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Balamuthia mandrillaris is a kind of brain-eating amoeba leading to granulomatous 
amoebic encephalitis (GAE) with a high mortality rate and limited effective treatment 
options. Its underlying pathological mechanisms are still poorly understood. Here, 
we presented a 58-year-old man with Balamuthia mandrillaris meningoencephalitis, 
who died 33  days after onset. In this unique case, we  introduced the use of 
ventriculoscopy in the treatment of B. mandrillaris meningoencephalitis. Through 
ventriculoscopy, we observed that the inflammatory response triggered by the 
disease was diffuse and extensive throughout the ventricles and meninges, not 
limited to the region of parasite invasion. Furthermore, under the precise guidance 
of ventriculoscopy, we  implemented drug lavage therapy and intraventricular 
drainage, which, to a certain extent, managed to mitigate the progression of 
hydrocephalus and intracranial hypertension. Despite the unfortunate outcome 
of the patient’s death due to brainstem hemorrhage, we  reiterate the crucial 
role that surgical intervention plays in both diagnosing and managing amoebic 
encephalitis. This underscores the need for continued research and innovation 
in surgical techniques to enhance patient outcomes and combat this challenging 
neurological condition.
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Introduction

Balamuthia mandrillaris is one genus of brain-eating amoeba first found in a mandrill 
baboon in the San Diego Wild Animal Park in 1989 (1). This parasite can cause a chronic and 
fatal infectious disease known as granulomatous amoebic encephalitis (GAE), with a mortality 
rate exceeding 95%. To date, only 11 survivors have been reported out of approximately 200 
confirmed cases (2). The primary pathology is severe injury and extensive inflammatory 
edema in brain tissue (3), leading to fatal outcomes such as intracranial hypertension, 
hydrocephalus, and cerebral hemorrhage for patients. As detection technologies such as “next-
generation” sequencing (NGS), polymerase chain reaction (PCR), and immunofluorescence 
develop, the diagnosis of amoebic encephalitis has become easier and faster. However, drugs 
often struggle to eradicate the pathogens and improve complications, necessitating 
neurosurgical interventions in most cases. In this study, we report a case of a 58-year-old 
Chinese man with meningoencephalitis caused by B. mandrillaris, who underwent 
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ventriculoscopy and lateral external ventricular drainage (LEVD) to 
alleviate intracranial hypertension. Although the patient ultimately 
succumbed to cerebral hemorrhage, by analyzing the treatment 
process and comparing it with previous cases, we contend that surgical 
intervention holds significant value in the diagnosis and management 
of amoebic encephalitis.

Case presentation

A previously healthy 58-year-old man was admitted to the hospital 
with a 5-day history of headache and fever (39.5°C). Prior to 
hospitalization, he had been assumed to have a cold and treated with 
antiviral medication. On the first day of admission, the patient’s 
physical examination revealed only an obvious stiff neck, with no skin 
lesions or other abnormal findings. He had been exposed to rain 1 day 
before the onset of symptoms but denied any contact with 
contaminated water or soil. We promptly conducted laboratory tests, 
which indicated that the intracranial pressure was within normal 
limits. However, the leukocyte count and protein quantification in the 
cerebrospinal fluid (CSF) were slightly elevated, and the initial cranial 
CT scan was normal. Based on these findings, we made a clinical 
diagnosis of suspected viral meningitis and initiated antiviral 

treatment with acyclovir. Nonetheless, the patient’s headache and fever 
failed to subside. Furthermore, he gradually developed symptoms of 
dizziness and blurred vision.

Three days later, we were unexpectedly informed that the NGS 
result revealed an infection with an amoeba genus called Balamuthia 
mandrillaris (Figure 1). The second CSF test showed a higher CSF 
pressure and an increased leukocyte count compared to the first test, 
accompanied by a significant depletion of glucose. In addition, an 
enhanced brain MRI (Figures 2A–C) revealed extensive meningeal 
thickening and a lesion in the cerebellar vermis. Based on these 
findings, the patient was diagnosed with amoebic meningoencephalitis 
and treatment was initiated as follows: intravenous ceftriaxone 4 g/qd 
(one time a day), fluconazole 0.6 g/qd, and amphotericin B liposomes 
(started at an initial dose of 5 mg per day, gradually increasing to 
40 mg per day). In addition, oral sulfamethoxazole 0.96 g/q8h (once 
every 8 h) and metronidazole 0.8 g/tid (three times a day) were 
prescribed. To alleviate intracranial inflammation and pressure, 
prednisone 20 mg/qd and mannitol 25 g/q12h (once every 12 h) were 
administered in combination.

