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iIn Pongo pygmaeus and first case
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Balamuthia mandirillaris is an amoeba that can cause granulomatous amoebic
encephalitis (GAE) as well as lung and skin infections in both humans and animals.
Studies on B. mandirillaris-related GAE cases have increased in recent years. This
amoeba has been identified as a cause of encephalitis and death in several non-
human primates. In this study, we report a case of a 4-year-old female Bornean
orangutan (Pongo pygmaeus) in a zoological center that exhibited neurological
symptoms for several days. After unsuccessful treatments and a worsening in her
condition, euthanasia was deemed necessary. Additionally, we describe the case
of a 4-year-old male chimpanzee (Pan troglodytes verus) who died suddenly in a
different zoo. Postmortem analysis revealed brain lesions with multiple hemorrhages,
oedema, and inflammation in various organs in both cases. Histology showed the
presence of B. mandirillaris trophozoites in necrotic and inflamed brain tissues,
consistent with granulomatous amoebic meningoencephalitis. The diagnosis was
confirmed using a multiplex gPCR assay on brain tissue samples from both animals
water and soil samples from the chimpanzee's and orangutan’s enclosure tested
positive for B. mandrillaris DNA by qPCR, confirming environmental exposure. An
immunofluorescent antibody (IFA) assay detected B. mandrillaris in chimpanzee
brain slices. According to the authors’ knowledge, this report documents the
first known cases of Balamuthia amoebic encephalitis in non-human primates
in Spain and the first case in Pan troglodytes verus.
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1 Introduction

Among free-living amoebae (FLA), which are ubiquitous and
widely distributed in the environment, only four genera or species are
known agents of human and animal infection of the central nervous
system (CNS): Acanthamoeba spp., Naegleria fowleri, Balamuthia
mandrillaris, and Sappinia pedata (1). Amoebic brain infections are
an important emerging parasitic disease, mainly in immunodeficient
patients. B. mandrillaris and several Acanthamoeba species can cause
granulomatous amoebic encephalitis (GAE), and lung and skin
infections (2-5). In contrast, N. fowleri causes acute and fulminant
primary amoebic meningoencephalitis (PAM), leading in most cases
to the death of the patient within a few days (6).

Hitherto, B. mandrillaris is an amoeba and the only known species
of Balamuthia (1). Its life cycle, like Acanthamoeba, presents only two
stages: a vegetative trophozoite 12-60 pm in size, and a dormant
spherical cyst 12-30 pm (1, 3, 7). These protozoans can induce
infection directly through contaminated skin lesions, by inhalation via
the olfactory nerve, lung and gastrointestinal tract, or organ
transplants. This is followed by CNS invasion via haematogenous
spread, leading to severe neurological disease. Most patients present
with subacute onset of neurological symptoms and rapid progression
to death within weeks to years, showing a fatality rate of over 95.0% in
most of cases. The high fatality rate may be explained by the delayed
diagnosis and ineffective treatment approaches (3, 4, 8).

The first reported case of Balamuthia mandrillaris encephalitis
occurred in 1986, isolated from a 3-year-old pregnant mandrill
monkey (Mandrillus sphinx) at the San Diego Wild Animal Park after
showing signs of severe paralysis (9). In this regard, the number of
studies about B. mandrillaris related to GAE cases has gradually
increased in recent years. This amoeba has been identified in several
non-human primates, such as in western lowland gorilla (Gorilla
gorilla gorilla) (10-12), Northwest Bornean orangutan (Pongo
pygmaeus pygmaeus) (13, 14), Kikuyu Colobus monkey (Colobus
guereza kikuyuensis), or in white-cheeked gibbon (Nomascus
leucogenys) (12). In addition, cases have been reported in other
animals on postmortem examination, including a sheep (15), horses
(16), an Indian flying fox (17), a tiger (18) and dogs (19-22).

Herein, we report a case of a 4-year-old female Bornean orangutan
whose initial sign was hemiparesis. During the evolution of the
symptoms the animal was treated with several different drugs without
clinical improvement. A computed tomography (CT) scan revealed
multiple masses in the brain. Finally, the orangutans condition rapidly
progressed to worsening neurological symptoms, and euthanasia
was conducted.

