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Brief Report

A free-ranging, adult female, two-toed sloth (Choloepus 
hoffmanni) was brought to a wildlife rescue center in Costa 
Rica with ocular and auricular myiasis and numerous skin 
lesions presumed to be caused by electric burns after climb-
ing electric wires. The animal was weak and incoordinated. 
The skin lesions were distributed over the face, nose area, 
and tongue. After admission, the sloth was dewormed, and 
systemic and topical antimicrobial treatment was applied. 
Despite the partial healing of the skin lesions, weakness and 
incoordination persisted, and the patient died one month 
after admission to the rescue center.

At postmortem examination, the cranial lobe of the left 
lung had a 3.5-cm diameter, raised, pale-tan nodular area 
(Fig. 1A). On cut surface, the nodule had pliable, soft, light-
red to pink areas alternating with firm, pale-tan to white 
areas (Fig. 1B). The right lung had numerous 0.2–0.5-cm 
subpleural blebs. The remaining organs were grossly unre-
markable.

Samples of lungs, liver, heart, spleen, eye, tongue, and 
intestine were collected and fixed by immersion in 10% neu-
tral-buffered formalin, pH 7.2, and processed routinely to 
produce 4-µm thick, H&E-stained slides. Selected sections 
were stained with periodic acid–Schiff (PAS) stain.

Histologically, alveoli were obscured and effaced by 
fibrin, and eosinophilic and karyorrhectic necrotic debris, 
intermixed with non-degenerate and degenerate neutrophils 
in extensive, multifocal-to-coalescing areas of coagulative 
necrosis of the pulmonary parenchyma (Fig. 1C). Pulmonary 
vessels within the areas of necrosis contained fibrin thrombi 
and had hyalinized vascular walls, heavily infiltrated by 
fragmented granulocyte nuclei (Fig. 1C). Myriad extracellu-
lar, round, 20–35-µm, amebic trophozoites with abundant 
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Systemic Acanthamoeba T17 infection in a 
free-ranging two-toed sloth: case report and 
literature review of infections by free-living 
amebas in mammals
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Abstract. A free-ranging, adult female two-toed sloth (Choloepus hoffmanni) was brought to a wildlife rescue center in 
Costa Rica with ocular and auricular myiasis and numerous skin lesions. After one month of unsuccessful systemic and topical 
antimicrobial treatment, the patient died. A postmortem examination was performed, and tissues were examined histologically, 
confirming disseminated amebic infection with intralesional trophozoites and cysts in the lungs, liver, eye, heart, spleen, and 
stomach. Immunohistochemistry identified the ameba as Acanthamoeba sp. A multiplex real-time PCR assay, 18S ribosomal 
DNA PCR, and sequencing performed on formalin-fixed, paraffin-embedded lung tissue confirmed the Acanthamoeba T17 
genotype. The Acanthamoeba genus is in the group of free-living amebas that cause infection in humans and animals, and 
it is ubiquitous in the environment. Acanthamoeba T17 has been isolated from water and soil, but to our knowledge, this 
genotype has not been implicated in infections of animals previously and has not been reported from Costa Rica. Systemic 
Acanthamoeba infection has not been described in sloths previously. We provide a comprehensive literature review describing 
infections by free-living amebas of the genus Acanthamoeba spp., Balamuthia spp., and Naegleria spp. in domestic, zoo, and 
wild mammals.

Keywords: Acanthamoeba T17; Choloepus hoffmanni; Costa Rica; free-living amebas; immunohistochemistry; PCR; 
systemic amebic infections; two-toed sloth; wildlife.
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Figure 1. Systemic infection caused by Acanthamoeba genotype T17 in a free-ranging, adult two-toed sloth. A. The left cranial lung lobe 
is consolidated and has a raised pale-tan nodular area. The lungs are partially fixed (tan to pale-gray discoloration), and the right lung lobe 
has normal pink coloration. B. On cut surface, the nodule shown in Figure 1A has pliable, soft, light-red to pink discolored foci alternating 
with firm, pale-tan to white areas. C. There are extensive areas of coagulative necrosis of the pulmonary parenchyma. H&E. Inset: pulmonary 
vessels had an acellular hyalinized vascular wall, heavily infiltrated by fragmented granulocyte nuclei (arrowheads); the vascular lumen is 
partly occluded by fibrin and erythrocytes (asterisk). H&E. D. The alveolar spaces are obscured and effaced by fibrin, and eosinophilic 
and karyorrhectic necrotic debris, intermixed with degenerate neutrophils and intralesional amebic trophozoites. H&E. Bar = 100 µm. Inset: 
myriad, extracellular, round, 20–35-µm, amebic trophozoites, with abundant amphophilic, lacy-to-vacuolated cytoplasm and a single round 
centric-to-eccentric karyosome (nucleus), and a single nucleolus. H&E. Bar = 50 µm. E. Perivascular double-walled encysted trophozoites 
with undulating membranes. PAS. Bar = 50 µm. F. Encysted amebic trophozoites. Acanthamoeba spp. IHC stain. Bar = 50 µm.



