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Abstract

Introduction. Among free-living amoebae that are widely distributed in nature only four genera/species are known as agents
of human infections: Acanthamoeba spp., Naegleriafowleri, Balamuthia mandrillaris and Sappiniapedata. These amoebae are
not well adapted to parasitism, and could exist in the human environment without the need for a host. Infections due to
these amoebae, despite low morbidity, are characterized by relatively high mortality rate and pose serious clinical problems.
Objectve. This review study presents and summarizes current knowledge about infections due to pathogenic and
opportunistic free-living amoebae focused on epidemiology, clinical manifestations, diagnosis and treatment based on
global literature.
State of knowledge. All four genera have been recognized as etiologic factors of fatal central nervous system infections
and other serious diseases in humans. N. fowleri causes an acute fulminating meningoencephalitis in children and young
adults. Acanthamoeba spp. and B.mandrillaris are opportunistic pathogens causing granulomatous amoebic encephalitis
and disseminated or localized infections which could affect the skin, sinuses, lungs, adrenals and/or bones. Acanthamoeba
spp. is also the main agent of acute eye infection – Acanthamoeba keratitis, mostly in contact lens wearers. However, there
is only one recognized case of encephalitis caused by S. pedata.
Conclusions. Amoebic diseases are difficult to diagnose which leads to delayed treatment, and result in a high mortality
rate. Considering those issues, there is an urgent need to draw more attention to this type of diseases.
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INTRODUCTION
Diseases caused by free-living protozoa pose serious
clinical problems. New cases are constantly being reported
worldwide. These kind of infections, despite low morbidity,
are characterized by relatively high mortality rate, which is a
huge challenge for efficient diagnosis and therapy [1, 2]. One
group of these pathogenic and opportunistic protozoa are
free-living amoebae (FLA). FLA are aerobic, mitochondriate,
eukaryotic microorganisms widely distributed in nature and
the human environment. From many genera of free-living
amoebae that exist in nature, only four are involved in human
and animal infections. Among them there are several of
Acanthamoeba species; however, only one species of each
genera: Balamuthia (B.mandrillaris),Naegleria(N.fowleri)
and Sapinia(S. pedata) causes infections [1, 3]. These amoebae
are ubiquitous, and have been found in water, soil and air,
but also in sewage, swimming pools, flowerpots, water
tubs, humidifiers, aquaria, eye wash solutions and hospital
environment, e.g. dialysis and dental treatment units [1, 4].
These protozoa are called amphizoic because of their ability to
complete their life cycle inside host organism as well as in the
environment. Human infections with these amoebae are rare
but have been reported all over the world [3]. FLA can cause
localized systemic diseases as well as disseminated infections.
All four genera cause acute and almost always fatal infections
of the central nervous system (CNS). Some of them are also
responsible for extra-CNS infections of the skin, eyes, sinuses,
lungs and kidneys. Diseases occur both in immunocompetent
and immunocompromised individuals, including patients
with AIDS [5]. Of greatest concern is the comparatively high
Address for correspondence: Katarzyna Król-Turmińska, Chair and Department of
Medical Microbiology Medical University of Lublin
E-mail: katarzyna.k.krol@gmail.com
Received: 25 May 2016; accepted: 12 Jule 2016; first published on February 2017

mortality rate between infected individuals and lack of wellestablished recommended treatment. Early diagnosis of these
infections is very important although it may be difficult due
to non-specific symptoms.
Central nervous system infections. All four pathogenic
FLA are known to cause infections of the central nervous
system. Balamuthia mandrillaris (the only known species
of Balamuthia), Naegleriafowleri, Sapiniapedata and several
species of Acanthamoeba (e.gA.castellanii, A.culberstoni,
A. polyphaga, A. hatchetti, A. rhysodes) induce CNS
diseases in humans and animals. Naegleriafowleri causes
fatal fulminating infection called primary amoebic
meningoencephalitis (PAM), mainly in healthy children and
young adults. Acanthamoebaand Balamuthia mandrillaris
are responsible for granulomatous amoebic encephalitis
(GAE), and chronic infection in both immunocompromised
and immunocompetent hosts. To date, only a single case of
encephalitis caused by S.pedata has been described in an
immunocompetent male in Texas (Tab. 1) [1, 3].