On the other hand, we present another case of a 4-year-old male
chimpanzee (Pan troglodytes verus) without relevant neurological
symptoms, who died suddenly in the facilities of the center.

Abbreviations: GAE, granulomatous amoebic encephalitis; IFA, immunofluorescent
antibody assay; FLA, free-living amoebae; CNS, central nervous system; PAM,

primary amoebic meningoencephalitis; CT, computed tomography.

Frontiers in Veterinary Science

This study summarized the clinical features and detailed the
postmortem anatomopathological findings for both cases. The
amoebic trophozoites presented in the brain tissue and the multiplex
qPCR performed confirmed the final diagnosis of amoebic
meningoencephalitis caused by Balamuthia mandrillaris. To the
authors’ knowledge, this is the first report of Balamuthia amoebic
encephalitis described in non-human primates in Spain and the first
time it has been reported in Pan troglodytes verus.

2 Case description
2.1 Pongo pygmaeus

In May 2020, a 4-year-old female Bornean orangutan (Pongo
pygmaeus) from Bioparc Fuengirola developed acute neurological
symptoms: hemiparesis of the left arm and leg and subtle paresis of the
left side of the mouth. Head injury was initially suspected due to the
acute presentation of symptoms, and treatment with dexamethasone
was initiated orally to avoid separating the infant from her mother, but
without clinical improvement. On the fifth day after the onset of
symptoms, the patient was anaesthetized for a computed tomography
(CT) scan, which revealed multiple masses in the brain, predominantly
on the right side of the brain (Figure 1A). Blood test values were
normal, except for a marked increase in alkaline phosphatase. In
addition, thoracic and abdominal CT scans, X-rays and ultrasound
scans showed no abnormalities. A broad-spectrum serological test for
pathogens causing multifocal encephalitis was performed at the
Biomedical Primate Research Centre (BPRC, NL), without any
positive results for the main agents causing neurological diseases.

Without a definitive diagnosis, treatment was started for the most
common agents that can cause multifocal encephalitis: nematodes,
cestodes, protozoa, fungi, viruses and bacteria. Antibiotics (cefixime,
ceftazidime, rifampicin), antifungals (itraconazole), anti-toxoplasma
acid),
(praziquantel and albendazole), and antiprotozoals (metronidazole)

(pyrimethamine, clindamycin, folinic antiparasitics
were administered. Moreover, she was supplemented with
corticosteroids from the first day to control inflammation and
potential brain oedema. Levetiracetam and diuretics (furosemide and
mannitol) were also administered to control status epilepticus, which
appeared within a week of the onset of symptoms. However,
neurological signs worsened over the days, with seizures, progressive
paresis, strabismus, blindness and a comatose state 16 days after the
onset of symptoms. Finally, euthanasia was conducted.

Postmortem study was performed at Bioparc fuengirola. Main
lesions were found in the brain. Meninges were slightly congestive,
multiple yellowish masses with a caseous center, some visible on the
brain’s surface. The largest mass of 4 cm in diameter was located in the
right side of the third ventricle and diencephalon (Figure 1B). Other
smaller ones: 1.5 cm mass in the right frontal lobe, 1.5 cm mass in the
right caudal lobe, 1.5 cm mass in the left anterior frontal lobe, 2 cm
mass in the left frontal parietal lobe, and a 1.1 cm mass in the right
posterior occipital lobe. The remaining organs showed no macroscopic
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FIGURE 1
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Central nervous system of a 4-year-old female Bornean orangutan (Pongo pygmaeus). (A) Antemortem CT scan of the brain showed multiple masses
mainly located on the right side of the encephalon (masses were marked with blue arrows). (B) Mass with central caseous appearance found in the
diencephalon and third ventricle, 4 cm in diameter granuloma (*). (C,D) Histological findings of the necropsied encephalon. Rounded amoebic
trophozoites with granular cytoplasm and prominent 1 to multiple nuclei were observed inside the area of inflammation in the brain (Black arrows).

