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Summary

A mature male, black and white ruffed lemur (Varecia variegata variegata) died in a zoological garden after a 4-
day history of lethargy and non-responsive convulsions. Necropsy and histopathological examinations revealed
acute necrotizing and haemorrhagic meningoencephalitis with intralesional amoebas confirmed by immuno-
histochemistry. Acanthamoeba T4 genotype was identified as the causative agent of the brain lesion, based on
amplification and sequencing of 18S ribosomal RNA genes. The presence of free-living amoebas in water
and mud from the lemur’s environment was investigated by morphological and molecular analyses. The
two predominant genera, representing 80% of isolated amoebas, were Naegleria spp. and Acanthamoeba spp.
All Acanthamoeba isolates belonged to the T4 genotype. To the author’s knowledge, this is the first report of a
meningoencephalitis due to Acanthamoeba T4 genotype in Lemuridae with concurrent analysis of pathological tis-
sues and environment.
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Amoebic meningoencephalitis is a life-threatening
condition in mammals recognized throughout the
world. Causative agents are ubiquitous free-living
amoebas identified as Naegleria fowleri, Acanthamoeba
spp., Balamuthia mandrillaris and Sappinia diploidea

(Visvesvara et al., 2007). N. fowleri can cause primary
acutemeningoencephalitis following water inhalation
and brain invasion through the cribriform plate (Daft
et al., 2005). In contrast, Acanthamoeba spp. and B.

mandrillaris are reported to trigger acute to chronic
meningoencephalitis after haematogenous spread
(Rideout et al., 1997; Guarner et al., 2007). For
Acanthamoeba spp., primary sites of infection include
the respiratory tract (Westmoreland et al., 2004;
Reed et al., 2010) and the skin (Rosenberg and
Morgan, 2001). Acanthamoeba spp. has been isolated
from soil, dust, sea and cool waters (Visvesvara
et al., 2007). Meningoencephalitis due to Acanthamoeba
spp. has been documented in people (Guarner et al.,
2007), dogs (Reed et al., 2010) and a captive Simian
immunodeficiency virus (SIV)-infected macaque
(Westmoreland et al., 2004). Among the 19 genotypes
described for Acanthamoeba spp. (T1 to T19), the T4
genotype is overrepresented in human disease
(Maciver et al., 2013). This report describes the first
case of amoebic meningoencephalitis due to Acantha-

moeba T4 genotype in a captive lemur, with concur-
rent analysis of pathological tissues and environment.

A 14-year-old male, black and white ruffed lemur
(Varecia variegata variegata) was presented with a his-
tory of sudden-onset lethargy, recumbency and
persistent convulsions. The lemur lived with four
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Fig. 1. Multifocal haemorrhagic necrosis in the left frontal lobe,
large and coalescing areas in the grey matter, but sparse
foci in the white matter. HE. Bar, 1 mm.

Fig. 2. Expanded VirchoweRobin spaces with Acanthamoeba tro-
phozoites (arrow) and a focus of haemorrhagic necrosis
with one double-walled cyst (*). HE. Bar, 50 mm. Inset:
trophozoites identified by IHC. Bar, 50 mm.
other congeners in a zoological garden in western
France, in an island habitat isolated from other
captive species by a narrow strip of water. This water
was drawn from a lake near the park, circulating be-
tween each island and forming a closed-circuit water
system. Following hospitalization, haematological
and serum biochemical analyses revealed marked
neutrophilic leucocytosis (17 � 109/l; reference range
0.3e6.0 � 109/l) with lymphopenia (0.55 � 109/l;
reference range 1.1e5.4 � 109/l) and a mild increase
in serum alanine aminotransferase (327 IU/l; refer-
ence range 10e210 IU/l). Despite supportive ther-
apy, which included intravenous fluids, a sedative
and antibiotics, the animal died after 4 days.

A post-mortem examination was performed within
24 h of death. Gross lesions were restricted to the brain
and meninges. On cut section, the cerebrum had
multifocal, randomly distributed, pinpoint foci of
malacia and haemorrhage, affecting the left frontal
and parietal lobes. These foci were numerous, large
and coalescing in the grey matter, but were rare
and sparse in the white matter. Prominent haemor-
rhages were observed in the surrounding meninges
and along the medial longitudinal fissure. Samples
of the brain, liver, kidney, spleen and intestine were
submitted for microbiological examination. Aerobic
bacteria were cultured on nutrient and blood agar
plates at 37�C. Clostridium spp. were cultured selec-
tively on Columbia blood agar with neomycin at
37�C under anaerobic conditions. Detection of Salmo-
nella spp. included a pre-enrichment in buffered
peptone water, enrichment in MullereKauffmann
tetrathionateenovobiocin and Rappa-
porteVassiliadis soya peptone broths and a culture
on a xyloseelysine desoxycholate agar plate at 37�C
under aerobic conditions. A Sabouraud’s agar plate
with chloramphenicol at 35�C under aerobic condi-
tions was used for fungal culture. After 48 h (for bac-
terial) and 72 h (for fungal) incubation, neither
significant bacteria nor fungi were detected.

