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Foreword: There is increasing awareness from the scientific community that emerging infectious diseases 

pose a significant threat to global biodiversity. Emerging diseases have been documented in various 

organisms including fish and herpetofauna.  In particular, a group of viruses in the genus Ranavirus 

(Family Iridoviridae) that cause disease in amphibians, reptiles and fish appear to be an emerging threat 

for many populations. While ranaviruses were historically overlooked as significant pathogens of 

ectothermic vertebrates, increasing reports of mass mortality events over the past two decades have raised 

conservation concern. Ranavirus-associated die-offs in larval and adult amphibians have been 

documented in the Americas, Europe, and Asia. Death rates often exceed 90% during an outbreak.  

Ranavirus infections also have been reported in wild and cultured fish populations worldwide.  While 

research on reptiles has been slower to accumulate, recent evidence suggests that ranaviruses are capable 

of causing morbidity and mortality in free-ranging populations. Together, these widespread die-offs have 

sparked a diversity of research programs addressing the ecology and evolution of ranavirus-host 

interactions, potential reservoirs and transmission dynamics, molecular techniques for identifying and 

characterizing ranaviruses, immunological and histopathological responses to infection, hypothesized 

causes for emergence, and potential conservation strategies to control emergence. The purpose of the 

First International Symposium on Ranaviruses is to bring together scientists from around the world to 

learn and share information about the impact of this pathogen on ectothermic vertebrates.  In total, 24 

scientists from 9 countries are participating with expertise in herpetology, ichthyology, ecology, 

veterinary medicine, immunology, genetics, and molecular biology. An important outcome of this 

symposium will be developing new research collaborations and identifying strategies aimed at reducing 

or preventing the emergence of ranaviruses.   

 

 

 Ranavirus impacts on wild Ambystoma opacum (Marbled Salamander) larvae. Locality: Gourley Pond, 

Great Smoky Mountains National Park. Photo Credit: Matt Niemiller. 
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Keynote Address – Ranaviruses: Past present and Future 

 

G. Chinchar
1
, D. Whitley

1
, E. Yu

1
, G. Chen

2
, and J. Robert

2
 

 
1University of Mississippi Medical Center, Jackson, MS (email: vchinchar@umc.edu) 

2University of Rochester School of Medicine, Rochester, NY 

 

Since their discovery by Granoff and his colleagues in the mid-1960s, ranaviruses (RV) have been 

variously viewed as possible oncogenic viruses; representatives of a heretofore unknown family 

(Iridoviridae) of large DNA viruses; models of viral transcription, genome replication, virus-mediated 

host-shutoff, and the transcriptional role of DNA methylation; and agents of emerging disease among 

cold-blooded vertebrates. Although the broad outlines of RV replication were elucidated in the 1970s–

1980s through work with frog virus 3 (FV3), the roles of most viral proteins remain unknown. Early 

attempts at teasing out viral gene function through temperature-sensitive mutants, provided some 

information on viral nucleic acid metabolism, but for the most part were limited in their usefulness. 

Recent studies using knock down (KD) mediated by antisense morpholino oligonucleotides (asMO) and 

siRNA and knock out (KO) following homologous recombination to replace the targeted gene with a 

double-selective marker (the puromyocin-resistance gene fused to the gene for green fluorescent protein) 

have provided the opportunity to systematically monitor essential and non-essential replicative and 

virulence gene function. In addition, the application of molecular tools to ecological studies has provided 

a facile way for field biologists to identify potential pathogens, quantify infections, trace the evolution of 

ecologically important viral species, and begin to understand the role of RVs in animal infections. Current 

RV research is focused on understanding the genetic and molecular basis for virulence; transmission, 

persistence, and disease manifestation in nature; intrinsic and extrinsic factors that contribute to 

outbreaks; determinants of geographic range, host range, and host shifts; and the role of the host immune 

system in protection from disease. Progress will only come through a concerted effort of molecular and 

field virologists, ecologists, and immunologists working together to resolve these questions.  

