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ABSTRACT Infections caused by Naegleria fowleri, Acanthamoeba spp., and Balamuthia
mandrillaris result in a variety of clinical manifestations in humans. These amoebae are
found in water and soil worldwide. Acanthamoeba spp. and B. mandrillaris cause granu-
lomatous amoebic encephalitis (GAE), which usually presents as a mass, while N. fowleri
causes primary amoebic meningoencephalitis (PAM). Acanthamoeba spp. can also cause
keratitis, and both Acanthamoeba spp. and B. mandrillaris can cause lesions in skin and
respiratory mucosa. These amoebae can be difficult to diagnose clinically as these infec-
tions are rare and, if not suspected, can be misdiagnosed with other more common dis-
eases. Microscopy continues to be the key first step in diagnosis, but the amoeba can
be confused with macrophages or other infectious agents if an expert in infectious dis-
ease pathology or clinical microbiology is not consulted. Although molecular methods
can be helpful in establishing the diagnosis, these are only available in referral centers.
Treatment requires combination of antibiotics and antifungals and, even with prompt
diagnosis and treatment, the mortality for neurological disease is extremely high.
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N aegleria fowleri, Acanthamoeba spp., and Balamuthia mandrillaris are free-living
amoeba (FLA) that cause severe, fatal central nervous disease in humans and other

animals (1). The name Balamuthia was derived in honor of the parasitologist William
Balamuth, while Naegleria was named after the zoologist Mathieu Naegler. Acanthamoeba
spp. receive their name from the spine projections, known as acanthopodia (“acanth”
means “spine” in Greek), that are present in the trophozoites. The genus Sappinia is also
included as a FLA, though only one human case has been published to date. These proto-
zoa can also cause keratitis, as well as skin and mucosal infections. FLA produce infections
as opportunistic pathogens in both immunocompetent and immunosuppressed persons.
These amoebae can be difficult to diagnose clinically, as these infections are rare; if not
suspected, they can go misdiagnosed or altogether undiagnosed until an autopsy is per-
formed, as many of them are fatal. Microscopy continues to be the main diagnostic
method; however, experience with these pathogens is infrequent, and requires consulta-
tion with experts, which frequently delays the diagnosis.

EPIDEMIOLOGY

Free-living amoeba (FLA) are found in water and soil on all continents. Defining the
source of Acanthamoeba spp. and B. mandrillaris infections is usually difficult as, in
many cases, the course is prolonged, and the precise time of acquisition may therefore
be unclear. However, in a few cases, there may be an association with floods, or sus-
pected exposure to contaminated water or soil sources. The two instances in which
the source is usually known include (i) freshwater exposure, in cases of N. fowleri, and
(ii) association with contact lenses or ocular trauma, in the case of Acanthamoeba spp
keratitis. N. fowleri tolerates temperatures of up to 45°C; thus, exposures occur during
the summer months, in children and young adults that play in contaminated
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freshwater or following nasal irrigation with devices such as a neti pot. Particular risk
factors associated with B. mandrillaris and Acanthamoeba spp. infections in the central
nervous system and skin include diabetes and immunosuppressive conditions, such as
living with HIV or having an organ transplant. In the case of B. mandrillaris, Hispanics
appear to be predisposed to infection (2). Although infections in humans appear to be
rare, their true frequency is unknown, as diagnosis may not be possible in all settings
(3). Many cases are fatal, and autopsies may not be performed. In addition, health care
providers and diagnosticians may be unaware or unsuspecting of these clinical entities.
The Centers for Disease Control and Prevention (CDC) estimates that many cases of
undiagnosed meningoencephalitis in the US are due to N. fowleri infections (4).

