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ABSTRACT:  Iridoviruses of the genus Ranavirus are well known for causing mass mortality events
of fish and amphibians with sporadic reports of infection in reptiles. This article describes five
instances of Ranavirus infection in chelonians between 2003 and 2005 in Georgia, Florida, New
York, and Pennsylvania, USA. Affected species included captive Burmese star tortoises
(Geochelone platynota), a free-ranging gopher tortoise (Gopherus polyphemus), free-ranging
eastern box turtles (Terrapene carolina carolina), and a Florida box turtle (Terrepene carolina
bauri). Evidence for Ranavirus infection was also found in archived material from previously
unexplained mass mortality events of eastern box turtles from Georgia in 1991 and from Texas in
1998. Consistent lesions in affected animals included necrotizing stomatitis and/or esophagitis,
fibrinous and necrotizing splenitis, and multicentric fibrinoid vasculitis. Intracytoplasmic inclusion
bodies were rarely observed in affected tissues. A portion of the major capsid protein (MCP) gene
was sequenced from each case in 2003-2005 and found to be identical to each other and to Frog
virus 3 (FV3) across 420 base pairs. Ranavirus infections were also documented in sympatric
species of amphibians at two locations with infected chelonians. The fragment profiles of HindI11-
digested whole genomic DNA of Ranavirus, isolated from a dead Burmese star tortoise and a
southern leopard frog (Rana utricularia) found nearby, were similar. The box turtle isolate had a
low molecular weight fragment that was not seen in the digestion profiles for the other isolates.
These results suggest that certain amphibians and chelonians are infected with a similar virus and
that different viruses exist among different chelonians. Amphibians may serve as a reservoir host
for susceptible chelonians. This report also demonstrated that significant disease associated with
Ranavirus infections are likely more widespread in chelonians than previously suspected.
Key words:  FV3, iridovirus, Ranavirus, reptiles, tortoises, turtles.

INTRODUCTION populations (Klemens, 2000). Two thirds of

all species of freshwater turtles and tortois-

It has been suggested that chelonian es are currently listed as threatened on the
(turtles and tortoises) populations face a  International Union for Conservation of
more serious threat than that posed by Nature (IUCN) Red List of Threatened
the well-publicized decline of amphibian Species (Turtle Conservation Fund, 2002).
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Chelonians have low fecundity, low juve-
nile survival rates, and long adult life spans,
a life-history strategy in which loss of adult
animals (such as loss by disease) has a
significant impact on population recovery
(Heppell, 1998). Emerging infectious dis-
eases have been increasingly recognized as
factors influencing wildlife health and
populations (Harvell et al., 1999; Daszak
et al., 2000). Although mycoplasmosis has
been postulated to contribute to declines of
some tortoise species (USFWS, 1994), the
cause(s) of mass mortality events in wild
chelonian populations often remains unde-
termined (Flanagan, 2000; Dodd, 2001).

Among the emerging diseases of wild-
life, iridoviruses, in the genus Ranavirus,
are well known for causing mass mortality
events of fish and amphibians (Langdon
and Humphrey, 1987; Daszak et al., 1999;
Green et al., 2002). Iridovirus infections
have also been sporadically described in
reptiles, including snakes (Hyatt et al.,
2002), lizards (Marshang et al., 2005) and
chelonians. In chelonians, iridovirus infec-
tions have been reported in captive
Hermann’s tortoises (Testudo hermanni;
Heldstab et al., 1982; Muller et al., 1988;
Marschang et al., 1999), farmed soft-
shelled turtles (Chen et al., 1999) and
captive eastern box turtles (Terrapene
carolina carolina; De Voe et al., 2004).
Two ranaviruses identified in an exotic
tortoise (Testudo horsfieldii) and a box
turtle in the United States were found to
be closely related to frog virus 3 (FV3) and
designated as tortoise virus 5 (TV5) and
turtle virus 3 (TV3), respectively (Mao et
al., 1997). The only reports of iridovirus
infections in free-ranging chelonians in-
volved a gopher tortoise (Gopher polyphe-
mus) in Florida, USA (Westhouse et al.,
1996), and a box turtle in Tennessee, USA
(Allender et al., 2006), with signs of
respiratory disease.