Primary Amoebic Encephalitis (PAM). Naegleriafowleri
is an thermophilic, free-living amoeboflagellate spread
worldwide in most types of warm water reservoirs. Naegleria
almost invariably causes fatal acute fulminating hemorrhagic
infection – primary amebic meningoencephalitis (PAM).
Since the first described case in the 1960s, PAM has been
reported in more than 16 countries. The total number of cases
is unknown. It is estimated that approximately 300 cases have
occurred worldwide. The largest series of well-documented
PAM cases comes from the USA, where 111 PAM cases
have been reported [6]. In Europe, the first cases of PAM
occurred in 1986in the territory of former Czechoslovakia.
Since then, new cases have been reported also from Germany,
France, Belgium, Hungary and Iran [3, 8]. Infection due to
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Table 1. Characteristics of human infections due to pathogenic and opportunistic free-living amoebae
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N.fowleri is acquired principally by healthy children and
young adults with a history of recent exposure to warm
contaminated freshwater, such as heated swimming pools,
geothermal waters, warm ponds, or sewage systems carrying
away industrial cooling water [1].
Pathophysiology and clinical manifestations. PAM occurs
typically in the hot summer months during recreational
activities – swimming or bathing in polluted water.
Transmission to humans occurs primarily through inhalation
of infested water. Increased contact of the nasal mucosa
with infested water predispose humans to infection. Most
casualties are young adults and children with a history of
contacts with water containing the amoebae, about a week
prior to the onset of neurological symptoms. The onset of
illness occurs within 5–7 days and may develop rapidly after
24hrs. Because of the lack of distinctive clinical features,
PAM can be easily confused with pyogenic, bacterial or viral
meningitis. For that reason, any information about previous
contact with warm water is essential [1, 9]. The portal entry
into the CNS is the olfactory neuroepithelium reached by
the nasal passages. The amoebic trophozoites penetrate the
olfactory mucosa and migrate along the olfactory nerve,
crossing the cribriform plate and reach the olfactory bulbs.
Trophozoites induce an inflammatory response associated
with lytic necrotic haemorrhage. Then, numerous superficial
haemorrhagic areas are seen in the cortex. Lesions are
observed mainly around the base of the orbitofrontal and
temporal lobe, base of the brain, hypothalamus, midbrain,
pons, medulla oblongata, and the upper part of the spinal
cord [3, 11]. The earliest symptoms are bifrontal or bitemporal
headaches, high temperature (38.5–41 °C), nuchal rigidity
with positive Kernig and Brudzinski signs, followed by nausea,
vomiting and behavioural abnormalities, such as irritability
and restlessness. Subsequently, photophobia and neurological
abnormalities develop, including lethargy, seizures,
confusion, coma, diplopia or bizarre behaviour may occur.