Systemic amebiasis in a two-toed sloth 3

amphophilic, lacy-to-vacuolated cytoplasm, and a single, 
round, centric-to-eccentric karyosome containing a single 
nucleolus congregated at the boundary of the necrotic and 
viable tissue, and were surrounded by neutrophilic infiltrate 
(Fig. 1D). Occasionally, PAS-positive, double-walled 
encysted trophozoites with undulating membranes were 
observed surrounded by degenerate neutrophils, histiocytes, 
lymphocytes, and plasma cells (Fig. 1E). Extracellular tro-
phozoites surrounded by areas of necrosis were also observed 
in liver, eye, heart, spleen, and stomach.

Selected sections of the lung were processed by immuno-
histochemistry (IHC) for Naegleri fowleri, Acanthamoeba 
sp., and Balamuthia mandrillaris using ameba-specific poly-
clonal antisera and pepsin for antigen retrieval, as described 
previously.16,19 Encysted amebic trophozoites were posi-
tively stained with Acanthamoeba IHC stain (Fig. 1F). IHC 
for N. fowleri and B. mandrillaris was negative.

Formalin-fixed, paraffin-embedded sections of the lung 
were processed for molecular testing. A multiplex real-time 
PCR (rtPCR) assay for simultaneous detection of 3 common 
pathogenic free-living amebas (Acanthamoeba spp., B. man-
drillaris, N. fowleri) previously described in the literature55 
was only positive for Acanthamoeba sp. The available 
nucleic acids subsequently underwent subgenic 18S ribo-
somal DNA PCR and sequencing for genus and genotype 
identification using the JDP1-2 primers described previ-
ously.62 The 503-bp PCR product was purified from the gel, 
sequenced, and identified using BLAST (https://blast.ncbi.
nlm.nih.gov/Blast.cgi). The sequence matched with 98.0% 
and 97.8% identity to 2 Acanthamoeba T17 genotypes (Gen-
Bank GU808279.1, GU808278.1, respectively) isolated 
from freshwater ponds in Thailand.49 Our ancillary molecu-
lar testing combined with gross and histologic findings con-
firmed systemic infection caused by Acanthamoeba genotype 
T17 (deposited in GenBank as PP400729).

A comprehensive search of Google, PubMed, CABI 
Direct, Web of Science, and Scopus, using search terms 
“Acanthamoeba T17”, “systemic amoebiasis”, “free-living 
amoeba”, “two-toed sloth”, “wildlife”, “animal” and “Cho-
loepus hoffmanni”, did not yield any reports of systemic 
amebiasis caused by Acanthamoeba T17 in domestic or wild 
animals. Similar criteria using the search terms “free-living 
amoeba”, “systemic amoebiasis”, “infection”, “domestic 
animal”, “wild animal”, and “wildlife” was used to create 
review Tables 1–5.

Acanthamoeba T17 genotype was first isolated from envi-
ronmental water samples in Thailand.49 Additionally, T17 
isolates were retrieved from soil and environmental water in 
Brazil and recreational hot springs in Malaysia.43,45,53 How-
ever, the sequences of the Malaysia isolate were later reana-
lyzed and reclassified as T18.14 T17 belongs to group 1 of 
Acanthamoeba; species and genotypes in group 1 are mostly 
environmental and considered less pathogenic than those in 
groups 2 and 3.14 Environmental genotypes, including T7, 
T9, T17, and T18, are thermotolerant and capable of induc-

