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a b s t r a c t

Members of the genus Acanthamoeba are usually free-living amoebae that are found in a
variety of ecological niches including soil, fresh and brackish water, dust in the air, heating,
ventilating, and air conditioning filters, swimming pools and hot tubs. Occasionally they
are also known to cause central nervous system infections in humans and animals. We iso-
eywords:
canthamoeba
ragopan
ndirect immunofluorescence

lated into culture an amoeba from the liver of a Temminck’s tragopan (horned pheasant)
(Tragopan temminckii) that died of amoebic infection. We identified the infecting amoeba
as Acanthamoeba sp. based on culture characteristics, cyst morphology and immunofluo-
rescence assays. Additionally, we identified the amoeba as Acanthamoeba, genotype T4, by
sequencing a diagnostic region of the nuclear small subunit ribosomal RNA gene.
CR
SU rRNA

. Introduction

Members of the genus Acanthamoeba are well known
pportunistic agents of diseases in humans and animals
Martinez and Visvesvara, 1997; Marciano-Cabral and
abral, 2003; Schuster and Visvesvara, 2004; Visvesvara
t al., 2007). Acanthamoebae can infect and cause severe
esions in the central nervous system (CNS) as well as infec-
ions of lung, skin and nasal sinus and eye in humans.
dditionally, they have caused infections with severe

isease or death in other animals including lower pri-
ates, dogs, horses, ovines, bovines, birds, reptiles, fishes

nd invertebrates (Dyková et al., 1999; Martinez and
isvesvara, 1997; Rideout et al., 1997; Walochnik et al.,
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1999; Visvesvara et al., 2007). In this report we discuss the
isolation of an amoeba that caused the death of a 5-mo-
old-female Temminck’s tragopan (Tragopan temminckii),
commonly called horned pheasants, in a zoo in OH. We
identified it as Acanthamoeba based on cyst morphology,
immunofluorescence and molecular assays.

2. Materials and methods

2.1. The case

A 5-mo-old-female Temminck’s tragopan (T. tem-
minckii) and a sibling were received by a zoo in OH from

another institution and were placed into a routine 30-
day quarantine. Prior to shipment, a physical examination,
complete blood count, and biochemical profile were within
normal limits except for elevated creatine phosphokinase.
Direct and flotation examination of the feces revealed no

http://www.sciencedirect.com/science/journal/03044017
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parasites or ova. Both birds appeared to be doing well until
the bird of the current report was found dead without any
prior clinical signs 11 days after arrival.

A post-mortem examination was conducted within 12 h
after death. Aerobic and anaerobic cultures of the bile and
aerobic culture of the lungs were obtained. Representative
samples of all organs were fixed in 10% neutral buffered
formalin, processed routinely, sectioned on a microtome
at 5.0 �m thickness, mounted on frosted glass slides, and
stained with hematoxylin and eosin (HE) for histologic
examination. Representative samples of intestines, lungs,
kidney, liver, and spleen were frozen. Portions of frozen
liver and spleen were shipped to the Centers for Disease
Control and Prevention (CDC).

2.1.1. In vitro culture
The frozen liver was thawed in a 37 ◦C water bath, cut

into small pieces, minced and divided into three portions.
One portion was inoculated into a non nutrient agar plate
coated with a layer of Escherichia coli and the second por-
tion was inoculated into a human lung fibroblast (HLF) cell
line containing 100 �g/ml gentamicin as described before
and both incubated at 37 ◦C (Schuster, 2002). Amoebae that
grew in the agar plates were also inoculated into liquid cul-
ture medium (PYG) containing 5% fetal bovine serum and
gentamicin but no bacteria (Schuster, 2002)

2.1.2. Indirect immunoflourescence
Indirect immunoflourescence (IIF) was performed on

formalin-fixed, paraffin-embedded sections of liver by
deparaffinizing and covering each section with a 1:200
dilution of one of three different rabbit antisera made
against Acanthamoeba castellanii, Balamuthia mandrillaris
and Naegleria fowleri as described previously (Visvesvara,
1987)