Cranial nerve palsies (third, fourth and six cranial nerves)
may indicate cerebral oedema and herniation. Intracranial
pressure is usually raised to 600mm H2O, or higher. Cardiac
rhythm abnormalities and myocardial necrosis may occur in
some cases. Increased intracranial pressure and herniation
usually lead to death [1, 9, 10, 11]. In early stages of disease,
the cerebrospinal fluid (CSF) may be grey to yellow-white,
or red if it contains red cells. In the advanced stage, the
red blood cell number increases to 24,600 cells/mm3. The
white blood cell count, predominantly polymorphonuclear
leukocytes (PMN), may range from 300 cells/mm3 to 26,000
cells/mm3. In addition, protein concentration may vary
from 100mg/100mL to 1,000mg/100mL, and glucose may
be 10 mg/100mL, or lower. The CSF pressure is usually very
high, ranging from 300 – 600mmHg. Prognoses are weak,
death occurs generally within 7–10 days following infection
[9, 11, 12, 13]. Because of rapid onset and progression of PAM
in humans, there is meager chance of effective humoral
response to develop against the amoebae. Seidel et al. [14]
described a case of 9-year-old who survived PAM. In this
patient, anti-Naegleria antibodies of the IgM class were found
[5]. Marciano-Cabral et al. [15] have demonstrated that large
numbers of humans are exposed to both nonpathogenic
and pathogenic Naegleria when they screened human sera
for antibodies against amoeba. The sera collected from
several individuals with a history of swimming in freshwater

revealed not only IgM but also IgG antibodies. Whether these
antibodies are protective is still unclear [5, 10].
Diagnosis. PAM should be suspected in children and young
adults with acute neurological symptoms. A history that
describes exposure to warm, freshwater is suggestive. The
method of choice in early diagnosis is direct microscopic
examination of the CSF as a centrifuged wet mount. The
CSF may reveal the presence of motile amoebae which can be
differentiated from host cells by staining fixed preparations
with Wright’s, Giemsa, trichrome or hematoxylin and eosin
(H & E). Gram stain is not useful for diagnosis because it
does not show the characteristic nuclear morphology of the
amoebae. Furthermore, the CSF may have a relatively high
pressure, low glucose and high protein concentration. In the
early course of the disease, polymorphonuclear leukocytes
(PMNs) can be found in the CSF, but not bacteria. A phase
contrast microscope is useful to optimize visualization of
the amoebae [4, 5, 9]. Neuroimaging methods as Computer
Tomography scans (CT) or Magnetic Resonance Imagining
(MRI) show lesions, although these are non-specific. Scans
can show obliteration of the cisternae around the midbrain
and the subarachnoid space over the cerebral hemispheres
[1, 9]. Microscopic examination of the cerebral hemispheres,
brain stem, cerebellum, and upper part of the spinal cord
reveal fibrino-purulent leptomeningeal exudates containing
predominantly PMNs and a few eosinophils, macrophages,
and some lymphocytes. Amoebic trophozoites are seen
within oedematous and necrotic tissue and deeply in the
Virchow-Robin spaces, mostly around blood vessels, with no
inflammatory response. Cysts are not observed. Naegleriacan
be identified by polyclonal and monoclonal antibody staining
[5]. Molecular techniques are useful both in CSF screening
and identification of N. fowleri in amoebae cultures from
human tissues. Real-time PCR assays have been developed
to detect Naegleria in clinical samples. Nested-PCR and
PCR can identify the presence of amoeba in microbiological
cultures. A PCR assay using primers for the complete
ribosomal internal transcribed spacer region (ITS) has been
developed that allows for the discrimination of Naegleria
species, and a species specific assay allows for the detection
of N. fowleri [16, 17, 18, 19].
Antimicrobial therapy. There are only a few examples of patients
who have survived PAM. The drug of choice in treating PAM
is the antifungal polyene antibiotic amphotericin. Naegleria
are highly sensitive to this drug, but treatment must be started
early in order to be effective. In a well-documented recovery,
the patient was treated with intravenous and intrathecal
amphotericin B, miconazol and oral rifampicin. In vitro
testing of the isolate from the patient showed no efficacy for
rifampicin [14]. Amphotericin B was reported to be more
effective against Naegleria than amphotericin methyl ester,
a water-soluble form of the drug. All reported recoveries
revealed that the patients were successfully cured by mixed
treatment, but always with amphotericin B. Phenothiazine
compounds (chlorpromazine and rifluoperazine), which can
accumulate in the CNS, were tested in vitro and were found to
have inhibitory effects on N. fowleri [20]. Azithromycin has
been shown to be effective against Naegleria in a mouse model
of disease both in vitro and in vivo [21]. Other macrolides are
less effective. Naegleriafowleriis also sensitive to the triazole
and voriconazole [22, 23]. Moreover, miltefosine (breast
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cancer and anti-leishmania drug) was shown to be effective
against free-living amoebae in laboratory tests [22].