Around the 14th day, the patient experienced a deterioration in 
consciousness and cognition, developing symptoms such as 
somnolence, memory dysfunction, disorientation in terms of time and 
place, nystagmus, worsening dizziness, and headache. A repeat MRI 
(Figures 2D–F) revealed an extended lesion in the cerebellar vermis 
and an enlargement of the left lateral ventricle, indicating obstructive 
hydrocephalus. With the consent of his family, our neurosurgeon 
performed a left-sided lateral external ventricular drain (LEVD) 
procedure on the patient. Following the surgery, he was transferred to 
the neurological intensive care unit (NICU) for further management.

Despite the interventions, the disease continued to progress. 
Three days after the initial left-sided LEVD, the patient required a 

FIGURE 1

Genome coverage of Balamuthia mandrillaris: the total base number of the genome of this species is 67,656,513 (BP), the total length of the sequence 
coverage is 2,886 (BP), the coverage is 0.004266%, and the average depth is 1.00x.

Abbreviations: GAE, Granulomatous amoebic encephalitis; PAM, Primary amoebic 

meningoencephalitis; NGS, Next,-generation sequencing technology; PCR, 

Polymerase chain reaction; CSF, Cerebrospinal fluid; CT, Computed tomography; 

MRI, Magnetic resonance imaging; LEVD, Lateral external ventricular drain; SEP, 

Somatosensory evoked potential; EEG, Electroencephalogram; TCD, Transcranial 

Doppler; BBB, Blood–brain Barrier; CDC, Centers for Disease Control.
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right-sided LEVD, endoscopic third ventriculostomy (ETV), and 
intraventricular lavage due to obstruction of the drainage tube and 
worsening hydrocephalus evident on cranial CT (Figure  2G),  
which showed significant expansion of the right lateral ventricle. 
During the ETV procedure, a large amount of inflammatory 
exudate was observed covering the pia mater through the 
ventriculoscope (Figure  3). Histopathological examination of a 
small piece of brain tissue revealed inflammatory infiltration with 
neutrophils, but no trophozoites or cysts were present (Figure 4). 
These findings indicated an aggravating inflammatory response in 
the brain.

Twenty-four days after admission, the patient’s condition 
deteriorated significantly. In the morning, he experienced a seizure 
and rapidly progressed to a deep coma, accompanied by hypotension 
and loss of spontaneous breathing. His neurologic examination 
revealed mydriasis and the disappearance of brainstem reflexes. An 
urgent cranial CT examination showed a hemorrhage in the 
brainstem and ventricles, along with extensive brain edema 

(Figures 2H,I). Despite a week of life-sustaining therapy, the patient 
was eventually declared brain dead after evaluations using 
somatosensory evoked potential (SEP), electroencephalogram 
(EEG), and transcranial Doppler (TCD). Following this, his family 
decided to withdraw active treatment, and life support was 
withdrawn. The patient passed away 33 days after the onset of the 
disease (Table 1).

Discussion

Since the first reported case in 1990, B. mandrillaris has claimed 
over 200 human lives worldwide (3). Infection with B. mandrillaris is 
rare in our country. To date, there have been only 28 confirmed cases 
reported, of which 16 patients developed encephalitis (4). In contrast 
to the aggressive primary amoebic meningoencephalitis (PAM) 
caused by Naegleria fowleri, patients infected with B. mandrillaris 
experience a subacute or chronic course lasting weeks or even several 

FIGURE 2

A–C, Axial FLAIR image and coronal T1-weighted enhanced image (16 September 2020) showing enhanced lesions on the cerebellar vermis and 
meninges. D–F, Axial FLAIR image and coronal T1-weighted enhanced image (24 September 2020) showing extended area on the cerebellar vermis 
lesion, along with ventricular expanded, especially the left side. G, CT image (27 September 2020) showing the left-side ventricular compressed by the 
expanded right-side. H–I, CT image (5 October 2020) showing the brainstem and ventricle with diffuse brain edema, inflammatory spread to the 
brainstem and the contralateral cerebellum, hemorrhage in the right-side of cerebellar vermis lesion. (The arrow in A, C, D, and F points to an 
enhanced lesion on the cerebellar vermis; the arrow in H points to brainstem and ventricle with brain edema).

https://doi.org/10.3389/fmed.2024.1431225
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org


