing apoptosis and necrosis, and eliciting immune responses
(microbeonline.com, 2022). The infection usually results in death within one to two weeks after exposure.

The pathogenicity of N. fowleri is associated with its trophozoite stage, which is the only form
detected in brain tissue of infected patients and never as a cyst. A good strategy against PAM includes
finding drugs that can kill the parasite selectively and effectively as well as those that induce encystation.
A compound that induces dormancy can be used to develop novel therapeutic strategies since N. fowleri
is inactive once encysted. Killing the parasite is much tougher than bringing its phenotypic transformation.
Exposure to physiological, chemical, environmental and radiological changes, for example, can induce
encystation, as opposed to the high concentrations of drugs used to kill the parasite, which can cause
damage to host cells. In other words, any circumstance that encourages receptor conformational changes
will trigger encystation. External stimuli may also affect cell surface receptors, causing them to undergo
structural and conformational changes. Since Naegleria are not a threat once encysted, it could be
extremely useful to identify compounds that can induce Naegleria encystation as a means of developing
new therapeutic strategies. The proposed strategy could facilitate alternative therapeutic measures and/or
immunity-driven extermination of the parasite in light of the acute nature of PAM that can lead to death
within a few days. By inducing encystation in N. fowleri, virulent amoebas will be altered into avirulent forms
and infection will be delayed. Virulent amoebae can be made dormant by using ligands (molecules, in
addition to antibodies or osmolarity) that induce conformational changes that cause cyst formation (Khan
et al., 2022). The large molecular mass of antibodies makes it improbable for them to cross the blood-brain
barrier, so substances that can pass the barrier would be required to reach the infection site in the CNS
and elicit encystation. The use of this method can be used to design combinatorial chemotherapies against
this devastating infection if small molecules that can pass through the blood—brain barrier are identified. It
may be possible to identify specific receptors involved in the differentiation process using differential gene
expression analysis using RNA-seq in response to encystation (Khan et al., 2022). To determine an
appropriate treatment regimen against brain-eating amoebas, a range of chemical libraries would need to
be tested using bioassay-guided testing, along with a thorough understanding of their structure,
composition, and permeability. In order to succeed in these prospects, rigorous research must be
conducted.

Pathogenesis

As an amphizoic amoeba, N. fowleri can live spontaneously in water, soil, or the host in the central
nervous system (CNS) of humans (De Jonckheere, 2011). Water activities, including swimming and diving,
have been associated with N. fowleri infections in healthy children and adults. When water sploshes or
wallows itself into the nasal cavity, N. fowleri is believed to enter the human body through the nose (Grace
et al., 2015). As the infection enters the CNS, it attaches to the nasal mucosa, traverses the olfactory nerve
to reach the olfactory lobes, and then travels through the cribriform plate (which is more porous in children
and young adults (Jarolim et al., 2000). By activating macrophages and neutrophils in the olfactory lobes,
N. fowleri induces a substantial immune response in the human body (Marciano-Cabral, Cabral, 2007). It
enters the body as trophozoites. The pathogenicity of N. fowleri is also reliant on the release of cytolytic
molecules that damage nerves and host cells (De Jonckheere, 2011). These molecules, including acid
hydrolases, phospholipases, and neuraminidase, spread throughout the body. The adherence of the
pathogen to its host cell is one of the most serious steps in any microbial infection (Gliémez, Garcia, 2021).
Pathogenic amoebas like N. fowleri have been found to have higher attachment levels. According to studies
conducted in vitro, N. fowleri is capable of attaching to basement membrane components such as collagen
I, laminin-1, and fibronectin to move through the nasal epithelium (Jamerson et al., 2012). They have been
found to be capable of adhesion by co-localizing integrin-like proteins with actin filaments and binding
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fibronectin (Jamerson et al., 2012). In addition, kinases C found in N. fowleri have been shown to enhance
amoebic adhesion and cytotoxicity towards host cells (Jamerson et al., 2012). In theory, N. fowleri adhering
to extracellular matrix constituents could trigger signalling transduction pathways that activate protein and
protease expression that facilitate amoeba entry and multiplying into the CNS (Giémez, Garcia, 2021). A
group of proteins associated with cytoskeletal reorganisation and stability was found in mice when they
were passed through their brains, making them almost 100-fold more virulent (Gliémez, Garcia, 2021). N.
fowleri, which is highly virulent, contains a protein homologous to Rho guanine nucleotide exchange factor
28, which proposes that cytoskeletal rearrangement and stabilisation are important for pathology of the
amoeba (Guémez, Garcia, 2021; Jamerson et al., 2017). Several studies have indicated that the amoeba's
locomotion and pathogenesis are affected by the Nfa1 gene, which encodes for the Nfa1 protein (Gliémez,
Garcia, 2021). The use of anti-Nfal antibodies has been shown to decrease the amoeba's cytotoxic effects,
suggesting that this protein plays an essential role in its pathogenesis (Kang et al., 2005). In addition,
transfection of N. fowleri's Nfal gene into nonpathogenic N. gruberi heightened cytotoxicity against Chinese
hamster ovary cells (CHO), as equated with naive N. gruberi (Jeong et al., 2005; Gliémez, Garcia, 2021).
The amoeba has also been shown to contain a protein encoded by the Nf-actin gene in its cytoplasm, and
pseudopodia which has been linked to increased cell adhesion, phagocytosis, and cytotoxicity (Sohn et al.,
2019). N. fowleri's pathogenicity united with the concentrated immune response that follows its presence
results in significant nerve and CNS tissue damage, which often leads to fatal conditions.

