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Amoebic Encephalitis Caused by Balamuthia mandrillaris
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We present the case of a 71-year-old man who was diagnosed with amoebic encephalitis caused by Balamuthia mandfillaris. He had
rheumatic arthritis for 30 years and had undergone continuous treatment with immunosuppressants. First, he complained of partial
spasm from the left thigh to the left upper limb. Magnetic resonance imaging revealed multifocal enhancing nodules in the cortical and
subcortical area of both cerebral hemispheres, which were suggestive of brain metastases. However, the patient developed fever with
stuporous mentality and an open biopsy was performed immediately. Microscopically, numerous amoebic trophozoites, measuring 20 to
25 pm in size, with nuclei containing one to four nucleoli and some scattered cysts having a double-layered wall were noted in the back-
ground of hemorrhagic necrosis. Based on the microscopic findings, amoebic encephalitis caused by Balamuthia mandrillaris was diag-
nosed. The patient died on the 10th day after being admitted at the hospital. The diagnosis of amoebic encephalitis in the early stage is
difficult for clinicians. Moreover, most cases undergo rapid deterioration, resulting in fatal consequences. In this report, we present the
first case of B. mandrillaris amoebic encephalitis with fatal progression in a Korean patient.
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Although amoebic encephalitis is a rare disease, it has a very
high mortality rate. There are two distinct forms of representa-
tion of this disease. One is the granulomatous amoebic encepha-
litis caused by Balamuthia mandyillaris or Acanthamoeba species,
which progresses chronically or subacutely, during a period of
two weeks to 2 years. The other is the primary amoebic menin-
goencephalitis caused by Naegleria fowleri, which progresses rap-
idly and fulminantly, resulting in death within a week or less.'

Unlike the other amoeba species, B. mandyillaris affects not
only immunocompromised but also immunocompetent people,
especially the young and the elderly.” The histopathologic find-
ings showed a wide spectrum of features from acute and subacute
to granulomatous inflammation. In addition, the mortality rate
is known to be 98%.? Since 1991, B. mandillaris encephalitis has
been reported in more than 200 cases in the world and has pre-
dominantly occurred in South America and the United States.
However, in East Asia, only nine cases have been reported in Ja-
pan* and the present patient is the first case of B. mandrillaris en-
cephalitis in the Republic of Korea.
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CASE REPORT

A 71-year-old Korean man presented with partial spasm from
the left thigh to the left upper limb for a day without any infec-
tious symptoms at that time. He had had rheumatic arthritis for
30 years and had been continuously treated with immunosup-
pressants such as steroids, methotrexate, and nonsteroidal anti-
inflammatory drugs. Initial magnetic resonance imaging (MRI)
of the brain revealed several ring-enhancing nodules measuring
up to 3.7x3.2x 1.8 cm in size in both cerebral hemispheres,
and brain metastasis of unknown origin was suspected (Fig. 1A).
The initial blood laboratory test revealed an increased C-reactive
protein (CRP) level (7.89 mg/dL) and a normal white blood cell
count. The cerebrospinal fluid (CSF) study revealed that the glu-
cose level was within the normal range of 60 mg/dL and that the
protein level was elevated at 331.8 mg/dL. A week after, the pa-
tient complained of fever and stuporous mentality; a second brain
MRI performed at that time revealed a number of nodules that
were larger in size (Fig. 1B) compared with the initial MRL.

Therefore, an open biopsy of the brain was performed imme-
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diately. During the operation, the frozen sections with squash
preparation showed acute inflammation with hemorrhagic ne-
crosis, and no definitive diagnosis could be made. After the op-
eration, the permanent sections showed diffuse or perivascular
infileration of amoebic trophozoites in the background of hemot-

thage and necrosis (Fig. 2A—C). The trophozites were ovoid or
round and 20-25 pm in size. They each had 1-2 nuclei contain-
ing 1-4 nucleoli (Fig. 2D-F). Additionally, some scattered cysts
having inner rigid and outer wavy double-layered walls were
observed (Fig. 3A-E). These findings were consistent with the

Fig. 1. (A) Initial magnetic resonance imaging (MRI) showing multiple ring-enhancing nodules in the cortical and subcortical areas of both ce-
rebral hemispheres. (B) Second MRI showing an increased number and size of the nodules compared to the initial MRI.

Fig. 2. Hemorrhagic necrosis (A) is associated with diffuse or perivascular infiltration of amoebic trophozoites (B, C). (C) Elastic stain high-
lights the trophozoites. Ovoid to round trophozoites, measuring 20 to 25 pym in size, with 1-2 nuclei containing 1-4 nucleoli are noted (D-F).
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Fig. 3. (A-E) Spherical cysts, measuring 15-20 um in size, consisting of a rigid double-layered wall are noted. The periodic-acid Schiff (D)
and trichrome (E) stains highlight the cysts.

diagnosis of B. mandrillaris amoebic encephalitis. Even though
the patient was treated with the combination of pentamidine and
paromomycin, he died on the 10th day after being admitted to
the hospital.