PATHOGENESIS

All genera of FLA have two stages: cyst and trophozoite. N. fowleri, additionally, has
a third flagellate stage (1). Trophozoites divide by binary fission, feed actively, and are
the infectious stage of the organism. In the environment, acanthopodia allow tropho-
zoites to attach to the surfaces of the bacteria, fungi, algae, and detritus on which they
feed (3). Acanthamoeba spp. appear to maintain an endosymbiotic relationship with
some of the bacteria they consume. Many of these bacteria, such as Legionella,
Pseudomonas, Vibrio, and some mycobacteria, seem to acquire virulence factors while
living inside the amoebae, enabling them to survive and thrive inside other phagocytic
cells (e.g., human macrophages). FLA also provide these “amoeba-resistant bacteria”
with protection from human immune responses when they are inhaled or ingested,
thus acting as Trojan horses for infectious agents such as Legionella and others.

The trophozoites of Acanthamoeba spp. attach to host surface cells using a man-
nose-binding protein, while those of B. mandrillaris attach to endothelial cells using a
galactose binding protein (3, 5). Trophozoites of these amoebae are inoculated into
the skin or eyes, or are inhaled into the respiratory tract, and can produce disease at
the entry sites (1). These amoebae produce a variety of enzymes, including neuramini-
dase, plasminogen activator, metalloproteinase, phospholipase, and serine and cyste-
ine protease; all of these destroy cells, creating a cytopathic effect and facilitating the
invasion of different structures (6). Hematogenous dissemination is likely mediated by
the phosphorylation of host myosin light chains, which alter cell tight junctions, allow-
ing increased blood-brain barrier permeability and the entry of amoebae into the cen-
tral nervous system. Trophozoites mount an antioxidant defense by producing two
superoxide dismutases. They survive in tissues by ingesting nutrients using “food
cups,” or amoebastosomes, which are large cytoplasmic projections that engulf mate-
rial to be phagocytosed.

The trophozoites of N. fowleri enter through the cribriform plate, in both immuno-
competent and immunocompromised individuals, and have selective chemotaxis to-
ward neural tissue. Acetylcholine released by neurons in the olfactory region and the
base of the frontal lobe causes the amoeba to rapidly enter the brain, with little dam-
age occurring in the nasal mucosa. N. fowleri produce phospholipases, neuraminidase,
metalloproteinases, and perforin-like substances that trigger a cytopathic effect with
apoptosis in cell cultures.

In the cyst stage, amoebae are dormant and resistant to environmental stressors.
Amoebic cysts can survive for more than 20 years (7). These cysts probe the environ-
ment through pores known as ostioles so that when the conditions are appropriate,
they can change to trophozoites. The cysts of Acanthamoeba spp. and B. mandrillaris
are double-walled with a wrinkled ectocyst wall, while the double-walled cysts of N.
fowleri are motile. Acanthamoeba spp. and N. fowleri have only one nucleus, while B.
mandrillaris can occasionally have two nuclei. Sappinia’s cyst and trophozoite forms
are both binucleate.

Host susceptibility likely plays a role in the pathogenesis of FLA, since many people
come in contact with them but only a few exposures result in disease. The initial
immune response to invading FLA involves neutrophils and complement (innate
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immunity). Tumor necrosis factor alpha and cytokines (IL-6 and others) are released by
host inflammatory cells. Antibody production and transition to a cell-mediated
immune response with granuloma formation occurs in Acanthamoeba spp. and B. man-
drillaris infections, though there is no time for this to happen in N. fowleri infections

CLINICAL PRESENTATION

FLA infections have distinct clinical presentations, including Acanthamoeba spp.
keratitis, cutaneous and mucosal infections, and disease of the central nervous system.
The last can be further subdivided into granulomatous amoebic encephalitis (GAE) and
primary amoebic meningoencephalitis (PAM).