ing cytopathic effects in cell cultures at 40–42°C,14 which 
suggests that they are capable of causing disease in verte-
brates. Experimental studies using the T17 environmental 
genotypes isolated from Brazil and Thailand revealed that 
the agent grew at 37°C and 42°C (Brazilian isolates); how-
ever, no growth was reported in the Thailand isolates at the 
same temperatures.42,49 An experimental study demonstrated 
that the tolerance of genotypes T4, T5, T11, and T12 to 39°C 
is not correlated with pathogenicity.34 However, this does not 
have a direct relevance in our case given that the body tem-
perature range recorded in free-ranging two-toed sloths in 
Costa Rica is 33.2–35.7°C.50 The lack of molecular testing in 
many clinical cases is a possible cause of the lack of pub-
lished reports of disease caused by this genotype.14

It is unclear whether the sloth in our case became infected 
before or after the clinical intervention at the wildlife rescue 
center. The definitive source of infection remains obscure. 
However, we speculate that the animal acquired the organ-
ism from environmental sources (water or soil) before admis-
sion to the center and the stress induced by a traumatic event 
(possible electrocution) and veterinary intervention exacer-
bated the disease. Acanthamoeba of the T17 genotype has 
not been reported previously in Costa Rica; only a few 
reports about Acanthamoeba T4 and T5 isolated from envi-
ronmental sources, such as water, shower, and dental equip-
ment units, have been published.12,58–60 Acanthamoeba 
genotype T17 infection should be considered as a differential 
diagnosis in cases of amebiasis in animals.

Free-living amebas: biology and detection

Free-living amebas (FLAs) are protozoan species that may 
infect humans and other animals.63,67 Most FLAs are oppor-
tunistic pathogens, with the most commonly incriminated 
species belonging to the genera Acanthamoeba, Balamuthia, 
Naegleria, and Sappinia.63,67 These microorganisms can be 
found in the environment, including dust, soil, air, and water 
from swimming pools, irrigation canals, hot springs, sea, and 
sewers.67 Acanthamoeba is the most common FLA found in 
the environment, vegetables, and stool samples from several 
animal species.63,67

Methods used to detect FLAs in animal tissues include 
histology, IHC, immunofluorescence, molecular methods, 
such as multiplex rtPCR, and culture.55 Subtle differences 
between the most frequently identified infective genera of 
FLAs can be noticed in histology. For example, Balamuthia 
trophozoites are more pleomorphic, have several nucleoli, 
and their cysts have 3 layers. In contrast, Acanthamoeba tro-
phozoites are less pleomorphic, and contain one nucleolus; 
cysts are 2-walled.48,67 Naegleria cysts are not found in tis-
sues.48,67 A fourth free-living amoeba, Sappinia sp., has binu-
cleate cysts with trophozoites found in tissues.24,67

In humans, Acanthamoeba is recognized as the causative 
agent of Acanthamoeba keratitis and Acanthamoeba granu-
lomatous encephalitis.64 Systemic amebic infection has a 
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Table 1. Selected cases of naturally occurred free-living amebic infection in dogs.

Breed Sex Age FLA Infection distribution Diagnosis Location Ref.

Case series, 2 dogs NS NS Acanthamoeba 
T4

Keratitis, peritonitis Culture, PCR Spain 
[Tenerife]

69

Case series, 13 
dogs

NS NS Acanthamoeba 
T3,4,5,16

Nasal and cutaneous lesions Culture, PCR Brazil 11

Survey, 27 stray 
dogs

NS NS Acanthamoeba 
T4,5

Subclinical animals, conjunctival swab 
14.6% positive rate (27 of 184)

PCR Turkey 35

Survey, 200 stray 
dogs

NS NS Acanthamoeba 
castellanii T4

Corneal swabs had a positive prevalence rate 
of 24% (48 of 200)

Culture, PCR Malaysia 1

American 
Staffordshire 
Terrier

M 6 mo Acanthamoeba 
healyi T12

Multisystemic: brain, eye, kidney, spleen IHC, PCR USA 66

Australian Blue 
Heeler

SF 3 y Balamuthia 
mandrillaris

Meningoencephalitis IFA Australia 32

Boxer CM 10 mo Acanthamoeba 
T1

Multisystemic: brain, heart, kidney, lungs, 
meninges, spinal cord

PCR USA 36

Dachshund M 1 y Acanthamoeba 
sp.

