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Brief Report

Systemic Acanthamoeba T17 infection in a
free-ranging two-toed sloth: case report and
literature review of infections by free-living
amebas in mammals

Daniel Felipe Barrantes Murillo,> Alexis Berrocal,
Ibne Karim M. Ali, Francisco A. Uzal'

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.

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-um 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-pum, amebic trophozoites with abundant
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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 um. Inset:
myriad, extracellular, round, 20-35-pum, 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 um. E. Perivascular double-walled encysted trophozoites
with undulating membranes. PAS. Bar=50 um. F. Encysted amebic trophozoites. Acanthamoeba spp. IHC stain. Bar=>50 pm.
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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.'®"” Encysted amebic trophozoites were posi-
tively stained with Acanthamoeba THC 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 (A4canthamoeba spp., B. man-
drillaris, N. fowleri) previously described in the literature™
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.” 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.” 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.** Additionally, T17
isolates were retrieved from soil and environmental water in
Brazil and recreational hot springs in Malaysia.***>> How-
ever, the sequences of the Malaysia isolate were later reana-
lyzed and reclassified as T18."* 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.'"* Environmental genotypes, including T7,
T9, T17, and T18, are thermotolerant and capable of induc-

ing cytopathic effects in cell cultures at 40-42°C,'"* 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.***’ An experimental study demonstrated
that the tolerance of genotypes T4, TS5, T11, and T12 to 39°C
is not correlated with pathogenicity.”* 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.” 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.'*

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.">** " 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.®**” Most FLAs are oppor-
tunistic pathogens, with the most commonly incriminated
species belonging to the genera Acanthamoeba, Balamuthia,
Naegleria, and Sappinia.®*” These microorganisms can be
found in the environment, including dust, soil, air, and water
from swimming pools, irrigation canals, hot springs, sea, and
sewers.’” Acanthamoeba is the most common FLA found in
the environment, vegetables, and stool samples from several
animal species.”%’

Methods used to detect FLAs in animal tissues include
histology, IHC, immunofluorescence, molecular methods,
such as multiplex rtPCR, and culture.”® 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.”*” Naegleria cysts are not found in tis-
sues.*%” A fourth free-living amoeba, Sappinia sp., has binu-
cleate cysts with trophozoites found in tissues.**®’

In humans, Acanthamoeba is recognized as the causative
agent of Acanthamoeba keratitis and Acanthamoeba granu-
lomatous encephalitis.** 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  Keratitis, peritonitis Culture, PCR  Spain 6
T4 [Tenerife]
Case series, 13 NS NS Acanthamoeba  Nasal and cutaneous lesions Culture, PCR  Brazil =
dogs T3,4,5,16
Survey, 27 stray NS NS Acanthamoeba  Subclinical animals, conjunctival swab PCR Turkey 3
dogs T4,5 14.6% positive rate (27 of 184)
Survey, 200 stray NS NS Acanthamoeba  Corneal swabs had a positive prevalence rate  Culture, PCR  Malaysia !
dogs castellanii T4 of 24% (48 of 200)
American M  6mo  Acanthamoeba  Multisystemic: brain, eye, kidney, spleen IHC, PCR USA 66
Staffordshire healyi T12
Terrier
Australian Blue SF 3y Balamuthia Meningoencephalitis IFA Australia 32
Heeler mandrillaris
Boxer CM 10mo  Acanthamoeba  Multisystemic: brain, heart, kidney, lungs, PCR USA 36
T1 meninges, spinal cord
Dachshund M ly Acanthamoeba ~ Multisystemic: adrenal, brain, heart, kidney, —IHC Brazil 20
sp. liver, lungs, lymph nodes, small intestine,
spleen (concurrent CDV infection)
German Shepherd NS 4y Acanthamoeba ~ Multisystemic: heart, lungs, pancreas Histology USA 3
sp.
F 6mo  Acanthamoeba  Meningoencephalitis Histology USA ’
sp.
Golden Retriever M 6y Balamuthia Multisystemic: brain, lungs IFA Australia 18
mandrillaris
Great Dane M 2y Balamuthia Bilateral nephritis, meningoencephalitis IHC, PCR USA 1
mandrillaris
Great Pyrenees M 4y Willaertia sp. Ulcerative gastritis, concurrent gastric IFA USA 6
adenocarcinoma
Greyhound NS 1y Acanthamoeba  Multisystemic: brain, lungs IFA USA >
culbertsoni
Labrador cross ly Acanthamoeba  Multisystemic: brain, heart, kidney, pancreas  Culture, IFA, USA 17
T1 PCR
Mixed breed 10y Acanthamoeba  Prostatitis Culture, PCR  Spain 4
T4 [Tenerife]
F 3mo  Acanthamoeba  Multisystemic: kidney, heart, kidney, liver, IHC Brazil 20
sp. lungs (concurrent CDV infection)
Mongrel F Sm Acanthamoeba ~ Meningoencephalitis (concurrent CAV and IFA, PCR USA >
sp. CDV pneumonia)
NS NS NS NS Multisystemic (concurrent CDV infection) NS USA 4
NS NS Acanthamoeba ~ Meningoencephalitis NS USA o
castellanii
Shih Tzu SF 14y Amebiasis* 6-y history of keratitis concurrent KCS; Histology, USA 6
lesion regressed after 2-mo treatment; no PCRT
recurrence at 9mo follow-up
Siberian Husky M 10y Acanthamoeba ~ Multisystemic: adrenal, brain, heart, IHC Brazil 20
sp. kidney, liver, lungs, lymph nodes, spleen
(concurrent CDV infection)
M 1y Balamuthia Meningoencephalitis IFA, PCR USA 1
mandrillaris
Spanish Water M 22mo  Acanthamoeba  Multisystemic: kidney, liver, lungs, spleen PCR Spain 68
Dog T4 [Tenerife]
Yorkshire Terrier CM 14y Amebiasis* 4-mo history of keratitis concurrent with Histology, USA 6
KCS; lesion regressed after 1 mo of PCRY