 

Biosketch: Dr. Victor Chinchar received his B.S. from the University of Notre Dame in 1972 and a PhD 

from Indiana University (Bloomington, IN) in 1978. As a graduate student, he worked on projects 

involving non-human picornaviruses and somatic cell hybridization. From 1978–1981 he was a post-

doctoral fellow at St. Jude Childrens’ Research Hospital (Memphis, TN) where he examined 

transcriptional events in paramyxovirus- and rhabdovirus-infected cells. From 1981–1984 he worked as a 

Research Associate/Assistant Member on two projects: the generation and characterization of 

temperature-sensitive and drug-resistant mutants, and the development and characterization of 

monoclonal antibodies targeted to FV3 proteins. In August, 1984 he joined the Department of 

Microbiology at the University of Mississippi Medical Center (UMMC) as an Assistant Professor, and is 

currently a Professor within the department and the Associate Dean of the School of Graduate Studies. 

His laboratory is interested in FV3 replication and is attempting to identify FV3 genes involved in viral 

replication and immune evasion using antisense morpholino oligonucleotides and siRNAs to knock down 

viral gene expression and determine function by changes in phenotype.  In addition, he collaborates with 

members of the UMMC Comparative Immunology group in studies related to anti-viral defense 

mechanisms in catfish.   

 

Victor Chinchar (Ph.D.) 

vchinchar@umc.edu
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Are Ranaviruses Capable of Contributing to Amphibian Species Declines? 

 

M. Gray 

 
Center for Wildlife Health, Department of Forestry, Wildlife and Fisheries, University of Tennessee, Knoxville, TN 37996, USA; 

(email: mgray11@utk.edu) 

 

Ranaviruses have caused mass mortality in wild and captive amphibians on 5 continents, affecting at least 

12 families (8 Anura, 4 Urodela).  Despite widespread die-offs, the prevailing thought remains that 

ranaviruses are incapable of contributing to amphibian species declines.  Epidemiological theory specifies 

that local extirpation of a host by a pathogen is possible under three conditions: (1) frequency dependent 

transmission, (2) broad host range with asymptomatic carriers, or (3) existence of an environmental 

reservoir.  For ranaviruses, it is possible that all three conditions are met.  Condition (1): Frequency 

dependent transmission can occur through direct contact between breeding adults and among larvae 

especially for species that exhibit schooling behavior. Condition (2): Laboratory and field studies confirm 

that ranaviruses infect multiple amphibian species, with susceptibility differing among species.  Further, 

sublethal infections are possible in clinically normal individuals.  Condition (3): Interclass transmission of 

ranaviruses occurs among fish, reptiles and amphibians, thus providing multiple possible vertebrate 

reservoirs for viral persistence.  Virions also have been cultured from water and dry surfaces for >90 

days, indicating that survival outside the host may be significant.  Two long-term studies provide 

evidence that local extirpation and amphibian species declines caused by ranaviruses are possible.  Future 

research directions should include expanding controlled studies on the: (1) susceptibility of amphibian 

species to various ranavirus isolates, (2) occurrence of interclass transmission among relevant ectothermic 

vertebrate species, and (3) environmental persistence of ranavirus virions.  Long-term population 

monitoring and pathogen surveillance also is needed at sites with reoccurring die-offs. 

 

Biosketch: Dr. Matthew Gray is an associate professor of wildlife ecology in the Department of Forestry, 

Wildlife and Fisheries at the University of Tennessee (UT), and a member of the UT Center for Wildlife 

Health.  His research with ranaviruses has focused on broad scale surveillance in the eastern United States 

and controlled experiments that assess relative susceptibility of North American species to ranavirus and 

possible mechanisms for emergence.  To date, we his lab has completed standardized testing on the 

susceptibility to ranavirus infection and disease for 25 amphibian species (18 anurans, 7 urodeles), with 

the intent of completing 40 species by August 2012.  They have also have tested whether susceptibility 

differs among developmental stages (egg, hatchling, larva, metamorph) for 7 anuran species.  Other 

experiments have focused on testing whether the natural stress of exposure to an insect predator increases 

susceptibility, the effects of nitrogenous waste on ranavirus emergence, and the efficacy of disinfectants 

at inactivating ranavirus.  Current experiments are investigating the role of community composition 

impacting the likelihood of an outbreak, occurrence of interclass transmission among amphibians, reptiles 

and fish, and environmental persistence of ranavirus virions.   

