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Granulomatous amebic encephalitis (GAE), an infection of immunocompromised hosts, is almost uniformly
fatal. A case of GAE in a patient who failed to mount a serologic response to Acanthamoeba polyphaga is
presented. Although Acanthamoeba polyphaga that is sensitive to multiple antimicrobials grew from brain
tissue, an inability to make a premortem diagnosis precluded therapy.

CASE REPORT

A 70-year-old female presented for medical attention with
lethargy and seizures. Symptoms began 36 days earlier when
she was hospitalized with syncope. An evaluation at that time
included magnetic resonance imaging (MRI), revealing a focal
area of edema in the right temporal lobe consistent with an
acute infarction, and she was discharged to a rehabilitation
facility with a diagnosis of cerebrovascular accident. She was
readmitted with worsening ataxia, lethargy, and generalized
seizures. Her past medical history included chronic neutrope-
nia secondary to myelodysplastic syndrome, hypogammaglobu-
linemia treated with monthly intravenous gamma globulin,
asplenia, steroid-dependent discoid lupus (prednisone, 20 mg
twice a day), and diabetes mellitus.

On exam, the patient was afebrile and hemodynamically
stable. An ocular exam did not reveal papilledema. Her neck
was supple. She was oriented only to person. A neurological
examination was otherwise nonfocal. Laboratory studies in-
cluded a platelet count of 355 � 109/liter, a hematocrit of
32.8%, and a white blood cell count of 2.8 � 109/liter, which
was unchanged from her baseline leukopenia. A lumbar punc-
ture (Table 1) was significant for lymphocytic pleocytosis and
hypoglycorrhacia. A repeat MRI revealed intense contrast en-
hancement of the right posterior temporal lobe, with two new
contrast-enhancing areas in the medial temporal lobe. A ste-
reotactic biopsy of the right temporal lobe performed on day
42 was nondiagnostic, with results showing a reactive gliosis
with lymphocytic infiltrate in the leptomeninges, but no ame-
bae or granulomas, and negative bacterial, fungal, and myco-
bacterial cultures.

The patient’s hospital course was significant for progressive
obtundation, requiring intubation for airway protection. The

results of repeat lumbar punctures are provided in Table 1.
Serial MRI revealed persistent abnormal signal intensity in the
temporal lobes, with new areas of uptake in the right basal
ganglia, pons, and left occiput. Extensive diagnostic evaluation
was unrevealing except for a stable elevation in titers of anti-
bodies to Mycoplasma pneumoniae (1.425 in the acute phase
and 1.645 in the convalescent phase) and Ehrlichia chaffeensis
(1:128 in the acute phase and 1:128 in the convalescent phase)
and evidence of prior Epstein-Barr virus infection (viral capsid
antigen immunoglobulin G titer of �10, viral capsid antigen
immunoglobulin M titer of �10, and EBNA titer of �10).
Despite empirical treatment with acyclovir, decadron, and
plasmaphoresis, the patient died 100 days after her initial pre-
sentation.

Hematoxylin and eosin-stained sections of the patient’s
brain obtained at autopsy revealed both trophic and encysted
amebae, as described in a previous report (34). Cysts were
readily identifiable by their characteristic thick double-walled
structure. Indirect immunofluorescence and immunoperoxi-
dase staining (6) revealed large numbers of amebae in perivas-
cular regions of the brain tissue (Fig. 1 and 2).

Indirect immunofluorescence staining was performed on pre-
mortem serum samples using Acanthamoeba castellanii, Acan-
thamoeba polyphaga, and Acanthamoeba culbertsoni as anti-
gens. Trophic amebae from bacterium-free cultures were fixed
in 1% formalin and dried on multiwell slides. Serum samples
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TABLE 1. Cerebrospinal fluid parametersa

Day after
initial

presentation

No. of
WBC/
mm3

No. of
RBC/
mm3

Differential (%) Glucose
(mg/dl)

Protein
(mg/dl)N L M

38 25 1 10 90 19 86
48 27 0 19 79 2 14 88
58 48 115 89 9 124
65 26 0 89 7 166

a WBC, white blood cells; RBC, red blood cells; N, neutrophils; L, lympho-
cytes; M, monocytes.
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from the patient were applied to the amebae in dilutions of 1:2
to 1:4,096 as previously described (35). The wells were then
treated with goat antihuman fluorescein isothiocyanate serum
conjugate, followed by washing, mounting, and observation
with a fluorescence microscope. Serum obtained 48 days after
the patient’s initial presentation yielded antibody titers of 1:16
to A. castellanii, 1:8 to A. polyphaga, and 1:16 to A. culbertsoni.
A subsequent sample, obtained 64 days after the patient’s
presentation, yielded an antibody titer of 1:32 to A. castellanii.
Serum from an asymptomatic control run in parallel with the
paired specimens demonstrated a titer of antibody to A. cas-
tellanii of 1:32.

