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ABSTRACT
Balamuthia mandrillaris infection is a rare and fatal disease. We have recorded 28 cases of Balamuthia mandrillaris
infection during the past 20 years. Eighteen patients (64%) were male and 10 (36%) were female. Patient age ranged
from 3 to 74 (mean, 27) years. Patient locations were distributed among 12 Provinces in China. Twenty-seven (96%)
patients lived in rural areas, and 17 (61%) patients reported a history of trauma before the appearance of skin lesions.
All cases presented with skin lesions as the primary symptom, and 16 (57%) cases developed encephalitis.
Histopathology of skin lesions revealed granulomatous changes with histiocytes, lymphocytes, and plasma cells
infiltration. Amebas were identified in all cases with immunohistochemical staining. Follow-up information was
available in 27 (96%) cases. Fifteen (56%) patients died due to encephalitis and 12 (44%) were free of disease after
treatment. Our results show that the clinical characteristics of Balamuthia mandrillaris infection in China are very
different from those in the US. Infection of traumatized skin may play an important role in the pathogenesis of the
disease in China. Encephalitis usually develops 3–4 years after skin lesions in Chinese cases. Patients with only skin
lesions have a higher cure rate than patients with encephalitis.
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Introduction

Balamuthia mandrillariswas first isolated from a preg-
nant mandrill baboon that had died from a neurologi-
cal disease in 1986 [1, 2]. It can infect several animals
including gorillas, baboons, gibbons, monkeys [3],
horses [4], and dogs [5–7]. Balamuthia mandrillaris
infection in humans is rare and usually has a fatal out-
come. More than 200 cases have been reported world-
wide, with most cases reported in the US [8–10] and
Peru [11–14]. Some cases have also been reported in
the Asia-Pacific region, including Japan [15–19],
India [20–22], Thailand [23, 24], Australia [25, 26],
and South Korea [27]. Recently, two cases were
reported in China [28, 29]. In this study, we describe
28 cases of Balamuthia mandrillaris infection collected
in our department during the past 20 years.

Materials and methods

The present study was approved by the Institutional
Review Board of Xijing Hospital (KY20202030-C-1).
Cases were collected in the Department of Dermatol-
ogy, Xijing Hospital, Fourth Military Medical Univer-
sity, Xian, China. All cases were diagnosed, treated,
and followed up by the principle investigator (Gao TW).

Histological examination of skin lesions was per-
formed in all cases (1-6 biopsies in each patient). His-
tological examination of brain tissue was available for
4 patients (3 autopsies and 1 excision). Immunohisto-
chemical studies were performed in all patients. The
staining was performed on a Ventana Benchmark
platform with anti-Balamuthia mandrillaris polyclo-
nal antibody (1:1000 dilution, provided by Dr. Kenji
Yagita, Tokyo, Japan, who originally obtained it
from Dr. Govinda Visvesvara, Centers for Disease
Control and Prevention, Atlanta, US). Antigen retrie-
val was performed with protein K digestion for
30 min.

Polymerase chain reaction was performed with
DNA obtained from formalin-fixed, paraffin-
embedded tissue of skin lesions from each case.
DNA was prepared with the QIAamp kit (No.
56404, Qiagen, Chatsworth, CA). The primer set
with an amplicon of 144 bp was designed [30] accord-
ing to the 16S ribosomal ribonucleic acid gene
sequence of Balamuthia mandrillaris (Accession num-
ber AF477012)-BalF7: 5’-TGATCCAGCAATTTCG-
CATGT-3’ and BalR150: 5’-TAACACTTGCCCTCT
CCGTT-3’. Polymerase chain reaction was performed
in a reaction volume of 20 μL, containing 1× Ex Taq
buffer, 0.3 units of hot start TaKaRa Ex Taq, 400 μM
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of each deoxynucleoside triphosphate, 1 μM of each
primer, and 2 μL DNA template [31]. Cycling con-
ditions were as follows: 95°C for 10 min, 40 cycles at
95°C/60 s, 55°C/60 s, 72°C/60 s, and 72°C for 10 min.

