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Granulomatous Amoebic Encephalitis: Clinical Diagnosis and Management
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Abstract: Granulomatous amoebic encephalitis (GAE) is a serious human disease with fatal
consequences. With the mortality rate of more than 90%, it is not surprising that the majority of GAE
infections are identified at the post-mortem stage. The most distressing aspect is that the high level of
mortality is attributed to lack of awareness. Early diagnosis with aggressive treatment can lead to
successful prognosis for the patient. Here, we describe a brief overview of the current understanding of
the pathophysiology of GAE, available diagnostic methods, possible therapeutic interventions and the

causative agents.
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INTRODUCTION

Granulomatous amoebic encephalitis (GAE) is a
serious disease leading almost always to death. It can be
caused by two protozoan pathogens, Acanthamoeba and
Balamuthia  mandrillaris.  GAE  has  become
increasingly important in the recent years. This is due to
i) the increasing numbers of immunocompromised
patients, ii) the excessive use of antibiotics, iii) the
availability of improved diagnostic methods and iv)
global warming with increased outdoor activities
adding to the ubiquity of these pathogens, thus
increased exposure to the susceptible hosts. With the
growing HIV pandemic, it is reasonable to predict
further increase in the numbers of opportunistic
infections. Among other opportunistic pathogens,
Acanthamoeba and B. mandrillaris have remained a
significant threat to human health and gained particular
attention in recent years. The purpose of this review is
to provide our current understanding of the disease and
the infectious agents, diagnostic methods and possible
therapeutic interventions.

The disease: Although GAE is a rare infection, it
almost always proves fatal. The mechanisms associated
with the pathogenesis remain unclear; however the
pathophysiological complications involving the central
nervous system (CNS) most likely include induction of
the pro-inflammatory responses, invasion of the blood-
brain barrier and the connective tissue and neuronal
damage leading to the brain dysfunction. The routes of
entry include lower respiratory tract leading to amoebae
invasion of the intravascular space followed by the
haematogenous spread. Skin lesions may provide direct
amoebae entry into the bloodstream, thus bypassing the
lower respiratory tract (Fig. 1). Amoebae entry into the

CNS most likely occurs at the sites of the blood-brain
barrier'". The cutaneous and respiratory infections can
last for months but the involvement of the CNS can
result in fatal consequences within days or weeks. The
clinical picture may resemble viral, bacterial or
tuberculosis meningitis. For example, the clinical
symptoms involve headache, fever, behavioral changes,
hemiparesis, lethargy, stiff neck, aphasia, ataxia,
vomiting, nausea, cranial nerve palsies, increased
intracranial pressure, confused state, seizures and
finally leading to death. The term ‘“granulomatous”
indicates hemorrhagic necrotizing lesions or brain
abscess (detected by neuroimaging scans) with severe
meningeal irritation and encephalitis’®®!. Patients with
respiratory infections, skin ulcerations or brain
abscesses should be suspected for infections due to
Acanthamoeba and B. mandrillaris. Post mortem
examination often shows severe edema and
hemorrhagic necrosis. It is not known whether this
necrotic phase is caused by actively feeding
trophozoites or inflammatory processes such as the
release of cytokines. The lesions due to GAE are most
numerous in the basal ganglia, midbrain, brainstem and
cerebral hemiparesis with characteristic lesions in the
CNS parenchyma resulting in  granulomatous
encephalitis. The granuloma is composed of CD4, CDS8,
B-lymphocytes, plasma cells and macrophages.
Granulomatous response may be absent or minimal in
patients with a severely impaired immune system that is
interpreted as impairment of the cellular immune
response”. The affected organs other than the CNS
may include subcutaneous tissue, skin, liver, lungs,
kidneys, pancreas, prostate, lymph nodes and bone
marrow. The predisposing factors in contracting GAE
are not clearly understood. Although the majority of
GAE cases due to Acanthamoeba are limited to
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individuals with a weakened immune system, B.
mandrillaris infections have been shown to occur in
relatively immunocompetent people. This is shown
with the findings that GAE can develop in individuals
with no history of syphilis, diabetes mellitus,
malignancies, fungal and mycobacterial infections and
in patients negative for HIV-1 and HIV-2"!. However,
patients suffering from these as well as other diseases
including lymphoproliferative disorders, hematologic
disorders, pneumonitis, renal failure, liver cirrhosis,
rhinitis, pharyngitis, gammalobulinemia, systemic lupus

erythematosus, glucose-6-phosphate deficiency,
tuberculosis, chronically alcoholic, radiotherapy,
malnourished, chronically ill, or debilitated, are

particularly at risk. Patients undergoing organ/tissue
transplantation with immunosuppressive therapy,
steroids and excessive antibiotics are also at risk of
contracting GAE (Fig. 2). Future studies will determine
the precise host factors contributing to this fatal
infection, which may help identify preventative and
therapeutic measures.