Amebae were isolated from brain tissue obtained at autopsy.
A sample of brain tissue was macerated in sterile phosphate-
buffered saline, and the suspension was applied to the surface
of a nonnutrient agar petri plate that had been streaked with a
suspension of Escherichia coli. After 2 days of incubation at
30°C, inverted microscopy revealed the presence of amebae
feeding on the bacteria and moving over the agar surface,
ultimately undergoing encystment to produce thick-walled
cysts. Bacterium-free (axenic) cultures of trophic amebae were
subsequently established by transfer to proteose-peptone-yeast
extract-glucose medium supplemented with fetal calf serum
and a vitamin supplement at 30°C (22). Penicillin-streptomycin
was added to kill any bacteria that were carried forward into
the axenic medium. The isolate was identified as Acan-
thamoeba polyphaga based on the cyst morphology. When
tested for growth at different temperatures (30°C, 33°C, and
37°C), the amebae grew best at 30°C. Similar attempts to
isolate the ameba from cerebrospinal fluid obtained on day 65
after the patient’s presentation, both in the presence of bacte-
ria and into axenic proteose-peptone-yeast extract-glucose me-
dium, were unsuccessful.

Cultured amebae were tested for sensitivity to the following
antimicrobial agents at 1, 5, and 10 �g/ml: amphotericin B,
azithromycin, clarithromycin, fluconazole, flucytosine, penta-
midine isethionate, and sulfadiazine. Sensitivity was deter-
mined by the growth or the absence of growth of amebae on
monkey kidney cells (23). Ameba growth was strongly inhibited

by fluconazole (all concentrations), azithromycin (all concen-
trations), and pentamidine (all concentrations) and less so by
amphotericin B (5 and 10 �g/ml only). No inhibition was seen
with clarithromycin, flucytosine, and sulfadiazine.

Acanthamoeba spp. are ubiquitous in the environment and
are highly tolerant of a wide range of growth conditions from
sea to tap waters, tropical to arctic soils, aquatic waste dump
sites, and cooling towers of air conditioning systems. In the
home, they can be recovered from humidifiers, aquariums,
biofilms in sink drains and water faucets, and soil in potted
plants. Amebae have been isolated from the nasal mucosae of
various groups of healthy individuals, including military re-
cruits, students, and children, suggesting that while coloniza-
tion and subclincal infections are relatively common, invasive
disease is, fortunately, a rarity (3, 12, 14).

Granulomatous amebic encephalitis (GAE) presents as a
subacute but progressive meningoencephalitis that is almost
universally fatal (15). While there are reports of infections in
immunocompetent individuals (27, 28), the majority of cases of
GAE have occurred in immunocompromised hosts. Case re-
ports of GAE in patients with human immunodeficiency virus/
AIDS (18, 26, 33) and patients who have undergone organ
transplantation (2, 16, 29, 30) likely reflect an increased inci-
dence of GAE due to a larger population of susceptible in-
dividuals. The preponderance of GAE among patients with
impaired T-cell immunity, coupled with experimental data
showing T-lymphocyte proliferation among healthy volunteers
exposed to Acanthamoeba antigens (32), implicates deficits in
cell-mediated immunity as an important risk factor for GAE.
The patient in this report had impaired T-cell immunity based
on chronic steroid use for systemic lupus erythematosis, which
has been reported in previous fatal cases of GAE (9, 10, 20).

Diagnosis of amebic meningoencephalitis is typically made
by recognition of trophozoites and cysts on examination of
brain tissue. In this case, a stereotactic biopsy performed pre-
mortem was nondiagnostic. Granuloma formation, the patho-

FIG. 2. Indirect immunofluorescence staining of a cluster of tro-
phic amebae seen in the perivascular area of a section through brain
tissue. Magnification, �225.

FIG. 1. Immunoperoxidase-stained section of brain tissue showing
both trophic (T) and cystic (C) stages of Acanthamoeba. The cysts are
readily recognizable by their thick, wavy walls. Magnification, �300.
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logical hallmark of GAE, may be absent or diminished in
immunocompromised individuals (13, 30). False-negative bi-
opsy results have previously been reported due to sampling
error (19), failure to recognize amebae on the initial review (8,
30), or misidentification of the organisms as reactive histiocytes
(25) or yeasts (31). Because the pathological diagnosis of acan-
thamoebiasis may be elusive, particularly if limited specimens
are obtained, alternative diagnostic methods are needed.