Granulomatous amebic encephalitis (GAE). Granulomatous
amebic encephalitis is a rare opportunistic infection
caused by Balamuthia mandrillaris and several species of
Acanthamoeba. Both free-living amoebae are distributed
worldwide and can be found in freshwater, soil, dust and air,
although Acanthamoeba is more ubiquitous. Acanthamoeba
has been isolated from a wide variety of habitats, including,
e.g. seawater, sewage, tap water, beach sands, home aquaria,
humidifiers and hospital environment [3, 24]. To date,
more than 150 cases of GAE caused by Acanthamoeba have
been reported in the literature, among them, 11 cases of
immunocompetent hosts [25]. Approximately 200 cases of
Balamuthia GAE have been reported from all continents
except from Africa. Balamuthiasis appears to occur more
frequently among patients of Spanish origin, probably because
of genetic susceptibility or environmental exposure [27, 23]. A
fatal case of multiple protozoan infection (Acanthamoebaspp,
Balamuthia mandrillaris, and Toxoplasma gondii) in an HIVinfected patient has also been reported [29].
Pathophysiology and clinical manifestations. GAE is an
opportunistic and fatal disease which can occur any time
of the year. The portal of entry for both organisms are either
through skin lesions contaminated with soil, or as a cyst
taken into the respiratory tract. An association between
water contact and infection has not been reported, but
it could be a possible route of infection. Acanthamoeba
GAE occurs, most often, in humans with compromised
metabolic, physiologic, or immunologic functions because
of HIV/AIDS or in those who are chronically ill, diabetic,
have undergone organ transplantation, or are otherwise
debilitated. Balamuthia GAE can occur both in healthy
individuals and immunocompromised patients. The risk
factors are alcoholism, intravenous drug taking, contact with
contaminated freshwater and soil [2, 5, 31]. After primary
exposure, both amoebae invade the blood stream and spread
haematogenously to the brain. They can also reach other
organs, e.g. the lungs, sinuses or the skin [32]. In the case
of balamuthiasis, two patterns of clinical presentation have
been described: some patients develop an initial skin lesion
followed by development of neurologic manifestations within
weeks or months, while others present first with the CNS
involvement [33, 34]. Incubation period is unclear as it is
often difficult to determine when exposure took place. The
onset of disease is slow and subtle and symptoms develop
within several weeks to months. In balamuthiasis it can
be shorter and range from 1–30 days [2, 3, 31]. The typical
features of GAE include behavioural and personality changes,
hemipharesis, aphasia, fever, seizures, photophobia, vision
loss, stiff neck, non-specific cranial nerve dysfunction,
including headache, nausea, vomiting, increased intracranial
pressure or loss of consciousness. In acanthamebiasiscoma,
facial asymmetry is also often observed. The clinical signs
of GAE are not specific. The disease is often misdiagnosed
as bacterial or viral encephalitis or brain tumour [1, 11, 20,
35]. The pathophysiology of Acanthamoeba and Balamuthia
CNS infections is similar. Amoebae are usually not found
in the CSF, although in a few cases they have been isolated
from the CSF [20, 36]. Autopsies of the brain reveal cerebral
oedema, areas of cortical and basal ganglia softening, and

multiple necrotic and haemorrhagic areas in the CNS tissues.
The brainstem, cerebral hemispheres and the cerebellum
may show areas of haemorrhagic infarcts. The haemorrhagic
necrosis and inflammatory infiltrates consist of neutrophils,
lipid-containing macrophages, mononuclear cells, and
multinucleated giant cells. Multinucleated giant cells forming
granulomas are seen in tissue from immunocompetent
patients, but less often in immunocompromised individuals.