Zheng et al. 10.3389/fmed.2024.1431225

Frontiers in Medicine 04 frontiersin.org

months. This genus primarily causes GAE and skin lesions, rarely 
affecting other organs. The invasion can cause severe inflammatory 
damage to the brain, leading to fatal brain edema and intracranial 
hypertension (5). To date, there is still no clinical evidence or drug 
trial to demonstrate which antibiotic has a targeted therapeutic effect 
(6). Therefore, supportive treatments, such as hypothermia therapy, 
neurosurgery, and steroids, are often crucial measures to save and 
prolong patients’ lives (7). In our case, we  pioneered the use of 
ventriculoscopy in the treatment of amoebic encephalitis. Through 
ventriculoscopy, we observed inflammatory changes on the meninges 
and treated the patient with intraventricular drainage and drug lavage. 
We aim to illustrate the advantages of ventriculoscopy in the treatment 
of this fatal intracranial parasitic infection through case analysis and 
literature review.

Biological characteristics of Balamuthia 
mandrillaris

Balamuthia mandrillaris belongs to a genus of brain-eating 
amoebae that are most commonly found in soil, dust sources, and 

stagnant water (8, 9). The cyst walls are thick enough to provide 
protection for the amoebae against physical and chemical conditions 
in hostile environments. This barrier also aids in their resistance to 
antibiotics, leading to an increased likelihood of infection recurrence 
(8–11). It invades the body through skin lesions or the nasal mucosa 
and olfactory bulb, subsequently breaching the blood–brain barrier 
(BBB) and entering brain tissue, where it activates the intracranial 
immune response (12, 13). During this process, macrophages and 
neutrophils release a significant amount of pro-inflammatory factors, 
such as IL-1, IL-6, and TNF-α, accelerating the damage to the BBB and 
surrounding tissue (14). Following parasitic invasion, protozoan 
proteases and toxins can cause local damage, recruiting neutrophils 
and monocytes to infiltrate the area (15). This may ultimately result in 
a widespread inflammatory response, tissue edema, and 
hemorrhagic necrosis.

In our case, the patient initially presented with symptoms of 
meningitis and gradually developed symptoms of cerebellar injury, 
cortical dysfunction, and consciousness disorders. Through 
ventriculoscopy, we  observed multiple meningeal injuries 
accompanied by a large amount of inflammatory exudates and 
floccules as well as some lesions with small hemorrhages. The vessels 

FIGURE 4

Necrotic tissue sections obtained from the operation showed inflammatory infiltration with neutrophils around the glial tissue and focal area. However, 
trophozoites and cysts were absent there (hematoxylin–eosin and periodic acid–Schiff staining, ×200 &  ×  400  mm).

FIGURE 3

Ventriculoscope (27 September 2020). A–B, Vessels of the choroid plexus were congested and swollen, with partial bleeding, and the surface covered 
with jelly exudates and flocs. C, Ventricular foramen contracture under inflammatory state. D, Hole after EVT under ventriculoscope.
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TABLE 1 Chronologic summary of the case history of the 58-year-old man with Balamuthia amoebic encephalitis.

Timeline Presentation/status Examination results Laboratory finding Treatment

Day 1 Outpatient 

department

Headache and fever Oseltamivir, ibuprofen, and 

phoxim.

Day 5 Hospital admission CT: normal CSF pressure was 

140mmHO2.

CSF analysis revealed a slight 

rise in WBC (116 × 10^6/L), 

and protein was 1,037 mg/L.

Acyclovir (0.625 g ivd q8h)

Day 8 Headache, fever, dizziness, and 

blurred vision

MRI: an enhanced lesion was shown 

on the cerebellar vermis and 

meninges.

High-throughput sequencing 

test revealed the infection of 

Balamuthia mandrillaris 

whose sequence number was 

23; 

CSF pressure was 220mmHO2

CSF-WBC (412 × 10^6/), 

glucose (2 mmol/), protein 

(1,185 mg/L)

Discontinued acyclovir.

Started ceftriaxone (4 g ivd qd); 

sulfamethoxazole (0.96 g po 

q8h); metronidazole (0.8 g po 

tid); fluconazole (0.6 g ivd qd); 

amphotericin B liposomes 

(started at first dose of 5 mg ivd 

per day and gradually gave 

dosage to 40 mg per day).

Combined with prednisone 

(20 mg po qd); mannitol (25 g 

ivd q12h).

Day 11 Headache， fever， dizziness, 

and nystagmus

NGS sequence number:3419 Discontinued ceftriaxone.

