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Abstract

Naegleria fowleri, more commonly known as the “brain-eating amoeba,” is a unicellular
protozoan found in warm freshwater, artificial water systems, soil, and sediments. Various
ecological factors—such as temperature, light exposure, and environmental
disturbances—affect N. fowleri’s distribution and abundance. Although it is a single-celled
organism, N. fowleri is a highly aggressive and dangerous facultative parasite capable of
causing primary amebic meningoencephalitis (PAM), a rapidly fatal brain infection. Infection
occurs when contaminated water enters the nose, allowing the amoeba to travel to the brain.
Once in the brain, it causes inflammation and tissue destruction. Despite the use of drugs, the
fatality rate remains extremely high, with very few survivors among reported cases. Timely
clinical diagnosis is critical, but it is often difficult due to the nonspecific nature of early
symptoms. This paper will review the biology, ecological influences, immune response, and
diagnosis of N. fowleri, while also emphasizing the importance of prevention and public
awareness in mitigating the risk of PAM.
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What is Naegleria Fowleri?

Naegleria fowleri, more commonly known as the brain-eating amoeba, is a rare, single-celled
protozoan found in warm freshwater environments such as lakes, rivers, ponds, and hot springs.
In some cases, it can also be found in poorly maintained or abandoned man-made water areas
like swimming pools, splash pads, or water parks. Unlike common parasites such as lice, N.
fowleri is both rare and almost always fatal if not treated. It infects humans when contaminated
water enters the nose or eyes, allowing the amoeba to travel to the brain and cause a severe
infection called primary amebic meningoencephalitis (PAM) [1].

According to the Centers for Disease Control and Prevention (2025), only 4 out of 164 PAM
cases reported in the United States from 1962 to 2023 resulted in survival. Early
symptoms—such as headache, fever, nausea, and vomiting—are mild and often mistaken for
other conditions like the flu [2]. This makes early diagnosis difficult, and the infection progresses
rapidly once it reaches the brain, leading to fatality if not properly diagnosed and treated. Given
its high fatality rate and swift progression, raising public awareness and improving clinical
recognition of N. fowleri are critical steps toward timely treatment and saving lives.

Ecological Factors

Before examining the life cycle and clinical aspects of N. fowleri, it is important to first
understand some of the ecological influences that shape its distribution and abundance, such as
temperature, light, and environmental disturbances.

N. fowleri is a thermophilic organism, meaning it thrives in warm environments. It can grow at
temperatures up to 46°C and will encyst—transitioning into a dormant, cyst form—when
conditions become unfavorable. While temperature has a major influence on N. fowleri’s
abundance and distribution, several studies have found no consistent correlation between
seasonality and the presence of N. fowleri. Although more cases of PAM are reported during the
summer, this may be due to increased recreational water activity—and thus more opportunities
for exposure—rather than an increase in amoeba abundance [3].

Light may also indirectly affect N. fowleri populations by raising water temperatures. However,
since the amoeba is also found in soils and sediments with little to no light, it is unlikely that light
itself determines its presence [3]. The limited research on the role of light in N. fowleri ecology
suggests a need for further investigation.

Environmental disturbances are also important factors to consider when examining the impact of
ecology on N. fowleri. The Flagellate-Empty Hypothesis suggests that when thermosensitive
organisms competing with N. fowleri for food fail to survive temperature fluctuations, N. fowleri
gains a competitive advantage through increased nutrient availability [2]. One example is
thermal pollution from human activities—such as the discharge of heated water from power
plants—which may eliminate thermosensitive competitors and create favorable conditions for N.
fowleri to thrive. Such anthropogenic disturbances warrant further investigation to better
understand their influence on the organism’s distribution and proliferation.
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Naegleria Fowleri Life Cycle