Mechanisms of pathogenicity

One of the crucial steps in the pathogen invasion process is adhesion, which involves the recognition
and binding of specific molecules on the surface of N. fowleri to the host cells. Several studies have
attempted to identify the adhesion molecules that N. fowleri uses to attach to the host cells, such as a 60
kDa integrin-like protein on its outer membrane (Han et al., 2004), and various extracellular matrix proteins,
such as collagen type |, fibronectin, and laminin-I (Cervantes-Sandoval et al., 2010). Moreover, it has been
shown that N. fowleri and N. gruberi differ in their expression of carbohydrates, and that mannose residues
are essential for N. fowleri to adhere to the mouse nasal mucosa (Carrasco-Yepez et al., 2013). Another
important factor in the pathogenesis of N. fowleri is the secretion of proteases, which are enzymes that
degrade proteins and other macromolecules. Proteases play a role in the development of PAM, even
though N. fowleri is not considered a strict parasite, by causing tissue damage and inflammation in the
olfactory epithelium and the brain (Martinez et al., 1971; Chang, 1979). The first protease secreted by N.
fowleri that was isolated and characterized was a 30 kDa cysteine protease, which exhibited cytopathic
effects on BHK cells and was inhibited by Z-Phe-Ala fluoromethyl ketone (Aldape et al.,, 1994).
Subsequently, other proteolytic proteins were identified, such as naegleriapores A and B (N-A and N-B),
which are harmful to human cells and are processed by cysteine proteases (Martinez-Castillo et al., 2016).
Additionally, two cysteine proteases, cathepsin B and cathepsin-B-like, were cloned and purified, and were
found to degrade several human substrates, such as immunoglobulins, collagen, fibronectin, haemoglobin,
and albumin (Lee et al., 2007). These findings suggest that N. fowleri's proteases may be potential targets
for chemotherapeutic drugs to treat this infection (McKerrow et al., 2008). Furthermore, two other
pathogenic processes that are associated with N. fowleri's ability to penetrate the CNS are dynamic
locomotion and phagocytosis, which enable the amoeba to move and engulf a variety of host cells, such
as erythrocytes, microglia, and neuroblastoma cells (Martinez-Castillo et al., 2016). A link between
phagocytosis and Nf-actin was established by a study, indicating that actin polymerization is involved in the
phagocytic activity of N. fowleri (Lee et al., 2007).

