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Several factors have been linked to catastrophic amphibian 
declines, including habitat alteration and pathogens (Semlitsch 
2003; Stuart et al. 2004). Ranaviruses (Family: Iridoviridae; Ge-
nus: Ranavirus) are one particular group of pathogens linked to 
massive amphibian die-offs (Daszak et al. 1999; Gray et al. 2009a; 
Green et al. 2002). Despite the evidence of ranaviruses becoming 
an emerging disease (Storfer et al. 2007), we still know relatively 
little concerning its geographic distribution among amphibian 
species. Rather, most recent amphibian pathogen studies center 
on Batrachochytrium dendrobatidis (Ohmer and Bishop 2011). 
However, B. dendrobatidis should not be the only pathogen that 
warrants investigative attention, as others are quite capable of 
exerting deleterious effects upon amphibian populations (Duf-
fus 2009). Herein, we examine the occurrence of ranavirus infec-
tions in amphibians (including urodeles and anurans) present 
in the southern Appalachian Mountain areas. Ranaviruses have 
been associated with some mortality events in this region (Green 
et al. 2002), yet much of this area (and, much of North America in 
general) remains unsurveyed despite it being a hotspot for uro-
dele diversity and endemism (Petranka 1998). 

We sampled for ranavirus by collecting toe clips from dip-
net and hand-caught amphibians of Wise County, Virginia, USA, 
from April to September 2010. Wise County is located in south-
west Virginia (Fig. 1). Wise County covers approximately 1050 
km2, including approximately 3 km2 of water coverage. Being in 
the midst of the Appalachian Mountains, Wise County has tre-
mendously heterogeneous habitats along elevation gradients. 
Sample collections were conducted in the preferred habitats of 
all the amphibian species known to occur within the county (see 
Mitchell and Reay 1999 for complete amphibian species occur-
rence list) at various times of the day/night to increase the prob-
ability of capture success. We surveyed several regions of Wise 
County, including both private (with permission of landowner) 
and public land. However, the majority of sampling occurred on 
public-use land—mostly in various regions of the Jefferson Na-
tional Forest. Indeed, a large portion of Wise County is part of the 
Jefferson National Forest. Our surveyed regions include: Cave 

Springs Recreation Area and Stone Mountain Trail (both near 
Big Stone Gap, Virginia); Guest River Gorge Trail, the Clinch River 
(and its numerous branches), and Little Stony Falls (all near Coe-
burn, Virginia); High Knob Recreation Area and Flag Rock Recre-
ation Area (both near Norton, Virginia); Red Fox Trail and Pound 
Lake (both near Pound, Virginia); Cane Patch Recreation Area, 
Phillips Creek Recreation Area, and the main campus of the Uni-
versity of Virginia’s College at Wise (all near Wise, Virginia). We 
are not reporting exact locations due to the vulnerability of these 
endemic urodele species in the area. No individual was sampled 
more than once during our approximately 121 person-hours in 
the field. 

In order to minimize cross contamination between collected 
toe clip samples and between field sites, all equipment and in-
strumentation used were rinsed in a 10% bleach solution, fol-
lowed by a dechlorinated tap water rinse between every use/
sample acquisition. In addition, nitrile gloves were worn and 
replaced between each collected and handled amphibian. In-
dividual toe clips were immediately preserved and stored in 
1.0 ml of 70% ethanol in a 2.0 ml screw-cap vial. DNA extrac-
tions were completed using Promega® Wizard Genomic DNA 
Purification Kits (Promega® Corporation, Madison, Wisonsin, 
USA), as per manufacturer’s instructions. Extracted DNA prod-
ucts were amplified using Fisher® BioReagents exACTGene PCR 
Kits (Fisher Scientific®, Fair Lawn, New Jersey, USA), using PCR 
primers #4 and #5 described in Mao et al. (1996 and 1997) that 
amplify an approximately 500 bp region of the ranavirus major 
capsid protein. PCR was performed using the following protocol 
slightly modified from Greer and Collins (2007) and Greer et al. 
(2009): an initial denaturation at 94°C for 5 min; denaturation 
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at 94°C for 1 min, annealing at 55°C for 1 min, and extension at 
72°C for 1 min, each cycled 35 times. PCR products, including 
a positive control and negative controls (an extraction control 
and a DNA-free PCR mixture control) for each gel, were visual-
ized on 1.0% agarose gel stained with ethidium bromide in 1X 
TAE buffer under ultraviolet (UV) light. All DNA extractions were 
amplified and run in duplicate. A positive test was recorded only 
if each sample duplicate yielded the targeted ~500 bp fragment. 
If sample duplicates had conflicting results (i.e., a positive and 
a negative) or if both duplicates yielded a negative result, its re-
spective sample DNA was re-extracted and PCR was conducted 
in duplicate twice more. All equipment and materials used for 
DNA extraction and PCR amplification were sterilized under UV 
light prior to and between uses.

A total of 119 samples were collected from 18 amphibian spe-
cies in Wise County, Virginia, USA (Table 1). Overall, 39 of 119 
(approximately 33%) samples tested positive for Ranavirus, of 
which 36 of 39 (approximately 92%) were caudates and 3 of 39 
(approximately 8%) were anurans. However, no sampled indi-
vidual showed external signs of ranavirus infection, such as ery-
thema or edema. Three samples (two E. cirrigera and one Litho-
bates catesbeianus) were excluded from analysis after multiple 
extractions and amplifications still yielded mixed PCR results. 
However, other samples from these two species tested positive. 

Our data are the first to show the presence of ranavirus in-
fections in amphibian populations of Wise County, Virginia, 
USA. In addition, we show Desmognathus fuscus, Eurycea cir-
rigera, E. longicauda, E. lucifuga, and the Plethodon glutinosus 
complex as new plethodontids capable of acting as ranavirus 
hosts. However, it is not the first report of ranavirus in southern 

Appalachian Mountain amphibians. Gray et al. (2009b) reported 
the first occurrences of ranavirus infections in lungless sala-
manders (Plethodontidae) from Tennessee, with a prevalence 
of 81%. While our data do not suggest nearly as high prevalence 
among plethodontids (approximately 44%), our low sample size 
per species (thus, our subsequently large confidence intervals; 
Table 1) coupled with the use of toe-clips from numerous field 
locales may warrant caution when discussing true prevalence. 
Toe-clips have a false-negative rate of ~12% relative to livers in 
field samples (St-Amour and Lesbarreres 2007) and recent infec-
tions can be difficult to detect in peripheral tissues (Greer and 
Collins 2007), so we likely underestimate true prevalence. How-
ever, unless dead individuals were found in the field (and they 
were not), we did not desire to euthanize any amphibians—par-
ticularly some of the salamanders because of their endemism or 
due to ongoing mark/recapture studies.

In summary, we report the first occurrence of ranavirus in 
Wise County, Virginia, USA. Continual monitoring of ranavirus 
occurrence and possible infection in amphibian populations 
of the southern Appalachians should be part of future efforts 
because that region houses several endemic amphibians, par-
ticularly plethodontid species. In addition, we report five new 
plethotontids (D. fuscus, E. cirrigera, E. longicauda, E. lucifuga, 
and the P. glutinosus complex) as ranavirus hosts. To date, only 
15 plethodontids, including our new accounts, have been re-
ported as ranavirus hosts (see Gray et al. 2009b for other known 
plethodontid hosts). With more than 370 described plethodontid 
species, additional work investigating which species can act as 
ranavirus hosts is warranted and encouraged. In addition to in-
vestigating possibly new locations and new amphibian host spe-
cies for ranaviruses, emphasis should also be placed on assess-
ing ranavirus pathogenicity (Duffus 2009). Pathogenicity is not 
often addressed in amphibian disease investigations despite its 
importance to amphibian population dynamics (Duffus 2009). 
Studies addressing this knowledge gap are essential for further-
ing our understanding of amphibian host-virus interactions and 
molecular characteristics of potentially novel ranaviruses in 
these hosts. 
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taBLe 1. Ranavirus prevalence in the amphibians of Wise County, Vir-
ginia, USA. 

Species No. infected / Prevalence of 
 total sampled infection (95% 
  confidence interval)

Caudata  
Desmognathus fuscus 7 / 12 0.58 (0.32–0.81)
Desmognathus monticola 8 / 12 0.67 (0.39–0.86)
Desmognathus ochrophaeus 0 / 1 0 (0–0.79)
Desmognathus quadramaculatus 3 / 3 1 (0.44–1)
Eurycea cirrigera 10 / 21 0.48 (0.28–0.68)
Eurycea longicauda 2 / 3 0.67 (0.21–0.93)
Eurycea lucifuga 1 / 4 0.25 (0.05–0.7)
Notophthalmus viridescens  1 / 9 0.11 (0.02–0.44)
Plethodon cinereus 0 / 3 0 (0–0.56)
Plethodon glutinosus complex 4 / 15 0.27 (0.11–0.52)
Plethodon richmondi 0 / 5 0 (0–0.43)
  
Anura  
Anaxyrus americanus 0 / 6 0 (0–0.39)
Hyla chrysoscelis 0 / 9 0 (0–0.3)
Pseudacris crucifer 0 / 2 0 (0–0.66)
Lithobates catesbeianus 2 / 10 0.2 (0.06–0.51)
Lithobates clamitans 0 / 1 0 (0–0.79)
Lithobates palustris 1 / 2 0.5 (0.09–0.9)
Lithobates sylvaticus 0 / 1 0 (0–0.79)
  
Total 39 / 119 0.33
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Cambodia, along with other Southeast Asian countries, has 
an enormously diverse flora and fauna, but past turmoil has had 
a significant and disparaging impact on wildlife (Loucks et al. 
2009). Despite the struggles and hardships faced by the country, 
some of the country’s wildlife, particularly reptiles and amphibi-
ans, are still being discovered. A recent survey of amphibians and 
reptiles in the east of Cambodia, for example, has led to the dis-
covery of various new species of frogs, snakes, and lizards (Stuart 
et al. 2006). New herpetofauna, particularly anurans, were also 
discovered in southwest Cambodia where surveys yielded new 
species in isolated areas of the Cardamom Mountains, implying 
the species had no prior exposure to humans and thus were not 
directly impacted by their activities prior to their classification 
(Grismer et al. 2007, 2008; Ohler et al. 2002). Global declines of 
amphibians have been linked to human activities resulting in 
habitat destruction and alteration (Alford and Richards 1999), 
accelerated global environmental change (Gibbs and Breisch 
2001), or interspecific competition and hybridization (Kiesecker 
and Blaustein 1997), as well as to the emerging infectious disease 
chytridiomycosis caused by the fungus Batrachochytrium den-
drobatidis (Bd) (Berger et al. 1998). The presence of Bd has been 
confirmed worldwide (www.Bd-maps.net), including Southeast 

Asia (Fisher et al. 2009b). The first studies on Bd in Southeast 
Asia have been performed within the last decade starting with 
island states or countries such as Hong Kong, Indonesia, Taiwan, 

Fig. 1. Location of Pursat province, Cambodia, where amphibians 
were sampled for Batrachochytrium dendrobatidis at creeks and 
other small pools of water in the village of Pramouy (12.3036°N, 
103.1008°E), alongside a forest road about 10 kilometers outside 
Pramouy (12.1017°N, 103.1041°E), and within an isolated for-
est atop Mount Tumpor in the Cardamom Mountains (12.3740°N, 
103.0568°E).