This report identifies Ranavirus infec-
tions in five recent chelonian deaths or
mortality events from Georgia, Florida,
New York, and Pennsylvania, USA, and in
archived material recovered from previ-
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ously unexplained mass mortality events in
1991 from Georgia, USA, and in 1998
from Texas, USA. This demonstrates a
previously undescribed geographic extent
of chelonian Ranavirus infections and
suggests that ranaviruses may be more
important pathogens of free-ranging che-
lonians than anticipated from previous
reports. We also present molecular evi-
dence for an identical or similar virus in
frogs in the vicinity of one of the chelonian
epizootics, suggesting that amphibians
could serve as reservoir hosts for cheloni-
ans.

MATERIALS AND METHODS

Animals

Burmese star tortoises: Three female and two
male captive Burmese star tortoises (Geoche-
lone platynota) were kept in an outdoor
enclosure at St Catherine’s Island Wildlife
Survival Center, Georgia (31°40'N, 81°10'W)
since April 2001. In early June 2003, two
female and one male tortoise began showing
clinical signs, consisting of nasal discharge,
conjunctivitis, and severe subcutaneous edema
of the neck (Fig. 1A). The tortoises were
treated with antimicrobials and were soaked
daily for 90 min in warm water.

One female tortoise died 3 days after
developing clinical signs, and yellow-white
caseous plaques were observed on the tongue
at necropsy. Oral antiviral therapy and intra-
coelomic fluids were then initiated in the
surviving tortoises. Subsequently, six adult
southern leopard frogs (Rana utricularia) were
collected from within the tortoise pens and
one was collected from a pond nearby. One of
the frogs from the pen was found moribund,
whereas others appeared healthy. All frogs
were euthanatized with a concentrated solu-
tion of methane tricaine sulfonate (MS-222)
followed by decapitation. Tissues (see below)
from the dead tortoise and the leopard frogs
were submitted for histopathology, virus iso-
lation, and polymerase chain reaction (PCR)
for determining presence of certain DNA
sequences of Ranavirus and Herpesvirus.

Gopher tortoise: A wild gopher tortoise (Go-
pherus polyphemus) was found circling on a
road in north-central Florida (29°86'N,
82°22'W) on 25 July 2003 and brought to the
University of Florida, College of Veterinary
Medicine Zoological Medicine Service, for
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Ficure 1.

evaluation and treatment. On presentation it
exhibited palpebral swelling and ocular and
nasal discharge (Fig. 1B). The tortoise was
treated with intracoelomic fluid twice daily;
was allowed to soak in shallow, warm water for
20 min a day; and was started on antimicrobial
therapy. The tortoise’s condition continued to
decline, and it was euthanized with intrave-
nous Beuthanasia-D solution (Schering-
Plough Animal Health Corp., Kenilworth,
New Jersey, USA) on 29 July 2003. A complete
necropsy was performed, and tissues were
submitted for histopathology, PCR, and virus
isolation.

Eastern box turtles: A 200-ha, gated and fenced
area within a private nature sanctuary in
Venango County, Pennsylvania, (41°43'N,
79°93'W) was created as a study site for
relocated box turtles. All box turtles within the
study site were radiotelemetered and tracked
regularly, and no box turtles were present at
the site before the release of the relocated
turtles. During the summer of 2003, there
were 32 adult and 34 head-started juvenile
turtles. Turtles were observed every 5 days to
determine their health status and location.
From 15 August to 20 November 2003, 15

Gross lesions associated with iridovirus infections in turtles and tortoises. (A) Photograph of the
Burmese star tortoise with nasal discharge and palpebral and cervical edema. (B) Photograph of the wild
Gopher tortoise with nasal discharge and palpebral edema. (C) Photograph of the wild Florida box turtle with
palpebral edema and ocular discharge. (D) Photograph of caseous plaques in the oral cavity of a box turtle.

(23%) of the 66 turtles died. Box turtles had
lived in this sanctuary without signs of illness
for 4 yr preceding this epizootic. Many of the
turtles were considered healthy approximately
4 to 8 days before being found either mori-
bund or dead. Nine of the turtles were found
dead, whereas six were found moribund with
palpebral edema, ocular discharge, and fluid
draining from the mouth. Moribund turtles
were taken out of the preserve, treated with an
ophthalmic ointment in the eyes, soaked daily
in warm water, and given a temperature
gradient. Two turtles were started on antimi-
crobials and one of the two also received a
parasiticide. All moribund turtles died within
hours to days after being found exhibiting
signs of illness. In May 2004, three freshly
dead green frog tadpoles (Rana clamitans)
with marked cutaneous erythema were col-
lected from a pond at the nature preserve.
Tissues from five turtles collected in 2003 and
from the tadpoles collected in 2004 were
submitted for histopathology, PCR, and virus
isolation.