Results

General patient characteristics

Eighteen patients (64%) were male and 10 (36%) were
female. Patient ages ranged from 3 to 74 years (mean,
27 years); 14 (50%) patients were children (age <18
years). The age at disease onset was 1.5–68 years
(mean, 25 years). Their locations were distributed
among 12 Provinces of China (Figure 1). Twenty-
seven (96%) patients lived in rural areas, and one
patient lived in a small city. Seventeen (61%) patients
reported a history of local trauma before the appear-
ance of skin lesions, whereas 11 patients reported
spontaneous development of the lesions. None of the
patients reported immunocompromised conditions
such as congenital immunodeficiency, HIV infection,
organ transplantation, or autoimmune disease and
the use of immunosuppressive drugs (Table 1). Gen-
eral blood findings, including routine blood test, and
liver and kidney function, were normal.

Skin manifestation

All patients developed skin lesions as the first presen-
tation of the disease. Twenty-six patients showed red
plaques distributed on the face (Figure 2(A–C)). One
patient showed three separate plaques on the face,

arm, and waist, and one patient showed a solitary pla-
que on the arm (Figure 2(D)). All skin lesions pre-
sented as indurate plaques with rubbery to stone
hardness. No prominent ulceration or pustule
secretion was found in any case.

Histopathology of the skin lesions revealed granu-
lomatous change in the dermis, accompanied by
infiltration of histiocytes, multinuclear giant cells,
lymphocytes, and plasma cells. Fibrosis of various
degrees was also observed (Figure 3(A,B)). At high
magnification, the ameba showed morphology simi-
lar to histiocytes and was very difficult to identify
with hematoxylin and eosin-stained slides (Figure 3
(C)); however, immunohistochemical staining
revealed a large number of organisms (Figure 3(D–
F)). In hematoxylin and eosin-stained skin slides,
only trophozoites were identified and their diameters
ranged from 10 to 40 µm. In immunohistochemical
staining slides, rare cysts with diameters of approxi-
mately 10–15 µm were found in 6 skin lesions
(Figure 3(F)).

Polymerase chain reaction revealed amplification of
the specific 144 bp segment in 27 (96%) cases.

Encephalic manifestation

Sixteen (57%) patients developed encephalic infection
during the course of the disease, of which 8 were ver-
ified by imaging studies (Magnetic Resonance Imaging,
MRI) and the other eight were verified on the basis of
clinical symptoms. Encephalic symptoms included
fever, headache, vomiting, sleepiness, epilepsy, changes
in consciousness, gait instability, and language disorder,

Figure 1. Distribution of 28 cases of Balamuthia mandrillaris infection in China.
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Table 1. Clinical characteristics, treatments, and outcomes of 28 Chinese patients with cutaneous Balamuthia mandrillaris infection.

Cases
Sex/Age
(Years) Causes Skin symptoms Brain symptoms Imaging study with MRI examination Treatments Outcomes

1 Male/49 Fall to the ground and
traumatized.

Red plaques on right
eyebrow, temple and
angle of jaw.

No brain symptoms. Normal. The skin lesions disappeared after treatment
with lincomycin for 5 months. Thereafter, the
skin lesions relapsed twice. Finally, the
patient was treated with lincomycin for 1
year.

Free of disease for 18
years. The case was
described in 2002 [26].

2 Male /6 Traumatized on the
temple.

Red plaque on right temple,
diameter 7 cm.

Developed encephalitis after 2 years.
Presented with fever and
headaches.

Infection of the brain stem. Died before treatment. Died of disease. Duration
between encephalitis
and death: 5 days.

3 Female
/13

Dog bite on the left
face.

Red plaque involving the
whole left side of the face.

Developed encephalitis after 5 years.
Presented with epilepsy and apathy.

Infection of right temporal lobe,
right basal ganglia, bilateral frontal
lobes, left hippocampus and
hypothalamus.