Changed prednisone into 

dexamethasone (30 mg ivd qd); 

started moxifloxacin (400 mg 

ivd qd).

Day 14 Transfer to NICU Somnolence， dysfunction of 

memory, orientation to time and 

place, headache, fever, dizziness, 

and nystagmus

MRI: the lesion on the cerebellar 

vermis extended, and the ventricles 

expanded, especially the left side.

Performed the left-side lateral 

external ventricular drain 

(LEVD).

Day 17 Light coma and fever CT: the right-side ventricle 

expanded along with the left-side 

compression.

Performed the right-side lateral 

external ventricular drain 

(LEVD) in combination with 

pellucid septostomy and 

infusion of metronidazole.

Day 18 Started fluorocytosine (1.5 g po 

tid).

Day 20 CSF pressure was 220mmHO2

CSF-WBC (210 × 10^6/), 

glucose (4 mmol/), protein 

(9,421 mg/L)

Day 23 Coma and fever Started meropenem (2 g ivd 

q8h).

Day 24 Deep coma, fever, and seizure Started vasoactive agent and 

mechanical ventilation.

Day 25 Mydriasis and disappearance of 

brainstem reflex

CT: hemorrhage in the right side of 

cerebellar vermis, brainstem, and 

ventricle with diffuse brain edema.

Inflammatory spread to the 

brainstem and the contralateral 

cerebellum.

(Continued)
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of the choroid plexus were congested and swollen, with partial 
bleeding, and the surface was covered with gelatinous exudates and 
flocs. Ventricular foramen contractures occurred due to the severe 
inflammation. It appears that vascular inflammation and necrotic 
hemorrhage are common in amoebic meningoencephalitis, which is 
also confirmed by hematoxylin and eosin staining and ventriculoscopy 
findings. We found varying degrees of inflammatory lesions in the 
meninges, brain parenchyma, and intracranial microvasculature in 
areas devoid of parasites. Ultimately, the patient succumbed to sudden 
intracranial hemorrhage caused by Balamuthia mandrillaris.

Diagnosis of BAE

Clinicians are often unaware of amoebic meningoencephalitis at 
the early stage due to the lack of specific manifestations in its clinical 
presentation and neuroimaging (16–18). The results of laboratory tests 
are also suboptimal, as Balamuthia mandrillaris is difficult to detect in 
the CSF of infected patients, either visually by microscopy or through 
PCR. In a case series of 109 infected individuals, the CSF culture 
positivity rate was only 6% (6/109), and the majority of patients, nearly 
88% (96/109), were diagnosed via brain biopsy through stereotactic 
aspiration or ventriculoscopy. However, NGS provides crucial clinical 
evidence for the early detection of pathogens. Currently, NGS has been 
capable of detecting multiple amoeba species, including Acanthamoeba 
castellanii, Naegleria fowleri, and Balamuthia mandrillaris (19, 20).

In our case, the patient was initially suspected of having a viral 
infection, presenting with only headache and fever. The mild 
abnormalities in the CSF and the normal CT image failed to provide 
any indication of a parasitic infection. However, NGS significantly 
contributed to the early diagnosis, confirming the patient’s infection 
with Balamuthia mandrillaris 3 days after admission. This prompt 
confirmation allowed us to immediately adjust the therapeutic 
regimen. Subsequently, we attempted to identify amoeba trophozoites 
through intraventricular biopsy, but unfortunately, pathological 
staining did not reveal typical manifestations. This may be attributed 
to the lesions being located in the infratentorial cerebellum rather 
than the ventricle. Nevertheless, surgical biopsy remains an 
indispensable tool in the diagnosis of amoebic encephalitis (6).

Treatment for GAE

The current medical treatment of GAE is largely based on limited 
in vitro experimental data (21, 22) and successful case reports found 
in the literature (10, 23). As such, the prescriptions are often 
empirically formulated based on the few survival cases that have been 
documented. For instance, Vollmer reported a case series of 11 
survivors with documented antimicrobial therapy regimens, in which 

azoles were the most commonly used drugs (9 out of 10 survivors), 
including 6 treated with fluconazole and 4 with itraconazole (2). In 
2017, the United States Centers for Disease Control and Prevention 
(CDC) published a recommended medication regimen for GAE (24). 
In our case, a combination of three azoles along with amphotericin B 
and sulfamethoxazole was used to treat the amoeba infection after the 
diagnosis was confirmed. However, the treatment appeared to 
be  ineffective based on the worsening clinical symptoms and the 
patient’s eventual demise. The primary reason for this could be that 
these drugs do not effectively penetrate the blood–brain barrier and 
are ineffective against the cyst wall of Balamuthia mandrillaris, which 
is known to be a significant challenge in treating this infection.

