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ABSTRACT
Balamuthia amoebic encephalitis has a subacute-to-chronic course and is almost invariably fatal owing to delayed
diagnosis and a lack of effective therapy. Here, we report a 13-year-old girl with cutaneous lesions and multifocal
granulomatous encephalitis. The patient underwent a series of tests and was suspected as having tuberculosis. She
was treated with various empiric therapies without improvement. She was finally correctly diagnosed via next-
generation sequencing of the cerebrospinal fluid. The patient deteriorated rapidly and died 2 months after being
diagnosed with Balamuthia mandrillaris encephalitis. This study highlights the important clinical significance of next-
generation sequencing, which provides better diagnostic testing for unexplained paediatric encephalitis, especially
that caused by rare or emerging pathogens.
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Introduction

Balamuthia mandrillaris, a free-living amoeba found in
soil and water, causes encephalitis in humans, sheep,
dogs, horses, and nonhuman primates.
B. mandrillaris is likely transmitted via inhalation or
inoculation through broken skin and spreads to the
brain and other organs through haematogenesis. In
1990, B. mandrillaris became recognized as a pathogen
that causes granulomatous amoebic encephalitis (GAE)
in humans. To date, more than 200 cases of Balamuthia
amoebic encephalitis (BAE) have been identified
worldwide. The disease is usually fatal and is difficult
to successfully treat. Here, for the first time in China,
we treated a 13-year-old girl with cutaneous lesions
and multifocal granulomatous encephalitis. The
patient deteriorated rapidly and died 2 months after
being diagnosed with B. mandrillaris encephalitis via
next-generation sequencing (NGS).

Results

Case report

A previously healthy 13-year-old girl presented in
March 2019 with a two-year history of cutaneous
lesions on her left thigh. Two years prior, she noticed
several asymptomatic papules on her left thigh. The

skin lesions slowly increased in size to form an erythe-
matous plaque. Two years later, the lesion on her left
thigh became enlarged and evolved into violaceus pla-
ques (Figure 1). A topical steroid cream was adminis-
tered for 4 weeks without resolution of the skin
lesion. A tuberculin skin test was negative. A skin
biopsy was performed at another institution in Septem-
ber 2018. Histopathologic examination revealed a
granulomatous reaction rich in lymphocytes and was
suspected to be tuberculosis. The patient began empiri-
cal therapy with rifampin and clarithromycin for 4
months, and the lesions improved.

One month after discontinuing the medication (Feb.
2019), she was taken to a hospital because of dizziness,
vomiting, and blurry vision. A computed tomography
scan of the brain revealed an area of hypodensity in
the region of the left lateral ventricle and left occipital
lobe (Figure 2). Three weeks later, the girl developed
abnormal eye movements and diplopia. The patient
was treated with antimicrobials, including isoniazid,
rifampin, ceftazidime, and amikacin. The patient clini-
cally deteriorated with worsening vomiting and
headaches.

In March 2019, she was admitted to Children’s Hos-
pital of Fudan University with symptoms of fever,
vomiting, headaches, and a right esotropia. Cerebrosp-
inal fluid (CSF) examination showed 100 × 106
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leukocytes/L (20% neutrophils, 80% lymphocytes), glu-
cose of 1.6 mmol/L, and protein of 1467 mg/L. CSF
cultures showed no bacteria or fungi. Infectious menin-
gitis and encephalitis were suspected, and intravenous
meropenem (4.5 g daily) and linezolid (1200 mg
daily) were given without improvement.

Her CSF sample was sent to the Beijing Genomics
Institute (BGI)-Wuhan for pathogen detection via
NGS. Three days later, NGS of the CSF confirmed
the presence of B. mandrillaris genomic sequences.
One hundred sixty-five sequence copy reads corre-
sponded to B. mandrillaris. No bacteria, fungi, viruses,
Mycobacterium tuberculosis, or mycoplasma were
detected via NGS of the CSF. B. mandrillaris was
confirmed by polymerase chain reaction (PCR) of a
skin sample (obtained from the skin biopsy in
Sep. 2018) using the specific primers, BalaF1451
(TAACCTGCTAAATAGTCATGCCAAT) and
BalaR1621 (CAAACTTCCCTCGGCTAATCA)
(Figure 3). Immunostaining of serum and CSF samples
obtained from the patient in Apr. 2019 yielded an
Acanthamoeba antibody titre of 1:50–1:100 (Figure 4).