JOSeph A. mendOZA ii
JAmeS p. GAeRtneR
Texas State University, Department of Biology, 601 University Drive, 
San Marcos, Texas, 78666 USA
JeRemy hOlden
Flora & Fauna International, Number 19, Street 360, Phnom Penh, Cambodia
michAel R. J. fORStneR
dittmAR hAhn*

Texas State University, Department of Biology, 601 University Drive, 
San Marcos, Texas, 78666 USA

*Corresponding author; e-mail: dh49@txstate.edu

Herpetological Review, 2011, 42(4), 542–545.
© 2011 by Society for the Study of Amphibians and Reptiles

detection of Batrachochytrium dendrobatidis on Amphibians in 
pursat province, cambodia



Herpetological Review 42(4), 2011

     AmphibiAn diSeASeS     543

and Japan (Fisher et al. 2009b; Kusrini et al. 2008; Lehtinen et al. 
2008; Rowley et al. 2007), eventually including detection from 
mainland countries like Thailand, South Korea, and China (Bai 
et al. 2010; McLeod et al. 2008; Wei et al. 2010; Yang et al. 2009). 
Consequently, the reported detection of Bd in the continent of 
Asia is a very recent event, and thus literature on this subject cur-
rently remains preliminary given the amphibian biodiversity.

The goal of our study was to increase the knowledge of the 
distribution of Bd in mainland Southeast Asia. We sampled 
amphibians for Bd occurrence in the Cardamom Mountains, 
in and around the small village of Pramouy in Pursat province, 
Cambodia (Fig. 1), with three levels of urbanization. The level of 
human influence was categorized as high (areas where people 
frequently congregate), medium (areas with minimal human 
disturbance), or low (areas where humans very rarely visit). Sam-
ple locations included creeks and other small pools of water in 
the village of Pramouy (high, 12.3036167°N, 103.1008333E; 240 
m elev.), alongside a forest road about 10 km outside Pramouy 
(medium, 12.10175°N, 103.10405°E; 400 m elev.), and within an 
isolated forest atop Mount Tumpor in the Cardamom Mountains 
(low, 12.3740333°N, 103.05675°E; 1100 m elev.).

We sampled 144 amphibians at the three locations (village of 
Pramouy, N = 64; Forest Road, N = 18; Mount Tumpor, N = 62) 
during a five-day period starting on 25 April 2010 (Table 1). All 
captures were performed either at dawn or dusk using small 
nets. No amphibians showed clinical symptoms of chytridiomy-
cosis (e.g., lethargy, lack of righting reflex, excessive sloughing of 

skin). For each individual, a sterile cotton swab was 
run ten times over each of the four feet, the medial 
and ventral area of the rear legs, on each of the sides 
from groin to armpit, and on the ventral surface 
of the body of each individual (Kriger et al. 2006). 
Swabs were placed in 2-mL cryotubes and kept at 
4°C prior to molecular analyses. 

DNA was extracted from cells on swabs using 
the Wizard Genomic DNA Purification kit (Pro-
mega, Madison, Wisconsin) in accordance with the 
protocol for extraction from animal tissue, and Bd 
was detected and quantified using a TaqMan quan-
titative real-time PCR (qPCR) assay according to 
Boyle et al. (2004). Samples were tested in triplicate, 
using 20-µL reactions containing 10 µL qPCR Fast-
MixTM (Quanta Biosciences, Gaithersburg, Mary-
land), PCR primers ITS1-3 Chytr and 5.8S Chytr at 
900 nM, probe Chytr MGB2 at 250 nM, and a single 
µL of template DNA. A single µL of sterile water fa-
cilitated the negative control for each reaction (also 
performed in triplicate). Analyses were performed 
in an Eppendorf realplex2 thermocycler (Eppendorf, 
Hauppauge, New York) using a 50°C incubation for 
2 min, followed by 95°C for 10 min, and finally 50 
cycles of 95°C for 15 s and 60°C for 1 min (Boyle et al. 
2004). Quantification of Bd was based on a standard 
curve created using a serial dilution of a standard-
ized DNA control with known copy number (CSIRO 
Livestock Industries, Geelong, Australia). 

We detected Bd on 59 of 144 (41%) individuals 
tested (Table 1). Of amphibians captured within the 
village (high human impact), along the forest road 
(medium human impact), and atop Mount Tumpor 
(low human impact), 36%, 50%, and 44% of the 
amphibians were Bd-positive, respectively. These 

values were statistically not different from each other (Pearson’s 
Chi-squared test in R 2.11.1; λc2 = 1.4475, p = 0.48). The number 
of Bd genomic equivalents (GE) per individual ranged from 0 to 
373.4 GE, and averaged 27.9 GE. The average (± SE) numbers of 
Bd GE on amphibians from the village, along the forest road, and 
atop Mount Tumpor were 25.2 GE (± 40.6), 22.3 GE (± 31.2), and 
31.9 GE (± 56.0), respectively.

We demonstrate that Bd was prevalent in amphibians re-
gardless of the perceived level of human influence among the 
environments, revealing approximately half of the amphibians 
tested from each environment were infected with the fungus. 
However, none of the amphibians had identifiable symptoms of 
chytridiomycosis. The dynamics and consequences of Bd infec-
tion are complex, and not well understood. Whereas there are 
numerous studies describing how introduction of Bd can quickly 
decimate a population of amphibians (Daszak et al. 1999; Lips et 
al. 2006; Pounds et al. 2006), there are also studies that show am-
phibians can be infected with the fungus with no apparent det-
rimental effects. In those cases the infected frogs act as asymp-
tomatic carriers; examples of such carriers include the American 
Bullfrog, Lithobates catesbeianus, and the African Clawed Frog, 
Xenopus laevis (Daszak et al. 2004; Weldon et al. 2004), two spe-
cies that have been introduced to non-native habitats in many 
parts of the world. In addition, it has been speculated that the 
fungus could have sub-lethal effects, for example it may stunt 
the growth of amphibians, or amphibians may be temporar-
ily affected (Kriger et al. 2007; Walker et al. 2010). The potential 

taBLe 1. Amphibians sampled for Batrachochytrium dendrobatidis (Bd) from the 
village of Pramouy (Village), alongside a forest road ~10 km outside Pramouy (For-
est Road), and within an isolated forest atop Mount Tumpor in the Cardamom 
Mountains in Pursat province, Cambodia. Conservation status from www.icun.
org: LC (least concern), VU (vulnerable), DD (data deficient).  * indicates frogs that 
are likely a different species from those found in non-mountainous areas.

Location Amphibian species Conservation No. Bd-positive
  status individuals
    /total no. samples

Village Duttaphrynus melonstictus LC 2/15
 Fejervarya limnocharis LC 13/24
 Microhyla butleri LC 0/1
 Microhyla fissipes LC 0/3
 Microhyla pulchra LC 3/5
 Occidozyga lima LC 0/5
 Polypedates leucomystax LC 5/11
   
Forest Road Fejervarya limnocharis LC 0/1
 Kalula pulchra LC 1/1
 Microhyla heymonsii LC 0/1
 Occidozyga lima LC 0/1
 Occidozyga martensii LC 0/1
 Polypedates leucomystax LC 8/13
   
Mount Tumpor Limnonectes gyldenstolpei LC 1/6
 Microhyla berdmorei LC 0/3
 Philautus cardamonus DD 7/15
 Polypedates cf. leucomystax* DD 1/3
 Quasipaa fasciculispina VU 0/2
 Rana faber LC 7/16
 Rhacophorus bipunctatus LC 5/8
 Rhacophorus bisacculus LC 6/9
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seasonality of infection rates have been noted (Gaertner et al. 
2009; Kriger and Hero 2007). We sampled during the dry season 
which might have influenced Bd detection rates in our study. It 
is also possible that the genotypes of Bd were hypovirulent and 
thus less lethal than others (Fisher et al. 2009a), or that the criti-
cal threshold density for Bd on amphibians was not reached and 
thus amphibians were not showing symptoms of chytridiomy-
cosis (Vredenburg et al. 2011). Also, it is known that amphibians 
have innate immune defenses to counter pathogens like Bd in 
the form of antimicrobial peptides secreted on the skin (Ramsey 
et al. 2011; Rollins-Smith et al. 2003; Rollins-Smith and Conlon 
2005; Woodhams et al. 2007). Studies have indicated that im-
mune-suppressed amphibians are more susceptible to acquiring 
diseases from their environment due to inhibited or decreased 
production of peptides during periods of stress or from pesticide 
use (Davidson et al. 2007; Rachowicz et al. 2005). We did not as-
sess either sublethal effects on individuals or the stress levels of 
the amphibians in this study. 