Multisystemic: adrenal, brain, heart, kidney, 
liver, lungs, lymph nodes, small intestine, 
spleen (concurrent CDV infection)

IHC Brazil 20

German Shepherd NS 4 y Acanthamoeba 
sp.

Multisystemic: heart, lungs, pancreas Histology USA 3

 F 6 mo Acanthamoeba 
sp.

Meningoencephalitis Histology USA 9

Golden Retriever M 6 y Balamuthia 
mandrillaris

Multisystemic: brain, lungs IFA Australia 18

Great Dane M 2 y Balamuthia 
mandrillaris

Bilateral nephritis, meningoencephalitis IHC, PCR USA 19

Great Pyrenees M 4 y Willaertia sp. Ulcerative gastritis, concurrent gastric 
adenocarcinoma

IFA USA 65

Greyhound NS 1 y Acanthamoeba 
culbertsoni

Multisystemic: brain, lungs IFA USA 5

Labrador cross M 1 y Acanthamoeba 
T1

Multisystemic: brain, heart, kidney, pancreas Culture, IFA, 
PCR

USA 17

Mixed breed M 10 y Acanthamoeba 
T4

Prostatitis Culture, PCR Spain 
[Tenerife]

41

 F 3 mo Acanthamoeba 
sp.

Multisystemic: kidney, heart, kidney, liver, 
lungs (concurrent CDV infection)

IHC Brazil 20

Mongrel F 5 m Acanthamoeba 
sp.

Meningoencephalitis (concurrent CAV and 
CDV pneumonia)

IFA, PCR USA 57

NS NS NS NS Multisystemic (concurrent CDV infection) NS USA 4

 NS NS Acanthamoeba 
castellanii

Meningoencephalitis NS USA 51

Shih Tzu SF 14 y Amebiasis* 6-y history of keratitis concurrent KCS; 
lesion regressed after 2-mo treatment; no 
recurrence at 9 mo follow-up

Histology, 
PCR†

USA 6

Siberian Husky M 10 y Acanthamoeba 
sp.

Multisystemic: adrenal, brain, heart, 
kidney, liver, lungs, lymph nodes, spleen 
(concurrent CDV infection)

IHC Brazil 20

 M 1 y Balamuthia 
mandrillaris

Meningoencephalitis IFA, PCR USA 13

Spanish Water 
Dog

M 22 mo Acanthamoeba 
T4

Multisystemic: kidney, liver, lungs, spleen PCR Spain 
[Tenerife]

68

Yorkshire Terrier CM 14 y Amebiasis* 4-mo history of keratitis concurrent with 
KCS; lesion regressed after 1 mo of 
treatment

Histology, 
PCR†

USA 6

CAV = canine adenovirus; CDV = canine distemper virus; CM = castrated male; F = female; FLA = free-living ameba; IHC = immunohistochemistry; IFA = indirect 
immunofluorescence assay; KCS = keratoconjunctivitis sicca; M = male; NS = not specified; SF = spayed female.
* Diagnosis was made based on the histologic morphology of the amebas.
† PCR was performed on paraffin-embedded samples from the cornea and was unsuccessful due to insufficient nucleic acids, degradation of DNA after fixation time, and quality 
of the fixative or inadequate primers.
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high mortality rate in humans due to the lack of effective 
specific antiamebic compounds. However, the use of several 
drugs including ketoconazole, fluconazole, sulfadiazine, 
pentamidine isethionate, amphotericin B, azithromycin, itra-
conazole, or rifampicin has been reported to be successful in 
a limited number of cases.64

Acanthamoeba has a cosmopolitan distribution compris-
ing numerous habitats in soil and water from tropical to Arc-
tic regions of the world.63 Acanthamoeba is thermotolerant, 
capable of surviving at temperatures above 37°C and in a 
wide range of salinity, osmolarity, and pH conditions.63,67 
This is probably why Acanthamoeba organisms have been 
found in tissue cultures, body fluids of mammals, and dis-
tilled water.63,67 The life cycle of this agent comprises 2 
stages. The first stage is the invasive and parasitic trophozo-
ite (8–40 µm) with a single nucleus and fine adherent acan-
thopodia, allowing cellular movements and predation of 
other microorganisms.67 In adverse conditions that jeopar-
dize nutrient acquisition, a second stage is present, the resil-
ient uninucleate, double-walled dormant cyst (8–28 µm) 
containing an endo- and ectocyst.67