 

 

Matthew Gray (Ph.D.) 

file:///C:/Rana%20virus%20Symposium/mgray11@utk.edu
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Amphibian Ranavirus Transmission and Persistence 

 

J. Brunner 

 
School of Biological Sciences, Washington State University, P.O. Box 644236, Pullman, WA 

(email: JesseBrunner@wsu.edu) 

  
While amphibian ranaviruses are transmissible via several routes—contaminated water, fomites, casual 

contact, and ingestion via cannibalism and necrophagy—most transmission seems to require close 

contact. This suggests that transmission is density-dependent. This is true at low densities, according to 

mesocosm experiments, but at ecologically relevant densities, transmission is essentially a frequency-

dependent process. This, in concert with the potential for continued transmission from dead animals, 

suggests that ranavirus epidemics can extirpate their host populations. How, then, does ranavirus persist 

to cause recurrent epidemics in the larval segment of amphibians populations? Evidence of ranavirus 

being able to persist in the environment is mixed, but it is clear that many environments are inhospitable. 

Similarly, while ranaviruses have a wide host range, there are no demonstrated instances of long-term 

persistence in a reservoir host species, although this likely reflects a lack of research. In at least some 

environments there are no alternate hosts. In these places it appears that ranavirus persists in the form of 

occasional chronic, transmissible infections of their primary host. Just how common this phenomenon is 

is not known. There is a clear need for more research on 1) the relative importance of transmission from 

environmental sources, infected carcasses, and live hosts, and 2) transmission between the various 

members of a pond community. There is also a need to quantify ranavirus persistence in the environment 

and on fomites, which will help elucidate the risks of repeated epidemics and the translocation of these 

virulent pathogens. 

 

Biosketch: Dr. Jesse Brunner is an assistant professor in the School of Biological Sciences at Washington 

State University in Pullman, Washington having just moved from SUNY College of Environmental 

Sciences and Forestry in Syracuse, New York, where he had a similar position. Dr. Brunner earned his 

PhD from Arizona State University in 2004, where he worked on questions related to persistence, 

virulence, and transmission of the Ambystoma tigrinum virus. He then worked at the Cary Institute of 

Ecosystem studies on the community ecology of Lyme disease and other tick-borne diseases. The 

hallmark of his lab is the approach we take: we combine theoretical models with manipulative 

experiments, observational studies, and statistical modeling to tease apart the mechanisms that underpin 

the ecology and evolution of infectious diseases. 
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Amphibian Susceptibilities to the Emerging Amphibian Pathogen Ranavirus 

 

J. Hoverman 

 
Department of Ecology and Evolutionary Biology, University of Colorado, Boulder, CO 80309-0334  

(email: jason.hoverman@colorado.edu) 

 

Ranaviruses have been implicated as a major cause of reported amphibian die-offs in the United States.  

One of the hypothesized factors in the recent emergence of ranaviruses in amphibian populations is novel 

strain introduction (i.e., pathogen pollution).  While pathogen pollution has been identified as a significant 

concern, the role of species-susceptibility to novel versus endemic strains is just beginning to be explored.  

For example, when 19 larval amphibian species from 7 families were challenged with two ranavirus 

isolates: endemic frog virus 3 (FV3) and an isolate from an American bullfrog culture facility, 

susceptibilities varied markedly among species. The isolates showed little host specificity and all but one 

species experienced mortality or infection following exposure.  Moreover, 53% of the species 

experienced over 50% mortality following exposure to the ranaculture isolate.  Mortality post-exposure to 

the ranaculture isolate was on average 2.3X greater than post-exposure to FV3, the type species for 

ranavirus.  These findings suggest that amphibian culture facilities may be sources of novel ranaviruses, 

and highlight the potential threat of pathogen pollution associated with the international and interstate 

commerce of amphibians.  Currently, there is limited information on the occurrence or spread of novel 

ranavirus isolates in wild amphibian populations and whether pathogen pollution is a driver of disease 

outbreaks.  There is a need for studies to characterize the species/strains of ranaviruses involved in die-off 

events to help guide conservation and management efforts. 

