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Further Presence of Ranavirus Infection in Amphibian

Populations of Tennessee, USA

An estimated 43% of amphibian species across the globe are
in decline (Stuart et al. 2004). These declines have been attribut-
ed to various diseases and anthropogenic impacts such as habi-
tat destruction (Daszak et al. 1999; Price et al. 2006). Of particular
interest to this study are ranaviruses, which are known to be a
causal factor in amphibian die-offs worldwide (Cunningham et
al. 1996; Fox et al. 2006; Green et al. 2002). Gray et al. (2009a) sug-
gested that ranaviruses can have detrimental effects on localized
populations, potentially leading to species declines.

In the eastern United States, ranavirus infections have been
documented in 33 amphibian species (Miller et al. 2011). In Ten-
nessee, ranavirus has been found in plethodontid salamanders
in the Southern Appalachian Mountains (Gray et al. 2009b) and
in various species of anurans in farm ponds (Gray et al. 2007;
Hoverman et al. 2011a). To date, ranavirus infection in amphib-
ians has not been reported in western Tennessee. Our objective
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TasLe 1. Prevalence and 95% confidence intervals of ranavirus infection in larval amphibians inhabiting four ponds located at the Milan Army
Ammunition Plant, Milan, Tennessee, USA, April 2010. Pond coordinates are withheld as these locations are on U.S. Department of Defense

property.
Pond Prevalence and 95% Confidence Interval

Species Pond NC1 Pond NC3 Pond NC6 Pond NC9
Ambystoma maculatum 0.33 1.0 0.5

0.06-0.79 0.21-1.0 0.33-0.67
A. opacum 0

0-0.66

A. talpoideum 0.1

0.02-0.40
Hyla chrysoscelis | H. versicolor complex 0.06 0.04 0.43

0.01-0.26 0.01-0.18 0.16-0.75
Lithobates clamitans 0

0-0.43
L. sphenocephalus 0.18
0.08-0.34

was to test for the occurrence of ranavirus in larval amphibian
populations at one site in western Tennessee.

We conducted our study at the Milan Army Ammunition Plant
(MLAAP) in Milan, Tennessee, USA (35.911977°N, 88.702903°W).
The MLAAP was established in 1941 with over 9124 hectares in
Carroll and Gibson counties (Brew and Markol 2001). Although
herpetological research has been conducted at the MLAAP, none
has focused on amphibian pathogens.

We opportunistically captured amphibian larvae from four
fishless ponds on the MLAAP during April 2010 using dip nets.
Upon capture, larvae were rinsed with aged tap water, placed in
separate containers, and transported to Austin Peay State Uni-
versity (APSU). In total, we captured 136 larvae of the following
species: Ambystoma maculatum (N = 32), A. opacum (N = 2), A.
talpoideum (N = 10), Hyla chrysoscelis/H. versicolor complex (N =
53), Lithobates clamitans (N = 5), and L. sphenocephalus (N = 34).
Before moving between ponds, all field personnel disinfected
boots, waders, and field collection equipment with a 5% sodi-
um hypochlorite (bleach) solution (Bryan et al. 2009). At APSU,
amphibian larvae were euthanized by complete immersion in
80% ethanol after sedation in a 5% ethanol bath. Approximately
50% of the liver was collected for ranavirus testing. The liver is
a known site of ranavirus infection in North American amphib-
ians (St-Amour and Lesbarreres 2007), and commonly used in
surveillance studies (e.g., Hoverman et al. 2011a). Sterilized in-
struments and different gloves were used between each animal
to prevent cross contamination.

We isolated genomic DNA using standard phenol-chloroform
techniques. Liver samples were initially incubated in 100 pl of 1
mg/ml collagenase (Sigma-Aldrich Chemical Company, St. Louis,
Missouri, USA) in phosphate buffered saline for 4 hours at 37°C
followed by an additional incubation using 100 ul of proteinase K
for 16 hours at 37°C. After incubation, the digested tissue samples
were triturated to disrupt cellular matrixes, and an equal volume
of a 1:1 ratio of phenol:chloroform was added. The sample was
vortexed thoroughly for 10 seconds and set at room temperature
for approximately 5 minutes. The sample was then centrifuged at

10,000 x g for 5 minutes, and the top aqueous layer was moved to
anew tube. Approximately 5 volumes of 100% ethanol and 100 ul
of 3 M sodium acetate were added to the sample for DNA precipi-
tation. Samples were placed in a -80°C for at least 15 minutes then
centrifuged at 10,000 x g for 10 minutes. The resulting DNA pellet
was washed once in 80% ethanol and subsequently centrifuged
at 10,000 x g for 5 minutes. The DNA pellet was vacuum-dried,
resuspended in 20 ul of molecular grade water, and stored frozen
for future ranavirus testing.

We tested for the presence of Ranavirus DNA in duplicate for
each sample using polymerase chain reaction (PCR) with primers
specific for the major capsid protein of the virus (Mao et al. 1997).
We used the PCR primers for frog virus 3 (FV3) published in Mao
et al. (1997), which is the type species of Ranavirus. These prim-
ers have been shown to be reliable for detecting FV3-like ranavi-
ruses in Tennessee amphibians (Gray et al. 2007). The PCR ampli-
fied products were visualized on a 0.84% agarose electrophoresis
gel, which was stained with ethidium bromide. DNA sequence
analysis of PCR samples amplified using the aforementioned
primers revealed a greater than 98% DNA sequence identity to
NCBI’s genomic database for the FV3 major capsid protein gene
with an accession number of JQ771299. The PCR amplified prod-
ucts were purified using a Promega Wizard PCR clean-up kit and
sent to Vanderbilt University for genomic sequencing.

The major capsid protein of Ranavirus was detected in 29
specimens, including a first detection in a wild population for
A. talpoideum. Percent positives ranged from 0-43% (Table 1),
with the highest percentage of infection in Hyla chrysoscelis/ver-
sicolor complex. Infection was not detected in A. opacum and L.
clamitans.

We detected FV3-like ranaviruses in four amphibian species,
with a first species detection in A. talpoideum (Miller et al. 2011).
Interestingly, Hoverman et al. (2011b) were unable to cause in-
fection in this species when challenged in the laboratory with
two strains of FV3-like ranaviruses. One of the highest percent
infections was in A. maculatum, which are frequently associated
with ranavirus die-offs in eastern North America (Brunner et al.
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2011; Gahl and Calhoun 2010; Green et al. 2002; Petranka et al.
2003; Todd-Thompson 2010). In the laboratory, Hoverman et
al. (2011Db) reported that A. maculatum larvae had relatively low
susceptibility to ranaviral disease. We also documented infec-
tion in larval H. chrysoscelis/H. versicolor complex and L. spheno-
cephalus, which has been reported previously (Miller et al. 2011).
Our findings support previous surveillance and laboratory stud-
ies demonstrating that ranaviruses can infect multiple species
in an amphibian community (Brunner et al. 2011; Duffus et al.
2008; Hoverman et al. 2010; Schock et al. 2008). Given that rana-
viruses are common pathogens in North America that can result
in disease emergence in amphibian, reptile, and fish populations
(Gray et al. 2009a), state and federal natural resource agencies
should consider establishing ranavirus surveillance programs.
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