Anthropogenic influence appears to have played a significant 
role in the global distribution of Bd (Fisher et al. 2009b; Skerratt et 
al. 2007). Recently, it has been suggested that trade of American 
Bullfrogs for human consumption might be a key component in 
the dissemination of Bd in China as well as across the globe (Bai 
et al. 2010). The concept of pathogen pollution refers to anthro-
pogenic movement of pathogens into new geographic locations 
via domestic and wild animals, products and materials (Daszak 
et al. 2001). This might explain how amphibians collected from 
the village and forest road were positive for Bd as human interac-
tion with fauna may be frequent, however, it does not adequate-
ly explain how amphibian populations sampled atop Mount 
Tumpor first encountered the pathogen. Mount Tumpor, at least 
the area where we collected, is free of human influence, except 
for scientific expeditions (the nearest settlement being >1 km). 
However, Bd transmission pathways across landscapes are little 
understood. Previous studies have shown amphibians living in 
pristine environments have undergone population declines as-
sociated with Bd (Kolby et al. 2010; Lips et al. 2004; Puschendorf 
et al. 2006). Other studies indicate Bd prefers habitats at higher 
altitudes, cooler climates, and rainy or wet environments, which 
parallel the environmental conditions on Mount Tumpor (Drew 
et al. 2006; Rohr and Raffel 2010; Ruiz and Rueda-Almonacid 
2008). If Bd were introduced as a novel pathogen to our study 
area in Cambodia by anthropogenic pathways at an earlier time, 
it might have spread to achieve its current distribution by other 
vectors of transmission. 

In summary, we have reported the incidence of Bd in Cam-
bodia across three environments that have different levels 
of human influence. We found there to be no difference in Bd 
infection with respect to the predicted level of human activity 
among the three sampling areas. To date Bd has been detected 
in almost every country bordering Cambodia (Bai et al. 2010; 
McLeod et al. 2008; Wei et al. 2010; Yang et al. 2009), suggesting 
that Bd has probably crossed the borders of Laos, Vietnam, and 
Myanmar despite the current absence of detailed reporting from 
those nations. Future studies are needed to both: 1) address the 
prevalence of Bd in these countries (Rowley et al. 2010), as well 
as in other Asian countries, in order to fully understand the dis-
semination of this pathogen and to maintain the well-being of 
amphibians worldwide, and 2) monitor these amphibian popu-
lations long-term in case their infection rates change and symp-
toms start appearing.
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The recently emerged infectious disease chytridiomyco-
sis caused by the fungus Batrachochytrium dendrobatidis (Bd) 
has been implicated as a significant contributor to amphibian 
population declines worldwide (Fisher et al. 2009; Kilpatrick et 
al. 2009; Schloegel et al. 2006). The presence of Bd has been con-
firmed for all continents with amphibians (Fisher et al. 2009), 
with a considerable number of reports available for Australia 
(Bell et al. 2004; Hero and Gillespie 1997; Kriger et al. 2007), Afri-
ca (Goldberg et al. 2007; Hopkins and Channing 2002; Lane et al. 
2003), Europe (Bosch et al. 2001; Bovero et al. 2008; Garner et al. 
2005; Walker et al. 2010), and North and South America (Bonac-
corso et al. 2003; Davidson et al. 2003; Herrera et al. 2005; Ouellet 
et al. 2005; Rothermel et al. 2008) (see also www.Bd-maps.net). 
The presence of Bd also has been confirmed for Asia, however, 
reports are relatively recent and the surveys remain limited to 
a small number of countries (e.g., China, Indonesia, Japan and 
South Korea) (Bai et al. 2010; Goka et al. 2009; Kusrini et al. 2008; 
Yang et al. 2009). 

We have recently demonstrated the presence of Bd on am-
phibians in the southwestern part of Cambodia, including an 
isolated area of the Cardamom Mountains, with comparable 
prevalence of infected amphibians observed in environments 
impacted by various degrees of human activities (Mendoza et al. 
2011). With 40–50% of all amphibians from these environments 
being positive for Bd, prevalence of infection resembled that 
found in amphibians from South Korea (39%) (Yang et al. 2009), 
but were much higher than those reported for amphibians from 
natural environments in China, Japan and Indonesia with 15%, 
4% and 3%, respectively (Bai et al. 2010; Goka et al. 2009; Kus-
rini et al. 2008). To validate our high prevalence of Bd infection, 
we expanded our sampling to sites throughout Cambodia, and 
included amphibians obtained from market environments that, 
as for those in pet shops (Goka et al. 2009), have been shown to 
display higher frequency of infection than those in natural envi-
ronments (Bai et al. 2010). We also examined the pattern of Bd 
haplotypes among our samples.

Creeks and small pools of water were used as sampling sites 
in three locations which included the capital city Phnom Penh 
(11.5193167°N, 105.0100667°E), the Angkor Center for the Con-
servation of Biodiversity (ACCB) (13.67805°N, 104.0261°E), and 
the city of Kratie (12.4875333°N, 106.0159833°E). Market frogs 

were obtained from Sihanoukville (10.62325°N, 103.53285°E) 
(Fig. 1). 

A total of 238 amphibians were obtained across the four lo-
cations (Phnom Penh, N = 77; ACCB, N = 65; Kratie, N = 66; Si-
hanoukville Market, N = 30) during one-day sampling trips in 
2009 (25 May, 8 June, 19 June, and 13 June, respectively) (Table 
1). None of these amphibians showed symptoms of chytridio-
mycosis (e.g., lethargy, lack of righting reflex, excessive slough-
ing of skin). Individual amphibians were sampled with a sterile 
cotton swab following the instructions outlined in Kriger et al. 
(2006), and swabs placed in 2 ml cryotubes and kept at 4°C until 
DNA extraction with the Wizard® Genomic DNA Purification Kit 
(Promega, Madison, Wisconsin) using the protocol for extraction 
from animal tissue. A nested PCR approach was used to test for 
Bd (Gaertner et al. 2009). This approach was based on the initial 
amplification of the 5.8S rRNA gene and the flanking internal 
transcribed spacer (ITS) of all fungi (White et al. 1990). A portion 
of the purified amplification product of this reaction was then 
used as template in a second Bd-specific PCR reaction (Annis 
et al. 2004). These second reactions were then analyzed for the 
presence of 300-bp amplicons (Annis et al. 2004) using gel elec-
trophoresis (2% agarose in TAE buffer) (Sambrook et al. 1989). 

Of the 238 amphibians tested, a total of 86 (36%) were posi-
tive for the 300-bp fragment, indicating the presence of Bd (Ta-
ble 1). At Phnom Penh, 9 amphibian species were caught, and 
Bd was detected on individuals from 5 species with an average 
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prevalence of infection of 35% (i.e., 27 of 
77 individuals). A similar infection rate was 
obtained for Kratie (23 of 66 individuals) 
where 7 species were sampled and individu-
als of 5 species were found to be positive for 
Bd. A lower infection rate of 22% (14 of 65 
individuals in 6 of 12 species) was obtained 
at ACCB, while market frogs all belonging 
to the species Hoplobatrachus rugulosus 
showed the highest prevalence of infec-
tion with 73% (22 of 30 individuals) (Table 
1). These results demonstrate the presence 
of Bd in amphibians from different parts 
of Cambodia, revealing a similar detection 
prevalence compared to our previous study 
on amphibians from the southwestern part 
of Cambodia, including isolated areas in 
the Cardamom Mountains (Mendoza et al. 
2011). The high prevalence of Bd in market 
frogs also confirms the previously reported 
trend of higher detection rates of Bd-infect-
ed amphibians in man-made environments 
such as pet shops or markets (Bai et al. 2010; 
Goka et al. 2009) which is likely a conse-
quence of increased potential for cross-
contamination due to the space limitations 
typically experienced by the large quantities 
of amphibians present. 

All 86 300-bp amplicons obtained in this 
study were purified, and then sequenced 
at the DNA Sequencing Facility of the In-
stitute for Cellular and Molecular Biology 
at the University of Texas at Austin, Texas. 
Sequences were compared to GenBank/
EMBL databases and aligned using BLAST 
(Pearson and Lipman 1988) and alignment 
functions in Geneious 4.8.3 (Drummond 
et al. 2009). Sequence diversity was limited 
with 4 haplotypes being discovered (Cam 
A, B, C, and D) (Table 1, Fig. 2). All haplo-
types differed from each other by small se-
quence variation in the same region of the 
amplicon (Fig. 2). Compared to Cam A, hap-
lotype Cam B differed by a 2-bp insertion 
and a single nucleotide substitution, while haplotype Cam C was 
characterized by a 10 bp deletion, and haplotype Cam D by one 
additional base. All haplotypes were represented by identical 

sequences of isolates in the GenBank/EMBL databases, except 
for Cam B where a 1-bp insertion in a different region resulted 
in only 99.6% similarity to the sequence of an isolate (Bd-08 

taBLe 1. Detection of Batrachochytrium dendrobatidis (Bd) in frogs collected in Cambodia 
at Phnom Penh, the Angkor Center for the Conservation of Biodiversity (ACCB), Kratie, and 
Sihanoukville Market.

Species Bd-positive samples  Haplotypes (% of Bd-positive samples)
(no. samples) (%) A B C D

Phnom Penh 
Bufo melanostictus (N=28) 39 64 9  27
Kaloula pulchra (N=5) 40 50   50
Occidozyga lima (N=2) 50 100   
Microhyla fissipes (N=8) 38 100   
Hylarana erythraea (N=23) 43 80 10  10
Four additional species (N=11)1 0    
Total (N=77) 35 74 7 0 19

ACCB 
Polypedates leucomystax (N=33) 24 50  25 25
Fejervarya limnocharis (N=7) 29 100   
Occidozyga lima (N=2) 50 100   
Bufo macrotis (N=5) 20 100   
Microhyla heymonsi (N=2) 50 100   
Microhyla pulchra (N=2) 50 100   
Six additional species (N=14)2 0    
Total (N=65) 22 71 0 14 14

Kratie 
Bufo melanostictus (N=36) 39 71  14 14
Kaloula pulchra (N=3) 33 100   
Fejervarya limnocharis (N=9) 44 100   
Occidozyga lima (N=8) 13 100   
Microhyla fissipes (N=8) 38 67  33 
Two additional species (N=2)3 0    
Total (N=66) 35 78 0 13 9

Sihanoukville Market
Hoplobatrachus rugulosus (N=30) 73 59 27 14 
Total (N=30) 73 59 27 14 0

1Polypedates leucomystax (N = 2), Fejervarya limnocharis (N = 6), Occidozyga martensii (N 
= 2), and Micryletta inornata (N = 1)

2Bufo melanostictus (N = 2), Kaloula pulchra (N = 1), Microhyla fissipes (N = 5), Microhyla 
butleri (N = 1), Occidozyga martensii (N = 3), and Hylarana mortenseni (N = 2)

3Polypedates leucomystax (N = 1), and Occidozyga martensii (N = 1)

Fig. 2. Alignment of partial sequences of Bd isolate AFTOL-ID 21 (AY997031) and haplotypes Cam A to D, retrieved from frogs collected from 
different locations in Cambodia.. The alignment covers bases 41 to 120 of the sequences (297 bp for Bd isolate AFTOL-ID 21 (AY997031), 
including primer sequences Bd1a and Bd2a), indicating only the differences in sequences among haplotypes CAM A to D and to Bd isolate 
AFTOL-ID 21 (James et al. 2006).
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[AB435218]). The sequence of Cam A was the most encountered 
in the database with sequences of more than 25 isolates being 
identical (e.g., AFTOL-ID21 [AY997031] or NE14 [EU779863]), 
while those of the remaining haplotypes were rare with sequenc-
es of 1 or 2 isolates being identical (Bd-04 [AB435214] for Cam C, 
and MF22879 [FJ232005], and MF22913 [FJ232007] for Cam D). 