treatment

CAV =canine adenovirus; CDV =canine distemper virus; CM =castrated male; F=female; FLA =free-living ameba; [HC =immunohistochemistry; [FA =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.

1 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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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 NS NS Acanthamoeba Corneal swabs, 18.2% (10 of 55) Culture, PCR  Malaysia ¥
home-owned cats castellanii T4 prevalence
Survey, 2 stray cats NS NS Acanthamoeba Cornea scrapings, 3.6% detection by Culture, PCR  Spain 46
T2,4 culture (2 of 307)
Survey, 25 stray NS NS  Acanthamoeba Corneal swabs, positive prevalence rate of ~ Culture, PCR  Malaysia '
cats castellanii T4 32% (8 of 25)
DSH CM 12y Acanthamoeba T4  Ulcerative sclerokeratitis, enucleation; lost PCR USA 40
to follow-up after 36 mo
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 ~ USA 70
(10f6)

Case series, 9 cows F 10-20mo  Naegleria fowleri ~ Meningoencephalitis THC USA e
Angus cow F 4y Naegleria fowleri ~ Meningoencephalitis [HC Brazil 30

F 4y Naegleria fowleri ~ Meningoencephalitis PCR Brazil 3
Jersey cow F NS Naegleria fowleri  Encephalitis IFA Costa Rica ¥/
Mixed Frisian cow M 15mo Acanthamoeba sp.  Encephalitis Cytology, histology Egypt *
Mixed Holstein-Friesian steer CM 1y Naegleria fowleri ~ Meningoencephalitis THC Brazil 32
NS sheep F Sy Naegleria fowleri  Meningoencephalitis PCR Algeria §
Simmental cow F 45y Naegleria fowleri ~ Meningoencephalitis PCR Algeria §
Suffolk sheep F 1.5y Leptomyxid sp. Meningoencephalitis  IFA USA =

CM = castrated male; F =female; FLA = free-living amoeba; IHC =immunohistochemistry; IFA =indirect immunofluorescence assay; M =male; NS =not specified.