The phagocytosis of human cells by N. fowleri involves the formation of phagosome-cup structures,
also known as amoebostomes, where a specific protein is predominantly localized, along with the
cytoplasm and pseudopodia of the amoeba. N. fowleri trophozoites can also induce contact-independent
lysis of human cells by secreting proteins that disrupt the cell membrane and reduce the viability of human
microglial cells, as evidenced by morphological changes observed in a non-contact system (Kim et al.,
2008; Martinez-Castillo et al., 2016). Moreover, the non-contact system showed a higher percentage of
apoptotic cells (16%) compared to the N. fowleri lysates (Kim et al., 2008). Another important molecule that
has been identified is Nf-cHSP70, which is hypothesized to have a protective role for the amoeba against
environmental stress, especially high temperature. Nf-cHSP70 has also been associated with the
pathogenicity and growth of N. fowleri (Song et al., 2007). Furthermore, N. fowleri can evade the immune
response of the host by avoiding immunoglobulins (IgA and IgG) through capping mechanisms and by
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resisting complement-mediated lysis through the expression of a "CD59-like" protein (Martinez-Castillo et
al., 2016; Ferrante, Thong, 1979). All these factors contribute to the virulence of N. fowleri and its ability to
cause primary amoebic meningoencephalitis (PAM), a fatal central nervous system infection. More
research on this amoeba is needed to elucidate the physiopathology of PAM and to develop effective
strategies for its prevention and treatment.

Pathophysiology and Clinical Features

Primary amoebic meningoencephalitis (PAM) is a fatal central nervous system (CNS) infection
caused by the free-living amoeba Naegleria fowleri. The infection occurs when the amoeba enters the nasal
cavity under pressure, such as during swimming or diving in warm freshwater, or through the use of
contaminated water in a neti pot. The amoeba then invades the respiratory epithelium and olfactory
mucosa, and reaches the CNS through the cribriform plate (Jarolim et al., 2000). Once in the brain, N.
fowleri causes extensive damage to the brain parenchyma, resulting in cortical haemorrhages, tissue
necrosis, and oedema. The most affected regions are usually the cerebellum, olfactory bulbs, and a basilar
region of the frontal cortex. The infection also triggers a strong innate immune response, which contributes
to the inflammation and tissue destruction (Marciano-Cabral, Cabral, 2007). The pathogenicity of N. fowleri
is mediated by several factors, such as nitric oxide production, the protein Nfal, pore-forming proteins,
cysteine proteases, phospholipases, and phospholipolytic enzymes. These factors enable the amoeba to
adhere to and phagocytose target cells, secrete cytolytic molecules that disrupt the cell membrane, and
evade the host immune response by avoiding immunoglobulins and complement-mediated lysis (Pervin,
Sundareshan, 2022; Martinez-Castillo et al., 2016). The clinical manifestations of PAM are usually evident
within the first week of infection. However, PAM can be difficult to differentiate from other forms of meningitis
due to the lack of characteristic clinical features. The initial symptoms include anorexia, vomiting, irritability,
photophobia, diplopia, lethargy, seizures and coma. These are followed by severe headaches, high fevers,
and neck stiffness. Death ensues between the third and seventh days after symptom onset (Martinez-
Castillo et al., 2016). The post-mortem examination of PAM patients reveals severe tissue mutilation in the
area of infiltration, along with ulceration of the olfactory mucosa and necrosis of the olfactory nerves
(Visvesvara et al., 2013). There is also extensive haemorrhaging from necrotic blood vessels, and a
considerable amount of amoeba invasion is observed in the adjacent frontal cortex via microscope
(Hannisch, Hallagan, 1997). The pathogenesis of PAM poses several challenges for diagnosis, treatment,
and prevention. The early symptoms of PAM are nonspecific and can be confused with other CNS
infections, leading to delays in diagnosis and treatment. The current treatment for PAM consists of
aggressive supportive care and the administration of amphotericin B, an antifungal drug that has limited
efficacy and high toxicity. Most patients die within days of symptom onset. New potential treatments are
being investigated, such as miltefosine, an oral agent that has shown some activity against other pathogenic
amoeba in vitro and in vivo (Debnath, 2021; Cope et al., 2016). The pathogenesis of PAM is also poorly
understood at the molecular level. The specific mechanisms by which N. fowleri causes disease are not
known, and more research is needed to elucidate them. For example, itis not clear how the amoeba evades
the host immune response or how it causes the inflammation and destruction of brain tissue. A deeper
understanding of these mechanisms could potentially lead to the development of new treatments for PAM.
This could lead to the development of new therapeutic targets and strategies for PAM. Moreover, the
prevention and control of PAM is difficult due to the widespread presence of N. fowleri in various water
sources and its ability to survive in high-saline environments. The risk of infection can be reduced by
avoiding activities that expose the nose to water pressure or sediment in warm freshwater bodies (Cooper
et al., 2019; Ropar et al., 2013).