Keratitis caused by Acanthamoeba spp. was originally described in a schoolteacher
in the United Kingdom in 1974, and has since been found worldwide, predominantly
in contact lens-wearers who swim or bathe while wearing them, or who clean their
contact lenses with tap water (8, 9). Outbreaks have been associated with contami-
nated contact lens solutions (10, 11). They are also observed in patients who have sus-
tained corneal injuries or those who have had ocular exposure to contaminated dirt or
water. Clinical symptoms include eye pain, redness, blurry vision, photophobia, tearing,
and foreign body sensation. Signs observed by ophthalmological examination may
include epithelial, stromal, and ring infiltrates, as well as perineuritis (5, 6). When using
in vivo confocal microscopy, Acanthamoeba spp. cysts appear as spherical, hyperreflec-
tive structures. Ocular complications may develop and range in severity, and include
secondary glaucoma, iris atrophy, and cataracts. In rare cases, scleritis, anterior uveitis,
chorioretinitis, and retinal vasculitis can also occur. While most patients experience uni-
lateral infection, bilateral infection has been reported in 2% to 15% of cases (12).
Bilateral infection can occur in both eyes at the same time, suggesting exposure to the
same source; or at a later time, suggesting continued unsafe practices. Risk factors
associated with poor outcomes include delayed diagnosis or misdiagnosis of another
infectious etiology (often herpes), an infection unrelated to swimming, poor baseline
visual acuity, the presence of an epithelial defect, and initial treatment with corticoste-
roids (13, 14).

Cutaneous amoebiasis occurs with both Acanthamoeba spp. and B. mandrillaris
infections (15, 16). It can be diagnosed as an initial lesion in patients who later develop
disseminated disease, and it can be seen in immunocompromised or immunocompe-
tent hosts. Lesions are usually multiple and are most commonly described as being
nodular, ulcerated, or necrotic, but they may also have papulo-pustular components
and are occasionally tender. Red indurated plaques have also been described. Several
cases of isolated cutaneous acanthamoebiasis have been noted to have lower extrem-
ity distribution and an association with trauma. In immunocompromised hosts, cutane-
ous distribution is often widespread. Formal diagnosis of cutaneous amoebiasis is
made with tissue biopsy and is extremely challenging in the absence of either a sus-
pected exposure and/or a confirmed infection from another body site (concurrent en-
cephalitis or disseminated infection). Rare cases involving the nasopharyngeal and re-
spiratory sinus mucosa associated with Acanthamoeba spp. infections have been
reported (17). These have primarily been in patients living with HIV who present with
signs and symptoms of chronic sinusitis (rhinorrhea, congestion, epistaxis), and, upon
imaging studies, have thickened mucosa in the nasal cavity; some have disseminated
infection by the time of diagnosis.

Involvement of the central nervous system is responsible for the greatest degree of
mortality from FLA infections. Acanthamoeba spp and B. mandrillaris can both cause
GAE, a subacute to chronic disease initially characterized by headache, low-grade fever,
dizziness, hallucinations, and progressively worsening neurological deficits; these can
include visual disturbances, focal neurological findings, cranial nerve palsies, seizures,
personality changes, and coma (7). Symptoms can take weeks to months to develop
(1). GAE occurs in patients with organ transplants, HIV infection, hematological malig-
nancies, diabetes, systemic lupus erythematosus, malnutrition, or a history of skin/soft
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tissue trauma, among others (7). Amoebic pneumonitis, osteomyelitis, and endophthal-
mitis, and leukocytoclastic vasculitis have been reported with Acanthamoeba spp.
infections in patients with HIV (3). The disease can also occur in immunocompetent
hosts. Imaging (CT scan or MRI) demonstrates one or several hyperintense lesions with
rim enhancement. Death typically occurs due to increased intracranial pressure and
ensuing uncal or tonsillar herniation that has built up over a period of weeks to
months. The mortality for GAE approaches 100%, with very few published cases of sur-
vivors in the medical literature. The few recorded favorable outcomes have typically
been associated with early diagnosis and initiation of combination therapy (18, 19).
Autopsies of deceased patients with GAE have also found involvement outside the
central nervous system which was not diagnosed antemortem (20). To date, only one
known human encephalitis case due to Sappinia has been described (21). This patient,
a 38-year-old farmer from Texas, had no history of an immunocompromising condition.
He developed worsening neurological symptoms following a recent frontal sinus infec-
tion, and was found to have a free-living amoeba, subsequently classified as Sappinia
diploidea, upon pathological review of an excised left temporal lobe mass. He fully
recovered after treatment.