Two wild box turtles were found moribund
with ocular discharge and swelling, as well as
aural abscesses and yellow caseous plaques in
the oral cavity in Suffolk County, New York,
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USA (40°51’'N, 72°52'W) on 2 August 2005.
They were observed near the edge of a drying
pond that is used by many pond-breeding
amphibians, including green frogs (Rana
clamitans) and bullfrogs (Rana catesbeiana).
These animals were taken to a local wildlife
rehabilitator, where one died overnight. The
carcass was then put in a freezer for later
evaluation. The other had the aural abscesses
drained and was treated with antimicrobials,
but its health continued to decline until its
death on 1 September 2005. This turtle was
put on ice and, along with the frozen
specimen, sent to the University of Florida
for histopathology, PCR, and virus isolation.

Florida box turtle: A wild Florida box turtle
(Terrepene carolina bauri), found in north
central Florida (29°42'N, 82°23'W) in Octo-
ber 2004, was submitted to the Zoological
Medicine Service, College of Veterinary Med-
icine, University of Florida, for treatment. The
box turtle exhibited palpebral edema, nasal
and ocular discharge (Fig. 1C), and had
yellow-white caseous plaques in the oral cavity
(Fig. 1D). The turtle was administered fluid
intracoelomically with B vitamins daily and
was started on analgesics to alleviate pain.
Because of failure to respond to therapy and a
poor prognosis, the turtle was euthanized
3 days after admission with intravenous
Beuthanasia-D solution. A complete necropsy
was performed and tissues submitted for
histopathology, PCR, and virus isolation.

Past mortality events: Tissues from two previous
box turtle epizootics of undetermined etiology
were examined. In July and August 1991, more
than 30 eastern box turtles were found dead in, or
near, water sources in Murray county (34°45'N,
84°47"W), northwest Georgia, USA (Dodd,
2001). Two moribund turtles were found exhib-
iting lethargy and had ocular discharge and
caseous white plaques in the oral cavity. One
turtle also had a subcutaneous abscess caudal to
the left eye. Both turtles were submitted for
necropsy. In 1998, several eastern box turtles and
other unspecified turtle species died suddenly in
a private collection in Texas, USA (Dodd, 2001).
Archived paraffin blocks for histologic examina-
tion were obtained from two box turtles from the
Georgia, USA, and one box turtle from Texas,
USA, die off and were re-evaluated using light
and transmission electron microscopy.

Necropsy and histopathology

At necropsy, tissues were collected from all
major organ systems of the following tortoises,
turtles, and amphibians: Burmese star tortoise

(n=1), gopher tortoise (n=1), eastern box
turtles (Pennsylvania [n=5], Georgia [n=2],
New York [n=1], and Texas [n=1], USA),
Florida box turtle (n=1), southern leopard
frog (n=7), and green frog tadpoles (n=3).
Tissues were fixed in neutral-buffered 10%
formalin, dehydrated in graded alcohols,
embedded in paraffin, sectioned at 6 pm,
and stained with hematoxylin and eosin.
Tongue, liver, and spleen of each chelonian
were collected and frozen at —80 C for
detecting DNA sequences of Ranavirus and
Herpesvirus using PCR and virus isolation.
Tongue, liver, and spleen of each amphibian
were likewise collected and frozen at —80 C
for subsequent detection of DNA sequences of
Ranavirus using PCR and virus isolation.