The >24 species of Acanthamoeba described are classi-
fied morphologically into 3 groups.39 Group 1 has large cysts 
(>18 µm) with stellate endocysts and smooth ectocysts; 
group 2 has smaller cysts (<18 µm) with ovoid-to-stellate 

endocysts and wavy endocysts; and group 3 has 19-µm cysts 
with ovoid endocysts and smooth-or-wavy endocysts.63 Most 
isolated pathogenic species belong to group 2.63 However, by 
using PCR and sequencing of the 18S rRNA gene, Acan-
thamoeba has been classified into 23 genotypes (T1–
23).39,54,62 The most prevalent genotype is T4.22

The diagnosis of Acanthamoeba infection can be achieved 
by demonstration of the amebas within the infected tissue by 
histologic examination and IHC. Determination of the spe-
cies and/or genotype, however, requires molecular testing.55

Other species of FLAs implicated in human and animal 
disease are N. fowleri and B. mandrillaris. N. fowleri is the 
etiologic agent of primary amebic meningoencephalitis 
(PAM) and is found in soil and water.63,67 The only Naegleria 
species that has been isolated from human cases is N. fowl-
eri.63,67 The life cycle includes the amebic and cystic 
forms.63,67 B. mandrillaris is another FLA implicated in cases 
of Balamuthia amebic encephalitis (BAE) and, like other 
FLAs, is present in soil and water.63,67 Its life cycle includes 
large trophozoites (larger than Acanthamoeba and Naegle-
ria, >60 µm) and 3-layered cysts.63,67 When first isolated, 
Balamuthia was described as a leptomyxid ameba due to its 
similar morphologic features; however, further genotyping 
analysis revealed that it was phylogenetically different from 
the leptomyxids.63 Sappinia diploidea was identified only 

Table 2. Selected cases of naturally occurring free-living amebic infection in cats.

Breed Sex Age FLA Infection distribution Diagnosis Location Ref.

Survey, stray and 
home-owned cats

NS NS Acanthamoeba 
castellanii T4

Corneal swabs, 18.2% (10 of 55) 
prevalence

Culture, PCR Malaysia 33

Survey, 2 stray cats NS NS Acanthamoeba 
T2,4

Cornea scrapings, 3.6% detection by 
culture (2 of 307)

Culture, PCR Spain 46

Survey, 25 stray 
cats

NS NS Acanthamoeba 
castellanii T4

Corneal swabs, positive prevalence rate of 
32% (8 of 25)

Culture, PCR Malaysia 1

DSH CM 12 y Acanthamoeba T4 Ulcerative sclerokeratitis, enucleation; lost 
to follow-up after 36 mo

PCR USA 40

CM = castrated male; DSH = domestic shorthair; FLA = free-living ameba; NS = not specified.

Table 3. Selected cases of naturally occurring free-living amebic infection in ruminants.

Breed Sex Age FLA Infection distribution Diagnosis Location Ref.

Case series, 6 Holstein cows F NS Naegleria fowleri Meningoencephalitis IFA (6 of 6); PCR 
(1 of 6)

USA 70

Case series, 9 cows F 10–20 mo Naegleria fowleri Meningoencephalitis IHC USA 16

Angus cow F 4 y Naegleria fowleri Meningoencephalitis IHC Brazil 30

F 4 y Naegleria fowleri Meningoencephalitis PCR Brazil 31

Jersey cow F NS Naegleria fowleri Encephalitis IFA Costa Rica 47

Mixed Frisian cow M 15 mo Acanthamoeba sp. Encephalitis Cytology, histology Egypt 26

Mixed Holstein-Friesian steer CM 1 y Naegleria fowleri Meningoencephalitis IHC Brazil 52

NS sheep F 5 y Naegleria fowleri Meningoencephalitis PCR Algeria 8

Simmental cow F 4.5 y Naegleria fowleri Meningoencephalitis PCR Algeria 8

Suffolk sheep F 1.5 y Leptomyxid sp. Meningoencephalitis IFA USA 21

CM = castrated male; F = female; FLA = free-living amoeba; IHC = immunohistochemistry; IFA = indirect immunofluorescence assay; M = male; NS = not specified.
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once, in a single non-fatal encephalitis case in a man, with 
only trophozoite forms.24 This ameba has been isolated from 
environmental sources and feces from humans, elk, bison, 
and cattle.63,67 Willaertia magna is a thermophilic FLA simi-
lar to Naegleria, with 4 flagella and no reported infections in 
human medicine; it is non-pathogenic in mouse experimental 
models and has only been reported in ulcerative gastritis in a 
dog.63,65 W. magna has been isolated from bovine feces and 
thermal waters.63