Antibacterial therapy was discontinued, and the
patient was placed on a regimen of albendazole
(400 mg daily), trimethoprim-sulfamethoxazole
(TMP-SMX; 72 mg/kg/day in three divided doses),
and azithromycin (10 mg/kg/day). The patient was
admitted in April with fever, a headache, vomiting

and chest tightness. Upon admission, she was treated
with albendazole (400 mg once daily) and fluconazole
(400 mg once daily) for 3 days, but her situation did
not improve. Her treatment was changed to amphoter-
icin B liposome, 5-fluorocytosine and TMP-SMX
(Table 1). Her symptoms subsequently improved,
and her fever waned (Figure 5).

On day 9 of her hospitalization, the patient devel-
oped chest tightness and ventricular fibrillation, due
to severe cardiovascular adverse reactions of amphoter-
icin B liposome, and was placed on a ventilator. She
was transferred directly to the intensive care unit and
administered therapy consisting of amphotericin B
liposome, 5-fluorocytosine and fluconazole. She
improved and was taken off the ventilator 4 days
later. On day 22 of her hospitalization, treatment
with amphotericin B liposome was discontinued as
her renal function progressively worsened. She was
transferred to the department of infectious diseases in
stable condition on day 24. At this time, her symptoms
worsened, and she developed progressive loss of muscle
strength in the lower extremities. Magnetic resonance
imaging scans of the spinal cord and head showed
new lesions (Figure 6). Intravenous amphotericin B
liposome and intrathecal amphotericin were added to
the regimen. The patient was transferred to the

Figure 1. A, Cutaneous lesion on the left observed in September 2018 showing an erythematous plaque; B, Cutaneous lesion on the
left observed in March 2019; C, Cutaneous lesion on the left observed in April 2019 showing a crusty surface and scarring.

Figure 3. PCR amplification of Acanthamoeba and Balamuthia
DNA using the specific primers, BalaF1451 and BalaR1621. M:
100-bp DNA ladder; Lane 1: negative control detecting
Acanthamoeba; Lane 2: patient’s sample detecting Acantha-
moeba; Lane 3: negative control detecting Balamuthia; Lane
4: patient’s sample detecting Balamuthia

Figure 2. Computed tomography scan of the brain revealed an
area of hypodensity in the region of the left lateral ventricle
and left occipital lobe.
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intensive care unit because her neurological status had
deteriorated. She soon became unable to breathe and
was placed on a ventilator. Unfortunately, her symp-
toms did not improve, and she went into a deep
coma with a Glasgow Coma Scale score of 3. On day
64, the patient went into cardiac arrest and was given
cardiopulmonary resuscitation. The next day, the
patient was returned to Quan-Zhou Hospital at the
request of her parents. Two weeks later, given the
poor prognosis, her family decided to cease medical
treatment, and she was pronounced dead.

The patient had no predisposing immunosuppres-
sion. Her whole-genome sequencing results were nor-
mal, and she denied any history of drinking river
water or consuming raw meat.

Discussion

Free-living amoebas are widely disseminated in the
environment worldwide. Four genera of amoebas infect
the central nervous system (CNS) in humans: Naegle-
ria, Acanthamoeba, Balamuthia, and Sappinia [1].
Two CNS clinical syndromes are associated with free-
living amoebas: primary amoebic meningoencephalitis
(PAM) and GAE. PAM, caused by N. fowleri, is an
acute haemorrhagic meningoencephalitis. GAE, caused
by Acanthamoeba spp., B. mandrillaris, and Sappinia
pedata, is a rare subacute-chronic infection of the CNS.