Diagnosis

Symptoms and signs of infection with N. fowleri usually appear between two and eight days after
infection, although some cases have been reported within 24 hours. Computerized tomography (CT) and
magnetic resonance imaging (MRI) examinations of the brain generally show cerebral oedema, sulcal
effacement, and cisternal obliteration near the midbrain and subarachnoid space during the initial stages
of infection. These conditions usually deteriorate as the infection develops, illuminating necrotic areas,
stenosis, and aneurysms (Gliémez, Garcia, 2021). There are no precise signs or symptoms that indicate
N. fowleri infection, but the most common symptoms are headaches, fevers, chills, Brudzinski signs, Kernig
signs, photophobia, confusion, seizures, and possible comas (Grace et al., 2015). A few cases have also
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been reported with anomalous cardiac rhythms and myocardial necrosis (Martinez, 1985). A direct
relationship has been found between death and an increase in intracranial pressure and cerebral spinal
fluid pressure (CSF) (600 mm H20 pressure or higher). The presence of polymorphonuclear leukocytes
and N. fowleri trophozoites in cerebrospinal fluid (CSF) can be definitively identified with a lumbar puncture
(Siddiqui et al., 2016).

Various irregularities in the colour of CSF have been found, fluctuating from grey in premature stages
of infection to red in late stages due to an increase in red blood cells to about 24,600/mm? (Hebbar et al.,
2005). Midbrain and subarachnoid spaces are two areas of the brain where magnetic resonance imaging
(MRI) often shows irregularities (Martinez, 1985). CSF can be used to nurture N. fowleri by adding a few
drops to a non-nutrient agar plate seeded with live or heat-killed bacteria. In addition to be autoclaved for
25 min at 121°C, sterile, heat-inactivated fetal calf serum should always be incorporated into the medium
before use. Augmenting the medium with 1% peptone also progresses amoeba growth (Zaongo et al.,
2018). Trophozoites grow within three days of being incubated at 37°C, and they instigate to form encyst
after seven to ten days as their food source declines (Zaongo et al., 2018). The flagellation process of
transforming the trophozoites into flagellates can help distinguish N. fowleri from other pathogenic amoebae
occurs by mixing one drop of amoeba culture or sedimented CSF with one mL of distilled water during 1-2
hours (Siddiqui et al., 2016). Growing N. fowleri on solid non-nutrient agar has many advantages, but there
are a few limitations, including bacterial contamination and a lower yield of cysts (Guémez, Garcia, 2021).
To induce encystment, cells are washed twice in PBS (pH 7.4) followed by incubation in the encystment
medium in 24-well plates at 37°C for 20 hours. It may be possible to check the manifestation of the amoeba
using microscopy, immunofluorescence assays (IF), enzyme-linked immunosorbent assays (ELISAs), or
flow cytometry (FC) (Siddiqui et al., 2016). Itis also acclaimed to perform a reverse transcription polymerase
chain reaction (RT-PCR) to identify the species and genus of the amoeba (Bellini et al., 2018). There is
also a wide range of white blood cell concentrations (WBC) ranging from 300 to 26,000 mm3, whereas
protein concentrations can be between 100 mg/100 mL and 1000 mg/100 mL, while glucose levels can be
between 10 mg/100 mL and less than 10 mg/100 mL (Visvesvara et al., 2007). The amalgamation of clinical
features and a history of contact with water confirm infection with N. fowleri. To increase the chance of
survival, the patient must obtain medical treatment promptly (Siddiqui et al., 2016).