Clinical diagnosis of GAE: As indicated above, GAE
is a rare infection with very poor prognosis. Early
diagnosis with aggressive treatment is crucial for a
successful outcome for the patient. GAE symptoms are
similar to other CNS pathogens including virus,
bacteria and fungi. This makes GAE diagnosis
problematic and requires very high suspicion and
expertise. The brain image analyses using computed
tomography (CT) or magnetic resonance imaging
(MRI) scan may show multifocal areas of signal
intensities or lesions indicating brain abscesses or
tumours suggestive of the CNS defects. The
cerebrospinal fluid (CSF) findings, although not
confirmatory of GAE, are of value in diagnosing the
CNS involvement. Pleocytosis with lymphocytic
predominance is an important feature with elevated
polymorphonuclear leukocytes, increased protein
concentrations, decreased glucose concentrations and
minimal cloudiness”. The absence of viral and
bacterial pathogens should be strongly suspected of
GAE. Due to the low density of parasites, the detection
of host immune response should be attempted
primarily. The demonstration of high Ilevels of
Acanthamoeba- or B. mandrillaris-specific antibodies
in a patient’s serum may provide a useful and
straightforward method to further suspect GAE
infection. This is performed using indirect
immunofluorescence (IIF) assays. The serial dilutions
of the patient’s serum are incubated with fixed
amoebae-coated slides, followed by incubation with
fluorescein isothiocyanate (FITC)-labelled anti-human
antibody and visualized under fluorescent microscope.
It is important to remember that the levels of anti-
amoebae antibodies in normal populations may be in
the range of 1:20 to 1:60. However, patients with a
severely impaired immune system may not develop a
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high titre, thus other clinical findings should be taken

into account for the correct diagnosis.
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Fig. 1: The model of granulomatous amoebic
encephalitis. Amoebae enter lungs via the nasal
route. Next, amoebae traverse the lungs into the
bloodstream (or directly through skin lesions),
followed by haematogenous spread. Finally,
amoebae cross the blood-brain barrier and enter
into the central nervous system (CNS) to
produce disease. The olfactory neuroepithelium
may provide an alternative route of entry into
the CNS

A} Host susceptibility factors

Weak immune system

HIV-1 and HIV-2

Organ/tissue transplantation with immunosuppressive therapy
Steroids and excessive use of antibiotics
Diabetes mellitus

Malignancies

Fungal and mycobacterial infections
Lymphoproliferative disorders
Hematologic disorders

Pneumaonitis

Renal failure

Liver cirthosis

Rhinitis

Pharyngitis

Gammalobulinemia

Systemic lupus erythematosus
Glucose-6-phosphate deficiency
Chromcally alcoholic

VYN Y Y Y Y Y YYY Y VY Y VY Y

B} Environmental factors

Working in soil/garden

Swimming in pools (especially unchlonnated)

Outdoor activities involving water (lakes, ponds)

Road accidents that result in skin lesions

Exposure of skin lesions to soil, contaminated water and other objects

YVVWYY Y

Fig. 2: The risk factors associated with granulomatous
amoebic encephalitis. A) Host susceptibility

factors and B) environmental risk factors to A

The confirmatory evidence comes from direct
microscopic observation of amoebae in the CSF (after
centrifugation at low speed) or in the brain biopsy but
requires familiarity of morphological characters.
Giemsa-Wright, acridine orange or calcofluor white
staining may facilitate morphological-based positive
identification of these amoebae. The lack of familiarity
with amoebae morphological characteristics may
require immunohistochemical studies using antisera
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made against Acanthamoeba and B. mandrillaris to
identify the etiologic agent, which should aid in the
clinical diagnosis of GAE.

In addition, it is helpful to inoculate a portion of
the CSF and/or brain biopsy for amoebae culturing. For
Acanthamoeba, the clinical specimens can be
inoculated onto non-nutrient agar plate seeded with
Gram-negative bacteria. Acanthamoeba feeds on
bacteria as food source and depending on the number of
amoebae in the specimen, trophozoites can be observed
within a few hours (up to 12 h). However in the absence
of amoebae, plates should be monitored for up to 7
days'®”. This method is particularly useful if problems
are encountered in differentiating Acanthamoeba from
monocytes, polymorphonuclear leukocytes and
macrophages. Balamuthia mandrillaris do not feed on
Gram-negative bacteria and should be inoculated onto
mammalian cell cultures but it may take up to several
weeks'®!, Alternatively, PCR-based methods have been
developed for the clinical diagnosis of amoebae
infections and provide rapid diagnosis from the clinical
specimens™”.