The first infection of B. mandrillaris was reported in
a pregnant mandrill baboon in the San Diego Wild

Animal Park in 1989 [2]. Cases of human infections
have been reported since 1990. To date, 30 cases of
BAE have been identified in children worldwide
(Table 2). BAE is almost always fatal because of delayed
diagnosis and a lack of effective therapy. B. mandrillaris
can be isolated from water and soil worldwide. Its life
cycle comprises two stages: trophozoites and cysts.
Trophozoites are the infective form and can infect
humans via the skin or lungs and spread to the brain
and other organs via haematogenesis [24,25]. Increas-
ing numbers of organ transplant-transmitted
B. mandrillaris show that it can be transmitted through
organ transplantation [26,27]. B. mandrillaris most
likely accesses the CNS through the blood-brain barrier
(BBB). Jayasekera et al. showed that B. mandrillaris
activates human brain microvascular endothelial cells
to release high levels of interleukin (IL)-6 cytokines,
and this host inflammatory response may play an
important role in traversing the BBB [28].
B. mandrillaris causes infections primarily in immuno-
compromised persons but also in immunocompetent
hosts, especially children [29]. Risk factors include a
young age, Hispanic ethnicity, and exposure to con-
taminated soil or water [30]. The girl in our report
was not immunosuppressed and she had history of
playing barefoot on the beach during the summer.

BAE has a subacute-to-chronic course, and fewer
than 10% of patients survive. BAE is difficult to diag-
nose because it lacks characteristic clinical symptoms,
laboratory and neuroimaging findings. B. mandrillaris
primarily affects two organ systems in humans: the
skin and the CNS. The most common clinical features
include fever, headache, vomiting, altered mental sta-
tus, weakness, and seizures [31]. In some cases,
cutaneous lesions precede BAE [12]. The United States
case series reported that only 5% of patients had a
cutaneous form of the disease [31], whereas majority
of patients presented with a cutaneous lesion initially
in the Peruvian case series [32]. Skin lesions may lead
to an earlier diagnosis and treatment and may prevent
progression to BAE. Unfortunately, many cases of BAE
are diagnosed postmortem via autopsy or immunos-
tained sections of the skin or brain tissue [31].

CSF specimens from patients with BAE have mildly
elevated white blood cell counts with lymphocytes

Figure 4. Immunostaining of serum and CSF samples. Lane 1: negative serum (1:50 dilution); Lane 2: patient serum (19-4-1; 1:50
dilution); Lane 3: patient serum (19-4-1; 1:100 dilution); Lane 4: patient CSF (19-4-1; 1:2 dilution); Lane 5: patient CSF (19-4-1; 1:50
dilution); Lane 6: Entamoeba Ag-positive serum (1:50 dilution); Lane 7: Entamoeba Ag-positive serum (1:100 dilution); Lane 8: CBB
staining.

Table 1. Recommended drug treatment for Balamuthia
mandrillaris encephalitis.
Drug Dose Route Dutation

Amphotericin B
liposome

0.1–0.5–1–1.5–2–2.5 mg/
kg/day once daily.

IV 36 days

Amphotericin B 0.18–0.25–0.375–0.375–
0.5 mg/kg/day once daily.

IV 5 days

Amphotericin B 0.025–0.05–0.075–0.1–0.2–
0.4–0.5–0.6 mg every
three days.

Intrathecal 8 days

TMP-SMX 30–36 mg/kg/day in two
divided doses.

PO 24 days

Albendazole 400 mg once daily. PO 16 days
Fluconazole 400 mg once daily. IV 59 days
Fluorocytosine 100 mg/kg/day in four

