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Ranavirus Infection in Native Amphibians at La Selva Biological 
Station, Costa Rica: First Report of Ranavirus in Central America

Ranaviruses are a globally widespread group of iridoviruses 
capable of causing mass mortality events in amphibian popula-
tions (Gray et al. 2009; Green et al. 2002), and are acknowledged 
to be a significant threat to amphibian populations in many parts 
of the world. Central America hosts a diverse, unique, and highly 
threatened amphibian fauna (Whitfield et al., in press), yet there 
have been only modest efforts to detect and characterize rana-
viruses in the region. No information exists on impacts of rana-
viruses to amphibian hosts or populations in the Neotropics—a 
significant gap in knowledge that may inhibit effective conserva-
tion planning. 

Speare (1991) reported an iridovirus, likely a ranavirus, from 
Rhinella marina in Costa Rica. Picco and Collins (2007) tested 
41 amphibians from Monteverde, Costa Rica and 43 amphibians 
from Las Cruces, Costa Rica but did not detect ranavirus at ei-
ther site. Lips et al. (2006) assayed 38 amphibians during a mass 
mortality event at El Copé, Panama and detected no ranavirus. 
To our knowledge, there are only two reports of infection by 
ranaviruses anywhere in the American tropics: Galli et al.(2006) 
reported ranavirus infections in cultivated, non-native American 
Bullfrogs, Lithobates catesbeianus, in Brazil; and Zupanovic et al. 
(1998) reported infection by “Guatopo Virus”—a novel strain of 
ranavirus similar to frog virus 3 (FV3)—from wild frogs in Vene-
zuela. Here, we provide the first robust evidence for the presence 
of ranavirus in amphibians in Central America.

We conducted this study at La Selva Biological Station, a 16 
km2 private biological reserve in the northeastern lowlands of 
Sarapiquí, Heredia Province, Costa Rica (10.433°N, 83.983°W) 

with a very well-known herpetofauna (Guyer and Donnelly 2005; 
Whitfield et al. 2007). We collected toe clip tissue samples from 
amphibians between July 2006 and May 2008 in association with 
a mark-recapture study using 19 study plots within primary for-
est. Our sampling for this study was focused on forest-floor am-
phibians, the majority of which are direct-developing species 
with no free-living tadpole stage. Toe clips were stored in 70% 
ethanol until we performed laboratory analyses. 

We haphazardly selected 104 of these toe clip samples for mo-
lecular detection of ranavirus using quantitative real-time PCR 
(qPCR). We extracted nucleic acids from toe clips with Qiagen 
DNeasy spin columns, and used the extract to perform qPCR fol-
lowing the standard ranavirus protocol (Kerby and Storfer 2009). 
We used 13µL reactions containing 2µL of extracted DNA tem-
plate, 900-nmol forward primer, 900-nmol reverse primer, 250 
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nmol probe, and 2X Taqman Fast Universal Master Mix (Applied 
Biosystems, Foster City, California). We ran plates for one cycle 
of 95°C (20 sec) and 50 cycles of 95°C (3 sec) and 60°C (20 sec) on 
a StepOnePlus qPCR machine (Applied Biosystems, Foster City, 
California) in a molecular core facility at the University of South 
Dakota. Each plate included a negative control and a standard 
curve of 1 x 103 – 1 x 107 copies of the complete major capsid pro-
tein sequence of FV3 (Mao et al. 1997), 3900bp in length, derived 
from a bacterial plasmid (pCRII) obtained from V. G. Chinchar. 
All samples were run in triplicate and samples with two or more 
positive wells were considered positive. Samples with only one 
positive well were rerun and designated as positive if further wells 
were positive and negative if further wells were negative. 

We used DNA from one positive sample to sequence a 407-
bp portion of the MCP gene with primers MCP4 and 5 (Mao et 
al. 1997) in 20µL reactions of Qiagen (Valencia, California) mul-
tiplex master mix following the manufacturer’s instructions (no 
Q additive and annealing temperatures of 54.5° and 50.5°C). We 
cleaned PCR products by polyethylene glycol (Rosenthal et al. 
1993), cycle sequenced with Applied Biosystems (Carlsbad, Cali-
fornia) BigDye v3.1, and sephadex cleaned (Zoon 1987) prior to 
sequencing on an Applied Biosystems 3500 instrument. 

Of the 104 individuals from 12 species and 5 families, four 
individuals tested positive for ranavirus, all from a single species: 
Craugastor bransfordii. All four individuals were determined to 
be adults on the basis of body size. Infected animals were de-
tected in April 2007, May 2007, September 2007, and April 2008. 
Viral loads for infected animals averaged 5.16 x 106 viral copies 
(range 1.10 x 105 to 1.70 x 107). These are seemingly high con-
centrations—for comparison Brunner and Collins (2009) found 
~105 plaque forming units (each of which almost certainly rep-
resents many copies of the viral genome) per nanogram of DNA, 
and Kerby and Storfer (2009) found ~106 viral genomes in Ambys-
toma tigrinum larvae that died of ranavirus infection—but we 
did not notice apparent symptoms of ranaviral disease in any of 

these infected individuals. The sequence produced in this study 
was identical to basepairs 205 to 611 of seven FV3 strains from 
Genbank.