Hematoxylin & Eosin stain (Scale bar represents 20 um).

lesions. Likewise, no skin lesions were found. Formalin fixed tissues
were sent to Noah’s Path for histopathology study, frozen tissue
samples were preserved to allow for further diagnostics.

The macroscopically observed brain lesions corresponded with
large areas of necrosis (malacia), infiltrated by vacuolized macrophages
(gitter cells), and other areas of intense neutrophilic infiltration. These
foci showed peripheral areas of perivascular and neuropil infiltration
by numerous lymphocytes, plasma cells and macrophages, and sparse
multinucleated giant cells. At the perivascular level, giant cells often
formed multiple concentric layers. The suppurative and
lymphoplasmocellular-histiocytic inflammation involved the tunica
adventitia and even extended to the media of the blood vessels. In
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addition, fibrin deposits as well as foci of acute hemorrhage could
be distinguished in these areas. Numerous blood vessels, particularly
in areas of advancing necrosis, contained fibrin thrombi. On the other
hand, the cerebellum was unaffected, except for occasional mild
perivascular lymphoplasmacytic infiltrates in the meninges.
Regarding to histological findings, gliosis was seen with numerous
prominent gemistocytic astrocytes. Round and oval amoebic
trophozoites with one or rarely 2 to multiple small, eccentric
basophilic or eosinophilic nuclei and abundant cytoplasm containing
one or more clear perinuclear vacuoles were distinguished
intralesional. These trophozoites presented a size approximately of a
14 to 30 pm in greatest diameter and were concentrated around the
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adventitia of blood vessels (Figures 1C,D). In larger areas of lesion,
particularly in areas of malacia, trophozoites were scarcely visible,
while in other areas, especially foci of suppurative inflammation, they
were abundant.

Different other lesions, all considered incidental, were also
observed in the rest of the organs. In the colon, foci of acute
hemorrhage were found scattered in the lamina propria of the mucosa.
Furthermore, in the small intestine, moderate hemosiderin deposits
were observed. A diffuse pattern was observed in the liver with mild
hepatocellular lipidosis. A diffuse pattern was also observed in the
adrenal glands, and the cells in the fasciculate area showed high
vacuolation in their cytoplasm. In the thyroid gland, the interstice was
infiltrated by numerous hypertrophic adipocytes. In the lymph nodes,
diffuse depletion of lymphoid tissue was observed, and a dilatation of
the medullary sinuses. Finally, numerous cardiomyocytes with mild
to moderate hypertrophy of their nuclei were observed in the heart.

2.2 Pan troglodytes verus

In November 2022 a 4-year-old male chimpanzee (Pan troglodytes
verus) was referred already dead to the Clinical Veterinary Hospital of
the CEU Cardenal Herrera University by the veterinarians of Bioparc
Valencia. On 20 October, the first symptoms appeared, presenting
apathy, anorexia and fever. He was administered ibuprofen 7 mg/kg
every 12 h for only 3 days, due to the improvement of the symptoms
and the fact that his body condition was adequate. On 24 October,
he presented a right unilateral strabismus without any other
complication. Twelve days after the onset of symptoms, the animal
died suddenly in the facilities. No tests or diagnostic procedures were
performed during the development of the symptoms, only a
postmortem CT scan was performed, but no pathology was observed.

Postmortem examination revealed that the occipital bone on the
right side showed several reddish areas, 0.5-2 cm in diameter,
compatible with hemorrhages (Figure 2A). The most severe lesions in
this chimpanzee were observed in the brain. The meninges were
congestive, and the surface of the brain showed diffuse yellowish areas,
slightly elevated in the frontal lobe of the left hemisphere (Figure 2B).
In addition, a hemorrhage was observed on the inner side of the
caudal part of the right mandible during the necropsy of the animal
(Figure 2C).

In the thoracic cavity, both lungs were partially obscured in their
dorsal portion, slightly enlarged, diffusely, with moderate congestion
and oedema (Figure 2D). Besides this, the pancreas showed reddish
areas, 0.5 to 1 cm in diameter, with multifocal distribution (Figure 2E).
The gastric mucosa showed blackish areas, 1-2 cm in diameter, with
multifocal distribution and poorly defined contours (Figure 2F). The
pathology and findings in both organs are compatible with
hemorrhages (ecchymosis). The kidneys showed congestion and mild
interstitial nephritis; the liver also showed mild congestion.