The skin lesions regressed prominently after
treatment with lincomycin and azithromycin,
whereas the encephalitis evolved after
treatment. Autopsy was performed.

Died of disease. Duration
between encephalitis
and death: 6 months.

4 Male /8 Unknown. Red plaque on the left side of
the face, diameter 7 cm.

Developed encephalitis after 3 years.
Presented with fever, headache,
sleepiness, and coma.

Normal during 6-months follow-up.
Not performed before death.

Lincomycin, azithromycin, interferon-α, and
interleukin-2 were ineffective.

Died of disease. Duration
between encephalitis
and death: 1 week.

5 Male /5 Unknown. Red plaque on the nose and
right side of the face,
diameter 7 cm.

Developed encephalitis after 2 years.
Presented with fever and headache.

Multiple infections involving left
thalamus, trigone of the left lateral
ventricle, left temporal lobe and
cerebellum.

Died before treatment. Died of disease. Duration
between encephalitis
and death: 1 week.

6 Female
/18

Trauma of the face. Red macule/plaque involving
the whole left side of the
face and nose.

Developed encephalitis after 9 years.
Unable to walk, headache,
sleepiness.

Normal during the first consultation.
Not performed before death.

The skin lesion regressed after treatment with
lincomycin and interferon-γ in the beginning
but relapsed after 2 months.

Died of disease. Duration
between encephalitis
and death: 2 months.

7 Male /20 Injured by a brick. Red plaque on the left side of
the face with focal scales,
diameter 9 cm.

Developed encephalitis after 2 years.
Presented with apathy, anisocoria,
and attenuation of light reflection.

Infections including left cerebellum,
right hippocampus, bilateral
temporal lobe, left semi oval
center, right frontal lobe, and right
parietal lobe.

Lincomycin and azithromycin were ineffective.
Autopsy was performed.

Died of disease. Duration
between encephalitis
and death: 1.5 months.

8 Female
/7

Traumatized after
playing with kids.

Red plaque on the nose and
the surrounding skin,
diameter 5 cm.

No brain symptoms. Focal infection of left occipital
parietal lobe.

The skin lesion regressed after treatment with
lincomycin and interferon-γ, while the brain
infection regressed very slowly with the
medicine. Thereafter, it was surgically excised
and cured.

Free of disease for 13
years.

9 Female
/7

Fell to the ground and
was traumatized after
being knocked down
by a car.

Red plaque on the central
face, the edge was not
clear, diameter larger than
10 cm.

Developed encephalitis after 3 years.
Presented with fever and headache.

Normal during the first consultation.
Not performed before death.

The skin lesion showed partial regression after
treatment with lincomycin and interferon γ
for 4 months. After that, the treatment was
terminated, and the lesion enlarged again
and developed encephalitis.

Died of disease. Duration
between encephalitis
and death: 1 month.

10 Male /74 Trauma on the face. Red plaque on the left side of
the face, diameter 10 cm.

Developed encephalitis after 3 years.
Presented with unsteady walk,
tremor, somnolence, and
incontinence.

Infection of left frontal lobe. The skin lesion showed partial regression after
treatment with lincomycin and interferon-γ
for 2 months. After that, the treatment was
terminated, and the lesion enlarged again
and developed encephalitis.

Died of disease. Duration
between encephalitis
and death: 2 months.

11 Male /21 Unknown. Red plaque on nose and
surrounding skin, diameter
7 cm.

Developed encephalitis after 2 years.
Presented with headache,
somnolence, and coma.

Normal during the first consultation.
Not performed before death.

Itraconazole, rifampicin, isoniazid, and
ethambutol were ineffective. Lincomycin and
interferon-γ were ineffective.

Died of disease. Duration
between encephalitis
and death: 1 month.

12 Female
/61

Traumatized after fall to
the ground.

Red plaque on left side of the
face, diameter 10 cm.

No brain symptoms. Normal. The skin lesion showed regression after
treatment with lincomycin, doxycycline, and
interferon-γ.