Nucleotide amplification, sequencing, and
sequence analysis

DNA was extracted from chelonian and
amphibian tissues, and cells were cultured for
virus isolation using the DNeasy kit (Qiagen,
Valencia, California, USA). Five 5-pum-thick,
paraffin-embedded sections from box turtles
from the 1991 and 1998 mortality events were
extracted using the DNeasy kit, following the
protocol for paraffin-embedded tissue. Sense
primer (5'-GACTTGGCCACTTATGAC-3")
and antisense primer (5'-GTCTCTGGAGAA-
GAAGAA-3'), as previously described (Mao et
al., 1997), were used to amplify approximately
500 base pairs in the N terminus portion of the
Ranavirus major capsid protein (MCP) gene.
A 50-ul reaction mixture was run, which
contained 4 ml extracted DNA; 1 uM of each
primer; 200 uM each of dATP, dCTP, dGTP,
and dTTP; and 2.5 U of Tag DNA polymerase
and PCR buffer containing 50 mM KCI,
10 mM Tris-HCI, and 1.5 mM MgCl, (Ep-
pendorf, Westbury, New York, USA). The
mixtures were amplified in a thermal cycler
(PCR Sprint, Thermo Hybaid, Ashford, Mid-
dlesex, UK) with an initial denaturation at
94 C for 2.5 min, followed by 25 cycles of
denaturation at 94 C for 30 sec.; annealing at
50 C for 30 sec; extension at 72 C for 30 sec.,
and a final extension step at 72 C for 10 min,
as previously described (Marschang et al.,
1999). The same extracted DNA from the
chelonian tissues was evaluated by PCR for
the presence of chelonian herpesvirus(es). A
nested consensus PCR was performed, as
previously described, to detect a portion of
the herpesvirus DNA dependent DNA poly-
merase (VanDevanter et al., 1996).

Any PCR products were resolved in 1%
agarose gels, and bands were excised and
purified using the QIAquick gel extraction kit
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(Qiagen). Products were sequenced in both
directions directly using the Big-Dye Termi-
nator Kit (Perkin-Elmer, Branchburg, New
Jersey) and analyzed on ABI 377 automated
DNA sequencers at the University of Florida’s
Sequencing Center.

Virus isolation

Turtle heart cells (TH-1; American Type Cell
Culture [ATCC], Manassas, Virginia, USA)
were seeded into 25-cm? flasks (Costar, Corn-
ing, New York, USA). Cells were cultured in
Dulbecco’s Modified Eagle Medium (DMEM,
Gibco, Carlsbad, California, USA), supple-
mented with 5% fetal bovine serum (Gibco),
gentamicin (60 mg/l; Sigma, St. Louis, Mis-
souri, USA), penicillin G (120,000 U/1), strep-
tomycin (120,000 U/l), and amphotericin B
(300 pg/l) (Sigma), and cultured to confluency.
A small piece of spleen or liver from each case
was homogenized in separate 5-ml tissue
grinders containing DMEM. Part of each
homogenate was applied to a flask of confluent
monolayer of TH-1 cells, whereas the other was
passed through a 0.45-pm filter (Costar) onto
another flask of cells. Cells were incubated at
28 C. Flasks were observed daily for cytopathic
effect (CPE).

Transmission electron microscopy

Second-passage TH-1 cell monolayers (75-
mm? flasks), inoculated with first-passage
isolates from homogenates of kidney tissue
collected at necropsy from the Burmese star
tortoise and the gopher tortoise, were exam-
ined by transmission electron microscopy
(TEM). Cells were harvested 3 days after
inoculation (2 days after observation of CPE)
and centrifuged at 4,500 X G for 10 min.
Supernatant was discarded, and the remaining
pellet was suspended in Trump’s fixative (4%
paraformaldehyde, 1% glutaraldehyde). Cells
were postfixed in osmium tetroxide, dehydrat-
ed in graded alcohols, and embedded in
Spurr’s resin. Ultrathin sections were stained
with uranyl acetate and lead citrate and were
viewed using a Hitachi H7000 transmission
electron microscope at the University of
Florida Electron Microscopy Laboratory.

Paraffin-embedded spleen from a box turtle
from the 1991 mass mortality event in Georgia,
USA, and paraffin-embedded trachea from a
box turtle from Texas, USA, from the 1998
mass mortality event were deparaffinized in
xylene, embedded in Spurr’s resin, sectioned
for TEM, and examined as described for cell
culture.

Skin from the necropsied Burmese star
tortoise was placed in Trump’s solution
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(McDowell and Trump, 1976) and submitted
to the Athens Diagnostic Laboratory, Univer-
sity of Georgia for TEM. Tissue was postfixed
in osmium tetroxide, dehydrated in graded
alcohols, and embedded in epoxy. Ultrathin
sections were stained with uranyl acetate and
lead citrate and examined with a JEOL JSM-
1210 transmission electron microscope.