N. fowleri has a dynamic life cycle consisting of three stages: cyst, trophozoite, and flagellate.
The cyst form develops in response to harsh conditions such as cold temperatures, nutrient
paucity, or overcrowding. The trophozoite, its active feeding stage, is also the infective form of
N. fowleri. When contaminated water enters the nose, N. fowleri attaches to the olfactory
epithelium and migrates to the brain using pseudopods, traveling along the olfactory nerve and
passing through the cribriform plate. This invasion leads to primary amebic meningoencephalitis
(PAM). A shift in environmental ionic strength can trigger trophozoites to transform into the
flagellate stage. It is important to note that N. fowleri is a facultative parasite—it does not require
a host to survive. When in an artificial or natural environment such as water or soil, N. fowleri
feeds on bacteria; in humans, it consumes brain tissue, including astrocytes and neurons [2].
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Immune Response

Once N. fowleri invades the brain, the immune system mounts a response, primarily driven by
the innate immune system rather than the adaptive system. Key components involved include
complement proteins, neutrophils, and macrophages [5]. Despite these innate immune
responses, N. fowleri has developed mechanisms to evade them. Its high virulence, rapid
replication, and ability to degrade host tissue allow it to overwhelm the body’s defenses. As a
result, the immune system is typically unable to contain the infection, contributing to the
disease’s devastating mortality rate of 97% [2].

Diagnosis and Treatment

While PAM has a notoriously high mortality rate, there are some treatment protocols in place.
Current approaches typically involve the administration of antifungal drugs like amphotericin B
and antiparasitic agents such as miltefosine. Amphotericin B works by disrupting the parasite’s
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cell membrane, ultimately leading to cell death. Miltefosine, on the other hand, interferes with
cell signaling pathways essential for parasite survival [2].

In many reported cases, a combination of medications is used to increase effectiveness and
treat PAM. However, despite aggressive intervention, clinical outcomes remain largely poor, and
fatality is still the norm.

A crucial factor in the successful treatment of N. fowleri infections is rapid diagnosis. However,
early symptoms often mimic those of common illnesses like the flu, making timely and accurate
diagnosis challenging [2]. Diagnostic methods include cerebrospinal fluid analysis, where fluid is
collected via spinal tap and examined for amoebic presence; polymerase chain reaction testing;
and neuroimaging tools such as MRIs or CT scans, which detect brain inflammation or damage
[6]. Unfortunately, not all hospitals have access to these resources, and even when available,
infections may be misdiagnosed as conditions like bacterial meningitis [2]. Therefore, improving
both the availability of diagnostic tools and clinical awareness of N. fowleri is critical to
enhancing patient outcomes.

Prevention

Due to the limited effectiveness of current drug treatments, preventing exposure to N. fowleri is
crucial. While many people enjoy recreational activities in natural bodies of water such as lakes,
rivers, and hot springs, this doesn't mean these activities must be avoided entirely. Instead,
individuals can take simple but effective precautions to lower their chances of infection. These
include keeping your head above water when swimming in hot springs or naturally warm waters,
wearing a nose clip when swimming or diving, avoiding unsanitary or stagnant water, and
refraining from disturbing sediment at the bottom of lakes, ponds, or rivers, where N. fowleri is
often found [2]. By following these measures, especially during warmer months or in poorly
maintained water sources, we can significantly reduce the risk of contracting PAM.

Conclusion

To conclude, the devastating nature of N. fowleri and the infection it causes lies not only in its
rapid progression but also in its extremely high fatality rate. Its ability to thrive in warm aquatic
environments, evade immune defenses, and reach the brain underscores its biological
resilience and danger. The near-certain fatality of PAM demands urgent medical recognition,
faster diagnosis, and increased public awareness. Current antifungal and antiparasitic
treatments offer limited success and mixed results due to factors such as the amoeba’s
aggressive pathology. Therefore, informing people about prevention measures is an important
and effective strategy for reducing exposure. By promoting safe water practices, the risk of
infection can be significantly reduced. Moreover, continued scientific investigation into the
ecology and immune evasion strategies of N. fowleri is essential to improve outcomes for
affected individuals. Ultimately, the fight against N. fowleri requires a comprehensive,
interdisciplinary approach involving research, clinical preparedness, public health policy, and
education.
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