FLA infections in animals

Naturally occurring infections caused by FLAs in domestic, 
zoo, and wild mammals have been extensively described in 
the veterinary literature since 19564 (Tables 1–5). In com-
panion animals, most of the cases have been reported in 
dogs, with a characteristic multisystemic distribution of 
infection and an almost invariably fatal outcome (Table 1).3–

5,17,18,20,66,68 Less frequently, fatal localized infections have 
been described in the CNS causing meningoencephalitis in 
dogs.9,13,32,51,57 Examples of non-lethal localized infections 
reported in canine patients include cutaneous and prostatic 
infections.11,41 Two cases of amebic keratoconjunctivitis 
were described in dogs, with similar clinical and pathologic 
features to those described in humans. Although these 2 
cases had a favorable outcome after treatment, PCR identifi-
cation of the organisms was unsuccessful, and the diagnosis 
was based only on histologic features and therefore remained 
presumptive.6 Occasionally, Acanthamoeba is found in the 
cornea of dogs, causing keratitis, or subclinically.35,69 FLA 
infections reported in dogs include those caused by B. man-
drillaris, Acanthamoeba castellanii, A. culbertsoni, A. healyi 

T12, and Acanthamoeba genotypes T1, T3, T4, T5, and 
T16.5,11,13,18,32,36,51,66,68

In cats, systemic infection by FLAs is uncommon (Table 
2), with a single report of Acanthamoeba T4 infection caus-
ing chronic sclerokeratitis in a cat.40 Studies of corneal 
scrapes or swabs from stray cats have demonstrated that 
these animals can harbor Acanthamoeba genotypes T2 and 
T4 subclinically.1,33,46

N. fowleri is the most common FLA causing infection in 
ruminants; most of the cases were associated with encephali-
tis in bovids (Table 3).8,16,21,30,31,47,52,70 Encephalitis by Acan-
thamoeba sp. was described in a cow.26 In horses, 
Acanthamoeba sp. has caused disseminated infection (Table 
4)27,37,38; localized infections were produced within the pla-
centa by A. hatchetti and in the lungs by Acanthamoeba 
sp.7,56 In pigs, naturally occurring infection by FLAs has not 
been reported commonly, but Yucatan minipigs have been 
used as animal models for research on Acanthamoeba kerati-
tis in humans.2,29

Several case reports have described clinical and fatal 
infections by FLA in zoo and wild animals in captivity; most 
of them were caused by B. mandrillaris (Table 5). This 
microorganism is a well-recognized cause of meningoen-
cephalitis, with or without systemic dissemination, in goril-
las and other non-human primates.10,15,25,28,44,61 Disseminated 
infection in a Siberian tiger was caused by B. mandrillaris.48 
N. fowleri causes sporadic infection in animals belonging to 
the order Perissodactyla, with case reports of meningoen-
cephalitis and meningoencephalomyelitis in a tapir and a 
south-central black rhinoceros, respectively.42,72 Meningoen-
cephalitis caused by Acanthamoeba sp. and Acanthamoeba 
genotype T4 was described in non-human primates.23,71

Table 4. Selected cases of naturally occurred free-living amebic infection in horses.

Breed Sex Age FLA Infection distribution Diagnosis Location Ref.

Quarter Horse F 28 y Acanthamoeba sp. Pneumonia; concurrent infection with Aspergillus 
sp., Escherichia coli, and Pseudomonas sp.