Free of disease for 13
years.

13 Male /3 Traumatized after fall to
the ground.

Red plaque on chin,
diameter 4.5 cm.

No brain symptoms. Normal. The skin lesion was excised and treated with
lincomycin and interferon-γ for 6 months.

Free of disease for 12
years.

14 Female
/68

Unknown. Three plaques around a
surgical scar. The largest
diameter about 2 cm.

No brain symptoms. Not performed. The patient underwent surgery but relapsed;
hence, the patient was treated with
rifampicin, isoniazid, and ethambutol.

Lost to follow-up.
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15 Male /13 Trauma of right
earlobe.

Plaque on the right ear and
the surrounding skin,
diameter 8 cm.

Developed encephalitis after 5 years.
Presented with sleepiness, reduced
speech, and diplopia.

Infection of left parietal, occipital,
and frontal lobes.

The skin lesion regressed after treatment with
lincomycin, azithromycin and interferon-γ,
whereas encephalitis evolved after
treatment. Autopsy was performed.

Died of disease. Duration
between encephalitis
and death: 1 month.

16 Male /5 Unknown. Red plaque on nose and
surrounding skin, diameter
of 10 cm.

Developed encephalitis after 3.5 years.
Presented with left eye movement
restriction, blurred vision, right arm
muscle weakness, and inability to
stand and walk.

Normal during the first consultation.
Not performed before death.

The skin lesion did not regress after treatment
with lincomycin, interferon-γ, doxycycline,
and rifampin. Azithromycin showed
improvement at first but was ineffective after
2 months.

Died of disease. Duration
between encephalitis
and death: 15 days.

17 Male /39 Fall to the ground when
riding a bicycle.

Red plaque on right side of
the face and two solitary
lesions on arm and waist.

No brain symptoms. Normal. The skin lesion was cured after 6 months of
treatment with lincomycin and interferon-γ.

Free of disease for 10
years.

18 Male /9 Unknown. Red plaque on nose,
diameter 3 cm.

No brain symptoms. Normal. The skin lesion was cured with clindamycin and
topical mupirocin for 3 months.

Free of disease for 9 years.

19 Female
/22

Nasal congestion after
catching a cold.

Red plaque on left nasolabial
fold and nose, diameter 4
cm.

Developed encephalitis after 6
months. Presented with headache,
dizziness, vomiting and epilepsy.

Infection of left frontal and temporal
lobe.

Lincomycin, azithromycin and interferon-α
were ineffective.

Died of disease. Duration
between encephalitis
and death: 2 months.

20 Female
/58

Traumatized after fall to
the ground.

Dark red plaque on the right
ear and the surrounding
skin, diameter 8 cm. The
helix showed focal
absence.

No brain symptoms. Normal. The lesion was cured with 1-year treatment
with anti-tuberculosis drugs including
rifampicin, isoniazid and ethambutol.

Free of disease for 8 years.

21 Male /7 Traumatized after fall to
the ground.

Red plaque on the nose and
face, diameter 8 cm.

Developed encephalitis after 8 years.
Unable to walk, evolved into
sleepiness and coma.

Normal during 2-years follow-up.
Not performed before death.

The skin lesion showed partial regression after
treatment with lincomycin, interferon γ and
azithromycin in the beginning, but showed
relapse after 3 months.

Died of disease. Duration
between encephalitis
and death: 2 weeks.

22 Male /48 Traumatized after fall to
the ground.

Red plaque on the nose and
surrounding skin, diameter
10 cm.

No brain symptoms. Normal. The skin lesion was cured after treatment with
lincomycin, interferon-γ, and azithromycin
for 5 months.

Free of disease for 5 years.

23 Female
/4

Traumatized after fall to
the ground.

Red plaque on left zygomatic
region, diameter 5 cm.

No brain symptoms. Normal. The skin lesion was excised, and the patient
was treated with lincomycin and interferon-γ.

Free of disease for 5 years.