PAM is caused by N. fowleri and has a mean time from symptom onset to death of
approximately 5 to 7 days (1). At its onset, patients present with flu-like symptoms
such as fever, fatigue, nausea, vomiting, and earache (22), followed by restlessness,
severe headache located bilaterally to the frontal and/or temporal areas, and signs of
meningismus; these can include nausea, vomiting, nuchal rigidity, and photophobia.
As the infection progresses, the patient may experience seizures, diplopia, confusion,
and eventually coma. Uncal herniation and death occur rapidly. Complete blood cell
counts show leukocytosis, while imaging demonstrates enhancement of leptomenin-
ges, cerebral edema, a decrease in ventricle size, and areas of hemorrhage, necrosis,
and herniation. To date, four survivors of PAM, all children aged 8 to 16 years, have
been reported in the United States, with three of them experiencing full or nearly full
neurological recovery (22).

The differential diagnoses for amoebic infections vary widely based on the site of
infection and on host risk factors for disease. Due to the rarity of clinically encountered
FLA infections, even among those with epidemiological risk factors, diagnosis is appro-
priately considered a major challenge a priori; indeed, diagnosis is usually performed
following the unexpected findings of a pathological review of tissue specimens
obtained for a suspected infection of unclear etiology. For sinus and cutaneous dis-
ease, appropriate considerations include other common bacterial, fungal, and parasitic
infections, as well as noninfectious etiologies. For GAE, the differential diagnosis is
quite wide due to the subacute manifestations of numerous other infectious diseases
of the central nervous system, which may include bacterial abscesses, tuberculosis, no-
cardiosis, fungal infections such as cryptococcosis and histoplasmosis, and parasitic
infections such as neurocysticercosis and toxoplasmosis. The differential diagnosis of
GAE should also include infarcts and some neoplasias. For PAM, the differential is nar-
rower, primarily due to the speed of its progression; for this reason, bacterial meningi-
tis should be considered concurrently pending additional diagnostic work-up for FLA
infections.

DIAGNOSTIC TESTS

Acanthamoeba spp. cultures of corneal scrapings, contact lenses, and brain tissue
can be performed on non-nutrient agar (dilute peptone–yeast extract–glucose agar)
covered with a lawn of nonencapsulated, nonpigmented bacteria such as Escherichia
coli or Enterobacter spp.(1). When observing these cultures, one sees the tracks left by
the trophozoites as they eat the bacteria, and under magnification, one can observe
trophozoites (Fig. 1A) and cysts if nutrients have been depleted. The sensitivity for this
method reaches 77% (5). This same method can be used to culture N. fowleri. However,
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B. mandillaris cannot be grown in axenic media, requiring cell cultures such as human
lung fibroblast, Vero E6, and human brain microvascular endothelial cells.

In patients with GAE caused by Acanthamoeba spp. or B. mandrillaris, trophozoites
or cysts are rarely found in the cerebrospinal fluid (CSF). When this occurs, the amoe-
bae are stained with a Romanowsky stain, such as Giemsa, since this is the routine stain
used for CSF cell counts (Fig. 1B). In GAE patients, the CSF demonstrates an increased
white blood cell count, mostly composed of lymphocytes and monocytes, as well as
high protein and moderately low glucose (1). However, PAM patients (N. fowleri), the
CSF pressure is elevated, trophozoites are frequently observed together with neutro-
phils and red blood cells, and the protein concentration is high while glucose tends to
be low (22). To distinguish trophozoites from macrophages, which can look similar to
one another, microscopists should look for the characteristic nuclear features of amoe-
bae: a round, prominent karyosome, finely dispersed nuclear chromatin, and a well-
demarcated nuclear membrane. By contrast, macrophages have several clumps of
darker nuclear material and several nucleoli.