IFA, IHC USA 38

 F 1 y Acanthamoeba sp. Multisystemic: heart, kidney, lip, lung, 
submandibular lymph nodes

IHC USA 27

Thoroughbred CM 20 y Balamuthia 
mandrillaris

Meningoencephalitis IFA, IHC USA 37

 CM 22 y Balamuthia 
mandrillaris

Meningoencephalitis IFA, IHC, PCR USA 38

 F 1 y Acanthamoeba sp. Multisystemic: brain, kidneys, lungs, 
tracheobronchial lymph nodes; concurrent 
Salmonella enterica gastritis

IFA, IHC, PCR USA 38

 M 11 y Acanthamoeba 
hatchetti

Placentitis PCR Australia 7

Warmblood CM 20 y Acanthamoeba 
culbertsoni

Multisystemic: brain, lungs IFA, IHC, PCR USA 37

Retrospective 
study (n = 156)

NS 1–5 y Acanthamoeba sp. Pneumonia NS USA 56

CM = castrated male; F = female; FLA = free-living ameba; IHC = immunohistochemistry; IFA = indirect immunofluorescence assay; M = male; NS = not specified.
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FLA infections occur sporadically in domestic, zoo, and 
wild animals with a reported fatal outcome. In companion 
animals, Acanthamoeba sp. infections are more commonly 
reported to cause multisystemic infections; in ruminants, N. 
fowleri is an agent with tropism for the CNS. Zoo and wild 
animal cases are scant, with an overrepresentation of non-
human primates affected by B. mandrillaris. Environmental 
genotypes of Acanthamoeba can cause disseminated infec-
tions in people.
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Table 5. Selected cases of naturally occurring free-living amebic infection in zoo and wild animals.

Species Sex Age FLA Infection distribution Diagnosis Location Ref.

Bornean orangutan 
(Pongo pymaeus)

F 11 y 6 mo Balamuthia 
mandrillaris

Meningoencephalitis IFA, PCR USA [captivity] 28

 M 20 y Balamuthia 
mandrillaris

Meningoencephalitis IFA Australia 
[captivity]

10

Hoffmann’s two-toed 
sloth (Choloepus 
hoffmanni)

F Adult Acanthamoeba 
T17

Multisystemic: eye, heart, 
liver, lungs, spleen, 
stomach

IHC, PCR Costa Rica [free 
ranging]

Our case

Indian flying fox 
(Pteropus giganteus)

M 5 mo Balamuthia 
mandrillaris

Meningoencephalitis IFA, IHC, PCR USA [captivity] 15

Kikuyu colobus monkey 
(Colobus guereza 
kikuyuensis)

F 5 y 11 mo Balamuthia 
mandrillaris

Multisystemic: brain, 
kidney, lungs, mammary 
gland

IFA USA [captivity] 61

Mandrill (Papio sphynx) F 3 y 10 mo Balamuthia 
mandrillaris

Meningoencephalitis IFA USA [captivity] 61

Rhesus macaque 
(Macaca mulatta)

M 2 y Acanthamoeba 
sp.

Meningoencephalitis 
(concurrent SIV 
pneumonitis)

IFA, PCR USA [captivity] 71

Siberian tiger (Panthera 
tigris altaica)

CM 17 y Balamuthia 
mandrillaris

Multisystemic: brain, eye, 
lungs

IHC, PCR USA [captivity] 48

South-central black 
rhinoceros (Diceros 
bicornis minor)

F 20 y Naegleria 
fowleri

Meningoencephalomyelitis IHC, PCR USA [captivity] 72

Tapir (Tapirus terrestris) M 6 y Naegleria 
fowleri

Meningoencephalitis IFA USA [captivity] 42

Western lowland gorilla 
(Gorilla gorilla 
gorilla)

F 1 y Balamuthia 
mandrillaris

Meningoencephalitis IFA USA [captivity] 61

 F 12 y Balamuthia 
mandrillaris

Meningoencephalitis IFA, PCR Germany 
[captivity]

44

 M 13 y 7 mo Balamuthia 
mandrillaris

Multisystemic: abdominal 
cavity, brain, kidney, 
liver, lungs, spleen

IFA USA [captivity] 61

 M 22 y Balamuthia 
mandrillaris

Multisystemic: brain, eyes, 
kidneys, lungs, pancreas

IHC, PCR USA [captivity] 25

White-cheeked gibbon 
(Hylobates concolor 
leucogenys)

M 5 y Balamuthia 
mandrillaris

Meningoencephalomyelitis IFA USA [captivity] 61

White ruffed lemur 
(Varecia variegata 
variegata)

M Adult Acanthamoeba 
T4

Meningoencephalitis PCR France 
[captivity]

23

CM = castrated male; F = female; FLA = free-living ameba; IHC = immunohistochemistry; IFA = indirect immunofluorescence assay; M = male; SIV = simian immunodeficiency 
virus.
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