24 Male /4 Developed after hitting
an iron gate.

Red plaque on left side of the
face, diameter 12 cm.

Developed encephalitis after 4.5 years.
Presenting with sleepiness and
coma.

Normal during 2-years follow-up.
Not performed before death.

The skin lesion showed partial regression after
treatment with lincomycin and interferon-γ
but was ineffective after 6 months.

Died of disease. Duration
between encephalitis
and death: 1 month.

25 Female
/57

Unknown. Red plaque on right side of
the face, diameter 10 cm.

No brain symptoms. Normal. The skin lesion was cured after treatment with
lincomycin and interferon-γ for 3 months.

Free of disease for 4 years.

26 Male /51 Fell to the ground and
was traumatized after
drinking.

Red plaque on the forehead,
diameter 7 cm.

No brain symptoms Normal. The skin lesion did not regress with lincomycin,
interferon-γ, and azithromycin. Thereafter, it
was excised and treated with lincomycin,
interferon-γ, and azithromycin for 6 months.

Free of disease for 4 years.

27 Male /15 Unknown. Red plaque around the nose,
diameter 6 cm.

No brain symptoms Normal. Skin lesions showed partial regression after
treatment with lincomycin, interferon-γ and
azithromycin. Six months later it was excised
and treated with lincomycin, interferon-γ,
and azithromycin for 8 months.

Free of disease for 3 years.

28 Male /69 Unknown. Red plaque on the forehead,
diameter 7 cm.

Developed encephalitis after 4 years.
Presenting with sleepiness, coma,
and inability to stand and walk.

Normal during the first consultation.
Not performed before death.

The skin lesion showed slight regress after
treatment with lincomycin and interferon-γ
and relapsed after treatment withdrawal.

Died of disease. Duration
between encephalitis
and death: 2 months.
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which developed between 0.5 and 9 (mean, 3.7) years
after the onset of skin lesions. The MRI examination
showed that the encephalitis developed in different
brain locations in different patients, which usually
showed a low-intensity signal with the T1-weighted
image and increased intensity on the T2-weighted
image, and associated with edema around the periphery
of the lesion (Figures 4 and 5).

Histopathological examination of the brain tissue
showed granulomatous changes in brain parenchyma
and revealed ameba infiltration at high magnification.
The amebas were scattered in the brain tissue and were
associated with granulomatous and lymphocytic
infiltration. Most of the amebas were trophozoites,
with diameters of approximately 10-40 µm (Figure
6). The organism was verified by immunohistochem-
ical staining (Figure 6(B–D)). In some areas, the ame-
bas were distributed around vessels (Figure 6(C)). Cyst
was found in one lesion with immunohistochemical
staining (Figure 6(D)).

Cerebrospinal fluid examination was performed in
three patients with encephalitis and one patient with
only skin lesion. Only one patient showed increased
lymphocytes in the cerebrospinal fluid, while the
other three patients showed normal results.

Treatments and outcomes

Twenty-seven (96%) patients had follow-up data, and
only one patient was lost to follow-up. Fifteen (56%)
patients died of encephalic infection; the deaths

occurred between 5 days and 6 (mean, 1.4) months
after the development of encephalic symptoms.
Twelve (44%) patients were free of disease after treat-
ment (Figures 4 and 5). Of the 12 survivors, 11 had
only skin lesions, and only one had encephalic infec-
tion in a focal area. In this patient, the infected brain
tissue was excised, and the patient was concurrently
treated with multiple drugs (Figure 5). The most com-
monly used drugs in our treatment regime include lin-
comycin, azithromycin, and interferon-γ. However,
not all the patients showed good responses to the
treatment regime (Table 1).

Discussion

Balamuthia mandrillaris infection is rare and is
mainly reported in the North and South Americas,
with the US and Peru being the predominant case con-
tributors. This study represents a large case serial of
this rare disease in China.