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.**

Acanthamoeba has a cosmopolitan distribution compris-
ing numerous habitats in soil and water from tropical to Arc-
tic regions of the world.”® Acanthamoeba is thermotolerant,
capable of surviving at temperatures above 37°C and in a
wide range of salinity, osmolarity, and pH conditions.®’
This is probably why Acanthamoeba organisms have been
found in tissue cultures, body fluids of mammals, and dis-
tilled water.”*” The life cycle of this agent comprises 2
stages. The first stage is the invasive and parasitic trophozo-
ite (8—40um) with a single nucleus and fine adherent acan-
thopodia, allowing cellular movements and predation of
other microorganisms.”” In adverse conditions that jeopar-
dize nutrient acquisition, a second stage is present, the resil-
ient uninucleate, double-walled dormant cyst (828 um)
containing an endo- and ectocyst.*’

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

endocysts and wavy endocysts; and group 3 has 19-um cysts
with ovoid endocysts and smooth-or-wavy endocysts.” Most
isolated pathogenic species belong to group 2. However, by
using PCR and sequencing of the 18S rRNA gene, Acan-
thamoeba has been classified into 23 genotypes (T1-
23).%3%%2 The most prevalent genotype is T4.*

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.”

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.”**” The only Naegleria
species that has been isolated from human cases is N. fowl-
eri.®® The life cycle includes the amebic and cystic
forms.*” B. mandrillaris is another FLA implicated in cases
of Balamuthia amebic encephalitis (BAE) and, like other
FLAs, is present in soil and water.®’ Its life cycle includes
large trophozoites (larger than Acanthamoeba and Naegle-
ria, >60um) and 3-layered cysts.”*®” 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.” Sappinia diploidea was identified only
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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 28y  Acanthamoeba sp. Pneumonia; concurrent infection with Aspergillus ~ IFA, IHC USA 3
sp., Escherichia coli, and Pseudomonas sp.
F ly  Acanthamoeba sp. Multisystemic: heart, kidney, lip, lung, IHC USA 2
submandibular lymph nodes
Thoroughbred CM 20y  Balamuthia Meningoencephalitis IFA, IHC USA 37
mandrillaris
CM 22y  Balamuthia Meningoencephalitis IFA, IHC, PCR USA 38
mandrillaris
F ly  Acanthamoeba sp. Multisystemic: brain, kidneys, lungs, IFA, IHC, PCR USA 38
tracheobronchial lymph nodes; concurrent
Salmonella enterica gastritis
M 11y Acanthamoeba Placentitis PCR Australia ’
hatchetti
Warmblood CM 20y Acanthamoeba Multisystemic: brain, lungs IFA, IHC, PCR USA 37
culbertsoni

Retrospective NS Pneumonia

study (n=156)

1-5y Acanthamoeba sp.

NS USA 56

CM =castrated male; F=female; FLA =free-living ameba; IHC =immunohistochemistry; IFA =indirect immunofluorescence assay; M=male; NS=not specified.

once, in a single non-fatal encephalitis case in a man, with
only trophozoite forms.** This ameba has been isolated from
environmental sources and feces from humans, elk, bison,
and cattle.®” 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.®* W. magna has been isolated from bovine feces and
thermal waters.*

FLA infections in animals

Naturally occurring infections caused by FLAs in domestic,
700, and wild mammals have been extensively described in
the veterinary literature since 1956* (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 1.2
SATIB206668 1 g5 frequently, fatal localized infections have
been described in the CNS causing meningoencephalitis in
dogs.”"3**317 Examples of non-lethal localized infections
reported in canine patients include cutaneous and prostatic
infections."""! 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.® Occasionally, Acanthamoeba is found in the
cornea of dogs, causing keratitis, or subclinically.*** 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, TS5, and
Tl6.5’11’13’18’32’36’51’66’68

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.*’ Studies of corneal
scrapes or swabs from stray cats have demonstrated that
these animals can harbor Acanthamoeba genotypes T2 and
T4 subclinically.'**4¢

N. fowleri is the most common FLA causing infection in
ruminants; most of the cases were associated with encephali-
tis in bovids (Table 3).%'62!3031473270 Encephalitis by Acan-
thamoeba sp. was described in a cow.”® In horses,
Acanthamoeba sp. has caused disseminated infection (Table
4)?73738, Jocalized infections were produced within the pla-
centa by A. hatchetti and in the lungs by Acanthamoeba
sp.” 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.>*