Ethics statment
This study was approved by the Institutional Review Board of

Keimyung University Dongsan Medical Centet, with waiver of
informed consent (IRB No. 2019-02-023).

DISCUSSION

Balamuthia mandrillaris, Acanthamoeba species, and Naegleria
Jowleri are known to be free-living amoebae that can cause amoe-
bic encephalitis. B. mandyillaris and Acanthamoeba species mainly
cause granulomatous amoebic encephalitis, which shows subacute
to chronic progression, while N. fowleri causes primary amoebic
meningoencephalitis, which shows a highly acute progression.'
Unfortunately, all of these amoebae do not have characteristic
clinical features; thus, early diagnosis is very difficult for clinicians
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and the condition is associated with a high mortality rate of over
90%.’

B. mandyillaris amoebic encephalitis is also a fatal condition,
and the mortality rate is known to be 98%.” It affects not only
immunocompromised but also immunocompetent individuals,
especially the young and the old.” Despite its high mortality rate,
the pathophysiology and pathogenesis of B. mandyillaris amoebic
encephalitis are not clearly understood. However, it is assumed
that the main routes of the infections are through the nasal mu-
cosa or hematogenous spread through the respiratory and cuta-
neous pathways in a manner similar to other amoebic species.
The CSF study did not reveal any organism, but showed a nor-
mal or slightly low glucose level and an elevated protein level,
which are similar to findings with the presence of Acnthamoeba
species.”

Like Acanthamoeba species, B. mandyillaris also have two life
cycle stages: trophozoite and cyst. Histopathologically, tropho-
zoites have a round to ovoid shape and range from 12 to 60 pm
in size. They usually only have a single nucleus, but, occasionally,
more than one nucleus can be noticed. Each nucleus contains one
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Table 1. Differential diagnosis of amoebic encephalitis by histopathologic features

Present case Balamuthia mandrillaris Acanthamoeba spp. Naegleria fowleri
Trophozoite
Size (um) 20-25 12-60 15-50 10-25
Nuclei 1-2 1-3 1 1
Nucleoli 1-4 >1 1 1
Cyst
Size (um) 15-20 15-30 15-25 Not identified
Double layer wall
Outer Wavy Wavy Wrinkled Not identified
Inner Round Round and rigid Various shape Not identified
Background Acute inflammation  Acute to granulomatous inflammation (GAE) - Granulomatous inflammation (GAE) Acute inflammation (PAM)
Angiitis Angiitis Angiitis
CSF study Not done Not identified Usually absent (if present, in trophozoite Present, in flagellate form
form)
Others Keratitis

Skin infection

GAE, granulomatous amoebic encephalitis; PAM, primary amoebic meningoencephalitis; CSF, cerebrospinal fluid.

to three nucleoli. When they become cysts, they have a triple-
layered wall, but, under a light microscope, they are observed to
have a double-layered wall: a round and rigid inner wall and wavy
outer wall, ranging from 15-30 pm in size.”® The cysts and tro-
phozoites are prominent in the vascular or perivascular area, in
the background of acute to granulomatous inflammation with
angiitis, hemorrhage, and necrosis.

In contrast, Acanthamoeba species have vegetative trophozoites
with cysts in the tissue. Trophozoites are 15-50 pm in size and
contain one vesicular nucleus with one large, centrally placed
nucleolus. Cysts range from 15-25 pm in size and have a double-
layered wall. The outer wall is wrinkled with folds and ripples,
while the inner wall varies in shape. On the other hand, N. fow/eri
have only trophozoites without cysts in the brain tissue. Tropho-
zoites are 10—25 pm in size and have one nucleus with one prom-
inent nucleolus in the middle, and are usually observed around
vessels, in the background of acute inflammation associated with
hemorrhage and necrosis.®

For the diagnosis of amoebic encephalitis, it is essential to iden-
tify organisms in the tissue or CSE”” Differential diagnosis of the
three amoebae is possible using each of their characteristic histo-
pathologic findings. In the present case, numerous trophozoites
and scattered cysts were found in the vessel wall and perivascular
area and were seen in association with acute inflammation and
diffuse hemorrhagic necrosis. The trophozoites were in round to
ovoid shape, having 1-2 nuclei, and each of them contained 1-4
nucleoli. The cysts were round to ovoid shape, had a double-lay-
ered wall, and measured 15-20 pm in size. While the inner layer
was round and rigid, the outer layer was wavy, which is consistent
with the features of B. mandyillaris. The characteristic histopath-
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ologic features of the three amoebae are listed in Table 1.

In the CSF study, the glucose level was in the normal range of
60 mg/dL and the protein level was elevated at 331.8 mg/dL,
which is consistent with any of the amoebic encephalitis types.
Unfortunately, a culture or pathologic smear of CSF was not pet-
formed. The CRP level in the blood was increased to 7.89 mg/
dL, and the white blood cell count was normal. Additionally, an
immunofluorescence study or polymerase chain reaction can be
used to identify the specific organism. However, in the present
case, using only the amoeba-specific histopathologic features was
sufficient to identify B. mandyillaris, and this emphasizes the
importance of examining the histopathological features of the
amoebae.
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