divided doses.
PO 48 days

Rifampin 10 mg/kg/day once daily. PO 16 days

Note: Acronyms: IV-Intravenous; PO-Oral Therapy.
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Figure 5. Clinical course of a 13-year-old girl with Balamuthia mandrillaris encephalitis. Graph A shows the body-temperature curve
(red line) and peripheral-blood leukocyte counts (blue bars). Graph B shows the leukocyte count and differential (bars) and the
protein (solid line) and glucose (dashed line) levels from cerebrospinal fluid samples. Graphs C and D show the liver and kidney
function and serum electrolyte levels in serially collected blood samples. ALT: alanine aminotransferase; AST: aspartate aminotrans-
ferase; CR: creatinine.
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Figure 6. A, Axial T1-weighted enhanced image (March 28, 2019) showing multiple enhanced lesions throughout the brain, includ-
ing the parietal lobe, left temporal lobe and occipital, and cerebellum. B, C, Axial T1-weighted images (April 13, 2019). D–F, Axial T2-
weighted images (tirm dark fluid) (April 13, 2019) showing larger areas of multiple enhanced nodular lesions. G, Axial T1-weighted
image (April 26, 2019). H, Axial T2-weighted image (tirm dark fluid) (April 26, 2019) showing new patchy lesions in the right frontal
region. I–L, T1-weighted images (May 8, 2019) of the spinal cord and head showing new patchy lesions in the cervical and thoracic
regions.
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predominating, slightly low or normal glucose, and
elevated or normal protein. Infected CSF resembles
that of viral encephalitis or aseptic meningitis. CSF
specimens from patients with BAE have significantly
elevated levels of IL-6 and IL-8 [33]. In the CSF of
patients with BAE, Balamuthia is rarely detected
microscopically or by PCR; most patients are diag-
nosed via brain biopsy [31]. Neuroimaging findings
can be uncharacteristic of BAE, including oedema,
enhanced lesions, and multifocal lesions. The lesions
can be located throughout the brain in no particular

region and vary in size. The differential diagnoses for
BAE include neurotuberculosis, neurocysticercosis,
fungal infections, neoplasms, viral meningoencephali-
tis, and acute disseminated encephalomyelitis [5].

B. mandrillaris treatment is rarely studied. Owing to
successful use in surviving patients, pentamidine, sulfa-
diazine, fluconazole, flucytosine, clarithromycin, azi-
thromycin, and miltefosine (now available
commercially in the US) antimicrobials (alone or in
combination) are recommended for treating Bala-
muthia infections. Miltefosine is an antileishmanial

Table 2. Demographic characteristics, clinical data, and therapeutic regimens for children of Balamuthia mandrillaris Infection.
Patient Age, years Sex Region Presenting clinical symptoms Mode of diagnosis Outcome Reference

1 14 M Venezuela CNS:seizures and weakness on right arm
and leg

Autopsy died [3]

2 1.5 M California CNS:Ataxia,cranial nervepolsy,vestibular
cerebellar nystagmus

Serology,indirect immunofluorescence,
PCR(brain)

died [4]

3 3 F California CNS:Seizures,emesis indirect immunofluorescence,PCR
(brain,CSF)

died [5]

4 7 M California CNS:Headache,focal seizures,cranial nerve
palsy

Serology(brain) died [4]

5 7 M California CNS:Headache,neck stiffness,seizures,
lethargy,cranial nerve palsy(XIth)

indirect immunofluorescence, PCR
(CSF)

died [4]

6 12 M California CNS:Headache,emesis,altered mental
status

indirect immunofluorescence, PCR
(brain)

died [4]

7 schoolage F Spain skin:cutaneous lesions on the face; CNS:
progressive neurological involvement

brain necropsy died [6]

8 3 M czech
republic

CNS:tiredness,seizures,unconscious brain biopsy died [7]

9 3 F California CNS:fatigue,emesis,tonic-clonic seizures,
coma

Indirect immunofluorescencetest;brain
necropsy

died [8]

10 2 F California CNS:headache,lethargic,right-sided
hemiparesis

brain necropsy died [6]

11 7 M California CNS:focal seizures,wide based gait,right
cranial nerve, change in personality,
lethargic

brain biopsy died [6]

12 2.5 M texas CNS:emesis,ataxia,seizures CSF and serum for Balamuthia
antibody titer

died [6]

13 11 M texas CNS:vomiting,progressive lethargy,
clumsiness,right hemiparesis,focal
seizure

brain biopsy died [9]

14 0.6 F Australia CNS:seizures,left-sided weakness, brain necropsy,immunofluorescent died [10]
15 6 F Vermont CNS:headache,stiff neck, nausea and

vomiting
brain biopsy,immunofluorescent died [11]

16 5 M Australia Skin:mid facial granulomatous lesion; CNS:
right sixth-nerve palsy,ataxia,
nystagmus.

brain biopsy died [12]

17 8 M Portugal CNS:headache,vomiting,lethargy, brain biopsy, PCR died [13]
18 2 F Arizona CNS:intermittent disequilibrium and

worsening gait
brain biopsy died [14]

19 7 M Peruvian skin:asymptomatic papule on the dorsum
of the nose; CNS:neurologic changes

skin biopsy died [15]