Restriction enzyme analysis

Frog virus 3 was obtained from ATCC and
served as the positive control for comparative
purposes with the viruses isolated in this study.
Frog virus 3 and second-passage isolates of
tissue homogenates from the Burmese star
tortoise and southern leopard frog that were
collected at the same site, and a box turtle
isolated from the Pennsylvania mortality event,
were inoculated onto TH-1 cells. Once CPE
was observed, viral DNA was radiolabeled with
[methyl—SH] thymidine, extracted, and digested
with the endonuclease HindIII, as previously
described (Mao et al., 1999). Restricted DNA
fragments were separated on a 0.7% agarose
gel, after which, the gel was impregnated with
Enhance (Perkin Elmer, Wellesley, Massachu-
setts, USA) according to the manufacturer’s
directions, and the radiolabeled fragments were

detected by fluorography.

RESULTS

Findings are summarized in Table 1 and
were similar in the Burmese star tortoise,
gopher tortoise, and box turtles that were
examined. The most commonly observed
lesions were necrotizing and ulcerative
stomatitis or esophagitis, fibrinous and
necrotizing splenitis, and multicentric fibri-
noid vasculitis. Lesions in the oral cavity and
esophagus were characterized by near-
diffuse mucosal erosion and ulceration with
surfaces covered by a thick coagulum
comprised of fibrin, degenerate heterophils,
sloughed epithelial cells, and bacterial
colonies (Fig. 2). Lesions in the spleen
consisted of disruption of the white pulp,
and to a lesser degree, the surrounding red
pulp, by deposits of fibrin admixed with
karyorrhectic debris and by infiltrations of
small numbers of heterophils (Fig. 3). There
was frequently mild to marked red pulp
congestion and/or hemorrhage. Fibrinoid
vasculitis with thrombosis was observed in
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JOURNAL OF WILDLIFE DISEASES, VOL. 44, NO. 4, OCTOBER 2008

Pathologic, virologic, and polymerase chain reaction (PCR) findings in tortoises and box turtles

PCR for
Ranavirus Electron
Species, state, Histologic Inclusion bodies MCP gene Virus microscopy of
year lesions observed sequences isolation tissues
Burmese star S, E, Spl, Yes (endothelial Positive Positive Positive
tortoise, H, G, C, cells, tongue and
Georgia, USA, K,V hematopoietic
2003 cells)
Gopher tortoise, S, Spl, H, Yes (hematopoietic Positive Positive NP
Florida, USA, C, K,V cells)
2003
Box turtle, S, E, Spl, Yes (endothelial, Positive Positive NP
Pennsylvania, G T,V esophagus,
USA, 2003 stomach,
trachea)
Box turtle, E, Spl, No Positive Positive NP
Pennsylvania, VvV, H
USA, 2003
Box turtle, E, Spl, No Positive Positive NP
Pennsylvania, V, H
USA, 2003
Box turtle, S, Spl No Positive Positive NP
Florida, USA,
2004
Box turtle, S, Spl, G, Yes (tongue, Positive Positive NP
New York, T,K, V stomach)
USA, 2005
Box turtle, Spl, T, H Yes (trachea) NP NP Positive
Texas, USA,
1998
Box turtles, Spl Yes (spleen) NP NP Positive

Georgia, USA,
1991

* MCP = major capsid protein; S = stomatitis; E = esophagitis; Spl = splenitis; H = hematopoietic tissue necrosis; G =
gastritis; C = conjunctivitis; K = glomerulonephritis; T = tracheitis; V = vasculitis; NP = not performed.

splenic-sheathed capillaries (ellipsoids) in all
animals and, to varying degrees, in other
locations, including oral mucosa, esophagus,
stomach, intestine, skin, lung, heart, and
liver. Several animals had mild to moderate
degrees of necrosis of hematopoietic tissue
in the kidney, liver, and bone marrow.
Multifocal necrotizing tracheitis, gastritis,
or glomerulonephritis were observed in
three animals, whereas conjunctivitis was
observed in two. In five of nine cases
examined histologically, rare basophilic in-
tracytoplasmic inclusion bodies suggestive
of iridovirus infection were observed within
epithelial cells of the oral mucosa, esopha-
gus, stomach and trachea, and/or within

endothelial cells, macrophages (Fig. 4), and
hematopoietic progenitor cells.

Necrosis of hepatic and renal hemato-
poietic tissues with rare basophilic intra-
cytoplasmic inclusion bodies consistent
with iridovirus infection was observed in
the moribund southern leopard frog from
the Burmese star tortoise pen in Georgia,
USA, and in one green frog tadpole from
the site in Pennsylvania, USA.