The prominence of haplotype Cam A in the databases was 
reflected by its detection frequency in our samples. Cam A was 
the most abundant haplotype at all locations representing 59-
78% of all Bd-positive samples (Table 1). It was also present and 
most abundant on all amphibian species that tested positive for 
Bd. Haplotype Cam A is identical to “haplotype A” discovered in 
a large survey of Bd-infected amphibians in Japan (Goka et al. 
2009). Similar to haplotype Cam A in our study, haplotype A was 
a major contributor to Bd infections, both in man-made and in 
natural systems, with most of the remaining 25 haplotypes B-Z 
recovered from Japan detected at much lower frequency. The dis-
tribution of haplotype A in Japan, however, was not as prominent 
as Cam A in our study. In Japan, only few species and individuals 
were infected per location, and large differences in prevalence 
amongst infected species was observed among locations (Goka 
et al. 2009). The remaining three haplotypes, Cam B, C, and D, 
were found in low frequency. Haplotype Cam C was identical to 
haplotype E identified in Japan, and Cam B was represented by 
haplotype I (though with one mismatch). For Cam D, however, 
no representative haplotype was found in that study (Goka et al. 
2009). Consequent with their low frequency in detection, it is not 
surprising that these haplotypes were not present at all locations 
or for all amphibian species. Patterns of detection with Cam C 
absent at Phnom Penh, Cam B absent at ACCB and Kratie, and 
Cam D absent at Sihanoukville market (Table 1) might therefore 
entirely be due to the low frequency of detection. As this study 
only provides initial data for chytrid fungus and potential effects 
within Cambodia, any further statements about the significance 
of these distribution patterns would thus be highly speculative, 
and the matter requires additional studies.
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chytrid fungus in American bullfrogs (Lithobates catesbeianus) 
along the platte River, nebraska, uSA
 Chytridiomycosis is an emerging infectious disease in am-
phibians that was discovered in the late 1990s (Berger et al. 1998; 
Longcore et al. 1999), with retrospective surveys indicating iso-
lated cases dating to 1902 in Japan (Goka et al. 2009), 1938 in Afri-
ca (Weldon et al. 2004), and 1961 in North America (Ouellet et al. 
2005). This disease is caused by the pathogen Batrachochytrium 
dendrobatidis (Bd), a species of chytrid fungus, and it is hypoth-
esized to contribute to amphibian declines worldwide (Berger 
et al. 1998; Daszak et al. 1999; Lips et al. 2006; Collins 2010). Bd 
has been detected in amphibians on all six continents inhabited 
by amphibians, and large numbers of Bd-positive samples have 
been collected from various sites across North America (www.
Bd-maps.net; accessed 7 June 2011). The central United States, 
however, has not been sampled extensively for Bd. To date, no 
published accounts of Bd exist for amphibians from Nebraska, 
USA, although two localities with Bd in Nebraska are noted on-
line (www.Bd-maps.net; J. Krebs, Henry Doorly Zoo, Omaha, Ne-
braska, and Zimmerman Ranch, Dunning, Nebraska). Our ob-
jective was to determine whether Bd is present along the Platte 
River in south-central Nebraska.
 We sampled anurans along the Platte River in Hall County, 
Nebraska, on land managed by Platte River Whooping Crane 
Critical Habitat Maintenance Trust, Inc., located on Shoemaker 
Island (40.7884°N, 98.4650°W). We prioritized capturing Litho-
bates catesbeianus (American Bullfrog) because they are non-
clinical carriers of Bd (Daszak et al. 2004; Garner et al. 2006), 
are abundant in Nebraska (Fogell 2010), and are a concern for 
wildlife management worldwide due to their invasiveness (Fic-
etola et al. 2007). We targeted sampling along two sloughs (linear, 
water-filled depressions) surrounded by mesic, tall-grass prairie 
(Fig. 1; Slough 1 start: 40.7921°N, 98.4628°W; end: 40.7939°N, 
98.4584°W; Slough 2: start: 40.7959°N, 98.4444°W, end: 40.7989°N, 
98.4421°W). We also opportunistically collected Anaxyrus wood-
housii (Woodhouse’s Toad) and Lithobates blairi (Plains Leopard 

Frog) from these sloughs, as well as nearby point locations across 
the island, including isolated ponds, puddles, and roads (Fig. 1). 
Samples were collected 28 April, 5 June, 9 and 10 July, and 3 and 
6 September 2010. 
 To minimize contamination, we captured amphibians by 
hand while wearing disposable vinyl gloves that we changed be-
tween each capture. We also captured some Plains Leopard Frogs 
with nets from ponds and puddles. Each animal captured was 
kept individually in plastic or cloth bags until processed in the 
field and then released; plastic bags were disposed after one us-
age whereas cloth bags were washed between samples. For each 
individual, we determined sex and visually examined for wounds 
and other abnormalities. We sampled for Bd following protocols 
of the Amphibian Disease Laboratory, Institute for Conservation 
Research at the San Diego Zoo and used their preferred sampling 
kits, comprised of plastic-handled, fine tip cotton swabs (Dry-
swabTM; MW113; Medical Wire & Equipment Co. LTD., England) 
and screw-top storage tubes (Cryogenic Vials, Nalge Nunc Inter-
national, New York). We swabbed the skin on ventral surfaces, tar-
geting the pelvic patch, thighs, and toe webbing, making 5 passes 
on each surface with a single swab for each animal. The swab was 
air-dried, and the tip placed in an individually marked vial.
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 Samples were shipped to the San Diego Zoo for processing 
where they were analyzed for Bd using real-time (Taqman) PCR 
to amplify the ITS1 region (Boyle et al. 2004). Results were re-
ported as positive or negative. We examined associations among 
Bd presence, sex, sampling date, and sampling location with 
Pearson Chi-square tests in PASW Statistics version 18 (Chicago, 
Illinois, USA).
 We captured a total of 118 amphibians, including 76 adult 
American Bullfrogs, 1 American Bullfrog tadpole, 20 Plains 
Leopard Frogs, and 21 Woodhouse’s Toads. We detected Bd only 
in American Bullfrogs, with 31 adults (41%) testing positive. We 
did not detect an association between Bd infection and sex (c2 

= 1.14, df = 1, P = 0.28) or sampling location (c2 = 1.81, df = 2, P 
= 0.40), but we found an association between Bd infection and 
sampling date (c2 = 14.12, df = 2, P = 0.001), with 67% of American 
Bullfrogs testing positive in April, 0% testing positive in June, and 
39% testing positive in July. We observed infected American Bull-
frogs in both sloughs; the one American Bullfrog sampled from 
an isolated pond located 600 m from the sloughs tested negative. 
No infected individuals were detected in the other two species, 
even in sloughs with infected American Bullfrogs (N = 2 Wood-
house’s Toads collected from Slough 1, N = 18 Plains Leopard 

Frogs collected from Slough 1, and N = 1 Plains Leopard Frog 
from Slough 2).
 We detected high prevalence of Bd (41%) in American Bull-
frogs along the Platte River in central Nebraska. Other central 
USA accounts of Bd include surveys in the north-central United 
States (Iowa, Wisconsin, and Michigan), where Bd was detected in 
nine species, including American Bullfrogs (Sadinski et al. 2010); 
surveys in Colorado and Wyoming, where Bd was widely distrib-
uted (51% of sites examined) in Boreal Toads (Bufo boreas boreas), 
Western Chorus Frogs (Pseudacris triseriata), Northern Leopard 
Frogs (Lithobates pipiens), and Wood Frogs (Lithobates sylvaticus) 
(Young et al. 2007); and surveys along the Rocky Mountains, where 
Bd was detected in six species (Muths et al. 2008). Additional sur-
veys of Bd throughout the central United States are warranted to 
gain baseline information about the presence of this pathogen, 
especially as it relates to species that have declined in recent de-
cades for unknown reasons (e.g., Hayes and Jennings 1986).
 Accumulating evidence supports the “novel pathogen hy-
pothesis” to explain the recent worldwide invasion of Bd (Rosen-
blum et al. 2009). This specifically suggests that human-mediat-
ed movement of infected frogs, including the American Bullfrog, 
precipitated Bd range expansion (Fisher and Garner 2007; 
Schloegel et al. 2009a,b). In light of this, our results are a special 
concern for the region as American Bullfrogs were introduced to 
waterways throughout Nebraska in the 20th century and appear 
to be expanding their distribution (Fogell 2010). American Bull-
frogs were not documented in surveys of herpetofauna in 1980 
on an island adjacent to our study site (Jones et al. 1981), but 
they were abundant in our 2010 surveys. Expansion of Ameri-
can Bullfrogs could result in the introduction of Bd to the native 
amphibians in the region, notably Plains Leopard Frogs, Wood-
house’s Toads, and Boreal Chorus Frogs. Bd infections already 
have been reported in Chorus Frogs (Pseudacris maculata and 
P. triseriata) and Northern Leopard Frogs (Lithobates pipiens) in 
Colorado and Wyoming (Young et al. 2007; Muths et al. 2008). 
Although we did not detect Bd in Plains Leopard Frogs or Wood-
house’s Toads, a number of factors may have prevented this. Our 
sample size was small (Skerratt et al. 2008), and studies have 
shown lower prevalence of Bd during the summer (Longcore et 
al. 2007; Retallick et al. 2004; Voordouw et al. 2010). In our study, 
most positive detections of Bd were at the earliest sampling date 
(April) in American Bullfrogs, but we captured most Plains Leop-
ard Frogs and Woodhouse’s Toads at later sampling dates, thus 
we may have missed a seasonal peak in infection. In addition, 
recent work suggests that our collection method (swabbing) is 
less sensitive than other methods (toe clips and bag rinses) for 
detection (Voordouw et al. 2010). 
 Additional surveys of native anurans need to be conducted 
at this site to monitor potential cascading effects of transmis-
sion of Bd from invasive American Bullfrogs. Prevalence of Bd 
varies among American Bullfrog populations, but it is frequently 
high (Garner et al. 2006), and American Bullfrogs are often non-
clinical carriers (Daszak et al. 2004; Garner et al. 2006). Despite 
high genetic similarity of isolates, different strains of Bd differ 
in virulence (Berger et al. 2005; Fisher et al. 2009; Rosenblum 
et al. 2009), yet there appears to be little host specificity (James 
et al. 2009; Rosenblum et al. 2009). Thus, Bd strains carried by 
American Bullfrogs likely are easily spread to other native spe-
cies. Therefore, characterization of the strain of Bd in this region 
is needed because American Bullfrogs occur in the same water 
bodies with many native species and may threaten them, espe-
cially if carrying a lethal strain.