Pathological changes in brain due to N. fowleri infections

Brain hemispheres with N. fowleri infection are often mushy, noticeably enlarged, oedematous, and
very congested. The leptomeninges (arachnoid and pia mater) have little purulent exudate inside sulci, the
base of the brain, brainstem, and cerebellum but are severely clotted, diffusely hyperemic, and opaque.
The olfactory bulbs typically have purulent secretions around them and exhibit haemorrhagic atrophy
(Zumla, 2010). There are also many peripheral haemorrhage patches visible in the cortex. The base of the
orbitofrontal and temporal lobes, the hypothalamus, the midbrain, the pons, the medulla oblongata, and the
upper part of the spinal cord are where the majority of lesions are located (El-Maaty, Hamza, 2012). The
subarachnoid space above the cerebral hemispheres and the cisternae around the midbrain may have
been destroyed, according to CT images. Following intravenous contrast medium delivery, these areas
may exhibit considerable diffuse augmentation (Visvesvara et al., 2007). Microscopically, fibrino-purulent
leptomeningeal exudate is found throughout the cerebral hemispheres, brain stem, cerebellum, and upper
section of the spinal cord. This effusion is primarily composed of PMNs, with a small number of eosinophils,
macrophages, and lymphocytes. It is common to see clusters of many amoebic trophozoites in necrotic
and oedematous neural tissue, frequently without PMNs (El-Maaty, Hamza, 2012). Trophic amoebae are
additionally discovered deep within Virchow-Robin gaps, typically near blood arteries and devoid of any
acute inflammation. Particularly lacking are the amoebic cysts (Visvesvara et al., 2007).

Conclusion

Naegleria fowleri is a free-living amoeba that can cause primary amoebic meningoencephalitis
(PAM), a rare but fatal infection of the central nervous system. This infection occurs when N. fowleri enters
the nasal cavity through contaminated water and reaches the brain through the olfactory nerves. The
pathogenesis of PAM involves the destruction of brain tissue by N. fowleri and the inflammatory response
of the host. Several factors have been identified that influence the transmission, proliferation, and virulence
of N. fowleri, such as environmental conditions, host susceptibility, and molecular mechanisms. However,
many aspects of the biology and pathogenicity of N. fowleri remain unknown, and more research is needed
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to elucidate them. The diagnosis and treatment of PAM are challenging due to the nonspecific symptoms,
rapid progression, and limited efficacy of available drugs. Therefore, there is an urgent need to develop
new strategies for prevention and treatment of PAM, such as improved surveillance, rapid detection, novel
therapeutics, and vaccines. To verify the diagnosis, methods based on molecular biology are suggested.
Increasing incidence of PAM in both developed and underdeveloped countries is a serious public health
concern that requires awareness and action from the health community. In the past 50 years, significant
advances have been made in understanding the biology and pathogenesis of N. fowleri, which could
facilitate the development of new interventions to combat this deadly infection. However, further research
is required to overcome the challenges posed by this emerging pathogen.
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MonekynsipHi MexaHi3amu Ta TepaneBTUYHI cTpaTerili Naegleria fowleri Carter