PCR and sequence analysis

PCR for the Ranavirus MCP gene
yielded DNA fragments approximately 420
base pairs in length. After sequencing of the
fragments, and exclusion of the primer, the
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Ficure 2. Esophagus, eastern box turtle. There is diffuse necrosis and ulceration of the mucosa and
replacement by fibrin (F), infiltrations of heterophils (II), and superficial bacterial colonies (arrows). H&E
stain. Bar=200 pm.

sequences of the gopher tortoise, star
tortoise, all box turtles, southern leopard
frog, and green frog were all identical. The
sequences were compared with known
sequences in GenBank (National Center
for Biotechnology Information [NCBI],
Bethesda, Maryland, USA), European Mo-
lecular Biology Laboratory Nucleotide Se-
quence Database (EMBL-Bank; Cam-
bridge, UK), and Data Bank of Japan
(Mishima, Shizouka, Japan) databases using
TBLASTX (NCBI; Altschul et al., 1997).
The TBLASTX results for the sequences all
showed the highest score with FV3 capsid
protein  gene (GenBank accession
AF157769). Polymerase chain reaction of
DNA extracted from paraffin-embedded
sections of tissue from box turtles from the
1991 and 1998 die offs were negative. All
tortoises and box turtle samples were

negative by PCR for the presence of
herpesvirus.

Virus isolation

All TH-1 cells infected with tissue
homogenates from the dead turtles and
tortoises had cytopathic effects (CPE) that
consisted of cell rounding and lysis 2 to
3 days postinoculation. Flasks that con-
tained both filtered tissue homogenate as
well as unfiltered tissue homogenate
showed CPE. The Burmese star tortoise
isolate was also passaged onto fathead
minnow cells (ATCC), which subsequent-
ly exhibited similar CPE.

Transmission electron microscopy

Using TEM, the cell cultures infected
with tissue homogenates from the Burmese
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Ficure 3. Spleen, eastern box turtle. There is
disruption of the white and red pulp with deposits of
fibrin (arrow) admixed with karyorrhectic debris, and
infiltrations of small numbers of heterophils. H&E
stain. Bar=500 pm.

star and gopher tortoises showed large
numbers of icosahedral shaped viral
particles that were consistent in size
(approximately 130 nm) and shape with
an iridovirus (Fig. 5). Similar viral particles
were observed within intracytoplasmic
inclusion bodies in endothelial cells and
macrophages of the skin in the Burmese
star tortoise, within the cytoplasm of
unidentified cells in the spleen of a 1991
box turtle from Georgia, USA, and within
intracytoplasmic inclusion bodies of degen-
erate respiratory epithelial cells of the

Ficure 5. Transmission electron micrograph
(TEM) of Terrapene heart cells inoculated with liver
tissue from the Burmese star tortoise demonstrating
cytoplasmic arrays of iridovirus-like particles. Uranyl
acetate and lead citrate stain. Bar=1 um.

trachea in the 1998 box turtle from Texas,
USA (Fig. 6).

Restriction enzyme analysis

Whole viral genomic endonuclease re-
striction using HindIII demonstrated iden-
tical restriction patterns between the
Burmese star tortoise isolate and southern
leopard frog isolate. Both had identical
profiles to FV3 (Fig. 7). Compared with the
other isolates, the box turtle isolate from the
Pennsylvania, USA, site had a slightly
different pattern. It had a similar restriction

FIGURE 4. Epicardium, Burmese star tortoise.
Arrows depict basophilic intracytoplasmic inclusion
bodies in a macrophage and endothelial cell. The
lumen of the blood vessel contains a fibrin thrombus
(F). H&E stain. Bar=50 pm.

Ficure 6. Transmission electron micrograph
(TEM) of paraffin embedded spleen from a box
turtle that died in 1991 in Georgia, USA. There are
icosahedral virus particles compatible with an
iridovirus. Bar=200 nm.
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Ficure 7. Ranavirus DNA radiolabeled with
[methyl-*H] thymidine and digested with the endo-
nuclease HindIII. Lanes 1, 2, 3, and 4 represent
Ranavirus DNA fragments from Frog virus 3,
Burmese star tortoise, Southern leopard frog, and
box turtle respectively. Sizes (in Kb) of the fragments
are shown to the right.

pattern to TV3 and TV5, as previously
described by Mao et al. (1997) for isolates
from a box turtle and Russian tortoise,
respectively.