2.1.3. DNA extraction, PCR, and sequencing
DNA was extracted from an Acanthamoeba sp. cul-

ture (CDC: V601) derived from the liver. This sample
was designated OSU: 08-016. Total DNA was extracted
from the culture sample OSU: 08-016 using the DNeasy
kit (Qiagen, Inc., Valencia, CA). Following DNA extrac-
tion, PCR was performed to amplify the Acanthamoeba
nuclear SSU rDNA sequences using genus-specific primers
JDP1 (5′-GGCCCAGATCGTTTACCGTGAA-3′) and JDP2
(5′TCTCACAAGCTGCTAGGGGAGTCA-3′), which amplifies
a region of the SSU rDNA that permits genotypic identi-
fication of an Acanthamoeba isolate following sequence
analysis (Booton et al., 2002). This Acanthamoba genotype
identification method is based on comparing the new
sequence to a large database of sequences obtained from
our lab and others. The identification of different rDNA
genotypes was originally developed by Stothard et al.
(1998). This method placed isolates in different genotypes
if their full rDNA sequences differed by 5% or more in
sequence alignment comparisons. This resulted in 12

different Acanthamoeba genotypes at that time (Stothard
et al., 1998). Other genotypes using this methodology
have been identified since that time (Horn et al., 1999,
2002; Gast, 2001; Hewitt et al., 2003). Comparison of new
sequences obtained from this genotypically informative
sitology 170 (2010) 197–200

rDNA region to these genotype reference sequences allows
Acanthamoeba researchers to quickly determine genotype.

PCR conditions for this reaction were as follows: initial
denaturing step of 95 ◦C for 7′, followed by 35–40 cycles of
1′ @ 95 ◦C, 1′ @ 57 ◦C, and 2′ @ 72 ◦C (Booton et al., 2002,
2004; Ledee et al., 2003; Stothard et al., 1998). Ten micro-
liters of a 50 �l PCR reaction were visualized on a 1% agarose
gel. The remainder of the PCR product was prepared for
sequencing using the Qiaquik PCR clean-up kit (Qiagen,
Inc., Valencia, CA). Three microliters of Qiaquik prepared
PCR product was used directly in subsequent sequencing
reactions.

Direct sequencing reactions were performed on these
PCR amplified fragments using the ABI fluorescent auto-
mated sequencing system (Applied Biosystems). DNA
sequencing of the PCR amplimers was done with an ABI
3100 automated fluorescent sequencing system using vec-
tor primers and a set of conserved primers and methods
as described previously (Booton et al., 2004; Ledee et
al., 2003; Schroeder et al., 2001; Stothard et al., 1998).
Sequences obtained were aligned to other Acanthamoeba
spp. sequences in our database using the alignment pro-
gram MEGA 4 (Tamura et al., 2007). The Acanthamoeba sp.
sequence obtained in this study has been deposited in Gen-
Bank under the following accession number, GQ889265
from Acanthamoeba sp. culture, OSU: 08-016 (CDC: V601).

3. Results

On post-mortem examination, the bird was noted to
be thin and had lost approximately 20% of its body
weight (from 825 to 650 g). Gross examination revealed
splenomegaly and the presence of diffuse 1–2 mm white
nodules throughout the hepatic parenchyma. The ceca
were bilaterally swollen and the right cecum was filled with
caseous material. The abdominal air sacs contained brown
fluid and both kidneys were diffusely pale, swollen, and
friable.

Aerobic culture of the bile yielded a heavy growth of
non-hemolytic, rough E. coli while the anaerobic culture
was negative. Aerobic culture of the lung yielded heavy
growths of a non-hemolytic rough E. coli, Kelbsiella pneu-
moniae ss. pneumoniae, and Enterococcus faecalis.

3.1. Histopathology

The cecal lumina contained inflammatory pseudomem-
branes comprised of heterophils, fibrin, and histiocytes.
The underlying mucosa was ulcerated, and the wall had a
transmural infiltrate of mixed inflammatory cells admixed
with bacteria and amoebae. Inflammation extended onto
serosal surfaces and into the air sacs. Numerous coalescing
foci of necrosis and heterophilic to granulomatous inflam-
mation were present throughout the hepatic parenchyma
and associated with large numbers of amoebae.

Moderately increased numbers of histiocytes and

plasma cells were in the red pulp of the spleen, and some
of the histiocytes contained phagocytized cell debris or
hemosiderin. Some areas of hemorrhage and necrosis asso-
ciated with few amoebae were noted in the red pulp.
The pulmonary parenchyma was congested, the intersti-
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Fig. 1. (a) Cecum. Note ulcerated mucosa (m), inflammation and necrosis extending through the muscularis mucosa (mm), and into the submucosa (sm).
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ium was infiltrated by low numbers of heterophils and
ononuclear cells, and parabronchi were cuffed by small

ones of pigmented macrophages. A few free and phagocy-
ized amoebae were in the blood capillaries (Fig. 1a–d).

Many serosal adhesions were noted in the coelomic cav-
ty. Many of the renal tubules were dilated and contained
ccumulations of necrotic cell debris or urate precipitates.
he interstitium was infiltrated by low numbers of lympho-
ytes and plasma cells. The pancreas, oviduct, esophagus,
all bladder, great vessels, heart, brain, thyroid, and trachea
ere histologically within normal limits.