(1970): cmepTenbHO HebGe3neyHa ameba, WO NOXMPAE MO3OK
H. OaTtTa

Naegleria fowleri - ue TepmodinbHa BinbHOXMBY4Ya ameba, ska MOXe BMKMMKATU PiAKICHY Ta cMepTenbHy iHeKLito
MO3Ky, sika Ha3nBaeTbCA NEPBMHHUM amebHMM MeHiHroeHuedanitom (PAM). PAM € cepiosHoto npobnemoto ans
OXOPOHWU 3[I0POB’SA, OCKIMbKU BpaXka€e MepeBaKHO MONoaMX i 340poBMX mogen nicns nepebyBaHHA y Tennomy
NpPiCHOBOAHOMY CepefoBuLLi, i Mae piBeHb cMepTHOCTI npubnuaHo 98%. 3apaxeHHs BiabyBaeTbcs, konm ameba
noTpannse B HOCOBY MOPOXHWHY Mif Yac nnaBaHHs abo iHWWX BUAIB BiANOYMHKY i Mirpy€ B MO30K Yepes3 HIOXOBUI HEpPB.
Y MO03Ky ameba BUKMMKAE BENWKUA HEKPO3 TKaHWH, KPOBOBWIMB i 3ananeHHs, Lo MNpu3BOAWTb [0 CEPMO3HMX
HEBPOSOTiYHNX CUMMNTOMIB | CMEPTi NPOTArOM AekKinbkoX AHiB. MaToreHes iHdekuii N. fowleri noBHicTO He 3'scoBaHui,
ane OCTaHHi [JOCMigXeHHs MNpONWMAM CBITNIO Ha MOMEKYNsApHi MexaHiamu, ki fossonsdTe amebi BTOpratucs,
PO3MHOXYBaTUCA Ta YHMKATM iIMyHHOI cuctemMu rocnogaapsi. Lii mexaHiamu BknrovaloTb eKCrnpecito pisHMX NOBEPXHEBUX
MOIneKyn, siki onocepeakoBylOTb afresito, PyxnueicTb i paroumMTo3 KriTUH rocrnoAaps, a TakoX CekpeLito npoteas Ta
iHLWMX (haKTOPIB, AKi PyNHYOTb NO3aKMITUHHMI MaTPUKC rocnofapsi Ta MOAyMoTb iMyHHY BianoBiab rocnogaps. OgHak
Ooci 3anuvuwaetbca Garato nutaHb 6e3 BiANOBIAi OO CKNAQHUX B3aemofint Mk amebol Ta ii rocnogapem, siki
06MmexyoTb PO3pO6KY eheKTUBHUX AiarHOCTUYHKX | TepaneBTUYHKX cTpaTerin. PAM yacTo NOMUIKOBO AiarHOCTYyTh
sk GakTepianbHUN MEHIHTIT Yepes Moro HecneumdiYvHi KNiHiYHI NPOsiIBU Ta BiACYTHICTb HaAiHUX AiarHOCTUYHUX TECTIB.
Lle npusBoauTh 00 3anisHinoro abo HEBIANOBIAHOIO MikyBaHHSA Ta MoraHoro nNporHo3y. Hapasi He icHye cneujiansHoro
4K cxBaneHoro nikyBaHHsa PAM, a goctynHi BapiaHT 6a3ytoTbcst Ha eMnipuyHMX gaHux abo onvcax Bunagakie. PiBeHb
BWXMBaHOCTI nNpu PAM 3anuwiaetbCa AyXe HU3bKUM, He3BaXaltunm Ha BUKOPWUCTAHHA KinbKOX npenapaTiB i
nigTpMMyBanbHy Tepanito. Takum YMHOM, iCHye HaranbHa noTpeba B goaaTkoBux gocnimkeHHax natoreHedy N. fowleri
Ta igeHTndikauii HOBUX MilLeHeWn AN BTPyYaHHS. 3 MporpecoM y reHOMHMX i NPOTEOMHUX TEXHOIONISX 3 ABUMWCS HOBI
MOXITMBOCTI A51s BUBYEHHSA MonekynsapHoi Gionorii N. fowleri Ta Bignosigi ii rocnogaps. lgeHTudikyBaBLIM reHn Ta
OinkK, 3agisHi B KNIOYOBMX Mpouecax, Takux K agresis, PyxnMBiCTb Ta iIMyHHE YXWUINEHHSA, AOCNIOHUKA MOXYTb
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pO3p0o0MTK LiNboBY Tepanito, Wob nopywmTn Ui Baxnuei dyHKUiT Ta 3anobirt abo nikysaTu iHdekujto. Llen ornsg
MICTUTb BUMEPIHUIA OFNsiA MOTOYHOrO CTaHy 3HaHb Npo N. fowleri, Moro naTtoreHHi MonekynsapHi MexaHiamu Ta GionoriyHi
npouecu, NOB’A3aHi i3 3apaXeHHsAM, a Takox npobnemu Ta nepcnekTMemM ManbyTHIX JOCNIAKEHb.

KniouoBi cnoBa: Naegleria fowleri, nepsuHHuUl amebHul MeHiHeoeHuegasnim, namoeseHe3, xummesul YUK/,
MOIEKYAapHi MexaHi3mu, iMyHHa cucmema 2ocriodapsi, diaeHocmuka.
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