Some patients, mostly with balamuthiasis, develop chronic
ulcerative skin lesions or erythematous nodules. Both
amoebic trophozoites and cysts are found within all infected
tissues [1, 37]. In both infections, the CSF examination reveals
lymphocytic pleocytosis, increased protein concentration
and normal to low glucose concentration [35, 38].
Diagnosis. Brain lesions can be detected by neuroimaging
methods such as CT and MRI, but the results are not specific
and these methods are of limited diagnostic value for GAE.
Microscopy and haematoxylin-eosin staining of hosts
brain tissue can be used to detect trofozoites and cysts, but
morphological features are inadequate for differentiating
Acanthamoeba from B. mandrillaris. The differentiation
of these amoebae from macrophages is quite problematic
and requires expertise. Humoral response to Acanthamoeba
and Balamuthia is well developed. Anti-Acanthamoebaand
anti-B.mandrillaris antibodies have been found in the sera
of healthy and GAE infected individuals. Consequently,
several immunodiagnostic tests have been well developed
and produced good results. Immunofluorescent microscopy,
indirect immunofluorescent and immunoenzymatic assays
can be successfully used to examine serum and tissue
samples. Acanthamoeba can be isolated from patients’ tissue
and cultured in vitro, but this method is not recommended
for B. mandrillaris [2, 4]. Molecular techniques, such as
PCR and real-time PCR, have also been used to identify
Acanthamoeba and Balamuthia in the CSF, brain and
other tissues. A real-time multiplex PCR assay has been
developed for simultaneous detection of Acanthamoeba spp.,
Balamuthia mandrillaris and Naegleriafowleriin clinical
specimens within five hours [18]. In addition, matrix-assisted
laser desorption–ionization time of flight MS (MALDI-TOFMS) may be of potential value in quick identification of B.
mandrillaris in clinical specimens [1].
Antimicrobial therapy. The treatment of GAE is problematic
because of non-specific symptoms and lack of a good
reliable diagnostic test. GAE is often detected post-mortem.
Moreover, optimal management modality remains uncertain.
A number of drugs have demonstrated in vitro activity
against Acanthamoeba and have resulted in success in a few
patients when used alone or in combination: rifampicin,
azoles (fluconazole, itraconazole, voriconazole), pentamidine
isethionate, sulfadiazine, flucytosine, azithromycin,
miltefosine, and caspofungin [5, 35, 37]. A few patients
with Balamuthia GAE were successfully treated with a
combination of pentamidine, 5-flucytosine, fluconazole
and a macrolide (clarithromycin or azithromycin) with one
of the following: sulfadiazine, miltefosine, thioridazine or
liposomal amphotericin B. In Peru, five patients have also
been successfully treated with a combination of fluconazole or
itraconazole in addition to albendazole and miltefosine [31, 37,
41, 42]. Currently, there is scarce data regarding treatment and
no controlled studies to guide optimal antimicrobial therapy.
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Sappinia Amoebic Encephalitis (SAE). The first and only case
of amoebic encephalitis caused by Sappiniapedata (originally
identified as S.diploidea) was described in 2001 by Gelmanet
al. [43]. The patient was a hitherto healthy immunocompetent
38-year-old male farmer from Texas who had contact with
farm animals and faecal-contaminated soil. The infection may
have developed from an earlier sinus infection. The patient
developed nausea, vomiting, bifrontal headache, photophobia,
blurry vision, and loss of consciousness. MRI detected a 2cm
mass in the left temporal lobe with slight ring enhancement.
The lesion was excised and section of the brain tissue showed
trophozoites with distinctive double nuclei. Basing on that, it
was possible to differentiate Sappinia from other free-living
amoebae [2, 4]. Sappinia spp. can be identified by molecular
assays, e.g. PCR (e.g. ITS PCR, real-time PCR). The assay
specific for Sappinia can be incorporated into already existing
multiplex PCR assay described by Qvarnstromet al. [2, 18].