.2. Immunofluorescence analysis

Only the amoebic organisms in tissue sections that were
overed with the anti- A. castellanii serum, reacted and pro-
uced bright apple green fluorescence. They did not show
ny reactivity with any of the other sera (anti-B. man-
rillaris and anti-N. fowleri) indicating that the amoebae
elonged to the genus Acanthamoeba.

.3. In vitro culture
Amoebae grew on agar plates incubated at both 37
nd 42 ◦C and the amoebae completely covered the agar
late within 24 h and began to encyst after most of
he bacteria were consumed. The trophozoites measured
. Inset: note free amoeba (arrowhead) and phagocytized amoeba (arrow)
s), and phagocytized amoebae in the interstitium (small arrow) and in an
focus of inflammation and necrosis (n) within the red pulp. Bar = 160 �m.

approximately 8–14 �m and possessed a large nucleus
with a centrally placed large and round nucleolus. The
trophozoites were also characterized by the presence of
thorn-like filamentous projections, acanthopodia, emanat-
ing from their surface. The cysts were polygonal, measured
approximately 7–12 �m, and had double walls with the
outer cyst wall being wrinkled and the inner cyst wall
was either round or oval. The amoebae were identified as
Acanthamoeba and the isolate was labeled as CDC: V600.
Amoebae also grew in the cell culture flasks although it
took several days before they became discernible.

3.4. PCR and sequencing

PCR amplification using Acanthamoeba genus-specific
primers JDP1 and JDP2 produced a single band of the
expected size from DNA extracted from OSU: 08-016
(CDC: V600). Comparative sequence analysis of the Acan-
thamoeba sequence obtained from the tragopon to other
sequences using this diagnostic fragment determined it
was genotype T4 acanthamoebae.
4. Discussion

Gross and histologic changes in this case are typical of
fatal amoebiasis as seen in other species of birds and acan-
thamoebiasis recently reported in a toucan (Visvesvara et
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Walochnik, J., Hassl, A., Simon, K.I., Benyr, G., Aspock, H., 1999. Isolation
and identification by partial sequencing of the 18S ribosomal gene
of free-living amoebae from necrotic tissue of Basiliscus plumifrons.
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al., 2007). The pattern of lesions suggests that the infection
developed in the cecum and then spread hematogenously
to other tissues. Inflammation and necrosis associated with
the presence of the amoebae in these tissues generally was
severe and death was attributed to these lesions.

Small free-living amoebae belonging to the genera
Acanthamoeba and Naegleria have been known to inhabit
soil and fresh water and feed on bacteria and detritus
(Martinez and Visvesvara, 1997; Schuster and Visvesvara,
2004). B. mandrillaris, has been isolated only a few times
from soil (Schuster and Visvesvara, 2004). Balamuthia
amoebae do not feed on bacteria but are believed to feed on
other small amoebae present in the milieu. The nutritional
requirements of this amoeba are not clearly understood.

Several species of Acanthamoeba (A. castellanii, A. cul-
bertsoni, A. healyi, A. polyphaga, A. rhysodes), the only known
species of Balamuthia, B. mandrillaris, and only one species
of Naegleria, N. fowleri have been known to cause CNS
infection in humans, primates including gorillas, baboons,
and gibbons, and other mammals including dogs, cattle,
buffalo, horses and kangaroo (Martinez and Visvesvara,
1997; Schuster and Visvesvara, 2004; Visvesvara and Stehr-
Green, 1990). Furthermore, Acanthamoeba is known to
cause a sight-threatening infection of the human cornea,
Acanthamoeba keratitis (Martinez and Visvesvara, 1997).
N. fowleri has recently been found to cause infections in a
South American tapir and cattle (Daft et al., 2005; Lozano-
Alarcon et al., 1997).

A recent study, based on sequencing of the SSUrRNA
gene, has shown that several Acanthamoeba isolates from
fish and those associated with Acanthamoeba keratitis,
belong to the same T4 phylogenetic grouping, suggesting
that features that enable these amoebae to infect animals
may also help these amoebae to infect humans (Dyková et
al., 1999). These amoebae have been described as amphi-
zoic amoebae (Page, 1988) because of their ability to live
within animal tissue and exist as free-living organisms in
nature.

In summary, in this study we have shown that an Acan-
thamoeba strain with the same genotype (T4) capable of
causing infections in humans and other animals can also
cause a fatal infection in the horned pheasant T. temminckii.
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