This study provides strong evidence of infection by ranavirus 
in wild native amphibians in the lowlands of Costa Rica. Preva-
lence of infection among all species at La Selva was relatively low 
(3.8%; 95% CI 1.1–9.5%), although prevalence in the one species 
in which we detected infections, Craugastor bransfordii, was 
considerably higher (14.2%, 95% CI: 4.0–32.6%). We noted no ob-
vious symptoms of ranaviral disease in these frogs, but have no 
data available to determine whether infections have any adverse 
effect on individuals or populations. Our genetic characteriza-
tion of this FV3 strain is currently insufficient to assess whether 
this represents a strain native to Central America or a strain re-
cently introduced from other areas.

This study represents the first report of ranavirus infection 
in amphibians from Central America, and one of very few re-
ports from the hyper-diverse Neotropical region. Other studies 
from Central America have failed to detect ranaviruses (Lips et 
al. 2006; Picco and Collins 2007; but see Speare et al. 1991), but 
were based on small sample sizes (each <100 samples) and used 
traditional PCR for pathogen detection, which is less sensitive 
than the qPCR used in this study. We suspect that the absence 
of reports of ranaviruses from tropical regions is likely a result 
of limited sampling rather than a true absence of these patho-
gens. We expect that further studies of ranavirus in tropical re-
gions are very likely to increase the known distribution of these 
pathogens. It will be important to determine how the ranavirus 
we detected is related to other ranaviruses, whether this strain 
is endemic or introduced, and whether it presents a risk to the 
neotropical amphibian assemblages already decimated by chy-
tridiomycosis-associated declines. 
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taBLe 1. Results of qPCR assays for ranavirus at La Selva Biological 
Station in Costa Rica.

Taxon Number positive / number tested

Bufonidae 

 Rhaebo haematiticus 0 / 2

Hylidae 

 Scinax eleaochroa 0 / 3

Eleutherodactylidae 

 Diasporus diastema 0 / 9

Strabomantidae 

 Pristimantis cerasinus 0 / 1

 Prisimantis ridens 0 / 3

Craugastoridae 

 Craugastor bransfordii 4 / 28 

 Craugastor crassidigitus 0 / 1

 Craugastor fitzingeri 0 / 7

 Craugastor megacephalus 0 / 8

 Craugastor mimus 0 / 34

 Craugastor noblei 0 / 1

 Craugastor talamancae 0 / 5

Total amphibians sampled 4 / 104
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Batrachochytrium dendrobatidis and Ranavirus in Anurans 
Inhabiting Decorative Koi Ponds near Minneapolis,  
Minnesota, USA

Evidence of widespread chytrid infection in North American 
amphibian populations has been documented (Longcore et al. 
2007; Ouelett et al. 2005; Woodhams et al. 2008) and Batracho-
chytrium dendrobatidis (Bd) has been reported from several lo-
cations in Minnesota (Rodriguez et al. 2009; Sadinski et al. 2010; 
Woodhams et al. 2008). Ranaviruses also have been linked to 
mass amphibian die-offs in North America (Daszak et al. 1999; 
Gray et al. 2009; Greer et al. 2005; Jancovich 2005), including 
Minnesota (Green et al. 2002; Vandenlangenberg et al. 2003). The 
geographic distribution of these pathogens in Minnesota is still 
unknown, however, and additional observations will aid assess-
ment of the threat to local amphibian populations.

We report the presence of ranavirus and Bd in anurans in-
habiting four decorative koi ponds in Burnsville, Minnesota, a 
suburb of Minneapolis (Fig. 1). The ponds were closely observed 
for indications of pathogenic activity following the discovery of 
dead Wood Frogs (Lithobates sylvaticus) floating on the surface 
during the last week of August 2011. Selected specimens were 
tested for Bd and ranavirus.

These four rubber-lined ponds were typical of those con-
structed by koi- and water-gardening enthusiasts. Their com-
bined surface area was approximately 30 m2 and their maxi-
mum depth was 1.05 m. Koi and goldfish were held in the ponds 
throughout the year. Total fish biomass was roughly 3.3 kg. The 
largest fish measured approximately 0.35 m, total length. Water 
was circulated through three of the four ponds by a pump con-
nected to a simple filtering system employing fiberglass batting 
as filter material. A similar system was used to filter water in the 
fourth pond. Water lost via evaporation was replaced by precipi-
tation and partial refilling from a tap connected to a chlorinated 
city water line. 

The ponds were situated within a 260 m2 area separated from 
a 970 ha park reserve by a short (100–150 m) strip of undevel-
oped land. The distance to the nearest permanent body of water 
was approximately 112 m. 

From 25 August to 4 September 2011, three dead Wood Frogs 
were recovered from the ponds. All three specimens were fresh 
and exhibited significant reddening of the ventral surface. No 
signs of traumatic injury were observed and disease was deter-
mined to be a likely cause of death. 

We visited the ponds daily from 7 September to 24 October 
2011, following the initial frog deaths. During each visit, the 

ponds and immediate surroundings were visually surveyed for 
amphibians. Observations of dead and dying individuals were 
recorded and dead specimens were collected for examination, 
condition permitting. Anurans exhibiting unusual behavior were 
photographed. 

Our daily visits produced 202 sightings of six species (Table 
1). Two dead Wood Frogs, one dead Green Frog (Lithobates clam-
itans), and two dead American Toads (Anaxyrus americanus, for-
merly Bufo americanus) were recovered from 7 September to 24 
October 2011. Most of the dead specimens were retrieved from 
the ponds. The lone exception was an American Toad found with-
in 0.25 m of a pond. Detailed examination of the Green Frog and 
one of the toads was precluded by advanced decomposition. The 
other toad was recovered in very good condition and transported 
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Fig. 1. Location of koi ponds in Minnesota, USA where frogs were 
found infected with Batrachochytrium dendrobatidis and ranavirus. 