Brain edema, meningitis, and intracranial hypertension caused by 
GAE are often life-threatening and constitute the primary causes of 
mortality in these cases. In situations where there is progressive 
hydrocephalus and intracranial hypertension, steroids and dehydration 
drugs may not be  sufficient to reduce inflammation and improve 
symptoms. In such instances, neurosurgery becomes more crucial than 
medication and is often a vital measure for saving and prolonging lives. 
Early-stage neurosurgery is reported to be  important in both the 
diagnosis and therapy of GAE (25). LEVD is commonly used to treat 
hydrocephalus, but in parasitic infections, there is often a high failure rate 
of drainage, leading to poor prognosis. However, with the advancements 
in endoscopic neurosurgery, ETV has significantly reduced the failure 
probability of LEVD and effectively controls intracranial pressure (26). 
In some cases, the ventriculoscopic approach to infected focus resection 
has been reported as an effective technique with unique advantages, 
improving the total removal rate of intraventricular parasitic infections 
(27). Ventriculoscopy also allows for visual assessment of the degree of 
inflammation within the ventricles during the treatment of intracranial 
infection. During surgery, continuous irrigation with antibiotics can help 
kill pathogens, while also enabling the cleanup of local necrotic tissue 
and inflammatory secretions. These functions are crucial in controlling 
infections, reducing local inflammation, and ultimately improving 
patient outcomes (28).

In our case, the observation of diffuse intraventricular 
inflammation in patients infected with B. mandrillaris through 
ventriculoscopy highlights the importance of direct visualization in 
assessing the severity and extent of the infection. By performing 
irrigation on areas with obvious inflammation during surgery, we were 
able to target the source of the inflammation and potentially reduce 
its impact. In addition, taking tissue for biopsy during the operation 
was a crucial step in identifying the pathogen and guiding subsequent 
treatment. The initial use of LEVD to relieve intracranial hypertension 
and progressive hydrocephalus was appropriate as it helped to stabilize 
the patient’s condition in the early stages. However, the subsequent 
need for ETV and right-sided LEVD due to drainage failure 
underscores the challenges of managing these complex infections. 
Despite these challenges, the active surgical intervention was 

TABLE 1 (Continued)

Timeline Presentation/status Examination results Laboratory finding Treatment

Day 32 Diagnosed brain death SEP: N13, P14, N18, and N20 wave 

disappeared; EEG: resting 

electroencephalogram; TCD: nail 

wave.

His family made a decision to 

stop active treatment.

Day 33 Declared clinical death
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successful in controlling the intracranial pressure (ICP) within a safe 
range, preventing potentially devastating complications such as brain 
herniation caused by rapid increases in ICP. Although the patient’s 
ultimate outcome was tragic, it is important to acknowledge the 
positive role that ventriculostomy therapy and LEVD played in 
controlling intracranial hypertension and prolonging survival. In the 
face of parasitic infections with high mortality rates, such as those 
caused by B. mandrillaris, surgical supportive therapy remains a 
necessary component of treatment to save lives and prolong survival 
periods. This case serves as a reminder of the importance of early 
intervention, aggressive management, and the use of advanced 
surgical techniques in the treatment of these challenging infections.

Conclusion

In summary, GAE is a life-threatening infectious disease 
characterized by a rising number of diagnosed cases and a significant 
mortality rate. In this study, we  report a case of GAE diagnosed in 
Guangdong, China, utilizing NGS on the third day post-admission. 
Despite administering a range of recommended empirical antibiotics and 
surgical interventions, the patient succumbed to complications. This case 
underscores the following key points: (i) NGS emerges as a valuable 
diagnostic tool for early identification of suspected central nervous 
system infectious diseases; (ii) the significance of neuroendoscopy in the 
diagnosis and management of amebic meningoencephalitis merits 
emphasis, particularly for patients exhibiting ventricular infection, 
progressive hydrocephalus, intracranial hypertension, or requiring 
biopsy; (iii) in confronting this fatal infection, it is imperative to not only 
prioritize the pursuit of curative treatments but also emphasize the 
utilization of surgical procedures and various adjunctive therapies. This 
multifaceted approach can significantly extend patient survival and 
afford greater treatment opportunities.
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