Examination of the encephalon revealed multifocal areas of
necrosis characterized by yellowish color and granular or cavitated
appearance (Figure 3A). Histologically, the brain showed large areas
of necrosis with the presence of gitter cells, perivascular cuffs, and
inflammation of the meninges. Within the affected areas, parasitic
structures were observed with size and morphology consistent with
amoebae. Pleomorphic trophozoites with one or multiple nuclei and
12-35 pm in size were observed (Figures 3B-D).
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2.3 Diagnosis

Balamuthia mandrillaris DNA was detected postmortem in brain
tissue samples of the orangutan and chimpanzee cases using a
multiplex qPCR assay. In addition, the water and soil samples from
the facilities where the chimpanzee was housed, and water and soil
samples from the orangutan’s facilities were analysed for
B. mandrillaris DNA detection. The multiplex qPCR assay was
performed for simultaneous molecular detection of Acanthamoeba
spp., N. fowleri, and B. mandrillaris specific to the region of the 18 s
ribosomal RNA gene using the assay conditions and TagMan probes
reported in our previous study (23), with primer sequences first
described by Qvarnstrom et al. (24). Cycle threshold (Ct) values of
B. mandrillaris were 30.4 and 28.7 cycles for orangutan and
chimpanzee brain tissue, respectively. Soil and water samples from the
chimpanzee facilities were positive to: Acanthamoeba spp. (Ct = 31)
and B. mandrillaris (Ct = 33.9) for the soil, and Acanthamoeba spp.
(Ct=31.5) and B. mandrillaris (Ct = 33.7) for the water samples.
Regarding the soil and water samples from orangutan facilities,
multiplex qPCR detected B. mandrillaris (Ct = 32.6) in the water
samples, and Acanthamoeba spp. (Ct =32.5) and B. mandrillaris
(Ct =31.7) in the soil samples.

An immunofluorescent antibody (IFA) assay for detecting
B. mandrillaris was performed using 5pm brain slices from
chimpanzee. Slides containing the paraffin-embedded tissue section
were deparaffinized and incubated with a rabbit polyclonal antibody
against B. mandrillaris. Amoebae were detected with a fluorochrome-
conjugated polyclonal goat anti-rabbit antibody (Sigma F9887; Sigma-
Aldrich, Darmstadt, Germany) according to a previously described
method (25, 26). IFA assay revealed intense positive green staining of
amoebic trophozoites in the chimpanzee brain (Figures 4C,D).

Finally, multiplex gPCR assay combined with clinical features and
histological findings supports our final diagnosis of Balamuthia
amoebic encephalitis in the two cases reported. Furthermore, an IFA
assay performed on the chimpanzee brain tissues slides revealed the
presence of amoebae, confirming the diagnosis in this case.

3 Discussion

Infection produced by Balamuthia mandrillaris has been
recognized as an emerging disease. Only about 300 cases have been
reported worldwide in humans and animals since 1990, mainly in
warmer climate regions (3, 7, 27). Most cases have been reported in
the US and Peru (27-30), but several cases have also been reported in
the Asia-Pacific region (31-35). In this regard, non-human primate
cases have been reported in different species. First description of
B. mandrillaris infection was in a mandrill monkey in the US in 1986
(9). Subsequently, in 1997 a retrospective study revealed this infection
in two western lowland gorillas, in a white-cheeked gibbon and in a
Kikuyu Colobus monkey in the same zoo as the mandrill monkey
(12). In the same year, Canfield et al. (14) reported a case in a Bornean
orangutan in New South Wales, Australia. However, it was not until
2011 when Mitz-Rensing et al. (11) reported an infection in Germany
in a gorilla. Then, Gjeltema et al. (10) described a new case involving
a gorilla in North Carolina in the US. In addition, a second case in an
orangutan was reported by Hawkins et al. (13) in the US. In this case
report, we describe the first documented case of an infection caused
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FIGURE 2

lesions.