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.'®'>?#446! Disseminated
infection in a Siberian tiger was caused by B. mandrillaris.*®
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.**’”> Meningoen-
cephalitis caused by Acanthamoeba sp. and Acanthamoeba
genotype T4 was described in non-human primates.”*”!
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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 F 11y 6mo Balamuthia Meningoencephalitis IFA, PCR USA [captivity]
(Pongo pymaeus) mandrillaris
M 20y Balamuthia Meningoencephalitis IFA Australia 10
mandrillaris [captivity]
Hoffmann’s two-toed F Adult Acanthamoeba Multisystemic: eye, heart, IHC, PCR Costa Rica [free Our case
sloth (Choloepus T17 liver, lungs, spleen, ranging]
hoffmanni) stomach
Indian flying fox M  5mo Balamuthia Meningoencephalitis IFA, THC, PCR  USA [captivity] *°
(Pteropus giganteus) mandrillaris
Kikuyu colobus monkey F Sy 11mo Balamuthia Multisystemic: brain, IFA USA [captivity] ©'
(Colobus guereza mandrillaris kidney, lungs, mammary
kikuyuensis) gland
Mandrill (Papio sphynx) F 3y 10mo Balamuthia Meningoencephalitis IFA USA [captivity]
mandrillaris
Rhesus macaque M 2y Acanthamoeba ~ Meningoencephalitis IFA, PCR USA [captivity]
(Macaca mulatta) sp. (concurrent SIV
pneumonitis)
Siberian tiger (Panthera CM 17y Balamuthia Multisystemic: brain, eye, IHC, PCR USA [captivity] *®
tigris altaica) mandrillaris lungs
South-central black F 20y Naegleria Meningoencephalomyelitis IHC, PCR USA [captivity]
rhinoceros (Diceros fowleri
bicornis minor)
Tapir (Tapirus terrestris) M 6y Naegleria Meningoencephalitis IFA USA [captivity] *
fowleri
Western lowland gorilla F ly Balamuthia Meningoencephalitis IFA USA [captivity] ©
(Gorilla gorilla mandrillaris
gorilla)
F 12y Balamuthia Meningoencephalitis IFA, PCR Germany 4
mandrillaris [captivity]
M 13y 7mo Balamuthia Multisystemic: abdominal ~ IFA USA [captivity]
mandrillaris cavity, brain, kidney,
liver, lungs, spleen
22y Balamuthia Multisystemic: brain, eyes, IHC, PCR USA [captivity] »
mandrillaris kidneys, lungs, pancreas
White-cheeked gibbon M Sy Balamuthia Meningoencephalomyelitis IFA USA [captivity]
(Hylobates concolor mandrillaris
leucogenys)
White ruffed lemur M Adult Acanthamoeba ~ Meningoencephalitis PCR France »
(Varecia variegata T4 [captivity]
variegata)

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

virus.

FLA infections occur sporadically in domestic, zoo, and

Acknowledgments

wild animals with a reported fatal outcome. In companion
animals, Acanthamoeba sp. infections are more commonly
reported to cause multisystemic infections; in ruminants, N.
Jfowleri 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.

We thank the Histology Laboratory staff of the California Animal
Health and Food Safety Laboratory System, University of Califor-
nia—Davis, San Bernardino Branch for technical assistance and
slide preparation for the immunohistochemistry procedures.

Declaration of conflicting interests

The authors declared no potential conflicts of interest concerning
the research, authorship, and/or publication of this article.



8 Barrantes Murillo et al.

Funding

We did not receive any specific grant from public, commercial, or
not-for-profit funding agencies.

Disclaimer

The findings and conclusions in this report are those of the authors
and do not necessarily represent the official position of the CDC.

ORCID iDs

Daniel Felipe Barrantes Murillo https://orcid.org/0000-0002-
0744-3774
Francisco A. Uzal https://orcid.org/0000-0003-0681-1878

References

1. Abdul Basher MHB. Phylogenetic study of Acanthamoeba
isolated from stray animals corneas (cats & dogs) and envi-
ronmental samples. Master thesis. University of Malaya, 2018.
https://www.proquest.com/docview/2877956180?pg-origsite=
gscholar&fromopenview=true&sourcetype=Dissertations%20
&%20Theses

2. Alizadeh H, etal. Successful immunization against Acanthamoeba
keratitis in a pig model. Cornea 1995;14:180-186.

3. Ayers KM, et al. Acanthamoebiasis in a dog. Vet Pathol
1972;9:221-226.

4. Bailey WS, et al. Systemic amebiasis with distemper in a dog.
J Am Vet Med Assoc 1956;129:335-337.

5. Bauer RW, et al. Isolation of Acanthamoeba sp. from a grey-
hound with pneumonia and granulomatous amebic encephali-
tis. J Vet Diagn Invest 1993;5:386-391.