Fig. 1. Location of sampling sites along the Platte River in central Ne-
braska, USA. Locator map shows the study region within the Platte 
River watershed. Aerial photograph depicts Shoemaker Island (Hall 
County, Nebraska) where anurans were sampled. Most sampling oc-
curred in sloughs 1 and 2, and opportunistic captures were collected 
from point locations (denoted by triangles). Aerial photograph was 
taken in October 2010. 
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The amphibian chytrid fungus Batrachochytrium dendroba-
tidis (Bd) has been detected on all continents where amphibians 
occur (Berger et al. 1998; Bosch et al. 2001; Fisher et al. 2009; 
Hopkins and Channing 2003; www.Bd-maps.net, accessed 7 
June 2011), causing a widespread cutaneous infection in young 
postmetamorphic and adult individuals that may result in death 
(Berger et al. 1999). Although anuran larvae do not seem to die 
from the infection, they nonetheless develop remarkable dam-
age to their keratinized mouthparts (interrupted or misshaped 
tooth rows, and loss of pigmentation in these and jaw sheaths) 
and swelling and redness of the labial papillae and oral disc 
(Berger et al. 1998; Fellers et al. 2001).

During a field survey in June 1996, one of us (LCM) collected 
Plectrohyla arborescandens tadpoles in a stream in Zoquitlán, 
southeastern Puebla, México (18.3239°N, 97.01°W; 1860 m elev.), 
a geographic region known as the Sierra Negra (Fig. 1). Seven of 
13 (54%) larvae lacked jaw sheaths and tooth rows (L. Canseco-
Márquez, pers. obs.; specimens are retained at the herpetological 
collection of Benemérita Universidad Autónoma de Puebla, Méxi-
co; EBUAP 681–682). At that time, Bd was not yet described, its ef-
fects were yet unknown, and the cause of the missing jaw sheaths 
and tooth rows in larvae was not clear to the surveyors. Based on 
those original observations and more recent information regard-
ing the existence and effects of Bd, our aim was to return to the 
region and sample P. arborescandens larvae for the presence of Bd. 

Our study was conducted in Tilancingo, a stream located in 
the municipality of Coyomeapan, Puebla, Mexico (in the Sierra 
Negra; 18.3027°N, 97.0644° W; 2607 m elev., Fig. 1), where the veg-
etation (oak-pine forest) is relatively undisturbed. In June 2008, 
we collected four tadpoles (EBUAP 2114) of P. arborescandens, 
and took them to the laboratory to test for the presence of Bd us-
ing the wet-preparation technique (Frías-Alvarez et al. 2008). We 
also examined another 22 larval P. arborescandens (EBUAP 2109-
13) for mouthpart abnormalities that were collected at the same 
site in March–June 2006.

To characterize the oral disc abnormalities in larvae, we ex-
amined mouthparts with a stereoscopic microscope. Individu-
als at Gosner stages 40–42 (Gosner 1960) were excluded from the 
analysis because during these stages atrophy of the oral disc is a 
natural process (Gosner 1960).

The four tadpoles collected in 2008 (stages 26–37) were in-
fected with Bd, which was determined by the presence of empty 
sporangia, sporangia with zoospores and septed sporangia. Fur-
ther, these four tadpoles also had conspicuous oral disc abnor-
malities; loss of the jaw sheaths and tooth rows (with anterior 
and posterior mouthparts being affected in both cases). Of the 
specimens examined from 2006, 18 of 22 larvae (stages 26–35) 
had oral disc abnormalities. In total, the incidence of mouthpart 
abnormalities was 84.6% (N = 26). 

The presence of Bd in Puebla State recently was documented 
by Frías-Alvarez et al. (2008) in Ambystoma velasci, so this rep-
resents the second report of the fungus in Puebla, and the first 
case associated with an anuran species. Bd occurrence in P. ar-
borescandens is of particular concern because this is an anuran 
with conservation concerns. This frog is endemic to the Atlantic 
slopes of México, in the states of Tlaxcala, Puebla, and Veracruz, 
and is considered endangered and with a decreasing population 
trend (Stuart et al. 2008).

It warrants acknowledgment that other factors aside from 
Bd infection can cause loss of the keratinized mouthparts in 
anuran larvae. These include low temperatures, possibly related 
to decreased feeding (Rachowicz 2002), and DDT and corticos-
terone exposure (Hayes et al. 1997). However, the Bd pattern 
of loss presents differently. Whereas tadpoles infected with Bd 
show loss of jaw sheaths in form of ‘gaps’ (whitish areas on the 
jaw sheaths that are discontinuous, surrounded by darkened 
areas), those exposed to low temperatures experience a con-
tinuous reduction in tooth rows, and later in jaw sheath width 
(Rachowicz and Vredenburg 2004). On the other hand, tad-
poles exposed to DDT and corticosterone lose the anterior jaw 
sheaths and tooth rows completely, with no posterior mouth-
parts being affected (Hayes et al. 1997). In our samples both 
anterior and posterior mouthparts were affected, about equally, 
and whitish gaps irregularly distributed in the jaw sheaths and 
tooth rows were found, which resembles the pattern described 
for tadpoles infected with Bd (Rachowicz and Vredenburg 2004). 
Additionally, although DDT or corticosterone may occur at the 
site (e.g., via aerial transmission), the area is surrounded by pri-
mary vegetation and direct applications of the chemicals are 
unknown. Moreover, tadpoles were collected in some of the 
warmest months, which reduces the possibility of mouthpart 
loss due to low temperatures. Based on these observations, we 
suggest that the fungus was the most likely proximate cause of 
the abnormalities reported herein.

The larvae we collected appeared healthy, as did the adults of 
P. arborescandens that we found (none dying or dead).  However, 
the incidence of abnormalities in larvae was as high as other re-
ports for anuran species inhabiting montane regions (Felger et 
al. 2007; Fellers et al. 2001; Lips et al. 2004), unlike lowland sites, 
where incidence is lower (Felger et al. 2007). This is consistent 
with reports on the prevalence of chytridiomycosis and Bd re-
lated declines; prevalence increases with altitude (Woodhams 
and Alford 2005), and declines due to the disease occur mainly 
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at montane sites (Berger et al. 1998; Lips 1999). Bd growth is fa-
vored at relatively cool environmental conditions, so this might 
explain the patterns described above (Daszak et al. 2003). Addi-
tionally, other factors, such as specific susceptibility to the fun-
gus, length of larval period, and behavior of the tadpoles, might 
have an effect on the incidence of abnormalities in this life stage.

Because montane sites form a great proportion of the Sierra 
Negra, and many of its amphibian species are endemic to México 
(e.g., Plectrohyla arborescandens, P. bistincta, Hyla euphorbiacea, 
Craugastor mexicanus, and Incilius occidentalis) and some are 
endemic to this montane location in Puebla State (e.g., Craugas-
tor galacticorhinus Canseco-Márquez and Smith 2004), studies 
are needed to evaluate the current distribution of Bd in the entire 
region, which species are affected, as well as its effects at both 
the individual and population level.
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infectious disease Screening of Indirana frogs from the 
Western Ghats biodiversity hotspot

Amphibians are undergoing global declines, with 41% of 
amphibian species threatened with extinction (Hoffmann et al. 
2010; Stuart et al. 2004). Emerging infectious diseases such as 
chytridiomycosis and Ranavirus have been implicated among 
the possible reasons for some of these declines (e.g., Collins and 
Storfer 2003; Daszak et al. 1999; Schloegel et al. 2010). Chytridio-
mycosis is a disease caused by the parasitic fungus Batrachochy-
trium dendrobatidis (Bd). It is known to cause mortality across 
a wide range of amphibian taxa by the disruption of cutaneous 
functions (Voyles et al. 2009). Bd infections were first reported in 
Panama and Australia in 1998, and are now known to affect am-
phibians across the globe, including species in North America, 
South America, Central America, Africa, Europe, New Zealand, 
and in parts of Asia (e.g., Berger et al.1998; Bradley et al. 2002; 
Changming et al. 2010; Garner et al. 2005; Kielgast et al. 2010; 
Lips 1999; Waldman et al. 2001). The viral amphibian pathogen 
Ranavirus, which is less well reported, also causes mass morta-
lities in the wild (Gray et al. 2009), in both common amphibian 
species and species thought to be in decline (e.g., Green et al. 
2002). For example, it is known to cause mass mortalities in East-
ern Tiger Salamanders (Ambystoma tigrinum) in North America 
(Bollinger et al. 1999; Collins et al. 2004; Jancovich et al. 1997) 
and in the Common Frog (Rana temporaria) in the United King-
dom (Cunningham et al. 1996). Furthermore, recent studies have 
shown that Ranavirus infection can cause long-term population 
declines in R. temporaria (Teacher et al. 2010). 

To the best of our knowledge, no screening for Bd or Rana-
virus has been reported from the Indian sub-continent, repre-
senting a very large gap in our knowledge of the distribution of 
these diseases. This is also evident from the current global dis-
tribution map of Bd (www.bd-maps.net; accessed 2 May 2011). 