Macroscopic findings in the necropsy of a 4-years-old male chimpanzee (Pan troglodytes verus). (A) Occipital bone presented hemorrhage lesions of
0.5 to 2 cm on the right side. (B) Encephalon showed a delimited congestive and diffuse yellowish areas in the frontal lobe of the left hemisphere.

(C) Hemorrhage on the inner side of the caudal part of the right mandible. (D) Obscured, slightly enlarged, diffuse areas with moderate congestion and
oedema in the dorsal portion of both lungs. (E) Reddish areas of 0.5 to 1 cm in diameter with multifocal distribution on the pancreas. (F) Blackish areas
of 1 to 2 cm in diameter with multifocal distribution and poorly defined contours on the gastric mucosa. Circles and a square in the images depicted all

by B. mandrillaris in Spain in an orangutan and the first case report
describing this infection in a chimpanzee (Pan troglodytes verus).
Infection requires environmental exposure to cysts or trophozoites
of B. mandrillaris and can occur in both immunocompromised and
immunocompetent hosts. Certain cases report a history of exposure
to soil or water contaminated with this amoeba at animal facilities. In
this context, cysts are highly resistant to freezing, temperatures up to
70°C, detergents, ultraviolet radiation, chlorine, and disinfectants (3,
5, 36=39). Therefore, contact with this amoeba through contaminated
soil or water in treated or disinfected facilities is still possible. In a
previous report, water samples collected in the orangutan facility from
the B. mandrillaris case infection reported by Hawkins et al. (13) tested
real-time PCR positive for this amoeba. In another retrospective study,
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direct examination of water and soil samples collected in gorilla and
mandril enclosures showed several different FLA, but none were
identified to species level (12). In the present case, the water and soil
samples obtained from the chimpanzee and orangutan facilities
revealed the presence of B. mandrillaris by multiplex qPCR, suggesting
that this could be the source of infection, based on previously reported
cases and the biology of amoebae. In this sense, the route of
B. mandrillaris infection is generally considered to be through skin
trauma (3, 40). Nevertheless, the route of exposure in our cases was
unknown. No external skin lesions were observed in either the
chimpanzee or the orangutan during the examinations or at necropsy.
Other reported potential routes of infection include inhalation or even
gastrointestinal absorption (41), suggesting these as possible routes of
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FIGURE 3

Balamuthia mandirillaris brain infection in a 4-years-old male chimpanzee (Pan troglodytes verus). (A) Granulomatous inflammation in the encephalon
(depicted by a circle). (B—D) Intralesional polygonal trophozoites with 1 to multiple nuclei and vacuolated cytoplasm were observed (Red arrows).
Hematoxylin & Eosin stain (Scale bar represents 30 pm in B and D; 20 pm in C).

infection in our cases, through the ingestion of water or direct contact
with the water source and soil in the facilities.

B. mandrillaris infections can have an onset of symptoms that
develops over weeks to years as the amoeba replicates in host
tissue, eventually causing clinical disease. The infection typically
leads to rapid deterioration of the host’s condition, with
symptoms such as headache, dysphagia, focal paralysis, seizures,
and coma (1-3, 27). In our case, the orangutan primarily
exhibited neurological symptoms, including left-sided
hemiparesis of the arm and leg, slight facial paresis, seizures,
strabismus and confusion that progressed to a comatose state
within 2 weeks of symptoms onset. In a previously reported case,
an infected orangutan showed symptoms of depression, lethargy,
inappetence and head pain (14). More recently, other case
reported neurological symptoms, including moderate ataxia,
thoracic limb muscle fasciculations, depressed mentation, and
reduced fine motor skills, with a progression of years since
symptoms onset (13). All these clinical signs align with those
observed in our orangutan case, which are typical of
B. mandrillaris infection. Nonetheless, the chimpanzee case only
presented apathy, fever and mild unilateral strabismus, leading to
death 12 days after symptoms onset.