6. Beckwith-Cohen B, et al. Protozoal infections of the cornea
and conjunctiva in dogs associated with chronic ocular sur-
face disease and topical immunosuppression. Vet Ophthalmol
2016;19:206-213.

7. Begg AP, et al. Severe amoebic placentitis in a horse caused
by an Acanthamoeba hatchetti isolate identified using next-
generation sequencing. J Clin Microbiol 2014;52:3101-3104.

8. Benterki MS, et al. Meningoencephalitis due to the amoebo-
flagellate Naegleria fowleri in ruminants in Algeria. Parasite
2016;23:11.

9. Brofman PJ, et al. Granulomatous amebic meningoencephalitis
causing the syndrome of inappropriate secretion of antidiuretic
hormone in a dog. J Vet Intern Med 2003;17:230-234.

10. Canfield PJ, et al. Amoebic meningoencephalitis caused
by Balamuthia mandrillaris in an orangutan. Aust Vet J
1997;75:97-100.

11. Carlesso AM, et al. Characterization of isolates of
Acanthamoeba from the nasal mucosa and cutaneous lesions of
dogs. Curr Microbiol 2014;68:702—707.

12. Castro-Artavia E, et al. Potentially pathogenic Acanthamoeba
genotype T4 isolated from dental units and emergency combi-
nation showers. Mem Inst Oswaldo Cruz 2017;112:817-821.

13. Chien RC-C, et al. Canine amoebic meningoencephalitis due
to Balamuthia mandrillaris. Vet Parasitol Reg Stud Reports
2018;13:156-159.

14. Corsaro D. On the diversity and clinical importance of
Acanthamoeba spp. from Group 1. Parasitol Res 2021;120:2057—
2064.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Crossland NA, et al. Neurologic amebiasis caused by
Balamuthia mandrillaris in an Indian flying fox (Pteropus
giganteus). ] Vet Diagn Invest 2016;28:54-58.

Daft BM, et al. Seasonal meningoencephalitis in Holstein cattle
caused by Naegleria fowleri. J Vet Diagn Invest 2005;17:605—
6009.

Dubey JP, et al. Disseminated Acanthamoeba sp. infection in a
dog. Vet Parasitol 2005;128:183—187.

Finnin PJ, et al. Multifocal Balamuthia mandrillaris infection
in a dog in Australia. Parasitol Res 2007;100:423—426.
Foreman O, et al. Disseminated infection with Balamuthia
mandrillaris in a dog. Vet Pathol 2004;41:506-510.

Frade MTS, et al. Systemic acanthamoebiasis associate with
canine distemper in dogs in the semiarid region of Paraiba,
Brazil. Pesq Vet Bras 2015;35:160—164.

Fuentealba IC, et al. Amebic meningoencephalitis in a sheep. J
Am Vet Med Assoc 1992;200:363-365.

Fuerst PA, Booton GC. Species, sequence types and alleles:
dissecting genetic variation in Acanthamoeba. Pathogens
2020;9:534.

Gaide N, et al. Necrotizing meningoencephalitis in a cap-
tive black and white ruffed lemur (Varecia variegata varie-
gata) caused by Acanthamoeba T4 genotype. J] Comp Pathol
2015;153:231-235.

Gelman BB, et al. Amoebic encephalitis due to Sappinia dip-
loidea. ] Am Med Assoc 2001;285:2450-2451.

Gjeltema JL, et al. Amoebic meningoencephalitis and dis-
seminated infection caused by Balamuthia mandrillaris in a
Western lowland gorilla (Gorilla gorilla gorilla). ] Am Vet
Med Assoc 2016;248:315-321.

Gomaa N, et al. Fatal encephalitis in cattle associated with
Acanthamoeba infection in Egypt. Pak Vet J 2016;36:114-117.
Gonzalez MF, et al. Disseminated acanthamoebiasis in a horse.
Braz J Vet Pathol 2020;13:592-596.

Hawkins SJ, et al. Diagnostic evaluation of fatal Balamuthia
mandprillaris meningoencephalitis in a captive Bornean orang-
utan (Pongo pygmaeus) with identification of potential envi-
ronmental source and evidence of chronic exposure. Primates
2021;62:51-61.

He YG, et al. A pig model of Acanthamoeba Keratitis: trans-
mission via contaminated contact lenses. Invest Ophthalmol
Vis Sci 1992;33:126-133. Erratum in: Invest Ophthalmol Vis
Sci 1992;33:2577.