Fig. 1. Locations of the sites in India screened for Batrachochytrium 
dendrobatidis (Bd) and Ranavirus (Rv).
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The Western Ghats in southwestern India is a biodiversity hot-
spot (Myers et al. 2000) which has a high diversity of amphibians 
with many endemic families and genera (Biju and Bossuyt 2003; 
Bossuyt et al. 2004; Daniels 2005; Dutta 1997). Currently, there 
are approximately 132 known amphibian species that are unique 
to the Western Ghats (Dinesh et al. 2009). We investigated the 
presence of Bd and Ranavirus in several species of Indirana frogs 
endemic to the Western Ghats biodiversity hotspot. In addition, 
Bd screening was performed for Hylarana temporalis, Fejervarya 
keralensis, and Micrixalus fuscus from the Peppara Wildlife sanc-
tuary in Kerala, India.

Field surveys were conducted in the southern part of the 
Western Ghats between 2008–2010, including the states of Kerala 
and southern Karnataka (Fig. 1). Specimens were identified us-
ing published taxonomic information (Daniels 2005; Inger et al. 
1984). For the Ranavirus screening, 138 samples were collected 
from 10 locations, including five known and one unknown spe-
cies within the genus Indirana (Table 1). Indirana beddomii, I. 
semipalmata, I. diplosticta, and I. brachytarsus were collected 
from heavily littered trek paths in tropical evergreen and semi 
evergreen forests in Peppara, Ponmudi, Malakapara, and the 
Periyar Tiger Reserve. Indirana beddomii frogs were also collect-
ed along streams in low altitude sholas in Kudremukh National 
Park and Agumbe rainforest, as well as from trek paths in moist 
deciduous forests in Kanamvayal and Aralam. Indirana leptodac-
tyla were collected along streams in shola forests in Munnar, and 
Indirana frogs of unknown species (Indirana sp.) were collected 
in semi-evergreen forests in Vellarimala. Toe clips (N = 68 for I. 
beddomii, N = 22 for I. brachytarsus, N = 24 for I. leptodactyla, N 
= 5 for I. semipalmata, N = 3 for I. diplosticta, N = 16 for Indirana 
sp.) were taken from adult specimens and stored in 95% alcohol. 
Swabs for Bd screening were taken from four species of frogs (N = 
41 for I. brachytarsus, N = 20 for M. fuscus, N = 51 for H. tempora-
lis and N = 30 for F. keralensis) from Peppara Wildlife Sanctuary. 
All specimens were caught using dip-nets and placed temporar-
ily in separate plastic bags with ventilation. Latex gloves were 
used and changed every time a new specimen was handled in 

order to avoid cross contamination among individuals. All frogs 
were released at the site of capture after collecting the toe-clips 
and swabs. No physical abnormalities were detected, and there 
were no indications of unusual mortalities in any of the regions 
sampled.

For Ranavirus screening, total genomic DNA was extracted 
from the toe clips following the protocol used in St-Amour and 
Lesbarrères (2007), using the Qiagen DNeasy Blood and Tissue 
kit (Qiagen, New Delhi, India), following the manufacturer’s in-
structions. DNA isolated from the infected cells of two Ranavirus 
isolates (one from Bufo bufo, and one from R. temporaria, ob-
tained from the Institute of Zoology, London, UK) were used as 
positive controls. PCR amplifications were performed twice for 
each sample using FV3-specific primers (forward: 5’-GTCTCTG-
GAGAAGAAGAA-3’, reverse: 5’-GACTTGGCACTTATGAC-3’) 
which amplify a 420 base pair fragment of the major capsid pro-
tein (Gantress et al. 2003; Mao et al. 1996). The PCR amplifica-
tions were performed in 15 µl reactions consisting of 3 µl of 5x 
PCR buffer, 0.12 µl dNTPs (25 mM), 0.5 µl of each primer, 0.15 
µl of Phire hot start DNA polymerase (Finnzymes, Finland), 9.23 
µl of dH

2
O and 1.5 µl of template DNA (10-20 ng). The following 

thermo cycling conditions were used for amplifications: 98°C for 
30 s, followed by 40 cycles of 98°C for 5 s, annealing at 60°C for 
15 s, extension at 72°C for 20 s, followed by a final extension step 
at 72°C for 1 min. The final PCR products were checked on 2% 
agarose gels, and a sample was considered positive if both the 
repeat PCR samples showed bands that matched the size of the 
band (420 base pairs) from the two positive controls.

For Bd screening, DNA was extracted from the swabs using a 
bead beating extraction method with 0.5 mm silica microbeads 
following the protocol described in Boyle et al. (2004). Some of 
the toe clip extractions also were screened for Bd (Table 1) follow-
ing methods in Changming et al. (2010). The PCR amplifications 
were performed in 25 µl reactions using primers ITS-1 (forward): 
5’-CCTTGATATAATACAGTGTGCCATATGTC-3’ and 5.8S (reverse): 
5’-AGCCAAGAGATCCGTTGTCAAA-3’ (Boyle et al. 2004). Quan-
titative Real Time PCR (qPCR) was performed using a Taqman 

taBLe 1. The results of Batrachochytrium dendrobatidis (Bd) and Ranavirus (Rv) screening for frogs from the Western Ghats in India. +ve = No. 
Bd-positive or Rv-positive frogs; N = total sample size; GE = genomic equivalent; SE = standard error; WLS = Wildlife Sanctuary. a) and b) refer 
to replicates of the same original sample. Indirana sp. = probable undescribed species.

Locality Coordinates Species Tissue Bd Mean GE Rv
   type (+ve/N)  (+ve/N)

Kudremukh/Agumbe 13.2186–13.5227°N,  Indirana beddomii Toe clip 0/5 — 0/22
 75.0889–75.1831°E
Aralam/Kanamvayal 11.9316–12.2942°N,  Indirana beddomii Toe clip 0/5 — 0/24
 75.4842–75.8358°E
Athirapalli 10.2928°N, 76.565°E Indirana beddomii Toe clip — — 0/22
Periyar 09.4908°N, 77.1361°E Indirana semipalmata Toe clip 0/5 — 0/5
Periyar 09.4908°N, 77.1361°E Indirana diplosticta Toe clip 0/3 — 0/3
Munnar 10.1442°N, 77.0381°E Indirana leptodactyla Toe clip 0/5 — 0/24
Vellarimala 11.4463°N, 76.0789°E Indirana sp. Toe clip 0/10 — 0/16
Ponmudi/Periyar 08.7663–09.4908°N,  Indirana brachytarsus Toe clip 1/5 a) 2.92 ± 3.1
 77.1094–77.2175°E    b) 0.30  ± 0.1 0/12
Malakapara 10.2880°N, 76.8414°E Indirana brachytarsus Toe clip — — 0/10
Peppara WLS 08.5619–08.5981°N, 77.1647°E Indirana brachytarsus Swab 0/41 — —
Peppara WLS 08.5619–08.5981°N, 77.1647°E Hylarana temporalis Swab 0/51 — —
Peppara WLS 08.5619–08.5981°N, 77.1647°E Fejervarya keralensis Swab 0/30 — —
Peppara WLS 08.5619–08.5981°N, 77.1647°E Micrixalus fuscus Swab 0/20 — —
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assay following Boyle et al. (2004) on a 7300 Real Time PCR system 
(Applied Biosystems, California). We used Bd zoospore genome 
equivalents of 100, 10, 1, and 0.1 to construct the standard curves. 
All the samples were replicated twice with negative controls on 
each plate. The genomic equivalents (GE) of the positive samples 
were derived from the standard curves. A GE score of above 0.1 
in each replicate was considered as a positive signal of Bd pres-
ence. Samples that tested positive in one or both of the replicates 
were re-tested at Imperial College, London, by an independent 
researcher in order to confirm the Bd infection. 

All 138 samples tested for the Ranavirus infections were 
negative: no bands matching the positive control bands were 
detected (Table 1). Although toe clip extractions have shown to 
be a good alternative to lethal sampling methods (liver extracts) 
for the screening of Ranavirus (St-Amour and Lesbarrères 2007), 
the possibility of false negatives cannot be excluded as St-Amour 
and Lesbarrères (2007) had only 88% success rate in detecting 
Ranavirus from known positive toe-clip extracts.

The 142 samples (DNA extracted from swabs) that were 
screened for Bd infection from Peppara Wildlife Sanctuary were 
negative for Bd infection. From the additional samples that were 
tested (toe clip extracts), one sample tested Bd-positive from I. 
diplosticta, but the replicate was negative for this sample. An-
other sample of I. brachytarsus tested Bd-positive and was also 
positive in the replicate (mean GE = 2.92). These two samples 
were again amplified with replicates, and tested at Imperial Col-
lege, London. The I. diplosticta sample was found to be negative 
in both the replicates, and the I. brachytarsus sample was posi-
tive in both the replicates (Table 1).

From Asia, chytridiomycosis was first reported from captive 
amphibians in Japan (Une et al. 2008), and Bd infections have 
been reported subsequently from China, Indonesia, and South 
Korea (e.g., Changming et al. 2010; Kusrini et al. 2008; Yang et al. 
2009). To date, we are not aware of any study that has screened for 
Bd or Ranavirus in India. In our study, we found one Bd-positive 
I. brachytarsus sample from Ponmudi, Western Ghats. The qPCR 
method is a very specific and sensitive technique for detecting 
Bd infection (Boyle et al. 2004; Kriger et al. 2006), although the 
infection detected in our study was at a very low level, it was rep-
licable. Rowley et al. (2007) highlighted potential problems as-
sociated with contamination due to possible aerosolization of 
DNA. We believe that aerosol contamination is unlikely in our 
case, as we performed negative controls and replicated the posi-
tive result in a separate laboratory. Similar low-level infections 
of Bd (≤ 1 zoospore equivalent) in wild populations of native 
amphibians also have been reported from Indonesia and China 
(Changming et al. 2010; Kusrini et al. 2008). The occurrence of Bd 
infection in individuals with no apparent physical abnormalities 
is not unusual (e.g., Changming et al. 2010; Kielgast et al. 2010).