 

Biosketch: Dr. Jason T. Hoverman is currently a post-doctoral research associate in the Department of Ecology 

and Evolutionary Biology at the University of Colorado, Boulder.  He received a BS (2000) and PhD (2007) 

from the University of Pittsburgh.  From 2007 to 2010, Dr. Hoverman was a post-doctoral research associate in 

the Department of Forestry, Wildlife and Fisheries at the University of Tennessee, Knoxville where his is now 

an adjunct assistant professor.  He has diverse research interests that include community ecology, phenotypic 

plasticity, behavior, ecotoxicology, and disease ecology.  This research has primarily utilized freshwater 

aquatic systems (e.g., ponds, wetlands) and their associated taxa (e.g., amphibians, snails, insects, pathogens).  

Over the past several years, his research has examined host-pathogen interactions within amphibian 

communities with a focus on trematodes and ranaviruses.    
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Ranaviruses and Amphibians: Outside the Box of Host-Parasite Relationships 

 

D. Lesbarrères 

 
GEARG, Department of Biology, Laurentian University, Sudbury, Canada 

(email: dlesbarreres@laurentian.ca) 

 

Pathogens are known to affect their hosts in a variety of manners and ranaviruses are no different. 

Traditional investigation of host-parasite relationships have focused on host life-history traits and have 

used the variation in those traits to assess pathogen virulence. However, the dynamic nature of adaptation 

and counter-adaptation between the host and the parasite may be particularly sensitive to environmental 

influence. Here, I will focus on the role of potential abiotic and biotic mechanisms such as temperature, 

larval developmental stages, and competition for resources on the prevalence and virulence of the virus. 

For instance, I will show that ranavirus virulence is likely density-dependent, with the effect of ranavirus 

infection being relatively more severe in animals held in low density. I will also present the relative 

susceptibility of amphibians during their different life-history stages and the potential consequences of 

egg infection for disease screening and experimental studies. Additionally, amphibian species differ in 

their susceptibility to ranaviruses and significant isolates within different strains (ATV, FV3) are 

numerous. An investigation of the host-pathogen genotypic interactions, in the environmental context, is 

needed to improve our understanding of ranavirus virulence. Ranavirus is a serious threat to amphibian 

populations throughout the world; therefore there is a need to investigate the environmental factors that 

influence its virulence so that we might begin to understand the epidemiology of ranaviral diseases and 

forecast disease outbreaks. 

 

Biosketch: In the broadest sense, Dr. David Lesbarrèrres is interested in theoretical and applied questions 

about the evolution and ecology of amphibian species and communities. After receiving his PhD in 

France (2001), he joined Dr. Merilä’s EGRU team in Finland for a post-doctoral position. He arrived at 

Laurentian University in Canada in 2004 and the past 6 years his research program has aimed at 

understanding amphibian population declines in human dominated landscapes. More specifically, Dr. 

Lesbarrèrres’ focus is on two major threats: emerging infectious diseases (EIDs) and habitat 

fragmentation. Part of this research also investigates the fitness consequences of phenotypic and genetic 

variation. Both the industry and national agencies or government bodies have supported his research 

program. In general, his work integrates intense fieldwork coupled with molecular approaches for the 

analysis of population genetics and disease detection as well as laboratory experiments to estimate 

measures of fitness.  
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Effects of Pesticide Exposure on Susceptibility to Ranavirus in Tiger Salamanders,  

Ambystoma tigrinum 

 

J. Kerby
1,2

 and A. Storfer
2 

 

1Biology Department, University of South Dakota, Vermillion SD, (email: Jacob.Kerby@usd.edu) 
2Biological Sciences Division, Washington State University, Pullman WA 

 

Changing land use has forced several amphibian species to utilize wetland sites with large anthropogenic 

impacts. Several sites are in agricultural areas that are exposed to pesticides known to cause both direct 

and indirect negative effects to amphibian species. Little is understood on how pesticides alter amphibian 

host-pathogen dynamics, and we are in the infancy of these investigations. The few studies that have been 

done have revealed that pesticide exposure can increase mortality in Ambystoma tigrinum virus (ATV) 

exposed individuals. For example, the combined effects of the insecticide chlorpyrifos and the herbicide 

atrazine exhibited a monotonic effect of increased mortality with increasing pesticide concentrations.  