DISCUSSION

Emerging infectious diseases are those
that have newly appeared in a population
or have previously existed but are rapidly
increasing in incidence or geographic
range (Morse, 1995). The findings report-
ed here suggest that iridovirus infections
in chelonians fill this description, and are
emerging pathogens of chelonians. Infec-
tions are being discovered in new popula-
tions of turtles, and the incidence is either
increasing, or our ability to detect the
disease in these animals is increasing.
Infections in chelonians are more geo-
graphically widespread than has been
previously documented. Previous reports
from the United States had identified
chelonian iridovirus infections in a wild
gopher tortoise in Florida, USA (West-
house et al., 1996), captive box turtles in
North Carolina, USA (De Voe et al.,
2004), one free-ranging box turtle in

Tennessee, USA (Allender et al., 2006),
and in two chelonians, where the location
was not reported (Mao et al., 1997). Here,
we have identified more infections within
a 2 yr period in Georgia, Florida, Penn-
sylvania, and New York, USA, than
previously described, indicating either an
increase in the incidence of disease and/or
the detection the infection. Identification
of iridovirus-like particles in the mortality
event in 1998 expands the new geographic
range further to include Texas, USA. We
also have described infection in a Burmese
star tortoise, a species that has previously
not been documented to be susceptible to
iridovirus infections.

Reports of mortality events involving
large numbers of box turtles and gopher
tortoises have been documented in which
etiologies were never definitively identi-
fied (Dodd, 2001; Rossell et al., 2002;
Seigel et al., 1996). This report demon-
strates, by re-evaluation of archived sam-
ples, that at least some turtles in these
mortality events (Dodd, 2001) have been
infected with a virus(es) compatible with
iridovirus and mortalities may have been
caused by infection with these viruses.
Polymerase chain reaction results from
these cases were negative; however, it is
unknown how long tissues had been fixed
in formalin before being embedded into
paraffin. Formalin fixation has been shown
to degrade DNA and could result in false-
negative results (Tokuda et al., 1990). Still,
TEM of the same tissues showed virus
particles consistent in size and shape with
iridovirus.

The histologic lesions in the chelonians
in this report were relatively nonspecific;
intracytoplasmic basophilic inclusion bod-
ies that could be suggestive of iridovirus
infection (Heldstab and Bestetti, 1982;
Bollinger et al., 1999; Marschang et al.,
1999; Docherty et al., 2003) were present
in just five of nine cases. Clinical and
pathologic differential diagnoses for the
animals in this report before the confir-
mation of iridoviruses by molecular meth-
ods, virus isolation, and/or TEM, included
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septicemia, based on the fibrinous spleni-
tis and multicentric vasculitis, and chelo-
nian herpesvirus infection (Johnson et al.,
2005), based on the lesions of necrotizing
stomatitis. Bacteria could not be demon-
strated in the splenic lesions by tissue
Gram stain, and all animals were negative
by PCR for herpesvirus infection. Exper-
imental inoculation of box turtles (Terra-
pene ornata ornata) and red eared sliders
(Trachemys scripta elegans) with the
Ranavirus isolate obtained from the Bur-
mese star tortoise of this report replicated
the lesions of multicentric vasculitis and
fibrinous splenitis (Johnson et al., 2007),
further supporting the diagnosis of irido-
virus infection in the naturally occurring
cases. Inclusion bodies were also rare in
the experimentally inoculated turtles and
in another recently reported natural out-
break of Ranavirus infection in captive box
turtles (De Voe et al., 2004), reinforcing
the observation that inclusions are an
inconsistent finding in chelonian iridovirus
infections. In both the 1991 Georgia, USA,
box turtle case and an experimentally
infected box turtle, iridovirus virions were
demonstrable by TEM, despite a lack of
observed inclusion bodies, suggesting that
TEM may be a useful diagnostic tool,
especially in cases that do not have
appropriate samples for molecular diag-
nostics or virus isolation. Overall, the
findings in this report suggest that irido-
virus infections should be considered as
part of the differential diagnosis in chelo-
nians with lesions of stomatitis, splenitis,
and multicentric vasculitis. Retrospective
examination of other historic cases with
these nonspecific lesions may yield addi-
tional diagnoses of chelonian iridovirus
infection.