Low-level antibody titers to Acanthamoeba spp. are found in
50 to 100% of asymptomatic individuals, suggesting that occult
infection is common (4, 5, 7). Significant elevations in titers
have been reported among patients with acanthamoebic kera-
titis (1) and Acanthamoeba meningoencephalitis (9), raising
the possibility that serology may provide a noninvasive method
for early diagnosis of GAE in a clinically compatible case.
Positive antibody titers in Acanthamoeba GAE are typically
1:128 and higher (G. S. Visvesvara, personal communication).
In this study, testing for serum antibodies using three different
species of Acanthamoeba gave consistently low titers (A. cas-
tellanii, 1:16; A. polyphaga, 1:8; and A. culbertsoni, 1:16) com-
parable to the levels of titers detected in the asymptomatic
control. There was no significant increase in titers (acute phase,
1:16; convalescent phase, 1:32) despite sufficient time between
the serial samples for a rise in antibodies to develop. We pos-
tulate that the failure to develop a serologic response may have
been due to the underlying diagnosis of hypogammaglobuline-
mia and that treatment with high-dose corticosteroids may
have blunted the humoral immune response, as has been pre-
viously reported (14). Of note, however, is that detection of
stably elevated titers of antibodies to Mycoplasma pneumoniae
and Ehrlichia chaffeensis suggests that this patient was able to
mount an immunologic response to other infectious agents in
the past.

Culture of Acanthamoeba has a limited role in diagnosis but
is useful for speciation and determination of antimicrobial
susceptibility. The ameba was successfully isolated from mace-
rated brain tissue obtained at biopsy and identified as A. poly-
phaga based on cyst morphology. Optimal growth of the or-
ganism in vitro was at 30°C, consistent with other clinical
isolates of Acanthamoeba which grow best below mammalian
body temperature (23). As was the case in this report, isolation
of amebae from cerebrospinal fluid is uncommon (11, 28).

PCR of corneal scrapings has been reported as both sensi-
tive and specific for the diagnosis of Acanthamoeba keratitis
(17); however, the role of molecular testing on either cerebro-
spinal fluid or brain tissue for a diagnosis of amoebic infection
has not been defined. In the current report, rRNA gene se-
quencing was used to identify the isolate as a member of the T4
group of Acanthamoeba spp. (Gregory C. Booton, personal
communication). Of note, amebas of the T4 group of Acan-
thamoeba spp. are detected in the majority of systemic and
ocular infections (24), suggesting either (i) that T4 amebae
may be more virulent than members of other groups of acan-
thamoebae found in the environment or (ii) that they are more
commonly encountered in the environment and, therefore, are
more likely to infect immunocompromised hosts.

Could earlier diagnosis leading to the initiation of treatment
have altered the fatal outcome? Antimicrobial treatment of
GAE is largely empirical, and as yet, there are no standardized
treatment recommendations. The rare reports of long-term

survivors among patients with GAE (26–28) and disseminated
acanthamoebiasis (16, 25, 29) who are treated with a combi-
nation of antibiotic regimens support aggressive therapy. Of-
ten, however, the same antibiotic regimens have been used
unsuccessfully in other patients, suggesting that early diagno-
sis, virulence of the agent, infective dose, and host immune
factors all play a role in determining the outcome of GAE.
Among the drugs that have been used with success in treating
GAE cases are pentamidine isethionate, imidazoles, triazoles,
flucytosine, amphotericin B, sulfa-containing antibiotics, and
macrolides (21). The isolate grown from our patient was resis-
tant to a number of these agents, making determination of
susceptibility critical for optimizing the antibiotic regimen.

The current report illustrates the difficulty in making a di-
agnosis of GAE premortem. While GAE should be included in
the differential diagnosis of any immunocompromised patient
presenting with a subacute and progressive central nervous
system syndrome, in this case, serologic testing for Acantha-
moeba spp. performed on premortem specimens and stereo-
tactic brain biopsy were nondiagnostic, precluding initiation of
empirical antibiotic therapy. The antimicrobial resistance pat-
tern of the isolate ultimately cultured from the patient’s brain
underscores the need for both early diagnosis and standardized
methods for testing antimicrobial susceptibility if progress is to
be made in decreasing the case fatality rate of GAE.
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