Common pathological findings at necropsy include a necrotizing
granulomatous encephalitis with infiltration of inflammatory cells and
focal hemorrhages. Additionally, histological preparations typically
lesions  consistent  with necrotizing

reveal suppurative
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meningoencephalitis, along with fibrinoid necrosis of small blood
vessels, hemorrhage or oedema (3, 4, 10, 13, 14, 28, 42). Both current
case reports align with these usual findings. The orangutan and the
chimpanzee presented meningoencephalitis with extensive necrotic
areas and suppurative inflammation in the affected regions,
macroscopically and histologically. Extracranial lesions in hosts
infected with B. mandrillaris are often rare, but disseminated lesions
affecting other organs have been described (2, 19, 20, 28, 30, 31, 41).
In our cases, necropsy findings in the chimpanzee included moderate
congestion, oedema and hemorrhage in the gastric system, pancreas
and lungs. The orangutan showed focal acute hemorrhage in the
colon, intestines, liver and adrenal glands, and several infiltrative
inflammation and lesions in other regions. However, according to the
pathologist, these were mild findings and unrelated to the cause of
death. In this context, no secondary cause for these findings was
identified in either case. Previously reported cases in orangutans have
not documented extracranial lesions associated with this amoebic
infection (13, 14).

In most cases, the diagnosis of B. mandrillaris infection in
non-human primates is usually reported at postmortem.
Furthermore, since postmortem analysis of these animals is
uncommon in many countries, it suggests that the number of
deaths due to B. mandrillaris could be significantly higher than
reported. A further complication is that diagnosing this amoebic
infection usually requires a brain tissue biopsy for confirmatory
analysis. Balamuthia is rarely detectable in the cerebrospinal fluid
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FIGURE 4

Immunofluorescent antibody (IFA) assay specific for Balamuthia mandrillaris detection in brain tissue samples of chimpanzee (Pan troglodytes verus).
(A) Negative control. (B) Positive control with cultured amoebae. (C,D) IFA assay highlighted the presence of B. mandrillaris with bright solid green
fluorescence in chimpanzee brain tissues (polyclonal rabbit anti-Balamuthia serum).

of infected hosts, either through microscopy or PCR (4, 8, 13, 18,

, 43). In our report, a postmortem multiplex qPCR assay was
performed on brain tissue samples to confirm the final diagnosis
of B. mandrillaris infection in both orangutan and chimpanzee
cases. Recent advances in molecular biology allow for highly
sensitivity and specificity detection of this amoeba in water and
soils samples (23, 24). Likewise, we conducted an IFA assay,
which revealed stained trophozoites in the chimpanzee brain
tissue. These rapid and highly sensitive/specific assays could
facilitate earlier antemortem treatment. Concerning this, Ferris
et al. (
stored serum samples from five orangutans using a human IFA

) studied the presence of B. mandrillaris antibodies in

assay, suggesting that this may enable novel antemortem
diagnosis in individuals with symptoms consistent with an
amoebic encephalitis, which is critical for timely treatment.
Optimal treatment for B. mandrillaris encephalitis remains a
challenge. Delay in diagnosis, misdiagnosis, lack of effective drugs, and
the severity of infection, all contributing to the low survival rate (4, 8,
, 39, 43, 44). Current treatment strategies involve combination
therapy with miltefosine, fluconazole, miconazole, ketoconazole,
5-fluorocytosine, macrolides or pentamidine. The Centers for Disease
Control and Prevention (CDC) recommends a regimen including
pentamidine, sulfadiazine, flucytosine, albendazole, fluconazole,
azithromycin and miltefosine based on cases of surviving patients (28,
, 45). However, there is no specific protocol for treating this parasitic
disease. In the present case, the chimpanzee died suddenly, and no

Frontiers in

therapy was administered. The orangutan, in absence of diagnosis, was
treated with combination therapy targeting the most common causes of
encephalitis in non-human primates, but this was unsuccessful, leading
to euthanasia decision. In this regard, fluoroquinolone nitroxoline has
recently been used to successfully treat B. mandrillaris encephalitis in a
human case (46, 47). Additionally, in previously studies we demonstrate
that nitroxoline could inhibit other amoebas that cause encephalitis in
humans and animals, Acanthamoeba spp. and Naegleria fowleri
specifically, inducing a programmed cell death in these parasites (48,
). Therefore, nitroxoline may represent a promising new therapeutic
option for developing more effective therapies against B. mandrillaris.
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