20 12 M Argentina. CNS:lethargy,right body hemiparesis brain biopsy, Indirect
immunofluorescencetest

died [16]

21 5 M Argentina. Skin:nonspecific granulomatous lesions;
CNS:clonic upper limb seizures, loss of
consciousness

brain biopsy (histopathologic
examination, Immunofluo)

died [14]

22 3 F Argentina. CNS:clonic partial seizures,profound
deterio ration in level of consciousness

brain biopsy (immunofluorescence) died [14]

23 6 M Argentina. skin:cutaneous lesions in the face; CNS:
right body hemiparesis and
consciousness deterioration

brain biopsy (Neuropathologic
examination, immunofluorescence)

died [14]

24 6 M Pennsylvania CNS:lethargy, hallucinations, ataxia,
diplopia, nystagmus, and cranial nerve
palsy

mNGS (CSF) died [17]

25 5 F California CNS:generalized seizures brain biopsy (immunofluorescence) survived [18]
26 4 F Georgia CNS:headache,intermittent gait

abnormality,lethargy,occasional seizures
brain biopsy (immunofluorescence) died [19]

27 13 F Arizona CNS:headache,left hemiparesis,Coma brain biopsy (Histopathology) died [20]
28 4 M Mississippi CNS:Personality changes, loss of appetite,

muscle twitching, headache, seizure
Autopsy died [21]

29 4 F Thai CNS:headache,ataxia PCR (csf) died [22]
30 2 F Arizona CNS:ataxia,irritability,lethargy Autopsy died [23]
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and antineoplastic agent, which has been effective in
treating patients with BAE. A recent study demon-
strated that nitroxoline may be an important new treat-
ment for B.mandrillaris [34]. Because of the difficulty
in diagnosing BAE and the resultant delay in initiating
antimicrobial therapy, majority of patients died in a
short period after diagnosis of BAE. We review the pre-
viously reported cases of infections due to Balamuthia
mandrillaris in children (Table 2). So far, only 1 child
with BAE are reported to have survived. This patient
presented with fever, generalized seizures, and MRI
findings of edema in the left temporal area of the
brain. A CT-guided brain biopsy was performed 19
days after initial presentation. examination revealed
acute suppurative and necrotizing inflammation, and
structures consistent with amoebas, which were ident-
ified as B. mandrillaris by indirect immunofluorescence
staining. The patient was treated with clarithromycin,
fluconazole, flucytosine, and thioridazine. And the
patient remained stable, and had no gross neurologic
sequelae. The diagnosis and antimicrobial therapy
were initiated early enough to halt the course of dis-
ease, leading to survival of this girl. In our case, the
immunocompetent patient had a two-year history of
cutaneous lesions on her left thigh. Despite various
empiric therapies, the skin lesions progressed to neuro-
logic symptoms. Because of the late diagnosis, treat-
ment was ineffective, and the patient died soon after
being conclusively diagnosed with BAE. Early diagno-
sis and treatment are essential to increase the chances
of survival.

B. mandrillaris is difficult to culture. Skin biopsies
should be performed, and common histopathologic
characteristics include diffuse granulomatous reactions
on the reticular dermis, surrounding infiltration rich in
lymphocytes and plasma cells, and multinucleated
giant cells. Brain biopsies typically demonstrate par-
enchymal necrosis and granulomas with foamy macro-
phages and multinucleated giant cells accompanied by
lymphocytes. Definitive diagnosis requires visualizing a
trophozoite or cyst [35]. In the Peruvian cases, amebic
trophozoites may be seen in two-thirds of the skin
biopsies [32]. But the amebic trophozoites were scarce
in number, and were difficult to identify. Differen-
tiation of trophozoites from histiocytes requires experi-
ence in recognizing the characteristic of these parasites.
In the United States case series, 18% (2/11) of cases
with Balamuthia infections showed trophozoites in
the meninges. None showed cysts in the meninges
[35]. Because of low trophozoite and cyst densities,
indirect immunofluorescence and PCR assays have
been developed to rapidly identify BAE [36,37]. Never-
theless, in most countries, the lack of availability of
indirect immunofluorescence and PCR tests for
B. mandrillaris limits the opportunity for diagnosis.
As shown in our case, BAE is difficult to diagnose in
patients lacking typical symptoms, laboratory or

neuroimaging findings. Our patient underwent a series
of tests and was treated with various empiric therapies
without improvement. She was finally correctly diag-
nosed via NGS of the CSF.