At the time of necropsy examination, the brain was
collected and fixed in 10% neutral buffered formalin.
The fixed brain was sliced in 0.5 cm coronal sections.
Selected sections included the cerebrum at the level
of the basal ganglia, thalamus, occipital lobes and
cerebellum. Slices were processed routinely and
embedded in paraffin wax. Sections (4 mm) were
stained with haematoxylin and eosin (HE) and by
the periodic acideSchiff (PAS) reaction.

Histopathological examination of the brain
confirmed the presence of haemorrhagic and necrotic
foci (Fig. 1). The VirchoweRobin spaces were
expanded by neutrophils and fewer macrophages
(Fig. 2). The leptomeninges were markedly expanded
by congestion, haemorrhage, fibrinous exudate, neu-
trophils and occasional macrophages (Fig. 3).
Cortical lesions contained numerous double-walled
amoebic cysts and 15e30 mm diameter trophozoites,
characterized by an abundant, eosinophilic, vacuo-
lated cytoplasm and a central round nucleus with
one prominent central nucleolus (Fig. 2). The cyto-
plasm of the trophozoites was stained by PAS.

To confirm the amoebic nature of the microorgan-
isms, immunohistochemistry (IHC) was performed
on paraffin wax-embedded sections of affected cere-
brum, using a Leica BOND-III automate and the
Bond Polymer Refine Detection Kit following the
manufacturer’s instructions (Leica Biosystems, New-
castle upon Tyne, UK). Primary polyclonal rabbit



Fig. 3. Leptomeninges with congestion, haemorrhage, infiltration
by neutrophils and trophozoites (arrow). HE. Bar, 200 mm.

Table 1

Amoeba in water and mud from the lemur’s

environment

Organism Water (%) Mud (%)

Naegleria 63.9 56.1

Acanthamoeba 16.7 22.8
Vermamoeba 11.1 12.3

Nuclearia 2.8 0

Vahlkampfia 0 1.75

Tetramitus 0 5.3
Small amoebas 2.8 0

Unidentified 2.7 1.75

The % represents the proportion of a genus (e.g. Naegleria) among all

amoebas that were identified on agar plate cultures.
antisera, specific for amoebic lectins (Pasteur Insti-
tute, Paris, France), were applied at a dilution of 1
in 200 for 30min at room temperature. Immunohisto-
chemical labelling was positive (Fig. 2 inset).

Molecular identification was conducted on paraffin
wax-embedded brain tissues. DNA was extracted us-
ing the NucleoSpin� Tissue Extraction Kit following
manufacturer’s recommendations (Macher-
eyeNagel, D€uren, Germany). For identification of
Acanthamoeba spp., N. fowleri and B. mandrillaris, par-
tial 18S ribosomal RNA (rRNA) gene sequences
were amplified by polymerase chain reaction
(PCR), using primers and methods as described by
Dykova et al. (1999) for Acanthamoeba spp.,
P�elandakis and Pernin (2002) for N. fowleri and
Qvarnstrom et al. (2006) for B. mandrillaris. PCR re-
sults were positive for Acanthamoeba spp. and negative
forN. fowleri andB. mandrillaris. ForAcanthamoeba gen-
otyping, the purified PCR product was sequenced by
an automatic ABI 3730XL (Genoscreen, Lille,
France) and revealed a T4 genotype (accession num-
ber KM434770 in GenBank).

To investigate the source of infection, 2 l of 10�C
tap water and mud were taken from the lemur’s
enclosure, several weeks after the death of the lemur.
Amoebas were isolated from water samples
after filtration through 1.2 mm cellulose nitrate
membranes. Culture was assessed by inverting
membranes on non-nutrient agar plates, previously
covered with a lawn of living Escherichia coliK-12 cells
(Na2HPO4 0.66 g/l, KH2PO4 0.4 g/l and agareagar
12.0 g/l). After incubation at 30�C for 4e8 days, the
emerging fronts were observed microscopically.
Several known amoeba genera were identified
according to their morphology and quantified
by the most probable number method (Table 1).
Amplification and sequencing of 18S rRNA genes
were then performed for Acanthamoeba genotyping
and N. fowleri detection, using the same molecular
analysis as described above.