Corneal scrapings can be stained directly with calcofluor white, lactophenol cotton
blue, or acridine orange, which will demonstrate the cysts (6). Corneal scrapings and
skin or brain biopsies can be formalin-fixed, paraffin-embedded, and studied using his-
topathology. In these specimens, the trophozoites and cysts can be found in a back-
ground of necrosis and a granulomatous inflammatory infiltrate containing multi-
nucleated giant cells, macrophages, lymphocytes, and varying degrees of neutrophils.
Several stains can be used to highlight the cyst wall, including fungal silver stains (7).
As trophozoites may be difficult to distinguish from macrophages, paraffin blocks can
be further examined using antibodies against the different amoebae with either immu-
nofluorescence (Fig. 1C) or immunohistochemistry (Fig. 1D), or with PCR to amplify
and detect amoebic nucleic acids (16). In the case of corneal scrapings, histopathology
reaches a diagnostic sensitivity of 31% to 65% while PCR has a sensitivity of 84% to
100% (5).

The pathological finding of amoebae in skin (Fig. 2A to D) or brain (Fig. 2E to H) tis-
sue can occur if a biopsy or postmortem is performed as part of an autopsy. The basic

FIG 1 Different diagnostic methods used for free living amoeba: (A) Free-living amoeba trophozoites
observed in a culture using a non-nutrient agar and a bacterial lawn (arrows mark the trophozoites).
(B) Giemsa stain of cerebrospinal fluid in a patient with Acanthamoeba spp. granulomatous amoebic
encephalitis (arrows mark 2 trophozoites from the same slide but from different locations). (C)
Immunofluorescence assay in brain tissue of a patient with N. fowleri (amoeba stained green). (D)
Immunohistochemical assay in brain tissue of a patient with B.mandrillaris granulomatous amoebic
encephalitis, red staining corresponds to the amoeba. Note that the amoeba surrounds a blood
vessel. Panels A and C are from the Public Health Image Library, CDC.
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histopathology of GAE is a necrotizing, granulomatous inflammation with giant cells
prominently centered around blood vessels (23). Admixed with the necrotic and
inflammatory material, trophozoites (Fig. 2D and H) and cysts (Fig. 2C, E, and G) can be
observed. To distinguish trophozoites from macrophages, microscopists need to look
for cells with a prominent round karyosome and finely dispersed chromatin of the
amoeba (Fig. 2C, D, G, and H), as opposed to the clumped chromatin in macrophages.
Acute inflammatory infiltrate with neutrophils can also be observed. Blood vessels in
the lesions show thrombi and an infarct can be present. In autopsy cases, a macro-
scopic examination of the brain reveals focal lesion(s) with softened parenchyma and
variable amounts of hemorrhage. In addition to the lesions described in the brain,
autopsies have found amoebae in other tissues, such as lungs, skin lesions, and other
organs.

In the case of PAM, an examination of the brain will show hemorrhagic meningitis,
with the base and olfactory bulb being most affected. Histopathology will show abun-
dant trophozoites in pockets, with abundant necrotic material in meninges and
Virchow-Robin spaces (23). Cysts are not observed since there is not enough time from
inoculation to death for these to be formed. Neutrophils and red cells will be observed
in the meninges.

The genus of the amoeba can be determined in tissues by immunohistochemistry,
immunofluorescence, or PCR, and in cultures by immunofluorescence, PCR, or MALDI-
TOF, though these studies are only performed in referral centers (1, 23, 24). For molec-
ular tests, researchers have used a variety of probes or primers that are part of ribo-
somal internal transcribed spacer (ITS) regions, mitochondrial DNA, or 18S rRNA. In a
study of paraffin blocks from 56 cases, comparing immunofluorescence and PCR
results, there was only one discrepant block where the PCR result was positive while
the immunofluorescence was negative. The discrepant result occurred in a paraffin
block from the lung tissue of a patient with GAE due to B. mandrillaris and suggests
that PCR could be more sensitive than other techniques (25). The question of when to
consider referring the sample for PCR testing is easy if there are cysts and/or