Amphibian trade and introductions are prominent hypoth-
eses for the spread of Bd in many parts of the world (Fisher and 
Garner 2007). For example, the introduction of the North Ameri-
can Bullfrog (Lithobates catesbeianus) for trade and human 
consumption is likely to have contributed to the spread of Bd in 
Asia (Changming et al. 2010; Garner et al. 2006). China and In-
donesia are well known for amphibian farming and the export 
of amphibians to Europe, the United States, and many regions 
in Asia (Kusrini and Alford 2006; Warkentin et al. 2009). Such 
exports could have facilitated the spread of Bd to other regions 
in southeast Asia. Amphibian trade in India has been banned 
since 1987 (Warkentin et al. 2009) but illegal trade in amphib-
ians cannot be ruled out as a possible route for introduction of 

Bd to India. A recent study by Goka et al. (2009) also reported 
the presence of endemic strains of Bd in Japanese giant salaman-
der, Andrias japonicus, with no disease symptoms. These strains 
were also present in stored specimens of A. japonicus collected 
in 1902 (Goka et al. 2009), suggesting a much wider and ancient 
presence of Bd in southeast Asia than was previously believed. 

Chytrid infections are implicated to have caused extinctions 
of several species in central Panama even before the scientific 
description of the species in question were complete (Crawford 
et al. 2010). The Western Ghats mountains have high endemic 
amphibian diversity and several new amphibian species have 
recently been described from this area (e.g., Biju and Bossuyt 
2009). Hence, it is highly likely that further new species will be 
described from this region in future (Biju 2001). In view of our 
results, and in consideration of the fact that 40% of the amphib-
ian species in the Western Ghats are already threatened with ex-
tinction (Biju et al. 2008), we suggest that more organized and 
extended efforts need to be put into the screening of emerging 
infectious diseases of amphibians from the entire range of the 
Western Ghats biodiversity hotspot, and throughout India.

 Acknowledgments.—We thank T. Garner for his advice, and for 
making the facilities and expertise of Institute of Zoology, London 
available for this study. We thank M. Perkins for help with the labora-
tory work, and S. Price for the donation of Ranavirus control sam-
ples. We would also like to thank the Kerala and Karnataka Forest 
Departments for permission to collect the samples, and B. S. Nair 
and J. S. Sudharma for help with the field work. The samples were 
collected under a licence from the National Biodiversity Authority, 
India (NBA/TECH Appl/9/85/34/08/08-09/682). Our research was 
funded by the Academy of Finland (grant 125092 and 134728 to JM, 
and grant 138043 to AGFT) and the Department of Biotechnology, 
Government of India (grant BT/IN/Finnish/11/SG/2008 to SG).

Literature cited

Berger, L., r. speare, p. daszak, d. e. green, a. a. cunningham, c. L. gog-
gin, r. sLocomBe, m. a. ragan, a. d. hyatt, k. r. mcdonaLd, h. B. 
hines, k. r. Lips, g. maranteLLi, and h. parkes. 1998. Chytridiomy-
cosis causes amphibian mortality associated with population de-
clines in the rain forests of Australia and Central America. Proc. 
Natl. Acad. Sci. USA. 95:9031–9036.

Biju, s. d. 2001. A synopsis to the frog fauna of the Western Ghats, 
India. Occas. Publ. Indian Soc. Conserv. Biol. 1:1–24.

–––––, and F. Bossuyt. 2003. New frog family from India reveals an 
ancient biogeographical link with the Seychelles. Nature 425:711–
714.

–––––, and –––––. 2009. Systematics and phylogeny of Philautus Gis-
tel, 1848 (Anura, Rhacophoridae) in the Western Ghats of India, 
with descriptions of 12 new species. Zool. J. Linn. Soc. 155:374–
444.

–––––, r. g. kamei, g.Bhatta, V.giri, n. cox, i. das and F. Bossuyt. 2008. 
Diversity and conservation status of the Western Ghats amphib-
ians. In S. N.Stuart, M. Hoffmann, J. S. Chanson, N. A. Cox, R. Ber-
ridge, P. Ramani and B. E. Young (eds.), Threatened Amphibians of 
the World, pp. 80–82. Lynx Edicions, with IUCN – The World Con-
servation Union, Conservation International and Nature Serve, 
Barcelona.

BoLLinger, t. k., j. mao, d. schock, r. m. Brigham, and V. g. chinchar. 
1999. Pathology, isolation and preliminary characterisation of a 
novel iridovirus from tiger salamanders in Saskatchewan. J. Wildl. 
Dis. 35:413–429.

Bossuyt, F., m. meegaskumBura, n. Beenaerts, d. j. gower, r. pethi-
yagoda, k. roeLants, a. mannaert, m. wiLkinson, m. m. Bahir, k. 



Herpetological Review 42(4), 2011

     AmphibiAn diSeASeS     557

manamendra-arachchi, p. k. L. ng, c. j. schneider, o. V. oomen, and 
m. c. miLinkoVitch. 2004. Local endemism within the Western 
Ghats-Sri Lanka biodiversity hotspot. Science 306:479–481.

BoyLe, d. g., d. B. BoyLe, V. oLsen, j. a. t. morgan, and a. d. hyatt. 2004. 
Rapid quantitative detection of chytridiomycosis (Batrachochytri-
um dendrobatidis) in amphibian samples using real-time Taqman 
PCR assay. Dis. Aquat. Org. 60:41–148.

BradLey, g. a., p. c. rosen, m. j. sredL, t. r. jones, and j. e. Longcore. 
2002. Chytridiomycosis in native Arizona frogs. J. Wildl. Dis. 
38:206–212.

coLLins, j. p., j. L. Brunner, j. k. jancoVich, and d. m. schock. 2004. A 
model host–pathogen system for studying infectious disease dy-
namics in amphibians: tiger salamanders (Ambystoma tigrinum) 
and Ambystoma tigrinum virus. Herpetol. J. 14:195–200.

–––––, and a. storFer. 2003. Global amphibian declines: sorting the 
hypotheses. Divers. Distrib. 9:89-98.

changming, B., t. w. j. garner, and y. Li. 2010. First Evidence of Batra-
chochytrium dendrobatidis in China: Discovery of Chytridiomyco-
sis in Introduced American Bullfrogs and Native Amphibians in 
the Yunnan Province, China. Ecohealth 7:127–134.

crawFord, a. j., k. r. Lips, and e. Bermingham. 2010. Epidemic disease 
decimates amphibian abundance, species diversity, and evolu-
tionary history in the highlands of central Panama. Proc. Natl. 
Acad. Sci., USA. 107:13777–13782.

cunningham, a. a., t. e. Langton, p. m. Bennet, j. F. Lewin, s. e. drury, 
r. e. gough, and s. k. macgregor. 1996. Pathological and microbio-
logical findings from incidents of unusual mortality of the com-
mon frog (Rana temporaria). Phil. Trans. R. Soc. B. 351:1539–1557.

danieLs, r. j. r. 2005. Amphibians of Peninsular India. Hyderabad: 
Universities Press (India) Pvt. Ltd. 268 pp.

daszak, p., L. Berger, a. a. cunningham, a. d. hyatt, d. e. green, and r. 
speare. 1999. Emerging infectious diseases and amphibian popu-
lation declines. Emerg. Infect. Dis. 5: 735–748.

dinesh, k. p., c. radhakrishnan, k. V. gururaja, and g Bhatta. 2009. An 
annotated checklist of Amphibia of India with some insights into 
the patterns of species discoveries, distribution and endemism. 
Rec. Zool. Surv. India, Occas. Pap. No. 302:1–133.

dutta, s. k. 1997. Amphibians of India and Sri Lanka. Bhubaneswar: 
Odyssey Publishing House. 342 pp.

Fisher, m. c., and t. w. j. garner. 2007. The relationship between the 
emergence of Batrachochytrium dendrobatidis, the international 
trade in amphibians and introduced amphibian species. Fung. 
Biol. Rev. 21:2–9.

gantress, j., g. d. maniero., n. cohen, and j. roBert. 2003. Develop-
ment and characterization of a model system to study amphibian 
immune responses to iridoviruses. Virology 311:254–262.

garner, t. w. j., m. w. perkins, p. goVindarajuLu, d. segLie, s. waLker, a. 
a. cunningham, and m. c. Fisher. 2006. The emerging amphibian 
pathogen Batrachochytrium dendrobatidis globally infects intro-
duced populations of the North American bullfrog, Rana catesbei-
ana. Biol. Lett. 2:455–459

–––––, s. waLker, j. Bosch, a. d. hyatt, a. a. cunningham, and m. 
c. Fisher. 2005. Chytrid fungus in Europe. Emerg. Infect. Dis. 
11:1639–1641.

goka, k., j. yokoyama, y. une, t. kuroki, k. suzuki, m. nakahara, a. ko-
Bayashi, s. inaBa, t. mizutani, and a. d. hyatt. 2009. Amphibian chy-
tridomycosis in Japan: distribution, haplotypes and possible route 
of entry into Japan. Mol. Ecol. 18:4757–4774.

gray, m. j., d. L. miLLer, and j. t. hoVerman. 2009. Ecology and pathol-
ogy of amphibian ranaviruses. Dis. Aquat. Org. 87:243–266.

green, d. e., k. a. conVerse, and a. k. schrader. 2002. Epizootiology of 
sixty-four amphibian morbidity and mortality events in the USA, 
1996–2001. Ann. New York Acad. Sci. 969:323–339.

hoFFmann, m., c. hiLton-tayLor, a. anguLo, m. Böhm, and others. 2010. 
The impact of conservation on the status of the world’s verte-
brates. Science 330:1503–1509.

inger, r. F., h. B. shaFFer, m. koshy, and r Bakde. 1984: A report on 
a collection of amphibians and reptiles from Ponmudi, Kerala, 
South India. J. Bombay Nat. Hist. Soc. 81:406–427.

jancoVich, j. k., e. w. daVison, j. F. morado, B. L. jacoBs, and j. p. coLLins. 
1997. Isolation of a lethal virus from the endangered salamander 
Ambystoma tigrinum stebbinsi. Dis. Aquat. Org. 31:161-167.

kieLgast, j., d. rödder, m. Veith, and s. Lötters. 2010. Widespread oc-
currences of the amphibian chytrid fungus in Kenya. Anim. Con-
serv. 13:36–43.

kriger, k. m., h. B. hines, a. d. hyatt, d. g. BoyLe, and j.-m. hero. 2006. 
Techniques for detecting chytridiomycosis in wild frogs: compar-
ing histology with real-time Taqman PCR. Dis. Aquat. Org. 71:141–
148

kusrini, m. d., and r. a. aLFord. 2006. Indonesia’s exports of frogs’ 
legs. TRAFFIC Bull. 21:13–24.