In the tap water, the two most prevalent genera
were Naegleria spp. (63.9%) and Acanthamoeba spp.
(16.7%). The same proportion was observed from
themudwith 56.1% and 22.8%, respectively. Among
the 18 isolates belonging toAcanthamoeba spp., all were
of the T4 genotype, but none of them shared complete
homology with the lemur isolate. Pathogenic N. fowl-

eri were not detected. Other identified amoebas
included Vermamoeba spp. detected in both water
(11.1%) and mud (12.3%), Vahlkampfia spp. andTet-

ramitus spp. detected only in mud (1.75% and 5.3%,
respectively) and Nuclearia spp. detected only in tap
water (2.8%).

The present report describes amoebic meningoen-
cephalitis in a captive black and white ruffed lemur,
confirmed by IHC and identified as Acanthamoeba T4
genotype by PCR and 18S rRNA gene sequencing.
Meningoencephalitis due to Acanthamoeba spp. has
been reported in the context of severe immunosup-
pression in man (Guarner et al., 2007), a non-
human primate (Westmoreland et al., 2004) and a
dog (Reed et al., 2010). In the present case, neither
previous disease nor concurrent lesions on post-
mortem examination were observed in the lemur.
Therefore, no evidence of an immunocompromised
status was found.

Invasive amoebiasis occurs in non-human primates
more commonly as gastrointestinal and systemic dis-
eases. The main agent is the enteroinvasive Entamoeba
histolytica, which is responsible for ulcerative colitis in
New World monkeys, Old World monkeys and the
great apes (Bennett et al., 1998). Haematogenous
spread to the liver, lung and brain were reported
(Bennett et al., 1998), as well as gastritis in Colobinae
(Ulrich et al., 2010). Amoebiasis due to B. mandrillaris



is rare, but has been documented in Old World mon-
keys and gorillas, as isolated meningoencephalitis or
systemic diseases (Rideout et al., 1997). In non-
human primates, Acanthamoeba infection was only re-
ported in one captive Rhesus macaque infected with
SIV. In this monkey, gross and histopathological ex-
aminations were consistent with acute necrotizing
meningoencephalitis associated with a granuloma-
tous pneumonia. The genotype of Acanthamoeba spp.
was unknown (Westmoreland et al., 2004). To the au-
thors’ knowledge, the present case provides the first
description of amoebic meningoencephalitis due to
Acanthamoeba T4 genotype in a spontaneously in-
fected, captive lemur.

For brain invasion, direct extension through the
nasal mucosa is reported to be the typical route of en-
try of N. fowleri (Daft et al., 2005), but this is reported
rarely forAcanthamoeba spp. infection inman (Lackner
et al., 2010) or in experimental infection in mice
(Culbertson et al., 1959). In the present case, all of
the organs apart from the brain were unremarkable.
Cerebral lesions were rostral and the meningitis was
prominent.Moreover, the lemur was often seen swim-
ming in the water. Consequently, nasal infection is
suspected in this case and the water was the likely
source of infection.

Naegleria spp., Acanthamoeba spp. and Vermamoeba

spp. were the most predominant free-living amoebas
isolated from the water and mud close to the lemur’s
habitat. This preponderance was described in previ-
ous reports (Delafont et al., 2013). Those three genera
were commonly found in the environment, but pro-
portions varied according to outdoor temperatures
(Rodr�ıguez-Zaragoza, 1994). Other detected free-
living amoebas included Nuclearia spp., Tetramitus

spp. and Vahlkampfia spp. These were detected less
frequently in water (Patterson, 1984; De
Jonckheere, 2007). Their pathogenicity is poorly
documented and restricted to keratitis in human
Vahlkampfia infections (Alexandrakis et al., 1998). All
Acanthamoeba isolates detected in the water and mud
belonged to the T4 genotype, as did the lemur isolate.
The T4 genotype overrepresentation in environ-
mental isolates is consistent with previous reports
(Maciver et al., 2013).

In conclusion, this report describes the first sponta-
neously arising case of acute meningoencephalitis due
to Acanthamoeba T4 genotype in a captive, outdoor
black and white ruffed lemur without evidence of con-
current immunocompromise. The abundance of
Acanthamoeba T4 genotype in the environment of this
animal supports the water as the source of infection.
These results highlight the risk of closed-circuit water
systems for captive animals in zoological gardens as a
source of infectious disease.
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