FIG 2 Skin and brain Acanthamoeba spp. infections. (A) Ulcerated necrotic lesion in leg. (B)
Hematoxylin and eosin stain showing thickened epidermis (*) and intense inflammatory infiltrate
through the dermis. Normally, the dermis should stain mostly homogeneously pink; in this
photomicrograph, the dermis appears to have multiple blue dots corresponding to the inflammatory
infiltrate. (C) Hematoxylin and eosin stain showing double-walled cyst with wrinkled external wall
(arrow marks the cyst). (D) Hematoxylin and eosin stain showing trophozoite (arrow marks the
trophozoite) with multiple vacuoles (stained light pink inside the trophozoite) and two erythrocytes
(stained dark red). Note the nuclear characteristics of the cyst and trophozoite: the karyosome is
prominent and central inside the nucleus, and the nuclear chromatin is dispersed and not clumping.
(E) Macroscopic photograph of brain with granulomatous amoebic encephalitis. In this case, the base
of the brain was the most affected, as demonstrated by the brown/gray coloring which is distinct
from the rest of the brain parenchyma. (F to H) Microscopic images of cysts and trophozoite,
corresponding to the same brain. (F) Collapsed cyst (arrow marks the cyst). (G) Cyst showing the
characteristic nuclear features (arrow marks the cyst). (H) Trophozoite (arrow marks the trophozoite).
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trophozoites in the sample, as identifying the genus will define treatment possibilities.
If amoebae are not present in a tissue sample, specific PCR testing for Acanthamoeba
spp., B. mandrillaris and N. fowleri could result in many referrals with little gain.
However, in cases where clinical suspicion is high and no tissue has been obtained,
some have used unbiased next-generation sequencing in blood or CSF to diagnose
cases of B. mandrillaris (26). These cases describe sequencing the DNA present in the
sample, discarding all human sequences, then aligning the remaining sequences with
a database of microorganisms. This technique could uncover other FLA, such as
Vermamoeba vermiform, Hartmanella spp., and others, which could be pathogenic to
humans or harbor amoeba-resistant bacteria and other pathogens.

Serologic tests for Acanthamoeba spp. and B. mandrillaris are available through the
CDC (3). The use of serology is quite limited; FLA are ubiquitous, so exposure occurs
frequently in many people, and studies have shown the presence of low-titer antibod-
ies to Acanthamoeba spp. in healthy children and adults (1). In addition, patients that
are immunosuppressed and have GAE may have low titers of antibodies. There is no
use for serology in the diagnosis of N. fowleri, as patients with PAM progress so rapidly
that an antibody response has not had time to be mounted.

TREATMENT

Antimicrobial treatment for FLA infections appears to be most effective when
administered as early as possible in the course of disease, regardless of whether the
treatment is for keratitis, localized skin or nasopharyngeal disease, or more advanced
neurological disease. Early detection and combination antimicrobial therapies have
been associated with improved outcomes (18). The cyst stage tends to be more resist-
ant to treatment than the trophozoites (6). Where applicable, such as in the setting of
focal disease, surgical debridement of focal areas of infection likely plays an important
role as well; however, precise indications for this treatment are less well-defined.

Optimal treatment of Acanthamoeba spp. keratitis involves combination antimicro-
bial topical agents to target both the trophozoite and cyst forms. Biguanides such as
0.02% polyhexamethylene biguanide (PHMB) or 0.02% chlorhexidine are considered
the most effective first-line agents, distinguished by their ability to penetrate the
amoebic pore and damage the inner cell membrane of the organism (5, 6). These drugs
may also be used in combination with aromatic diamidines, such as propamidine or
neomycin. Topical drops should be applied every hour, with gradual spacing-out of
the application interval over the ensuing days and weeks. Treatment is typically contin-
ued for up to 6 to 12 months. While the precise indications for surgical debridement or
corneal transplantation are unclear, these are typically performed for severe disease
and/or treatment-refractory disease. Corneal transplantation carries some risk of rein-
fection, depending on the extent to which the organisms have been successfully eradi-
cated prior to surgery. Those wearing contact lenses should follow prevention strat-
egies: wash hands before handling contact lenses; replace lenses as prescribed; if
wearing reusable lenses, clean them as instructed and use proper storage containers;
remove lenses before performing activities that involve water, including bathing; and
have regular eye exams (27).