We first noticed the disease in China about 20 years
ago. In 2002, we reported 3 cases with skin lesions, of
which 2 patients died due to encephalic infection.
However, at that time, we were not able to identify
the organism and mistakenly thought that they were
bacterial infections [32]. In addition to our report,
only two cases have been described recently in China
[28, 29]. Given the huge population in China, it can
be inferred that the disease is exceedingly rare.

The diagnosis of Balamuthia mandrillaris infec-
tion is still challenging since most dermatologists

Figure 2. Clinical characteristics of cutaneous Balamuthia mandrillaris infection. A-C: Three patients with indurate red plaque on
the chin, left face, and right face; D: A patient with plaque on the elbow.
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and neurologists are not familiar with the disease,
and cases are rarely encountered in clinical practice.
The morphology of Balamuthia mandrillaris ameba
is very similar to that of histiocytes, which is the pri-
mary reason for the disease to be easily misdiag-
nosed. In our observation, most of the amebas
were in the stage of trophozoites, while a small num-
ber of cysts were identified using immunohisto-
chemistry (Figure 3(F) and Figure 6(F)). In our
experience, granulomatous inflammation with pro-
minent lymphocytes and plasma cell infiltration on
the face is suggestive of the disease, and final diag-
nosis is easily achieved using immunohistochemical
methods (Figure 3).

The encephalitis in our cases developed approxi-
mately 3–4 years after skin lesions, and the patients
died several days to several months after the develop-
ment of encephalitis. Imaging studies revealed that the
encephalitis developed in different locations of brain
among different patients, and the results were similar
to those observed in the US [10].

Four of our patients underwent verification via his-
topathological examination of brain tissue. For the
other cases with encephalitis, the diagnoses were
based on brain symptoms, imaging studies, and verifi-
cation of amebas in skin lesions. We have to acknowl-
edge that the evidence of Balamuthia mandrillaris
encephalitis was insufficient in these cases. However,

Figure 3. Histopathology of cutaneous Balamuthia mandrillaris infection. A, B: Granulomatous infiltration with prominent multi-
nuclear giant cells in the dermis; C: The amebas showed abundant bubbly cytoplasm, round nucleus, and prominent nucleolus,
which were easily confused with histiocytes (Arrow). D: Immunohistochemical staining with anti-Balamuthia antibody revealed
numerous organisms. E: A positively stained ameba engulfed in a multinucleated giant cell. F: Immunohistochemical staining
revealed two cysts (arrow).
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it is likely that the encephalitis in these patients was
related with Balamuthia mandrillaris infection instead
of other causes because encephalitis was the most
likely outcome in patients with cutaneous Balamuthia
mandrillaris infection, if the cutaneous lesions were
not cured [10-14]. The routine cerebrospinal fluid
examination results in our patients were not sugges-
tive for the diagnosis of ameba encephalitis. In US
report, most patients exhibited mildly elevated white
blood cell counts with lymphocytic predominance,
elevated protein levels, and low-to-normal glucose
levels; however, the cerebrospinal fluid profile did
not distinguish Balamuthia mandrillaris encephalitis
from other kinds of encephalitis [10]. According to
recent reports from China, two patients were diag-
nosed using next-generation sequencing of cerebrosp-
inal fluid [28, 29]. Next-generation sequencing of
cerebrospinal fluid examination is a non-invasive
and fast method to diagnosis amoebic encephalitis;
however, the sensitivity and specificity to diagnose
early amoebic encephalitis needs to be tested in large
case serials.

Balamuthia mandrillaris infection has two kinds of
clinic presentations. One is represented by cases from
the US, in which patients directly develop encephalitis,

do not have skin lesions, and usually die within
months [8–10]. The other is represented by cases
from China and Peru, in which patients show initial
skin lesions and develop encephalitis several years
later [11–14, 32]. Clinically, cases recorded in China
and Peru were less aggressive than those in the US
and were easier to diagnose, given that a skin biopsy
is easier to perform than a brain biopsy [33]. In
addition, patients can also be treated at the stage
when only skin symptoms are present, which usually
lasts for several years, thereby increasing the chances
of successful treatment. Of our 12 surviving patients,
11 had only skin lesions, and only 1 patient had ence-
phalitic infection.