Aural abscesses (middle and inner ear
infections below the tympanic scale) have
been seen in box turtles (Jackson et al.,
1972; Jacobson, 1981) and a variety of other
chelonians (Graham-Jones, 1961; Keymer,
1978a,b). We received one of two wild
box turtles that, in addition to caseous oral
plaques, had aural abscesses. A variety of
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bacteria, including Corynebacterium sp.,
Pantoea agglomerans, Escherichia coli,
Aeromonas hydrophila, Morganella morga-
nii, Citrobacter, Enterobacter, Proteus
vulgaris, and Pseudomonas sp. have been
cultured from these lesions (Willer et al.,
2003). Although the route of infection
probably involves retrograde migration of
microorganisms up the eustachian tube,
the pathogenesis of the disease is poorly
understood. Organochlorine contaminants
have been implicated as possible causes of
these abscesses (Tangredi and Evans, 1997;
Holladay et al., 2001). At this time, there is
no evidence to implicate Ranavirus as a
causative agent of aural abscesses in box
turtles.

All chelonian and amphibian isolates in
this study shared 100% sequence identity
across a portion of the major capsid
protein gene. The major capsid protein
gene sequence is highly conserved among
iridoviruses, although one study has shown
enough diversity to distinguish closely
related isolates (Tidona et al., 1998).
Mao et al. (1997) compared MCP se-
quences and restriction enzyme patterns
of whole genomic DNA of 10 vertebrate
iridoviruses, including one virus isolated
from a box turtle (TV3) and another from
a Russian tortoise (TV5). Although the
sequence obtained from a portion of the
TV3 MCP gene indicated that it was
identical to that of FV3, a restriction
enzyme analysis using HindIII and Xbal
showed a different restriction pattern
between the two isolates. Our study found
a similar result. An isolate from a box
turtle from the Pennsylvania, USA, die off
shared 100% sequence identity with FV3
across a portion of the MCP gene;
however, using HindIII, the whole viral
genomic restriction enzyme analysis pat-
tern for the box turtle isolate differed
slightly from that of FV3. A low—molecular
weight fragment was present in the box
turtle isolate in our report and was also
present for TV3 and TV5 in the report by
Mao et al. (1997). This suggests that the
MCP gene may be too conserved to
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determine whether different animals are
infected with a similar virus.

An interesting and potentially signifi-
cant finding was the presence of similar
viruses, as determined by HindIII restric-
tion enzyme analysis, in the Burmese star
tortoise and a moribund southern leopard
frog found within its pen. This suggests
that both animals may have been infected
with the same virus. Interclass infections
have been shown previously in a natural
setting where sympatric species of am-
phibians and fish were infected with the
same virus species (Mao et al., 1999) as
well as through experimental transmission
studies (Moody and Owens, 1994). There
are several ways that chelonians and
amphibians might be exposed to the same
Previous studies in salamanders
have shown that transmission can occur
through cannibalism of infected individu-
als (Jancovich et al., 2001; Pearman et al.,
2004). Box turtles are omnivorous, and
tortoises, although normally herbivorous,
may opportunistically feed on carrion.
This was confirmed when animal caretak-
ers at the site of the Burmese star tortoise
death in Georgia, USA, observed a radi-
ated tortoise (Geochelone radiata) and a
Burmese black mountain tortoise (Man-
ouria emys phayrei), both normally con-
sidered herbivorous, eating dead amphib-
ians in nearby pens. There could also be a
common environmental source of virus,
such as shared bodies of water. Iridovi-
ruses are quite resistant and thought to be
capable of persisting in water sources for
an extended time (Daszak et al., 1999).
Iridoviruses create systemic infections,
and thus, a vector-borne route of trans-
mission might also be a way that both
amphibians and chelonians could become
infected.

In summary, this report demonstrates
that Ranavirus is a significant pathogen of
chelonians and suggests that amphibians
might serve as a source of infection for
chelonians; or possibly, this virus exists at
a low level of infection in chelonian
populations that occasionally is induced

virus.

into lethal expression by other stressors.
Epidemiologic studies on wild populations
where outbreaks have occurred are need-
ed to sort out these various possibilities.
Although our study is limited to ranaviral
infection of certain chelonians in the
United States, because ranaviruses are
considered a global threat to amphibian
populations, based on the lack of host
specificity, high virulence, and global
distribution (Daszak et al., 1999), they
should likewise be considered a global
threat to chelonian populations.
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