The patient was treated with azithromycin, pentamidiane,
itraconazole, and flucytosine [43]. Sappinia spp. has been
reported in Europe, North America, Egypt, Japan, the Middle
East and West India [1].
Eye infections – Acanthamoeba keratitis (AK).
Acanthamoeba keratitis is an acute localized infection
involving the cornea. Unlike GAE, the disease occurs
worldwide in immunocompetet individuals following
corneal trauma or more commonly in contact lens users (Tab.
1) [36, 44]. Among the species that have been implicated as
etiological agents are A. castellanii, A. polyphaga, A. rhysodes,
A. culbertsoniand A. hatchetti[5]. The main risk factors
associated with AK include using contaminated contact
lens solutions, wearing contact lens for extended periods
of time, using all-in-one lens solutions, showering while
wearing contact lenses, and poor contact lens hygiene [45].
The number of affected individuals is increasing worldwide
which correlates with rising number of contact lens users.
Previous studies found the prevalence of 1.2 cases per million
adults and 0.2 (USA) to 2 (UK per 10,000 soft contact lens
wearers per year [46]. A dramatic rise in the incidence of
AK was seen in the 1980s, which was largely connected with
increased adoption of wearing soft contact lens, and the use
of non- sterile contact lens solutions and homemade saline
tablets. Additional outbreaks in the late 1990s and 2000s
were reported in the USA and in Europe [47]. Moreover,
recent outbreaks of AK have been observed in the USA and
Australia [48, 50].
Clinical manifestations. Clinical manifestation starts with
redness, lacrimation, epiphora, diptosis, conjunctival
hyperhaemia, foreign body sensation, pain, photophobia and
appearance of ring infiltrates. Epithelial irregularities and
pseudodendritic epithelial lesions represent anearly stage of
the disease. Typically, one eye is involved; however, bilateral
keratitis has also been described [52]. A variety of proteases
produced by Acanthamoebatrofozoites causes parasitemediated cytolysis of the cornea. The infection destroys
the corneal epithelium and stroma, causing infiltration by
inflammatory cells. Stromal abnormalities like nummular
infiltrates and radial keratoneuritis can occur. Keratoneuritis
is characterized by linear, radial, branching infiltrates of the
parasite along the corneal nerves into the anterior stroma,
with anterior chamber reaction leading to hypopyon. A ringshaped stromal infiltrate is a characteristic sign of advanced

infection. If not diagnosed early and treated promptly, many
complications can develop in the later stage of the disease,
like corneal epithelial ulceration, perforation, loss of visual
acuity and eventually blindness and enucleation [53, 54,
55, 56]. AK may be confused with viral keratitis (e.g. due to
HSV) resulting in delayed correct diagnosis and late initiated
therapy [5].
Diagnosis. Diagnosis is based on identification of trophozoites
and cyst in the corneal scrapings and biopsy specimens.
Trophozoites can be visualized by staining of cornea
scrapings with calcofluor. Scrapings can be also cultured
and examined microscopically for the presence of amoeba.
Confocal microscopy can also aid diagnosis. Molecular
methods (PCR, real-time PCR) have also been used, and
generally they are more sensitive than specific stains and
cultures [5, 11].
Treatment. Treatment of AK is more successful that than
of GAE. Several varieties of drugs can be used, including
chlorhexidine, polyhexamethylenebiguanide, propamidine,
isethionate, dibromopropamidine isethionate, neomycin,
paromomycin, polymixin B, clotrimazole, and itraconazole.
Significant success has been achieved with either
polyhexamethylenebiguanide (PHMB) or chlorhexidine
gluconate with or without propamidineisethiocyanate. When
medical treatment failed, debridement and/or penetrating
keratoplasty have been used, with good results in some cases.