Treatment: For GAE infection, there are no
recommended treatments and the majority of cases are
identified at the post-mortem stage. This is due to i)
delayed diagnosis, ii) low sensitivity of amoebae to
many anti-amoebic agents and iii) the limited efficacy
of anti-amoebic agents to cross the blood-brain barrier
into the central nervous system. Current therapeutic
agents include a combination of drugs including
ketoconazole, fluconazole, sulfadiazine, pentamidine
isethionate, fluorcytosine, amphotericin B,
trifluorperazine  or  thiroridizine, clarithromycin,
azithromycin, itraconazole, or rifampin that may be
effective against CNS infections due to free-living
amoebae but have severe side effects. Recent studies
have suggested that alkylphosphocholine compounds,
such as hexadecylphosphocholine exhibit anti-amoebic
properties as well as cross the blood-brain barrier, thus
may have value in the treatment of GAE"*''l. Even
with treatment, survivors may develop disability such
as hearing loss, vision impairment etc.

The infectious agents: Both Acanthamoeba and B.
mandrillaris are protozoan pathogens and are
considered free-living amoebae. They are widely
distributed in the environment. Acanthamoeba were
first observed in yeast (Cryptococcus) cultures by
Castellani”  and  Volkonsky created  genus
Acanthamoeba for these amoebae!"”'. The name acanth
(Greek: meaning spikes) was added to these amoebae
due to the presence of spine-like structures on the
surface of these organisms (Fig. 3). For the next two
decades, these organisms were largely ignored.
However, in the late 1950s, they were discovered as
tissue culture contaminants''*'. Later, Culbertson et
al"'®! demonstrated, for the first time, the pathogenic
potential of these organisms by exhibiting their ability
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Fig. 3: The life cycle of Acanthamoeba and Balamuthia
mandrillaris. Infective form of amoebae is
known as trophozoites. Under unfavorable
conditions, trophozoites differentiate into round
cysts. X250

to produce cytopathic effects on monkey kidney cells in
vitro and to kill laboratory animals, i.e., monkeys in
vivo. The first clearly identified GAE due to
Acanthamoeba was observed in 1972, Soon after,
Acanthamoeba was identified as a causative agent of
blinding keratitis'"® and then clearly associated with
Legionairre’s disease by harbouring Legionella
pneumophila"®".

In contrast to Acanthamoeba, B. mandrillaris has
only been recently discovered in 1986 from the brain of
a baboon who died of meningoencephalitis and were
described as a new genus, i.e., Balamuthia™*". Later,
B. mandrillaris were associated with causing GAE in
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1991222 Since then, more than 100 cases of GAE due
to B. mandrillaris have been identified. Based on 16S

rRNA gene sequences, it is determined that B.
mandrillaris is closely related with
Acanthamoeba®***",

The life cycle of both these pathogens undergoes
two stages, a vegetative trophozoite stage and a
resistant cyst stage (Fig. 3). The trophozoites are
normally in the range of 15 — 45 um in diameter,
however the size vary significantly between different
species. The cell division is asexual and occurs by
binary fission. Under harsh conditions (lack of food,
extremes in osmolarity, pH and temperatures), amoebae
switch into resistant cyst stage. In simple terms,
trophozoite becomes metabolically inactive (minimal
metabolic activity), excess food, water and particulate
matter is expelled and the trophozoite encloses itself
within a resistant shell to survive harsh periods. The
cellular levels of RNA, proteins, triacylglycerides and
glycogen declines substantially during the encystment
process resulting in decreased cellular volume and dry
weight. The cyst stage is approximately 10 — 20 pm.
The trophozoites emerge from the cysts under
favourable conditions leaving behind the outer shell and
actively reproduce, thus completing the cycle.

CONCLUSION
Despite  advances in  the  antimicrobial
chemotherapy and supportive care, GAE infections
have remained significant. This is due to our

incomplete understanding of the pathogenesis and
pathophysiology of GAE infections. Successful
treatment requires increased awareness and strong
suspicion based on clinical findings, early diagnosis
followed by aggressive treatment using a mixture of
drugs. With the HIV pandemic and other contributing
factors, there is a clear increase in the number of
susceptible hosts presenting a threat of free-living
amoebae to human health. In addition, warmer climates
will undoubtedly add to the increased ubiquity of these
pathogens and thus increased exposure to the
susceptible hosts. Thus there is an urgent need to our
understanding of amoebae pathogenesis both at the
molecular- and cellular-level as well as their ability to
transmit, adapt to diverse conditions, overcome host
barriers and emerge as infective trophozoite to produce
infection will provide targets for therapeutic
interventions and to design strategies for preventative
measures.
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