–––––, L. F. skerratt, s. garLand, L. Berger, and w. endarwin. 2008. Chy-
tridiomycosis in frogs of Mount Gede Pangrango, Indonesia. Dis. 
Aquat. Org. 82:187–194.

Lips, k. r. 1999. Mass mortality and population declines of anurans 
at an upland site in western Panama. Conserv. Biol. 13:117–125.

mao, j., t. n. tham, g. a. gentry, a. auBertin, and V. g. chinchar. 1996. 
Cloning, sequence analysis, and expression of the major capsid 
protein of the iridovirus frog virus. Virology 216:431–436.

myers, n., r. a. mittermeier, c. g. mittermeier, g. a. B. da Fonseca, and 
j. kent. 2000. Biodiversity hotspots for conservation priorities. Na-
ture 403:853–858.

rowLey, j. j. L., V. a. hemingway, r. a. aLFord, m. waycott, L. F. skerratt, 
r. campBeLL, and r. weBB. 2007. Experimental infection and repeat 
survey data indicate the amphibian chytrid Batrachochytrium 
dendrobatidis may not occur on freshwater crustaceans in north-
ern Queensland, Australia. Ecohealth 4:31–36.

schLoegeL, L. m., p. daszak, a. a. cunningham, r. speare, and B. hiLL. 
2010. Two amphibian diseases, chytridiomycosis and ranaviral 
disease, are now globally notifiable to the World Organization for 
Animal Health (OIE): an assessment. Dis. Aquat. Org. 92:101–108.

st-amour, V., and d. LesBarrères. 2007. Genetic evidence of Ranavirus 
in toe clips: an alternative to lethal sampling methods. Conserv. 
Genet. 8:1247–1250.

stuart, s. n., j. s. chanson, n. a. cox, B. e. young, a. s. L. rodrigues, d. 
L. Fischman, and r. w. waLLer. 2004. Status and trends of amphibian 
declines and extinctions worldwide. Science 306:1783–1786.

teacher, a. g. F., a. a. cunningham, and t. w. j. garner. 2010. Assessing 
the long-term impact of Ranavirus infection in wild common frog 
populations. Anim. Conserv. 13:514–522.

une, y., s. kadekaru, k. tamukai, k. goka, and t. kuroki. 2008. First re-
port of spontaneous chytridiomycosis in frogs in Asia. Dis. Aquat. 
Org. 82:157–160.

waLdman, B., k. e. Van de woLFshaar, j. d. kLena, V. andjic, p. Bishop, and 
r. j. de B. norman. 2001. Chytridiomycosis in New Zealand frogs. 
Surveillance 28:9–11.

warkentin, i. g., d. BickFord, n. s. sodhi, and c. j. a. Bradshaw. 2009. 
Eating frogs to extinction. Conserv. Biol. 23:1056–1059.

VoyLes, j., s. young, L. Berger, c. campBeLL, w. F. VoyLes, a. dinudom, d. 
cook, r. weBB, r. a. aLFord, L. F. skerratt, and r. speare. 2009. Pat-
hogenesis of chytridiomycosis, a cause of catastrophic amphibian 
declines. Science 326:582–585.

yang, h., h. Baek, r. speare, r. weBB, s. park, t. kim, k. c. Lasater, s. 
shin, s. son, j. park, m. min, y. kim, k. na, h. Lee, and s. park. 2009. 
First detection of the amphibian chytrid fungus Batrachochytri-
um dendrobatidis in free-ranging populations of amphibians on 
mainland Asia: survey in South Korea. Dis. Aquat. Org. 86:9–13.



Herpetological Review 42(4), 2011

558     AmphibiAn diSeASeS

Land use change, overexploitation, introduced species, 
global warming, pollution, and emerging infectious diseases 
are all proposed as causes of the world-wide decline and extinc-
tion of amphibians (Alford and Richards 1999; Blaustein and 
Kiesecker 2002; Collins and Storfer 2003; Fisher et al. 2009). In 
Latin America, the decline of amphibian populations has been 
observed from sea level (30 m) to the snow line (5300 m) (Díaz 
et al. 2007; Puschendorf et al. 2006; Seimon et al. 2007; Whitfield 
et al. 2007). The emergence of the fungal pathogen Batrachochy-
trium dendrobatidis (Bd) has been implicated in several of these 
declines (Cheng et al. 2011), and it is responsible for the extinc-
tion of several species worldwide (Fisher et al. 2009; Skerratt et 
al. 2007; Lips et al. 2006). In Colombia, Bd has been found infect-
ing frogs in the Hylidae, Dendrobatidae, Leptodactylidae, Cen-
trolenidae, and Bufonidae based on histological examination of 
museum specimens collected in the Eastern and Western Cordil-
leras (Ruiz and Rueda-Almonacid 2008; Velásquez-E et al. 2008). 
Here we report the occurrence of Bd in amphibians sampled in 
montane wet forests of the Central Cordillera of Colombia. To the 
best of our knowledge, this report corresponds to the first and 
northernmost record for Bd for the Central Andean Cordillera in 
Colombia. 

Our field survey was conducted in Belmira, Antioquia, a 
region located in northwestern Colombia (Fig. 1). This region 
has an area of approximately 279 km2, and is mainly covered by 
pastures and agricultural fields (60%), forests (18%), and shrub/
paramo vegetation (21%) (Rodriguez et al. 2007). The forests in 
the region have been heavily disturbed by mining, cattle graz-
ing, and forest clearance for timber or fuel wood (Corantioquia 
2005). Four sites in the region were sampled (Fig. 1), located be-
tween 2550 and 2853 m elevation. The region has a bimodal pre-
cipitation regime with annual precipitation ranging from 2000 
to 2500 mm, with peaks during the months of April–May and 
October–November (IGAC and IDEA 2007). The sampling sites 
are classified in the lower montane wet-forest life zone (bmh-
MB) (Holdridge 1967). Two of the sites surveyed (Golondrinas 
and Quebradona) are old forest fragments of approximately 12 
ha each. The other two sites (Salema and Santa Rita) are second-
growth forest patches of approximately 2 ha each.

Amphibian species were sampled via visual encounter 

surveys between December 2008 and February 2009 (Table 1). In 
order to detect Bd, 111 individuals of five species were swabbed 
using methods described by Hyatt et al. (2007). Cross contami-
nation was prevented using a new pair of disposable gloves every 
time that a new individual was handled. All samples were pre-
served in 70% ethanol and kept at low temperature (3°C) until 
quantitative PCR analyses were conducted.

Bd extraction and quantitative PCR analysis were conducted 
at the Institute of Zoology, Zoological Society of London, follow-
ing Boyle et al. (2004). Prevalence of infection was calculated as 
the ratio between the number of individuals that tested positive 
for Bd and the total number of individuals sampled per species. 
Bd prevalence was estimated with 95% Clopper-Pearson bino-
mial confidence intervals for each species per site. The number 
of Bd zoospores in each swab was estimated as the number of 
genomic equivalents (GE) per swab by multiplying the number 
of zoospores detected in each sample by 80, accounting for the 
number of dilutions between the extraction and the final sam-
ple. The number of Bd genomic equivalents (GE) is an estimate 
of the number of zoospores, or the intensity of infection.

We detected Bd infection in 32 of 111 amphibians sampled 
(Prevalence = 28%, CI [95%] = 21–38). However, our low sample 
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Batrachochytrium dendrobatidis detected in Amphibians of the 
central Andean cordillera of colombia

Fig 1. Sampling locations for Batrachochytrium dendrobatidis on 
amphibians in the Central Cordillera, Colombia (South America). 
White dots = Bd-positive locations; Black dots = Bd-negative loca-
tions.
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sizes at sites and per species may have precluded Bd detection if 
infection prevalence was low (Skerratt et al. 2008). Bolitoglossa 
ramosi, the only salamander surveyed in this study, was negative 
for Bd at the two sites where the species was found. Pristimantis 
dorsopictus was also negative for Bd. At the two second-growth 
forest sites, no individuals were positive for Bd (Table 1). Infect-
ed individuals belong to three species (Hyloscirtus larinopygion, 
Pristimantis uranobates and P. piceus) (Table 1). Intensity of in-
fection ranged between 0 and 5319 zoospores (Table 1). Infected 
individuals did not show clinical symptoms of the disease.

Hyloscirtus larynopygion had the highest prevalence of the 
infection (74%), and the highest intensity of infection (Table 1). 
This high intensity may respond to a larger area of skin sampled 
in H. larinopygion whose size is larger than the other species 
studied, although we followed a standardized swabbing proto-
col. This species is listed as IUCN “Near Threatened” (NT), with 
habitat loss and pollution as the main threats (Bolívar et al. 
2008). The absence of historical data on the populations stud-
ied here makes it difficult to understand the effects of Bd on 
these populations. However, the high Bd prevalence and high 
intensity of infection documented for H. larinopygion in our 
study suggest that it is imperative to identify whether chytridio-
mycosis should be considered as a major threat for the species. 
Monitoring of these populations is needed to better under-
stand their susceptibility to chytridiomycosis. Also, identifying 
whether other populations in the region are being affected by 
Bd is relevant in order to inform species and land managers. A 
low number of individuals of Pristimantis uranobates and P. pi-
ceus were positive for Bd. These species are listed as “Least Con-
cern” (LC) and although both species are considered adaptable 
and tolerant to disturbed habitats (Castro et al. 2004), after this 
study we suggest to consider the presence of Bd as one of the 
causes that can affect their populations even those located in 
protected areas. 

Our study extends the known distribution of the chytrid fun-
gus to the Central Andean Cordillera of Colombia, and to the 
best of our knowledge, represents the northernmost record for 
the chytrid fungus for this Cordillera. The results of this study 
support the hypothesis of habitat loss as a predictor of lower 
pathogen prevalence (Becker and Zamudio 2011). In our study, 
all individuals living in second-growth forest sites were negative 
for Bd while the prevalence for individuals from old forests was 
higher. This may suggest an effect of the structure of the forest 
on the Bd presence even for neighboring populations through 
changes in microclimatic conditions (Becker and Zamudio 
2011), or potentially habitat heterogeneity with reduced pooled 
water sources that might serve as Bd reservoirs. However our 

modest sample sizes highlight the importance of continued 
monitoring in the area to include more species and individuals 
that allow evaluation of this hypothesis. Our new Bd report raises 
conservation concerns considering the high anuran endemism 
of forests in the northern central Andes (Duellman 1999).
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