Henker LC, et al. Meningoencephalitis due to Naegleria fowleri
in cattle in southern Brazil. Braz J Vet Parasitol 2019;28:514—
517.

Henker LC, et al. Naegleria fowleri-associated meningoen-
cephalitis in a cow in Southern Brazil—first molecular detec-
tion of N. fowleri in Brazil. Parasitol Res 2021;120:2873-2879.
Hodge PJ, et al. Another case of canine amoebic meningo-
encephalitis—the challenges of reaching a rapid diagnosis.
Parasitol Res 2011;108:1069—-1073.

Ithoi 1, et al. Acanthamoeba genotype T4 detected in natu-
rally-infected feline corneas found to be in homology with
those causing human keratitis. Trop Biomed 2013;30:131—
140.

Kahraman M, Akin Polat Z. Are thermotolerant and osmotol-
erant characteristics of Acanthamoeba species an indicator of
pathogenicity? Turkiye Parazitol Derg 2024;48:15-20.


https://orcid.org/0000-0002-0744-3774
https://orcid.org/0000-0002-0744-3774
https://orcid.org/0000-0003-0681-1878
https://www.proquest.com/docview/2877956180?pq-origsite=gscholar&fromopenview=true&sourcetype=Dissertations%20&%20Theses
https://www.proquest.com/docview/2877956180?pq-origsite=gscholar&fromopenview=true&sourcetype=Dissertations%20&%20Theses
https://www.proquest.com/docview/2877956180?pq-origsite=gscholar&fromopenview=true&sourcetype=Dissertations%20&%20Theses

Systemic amebiasis in a two-toed sloth 9

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

Karakus M, et al. Molecular detection and genotyping of
Acanthamoeba spp. among stray dogs using conjunctival swab
sampling. Acta Trop 2016;164:23-26.

Kent M, et al. Multisystemic infection with an Acanthamoeba
sp in a dog. ] Am Vet Med Assoc 2011;238:1476-1481.
Kinde H, et al. Amebic meningoencephalitis caused by
Balamuthia mandrillaris (leptomyxid ameba) in a horse. J Vet
Diagn Invest 1998;10:378-381.

Kinde H, et al. Infections caused by pathogenic free-living
amebas (Balamuthia mandrillaris and Acanthamoeba sp.) in
horses. J Vet Diagn Invest 2007;19:317-322.

Lamien-Meda A, et al. Real-time PCR for the diagnosis of
Acanthamoeba genotype T4. Microorganisms 2022;10:1307.
Ledbetter EC, et al. Acanthamoeba sclerokeratitis in a cat. J
Am Vet Med Assoc 2020;257:1280—1287.

Lorenzo-Morales J, et al. First report of a case of prostatitis due
to Acanthamoeba in a dog. Acta Protozool 2013;52:325-329.
Lozano-Alarcon F, et al. Primary amebic meningoencephalitis
due to Naegleria fowleri in a South American tapir. Vet Pathol
1997;34:239-243.

Magliano ACM, et al. Revisiting the Acanthamoeba species
that form star-shaped cysts (genotypes T7, T8, T9, and T17):
characterization of seven new Brazilian environmental isolates
and phylogenetic inferences. Parasitology 2012;139:45-52.
Maitz-Rensing K, et al. Fatal Balamuthia mandrillaris infection
in a gorilla—first case of balamuthiasis in Germany. J Med
Primatol 2011;40:437-440.

Mohd Hussain RH, et al. Occurrence and molecular characteri-
sation of Acanthamoeba isolated from recreational hot springs
in Malaysia: evidence of pathogenic potential. ] Water Health
2019;17:813-825.

Montoya A, et al. Detection and molecular characterization
of Acanthamoeba spp. in stray cats from Madrid, Spain. Exp
Parasitol 2018;188:8-12.

Morales JA, et al. Naegleria fowleri-associated encephalitis in
a cow from Costa Rica. Vet Parasitol 2006;139:221-223.
Niedringhaus KD, et al. Fatal balamuthosis in a Siberian tiger
and a literature review of detection options for free-living amoe-
bic infections in animals. J Vet Diagn Invest 2023;35:311-316.
Nuprasert W, et al. Identification of a novel T17 genotype of
Acanthamoeba from environmental isolates and T10 genotype
causing keratitis in Thailand. J Clin Microbiol 2010;48:4636—
4640.