Although no synergistic effects were detected, survival was reduced from 70% in ATV only exposed 

treatments to 20% survival in the highest concentration chlorpyrifos/atrazine/ATV treatments. This effect 

was also found with another insecticide, carbaryl, when combined with ATV and a natural stressor of 

predator cue. Predator cue exposure alone produced no mortality, but survival was again dramatically 

reduced when combined with ATV and the insecticide (from 93% to 60%). These results suggest that 

natural stressors might play an important role in determining the effect of anthropogenic stressors on host 

pathogen dynamics and should be examined more closely. Further laboratory work examining other 

commonly used pesticides is essential, as are experiments conducted in more natural and larger 

mesocosms as is typical of many amphibian ecotoxicological studies. We also see a need for the long-

term examination of field sites that might be influenced by both agriculture and ranavirus. 

 

Biosketch: Dr. Jake Kerby has been an assistant professor at the University of South Dakota since 2008.  

He did his post-doctoral work with Andrew Storfer at Washington State University from 2006-2008 

examining the interactions of contaminants on ranavirus susceptibility in amphibians. His Ph.D. work was 

done at UC Davis under Andy Sih where he studied the impacts of pesticides on amphibian species 

community interactions. Dr. Kerby is therefore an ecotoxicologist by training and focuses primarily on 

the direct and indirect effects of toxicants on amphibian populations. Recently, his laboratory work has 

focused on understanding the impacts of contaminants on disease susceptibility with both ranavirus and 

chytrid pathogens. Given the prominence of agriculture in Eastern South Dakota, his lab is currently 

examining field sites that demonstrate high pesticide runoff and examining its effect on disease 

prevalence in salamander and frog populations. 
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Evidence for multiple recent host species shifts among the ranaviruses (family Iridoviridae) 

 

J. Jancovich
1
, M. Bremont
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, J. Touchman

3
, and B. Jacobs

1,3
 

 
1The Biodesign Institute, Arizona State University, Tempe, AZ 85287-5401, email: james.jancovich@asu.edu 

2Unité de Virologie et Immunologie Moléculaires, Institut National de la Recherche Agronomique, F-78352 Jouy-en-Josas, 

France  

 3School of Life Sciences, Arizona State University, Tempe, AZ 85287-4601 

 

Members of the genus Ranavirus (family Iridoviridae) have been recognized as major viral pathogens of 

cold-blooded vertebrates. Ranaviruses (RVs) have been associated with amphibians, fish and reptiles 

throughout the world. At this time, the relationship between ranavirus isolates is unclear. To gain a better 

understanding of the relationship among ranavirus isolates and to gain insight into the evolution of the 

ranaviruses, we compared genomic sequences from all of the completely sequenced ranavirus isolates. 

Our findings suggest that the ancestral ranavirus was a fish virus and that several recent host shifts have 

taken place with subsequent speciation of viruses in their new hosts. The data suggesting several recent 

host shifts among ranavirus species increases concern that these cold blooded vertebrate pathogens may 

have the capacity to cross numerous poikilothermic species barriers and the potential to cause devastating 

disease in their new hosts. As RVs infect a wide variety of ecologically and economically important hosts, 

understanding RV evolution, including the importance of the unique genomic re-arrangements found 

among RV isolates in relation to host specificity and viral evolution, will help predict and perhaps prevent 

further RV epizootics. While this study does give insight into RV evolution, more genomic sequence 

information is needed to continue our efforts to understand the role RVs play in the environment. 