It is not known why most patients in the US
develop encephalitis directly, while most patients
from China and Peru show initial skin lesions. It is
possible that Balamuthia mandrillaris ameba is trans-
mitted from polluted soil or water since the organism
has been identified and isolated from soil or water
from several different locations [34–37]. In our
cases, 27 of 28 (96%) patients were from rural areas,
and 17 (61%) of them reported a history of trauma.
It is reasonable to hypothesize that most of our cases
were caused by inoculation of the ameba from

Figure 4. A patient (case 3) showed partial improvement of skin lesions and evolving encephalitis during treatment. A cerebral
axial MR fluid-attenuated inversion recovery sequence showed an increase in a few patchy signals in the right frontal lobe in May
2002; however, in November, a large area of increased signal in the right frontotemporal lobe was found. The patient died 6
months after the onset of encephalitis.
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Figure 5. A patient (case 8) with cutaneous and encephalic Balamuthia mandrillaris infection survived after treatment with brain
surgery and multiple medicines. A: The patient showed red plaque on the face. B: The patient was free of disease at the 4-year
follow-up. C: MRI before treatment showed an irregular patchy high signal area in the left occipital lobe. D: Postoperative MRI
showed a partial defect of the left occipital bone and partial absence of the left occipital lobe.

Figure 6. Histopathology of Balamuthia mandrillaris encephalitis. A: The amebas were scattered in the brain tissue (arrow). B:
Immunohistochemical staining revealed the presence of amebas. C: Immunohistochemical staining revealed a perivascular pro-
liferation of amebas. D: Immunohistochemical staining revealed a cyst in the brain tissue.
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contaminated soil. Both China and Peru are develop-
ing countries with large rural populations, which are at
a higher risk of ameba infection through traumatized
skin than the urban population is. However, it is
difficult to explain why the lesions most often devel-
oped on the patients’ face, since other locations on
the body such as the extremities are also easily
traumatized.

In our group, about 50% of cases were children,
which is similar to cases reported in Peru [11–14]
and the US [10]. It is not known why children are
prone to this rare infection. In our study, none of
the patients were immunocompromised, which
differs from observations in the US, where 39%
patients were immunocompromised [10].

Treatment of Balamuthia mandrillaris remains a
challenge. In a study in the US, only 10 of 101 patients
(10%) survived the disease [10], whereas in our study,
12 of 27 patients (44%) survived. However, the rather
high survival rate was mainly due to the low encepha-
lic infection rates in our group. Only one survivor
among our cases developed focal encephalitis during
the course of the disease, which was treated by exci-
sion of the infected brain tissue (Figure 5). Doyle
et al. [25] have reported a case successfully treated
using the same method. However, this should not be
the first choice in most cases.

We found that lincomycin, azithromycin, inter-
feron-γ, or a combination of these drugs showed effec-
tiveness in treating skin lesions in many cases. We also
observed that in some patients, the skin lesions
improved gradually, but that the encephalic infection
was progressively aggravated (Figure 4). It is possible
that the drugs cannot penetrate the blood–brain
barrier, and therefore, have poor therapeutic efficiency
for encephalitis. Recently, Laurie et al [38] screened
more than 2000 drugs and identified quinoline
nitroxoline as a promising treatment for Balamuthia
mandrillaris infection. However, currently, there are
no reports of cases treated with this drug. Other
potential drugs have also been screened in vitro; how-
ever, the clinical efficacy and side effects of these drugs
need to be verified clinically [39, 40].

In conclusion, our results show that Balamuthia
mandrillaris infection is very rare in China. Patients
with Balamuthia mandrillaris infection in China
have different clinical characteristics and outcomes
than those in the US. Dermatologists, pathologists,
pediatricians, and neurologists should be alerted to
this rare disease when diagnosing unexplained granu-
lomatous lesions.
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