NGS may make it easier to diagnose difficult-to-
diagnose infections, although the pan-pathogen detec-
tion technique has limitations in determining the sen-
sitivity or detection limit for all organisms. NGS is
especially suitable for difficult cases, and NGS of clini-
cal samples can help diagnose complicated infectious
diseases of atypical, rare, and novel aetiologies. Increas-
ing microbes have been identified via NGS since its
advent in 2004 [4,38–40], including
S. erinaceieuropaei, Taenia solium, and nontubercu-
lous mycobacterium. The samples for NGS analysis
are generally flexible, including Cerebrospinal fluid,
respiratory secretions, blood, pleural effusion, ascites,
tissue, etc. The current cost of NGS is higher (3000
Ren Min Bi [RMB]) than culture test. The turnaround
time is under 48 hours, significantly faster than that of
pathogen cultures [41], and is less affected by prior
antibiotic exposure.

Encephalitis causes significant mortality worldwide,
and more than 50% of cases have no identified etiology
[38]. NGS of the CSF may guide timelier diagnoses and
more targeted treatments for encephalitis of unknown
origin, which may improve clinical outcomes. NGS is
an unbiased and rapid approach, which can detect all
pathogens in a sample. In the UK cases, the diagnostic
yield for NGS in encephalitis is 50%. Brown et al. [42]
reviewed 44 undiagnosed cases of encephalitis in which
NGS provided diagnosis. In 28 of the 44 cases, novel,
rare or unexpected organisms were detected which
are unlikely to have been detected using specific PCR
assays. In a multicenter, prospective study [43], Wilson
et al reported that among 58 infections of the nervous
system, NGS identified 13 (22%) that were not ident-
ified by conventional testing, and NGS made concur-
rent diagnoses in 19. A total of 8 of these 13
diagnoses made solely by NGS had a clinical effect,
with guiding treatment in 7 cases.

In the field of amoebic encephalitis, NGS are now
available for diagnosis of Acanthamoeba castellani,
N. fowleri [44], and Balamuthia mandrillaris. The
reports concerning the use of NGS for diagnosis of
amoebic encephalitis are comprised of single case
reports. In 2008, Wang Q et al. [45] reported a case
of PAM disease, which was successfully detected
N. fowleri in the CSF specimen via NGS. N. fowleri
infection was subsequently confirmed by PCR. In
2015, Greninger et al. [46] successfully detected Bala-
muthia mandrillaris in a Brain Biopsy specimen via
NGS. Wilson et al. [47] identified Balamuthia mandril-
laris in the CSF of a patient with undiagnosed encepha-
litis via NGS. Subsequently, PCR confirmed the
presence of B. mandrillaris in CSF and brain tissue.
Our patient was finally correctly diagnosed with
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Balamuthia mandrillaris encephalitis via NGS of the
CSF. B. mandrillaris was confirmed by PCR of a skin
sample and immunostaining of serum and CSF
samples. Because of the late diagnosis, the skin lesions
progressed to neurologic symptoms, and the patient
died soon after being conclusively diagnosed with
BAE. In fact, treatment was not effective in our
patients, mainly because of the late diagnosis. NGS of
CSF is likely to significantly improve the early diagno-
sis of neurologic infections, leading to better outcomes.

In summary, BAE confers a high mortality rate
owing to its difficult diagnosis and delayed effective
therapy. BAE should be considered in patients with
subacute or chronic granulomatous meningoencepha-
litis, especially with skin lesions, when CSF shows
mildly elevated leukocyte counts with a lymphocytic
predominance, slightly low or normal glucose and elev-
ated or normal protein, or when the patient responds
poorly to antibiotic therapy. We present the first case
of BAE in children diagnosed using NGS in China.
NGS of the CSF may offer better outcomes, as it can
lead to earlier diagnosis and intervention. This study
highlighted the important clinical significance of NGS
in providing more advantageous diagnostic testing
for unexplained paediatric encephalitis, especially
with rare or emerging pathogens.
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