The optimal combination of antimicrobials to be used in the treatment of GAE and
PAM is not well defined in the medical literature. No clinical trials have been performed
to evaluate the comparative efficacy of drug regimens, because of the low annual inci-
dence of these diseases and the frequent difficulty in establishing the diagnosis either
antemortem or prior to the onset of severe illness. Accordingly, expert recommenda-
tions are primarily based on retrospective reviews of individual cases. Unfortunately,
regardless of the precise approach used, mortality remains extremely high for these
diseases. Combination antimicrobial therapy is considered the gold standard of treat-
ment for both GAE and PAM, although the evidence supporting specific combinations
of treatments over others is limited. Miltefosine, an oral alkyl phosphocholine drug
originally studied for cancer and approved in the United States for leishmaniasis, has
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been found to play an important role in the treatment of both GAE and PAM. A retro-
spective review of 123 cases of Acanthamoeba spp. and B. mandrillaris GAE found sur-
vival in a minority of patients to be significantly associated with receiving miltefosine
as part of their antimicrobial regimens, compared to patients who did not receive mil-
tefosine (28). A review of 109 cases of B. mandrillaris infection, 99% of which involved
encephalitis, found that all patients received combination treatment which included
antifungals such as amphotericin B, fluconazole, flucytosine and/or pentamidine, and
antibacterial agents such as ceftriaxone, azithromycin, clarithromycin, metronidazole
and/or sulfadiazine (2). The most common treatments included amphotericin B, metro-
nidazole, ceftriaxone, rifampin, and isoniazid. In this study, 9 patients survived; how-
ever, their regimens included the same antimicrobial agents compared to the regimens
of those who died. Additionally, of the 27 patients reviewed who had an established
antemortem diagnosis of FLA infection and who received FLA-directed therapy, 3 of
the 9 who survived and 12 of the 18 who died all received miltefosine. Based on this
limited data in conjunction with available in vitro data, the current favored treatment
regimen for B. mandrillaris GAE is a combination of pentamidine, fluconazole, flucyto-
sine, miltefosine, sulfadiazine, and a macrolide antibiotic (either azithromycin or clari-
thromycin); the same regimen, without the macrolide antibiotic, is preferred for
Acanthamoeba spp. GAE (27, 29). The patient with encephalitis due to S. diploidea was
successfully treated with azithromycin, pentamidine, itraconazole, and flucytosine for
25 weeks, and experienced a full recovery (21).

For PAM, the CDC’s recommended treatment course is both intravenous and intra-
thecal amphotericin B in combination with azithromycin, fluconazole, rifampin, milte-
fosine, and a 4-day dexamethasone course (30). This regimen is based upon anecdotal
cases of successful treatment. Notably, despite its substantially increased risk of toxic-
ities, conventional amphotericin B is preferred over the more commonly used liposo-
mal formulation due to 10-fold lower MICs against N. fowleri. Other specific toxicities of
combination therapy for PAM and GAE include QTc prolongation, renal toxicity, and
others related to the specific antimicrobial agents involved, but are typically consid-
ered to be worth the risk given the high degree of mortality in the absence of aggres-
sive treatment. In the search for novel treatments for N. fowleri based on genes that
have drug targets in Drug Bank, protein production and crystallographic structure are
being compared to human homologues (31). If the targets in the amoeba are suffi-
ciently different from human structures/targets, these drugs could be tested in vitro
and in vivo and be potential treatments for patients with FLA infections.

CONCLUSIONS

Infections due to any of the FLA can be challenging to diagnose. Despite the availability
of molecular tests for identification of FLA infection, these infections may not be suspected
by clinicians, thus, tests will not be ordered. Although the distinguishing morphological
characteristics of amoeba are evident to infectious disease pathologists or clinical microbi-
ologists, amoebic forms may be easily mistaken for yeasts, macrophages, or other artifacts.
These infections have very high mortality rates, so awareness of these entities is essential
to ensure early diagnosis and the initiation of combination therapy, which have been asso-
ciated with anecdotal case survival and recovery. For clinicians seeking diagnostic and/or
therapeutic management assistance with FLA infections, clinical consultation with the CDC
is available through the Emergency Operations Center (770-488-7100).
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