Pauli JN, et al. Arboreal folivores limit their energetic output,
all the way to slothfulness. Am Nat 2016;188:196-204.

Pearce JR, et al. Amebic meningoencephalitis caused by
Acanthamoeba castellani in a dog. ] Am Vet Med Assoc
1985;187:951-952.

Pimentel LA, et al. Meningoencephalitis caused by Naegleria

fowleri in cattle of northeast Brazil. Res Vet Sci 2012;93:811—

812.

Possamai CO, et al. Acanthamoeba of three morphological
groups and distinct genotypes exhibit variable and weakly inter-
related physiological properties. Parasitol Res 2018;117:1389—
1400.

Putaporntip C, et al. Analysis of Acanthamoeba genotypes
from public freshwater sources in Thailand reveals a new

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

genotype, T23 Acanthamoeba bangkokensis sp. nov. Sci Rep
2021;11:17290.

Qvarnstrom Y, et al. Multiplex real-time PCR assay for
simultaneous detection of Acanthamoeba spp., Balamuthia
mandrillaris, and Naegleria fowleri. J Clin Microbiol
2006;44:3589-3595.

Rahman A, et al. Retrospective study of pneumonia in non-rac-
ing horses in California. J Vet Diagn Invest 2022;34:587—-593.
Reed LT, et al. Diagnostic exercise. Cerebral mass in a puppy
with respiratory distress and progressive neurologic signs. Vet
Pathol 2010;47:1116-1119.

Retana-Moreira L, et al. Isolation and molecular charac-
terization of Acanthamoeba and Balamuthia mandrillaris
from combination shower units in Costa Rica. Parasitol Res
2014;113:4117-4122.

Retana-Moreira L, et al. Isolation and molecular characteriza-
tion of Acanthamoeba strains from dental units in Costa Rica. J
Eukaryot Microbiol 2015;62:733-736.

Retana Moreira L, et al. Isolation of Acanthamoeba T5 from
water: characterization of its pathogenic potential, including
the production of extracellular vesicles. Pathogens 2020;9:144.
Rideout BA, et al. Fatal infections with Balamuthia mandril-
laris (a free-living amoeba) in gorillas and other Old World
primates. Vet Pathol 1997;34:15-22.

Schroeder JM, et al. Use of subgenic 18S ribosomal DNA
PCR and sequencing for genus and genotype identification of
acanthamoebae from humans with keratitis and from sewage
sludge. J Clin Microbiol 2001;39:1903—-1911.

Schuster FL, Visvesvara GS. Free-living amoebae as opportu-
nistic and non-opportunistic pathogens of humans and animals.
Int J Parasitol 2004;34:1001-1027.

Siddiqui R, Khan NA. Biology and pathogenesis of
Acanthamoeba. Parasit Vectors 2012;5:6.

Steele KE, et al. Amebiasis in a dog with gastric ulcers and
adenocarcinoma. J Vet Diagn Invest 1997;9:91-93.

Suepaul RB, et al. Pathology in practice. ] Am Vet Med Assoc
2020;256:775-778.

Trabelsi H, et al. Pathogenic free-living amoebae: epidemiol-
ogy and clinical review. Pathol Biol (Paris) 2012;60:399-405.
Valladares M, et al. A multisystemic Acanthamoeba infec-
tion in a dog in Tenerife, Canary Islands, Spain. Vet Parasitol
2014;205:707-711.

Valladares M, et al. Molecular characterization of
Acanthamoeba strains isolated from domestic dogs in Tenerife,
Canary Islands, Spain. Arch Microbiol 2015;197:639—643.
Visvesvara GS, et al. Isolation and molecular typing of
Naegleria fowleri from the brain of a cow that died of primary
amebic meningoencephalitis. J Clin Microbiol 2005;43:4203—
4204.

Westmoreland SV, et al. Necrotizing meningoencephalitis and
pneumonitis in a simian immunodeficiency virus-infected rhe-
sus macaque due to Acanthamoeba. Vet Pathol 2004;41:398—
404.

Yaw TJ, et al. Primary amebic meningoencephalomyelitis
caused by Naegleria fowleri in a south-central black rhinoceros
(Diceros bicornis minor). ] Am Vet Med Assoc 2019;255:219—
223.