Application of steroids is common, both to relieve pain and
to lessen inflammation, particularly following keratoplasty
[1, 11, 44].
Other infections. In addition to GAE, Acanthamoeba and
Balamuthia mandrillarisare etiological factors of localized
and disseminated infections including skin, lung, sinus,
kidneys or adrenal abscesses (Tab. 1) [1, 5]. These infection
are rare and usually connected with organ transplantation
and other conditions that may affect the host immune system.
Cutaneous acanthamebiasis is an uncommon opportunistic
infection, particularly in immunocompromised patients
with HIV, with or without CNS involvement. Cutaneous
disease has also been reported in non-HIV-infected patients
and immunocompetent hosts [35, 47, 57]. Risk factors for
Acanthamoeba skin infection include traumatized areas,
such as surgical scars, viral lesions, bites and mechanical
trauma. Characteristic lesions are nodules, pustules, papules
and skin ulcerations that contain Acanthamoebatrophozoites
and cysts. The most frequently lesion affected sites are the
face, trunk and extremities [58]. Diagnosis of Acanthamoeba
skin infection includes tissue histology, staining the smears
of tissue, immunofuorescence assays, culture on non-nutrient
agar plates seeded with bacteria as food source or tissue
culture. More recently, PCR assays have been used. Treatment
includes application of chlorhexidine gluconate and
ketoconazole cream with one of the following: pentamidine
isethionate, sulfadiazine, flucytosine, fluconazole or
itraconazole [11, 58]. The majority of patients with GAE due
to Balamuthia exhibit skin ulcerations that may be several
centimeters wide and appear on the face, trunk, hands and
feet of patients [31]. Moreover, several reports have described
Balamuthia GAE preceded by initial cutaneous infections.
In many cases, there was a history of previous trauma.
Treatment of cutaneous balamuthiasis is similar to GAE
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treatment. The skin ulceration may provide an opportunity
for the early diagnosis of the CNS infection. Histopathologic
characteristics include the presence of granulomatous
reaction. Granulomas are surrounded by an infiltrate rich in
lymphocytes and plasma cells. Multinucleated giant cells may
be present inside and outside granulomas [34, 59]. Diagnosis
includes skin biopsy, staining, indirect immunofluorescence
assays and culture methods. A PCR technique for the
detection of amoebic DNA material in human tissue has also
been developed [34, 60]. In amoebic infection, other organs
outside the CNS might be involved by the haematogenous
route. Disseminated infections could affect several areas,
such as the skin, lung, sinuses, kidney, or even bones, causing
osteomyelitis [61]. Acanthamoeba infections of the nasal
mucosa and paranasal sinuses are very rare and have been
described in severely immunosuppressed patients with
HIV. Pulmonary involvement can be bilateral with patchy
infiltrates and usually occurs with other tissue infection.
Diagnosis generally has been made post-mortem by observing
trophozoites and cysts in the lung tissue samples [63].
CONCLUSIONS
The presented study describes human infections due to
free-living amoebae: Acanthamoebaspp., Naegleriafowleri,
Balamuthia mandrillaris and Sapiniapedata. The main aim of
this study was to review and summarize current knowledge
about these kinds of infections based on global literature.
The epidemiology, clinical manifestations, diagnosis
and treatment have been described. Another goal was to
draw attention to the growing problem of FLA diseases in
healthy and immunocompromised people. The number of
infections caused by FLA is relatively low, possibly due to
difficulties in diagnosis. It is likely that many cases have
gone unrecognized. However, difficult diagnosis, lack of
awareness, limited efficiency of treatment, resistance of
antimicrobials, and finally the abundance of more prominent
diseases resulting in often fatal consequences make these
infections a great public health concern. The number of
confirmed and reported amoebic diseases rises each year. In
many cases, early diagnosis is crucial to successful treatment.
Considering these issues, there is an urgent need to improve
diagnostic and treatment trials.
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