 

Biosketch: Dr. James K. Jancovich’s interest in ranaviruses began after isolating Ambystoma tigrinum 

virus in 1996. Since that time his research has focused on understanding the genomics, evolution and the 

host-pathogen interactions that influence ranavirus host-range and pathogenesis. Dr. Jancovich earned a 

Ph.D. from Arizona State University in Molecular and Cellular Biology and developed a homologous 

recombination system that allows us to now study ranavirus gene function by generating gene knock-out 

recombinant viruses. He has been a member of the Integrated Research Challenges in Environmental 

Biology (IRCEB) – Emerging Wildlife Diseases: Threats to Amphibian Biodiversity group since 1999 

and has recently been appointed to the International Committee on Taxonomy of Viruses (ICTV), family 

Iridoviridae study group. Currently, he is a postdoctoral research associate at Arizona State University 

developing technology to generate more efficacious virus-based vaccines. 
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Host-Pathogen Coevolution: From Genes to Landscapes 
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(email: astorfer@wsu.edu) 

 

Emerging infectious diseases threaten wildlife, livestock and humans, and are recognized as a leading 

scientific challenge for the 21
st
 Century. Emerging infectious diseases are implicated in the global die-offs 

of amphibians, threatening many populations and species with extinction.  Two critical questions arise 

when pathogens emerge. First – is the pathogen new or old?  Second – what is the likelihood of spread? I 

will discuss the past 10 years of a multifaceted research program on coevolution of tiger salamanders and 

an emerging ranavirus throughout western North America to address these two questions. Using 

comparative phylogenetic methods, we show that tiger salamanders and viruses are coevolved, but human 

introductions of infected salamanders as fishing bait disrupts coevolutionary patterns. Due to increased 

densities of captive populations, increased virulence is observed in a virus strain isolated from a bait 

salamander population. Next, we show geographic variation in putative viral virulence genes. Using a 

cross-infection experimental design to test for local adaptation, we show that apparent viral adaptation is 

correlated with molecular evolutionary rates and particular amino acid changes in these genes. We also 

show that pathogen local adaptation is multi-faceted and requires estimates of infectivity, within-host 

growth, transmission and virulence, as opposed to the commonly used single measure of infectivity.  

Future studies will focus on genomic interactions of host and virus to better understand the mechanisms 

underlying host resistance and pathogen evasion of host defenses. 

 

Biosketch: Dr. Andrew Storfer is an evolutionary conservation geneticist studying landscape genetics and 

host-pathogen coevolution in the tiger salamander-Ambystoma tigrinum virus system. Since graduating at 

the University of Kentucky with a PhD in Evolutionary Ecology in 1997, he held a Maytag Postdoctoral 

Fellowship at Arizona State University from 1997-1999. Dr. Storfer then continued on as an Assistant 

Professor at University of Florida from 1999-2001, followed by Assistant and Associate Professor in the 

School of Biological Sciences at Washington State University. During that time, he was awarded a 

Fulbright Fellowship to study at James Cook University/ University of Tasmania in 2008-2009. He was 

also Associate Editor of Western North American Naturalist and Diversity and Distributions. His research 

has been funded by: National Science Foundation, Australian Research Council, Florida Fish and Wildlife 

Conservation Commission, Army Corps of Engineers, Potlatch Corporation, National Park Service, 

Washington Department of Natural Resources; and, National Center for Ecological Analysis and 

Synthesis. Currently, he is Associate Director for Graduate Studies in his department, as well as serving 

on the Board of Governors of ASIH.  
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Weakness of Innate Immunity Also Contributes to Susceptibility of Xenopus Tadpoles to FV3 Infection 
 

J. Robert, G. Cheng, and F. De Jesús Andino 

 
Microbiology & Immunology, University of Rochester Medical Center, Rochester, NY  

(email: jacques_robert@urmc.rochester.edu) 

 

Xenopus larvae have a weaker or more immature adaptive immunity than adults. We have previously 

shown significant differences in resistance to FV3 infection between adults and larvae. Adult frogs 

develop rapid innate immune responses followed by potent adaptive responses that clear FV3 within 2-3 

weeks. In contrast, most tadpoles cannot clear FV3 and die within a few weeks after infection, 

presumably due to weaker antibody and T cell responses. However, the role of innate immunity in larval 

susceptibility has not been evaluated. We investigated this issue by assessing the response kinetics of 

several innate immune genes, and by monitoring changes in occurrence and composition of peritoneal 

leukocytes during FV3 infection. Using quantitative real-time PCR, we found only a modest (10-100 

times lower than adult) and delayed (3 days later than adult) up-regulation of TNFα, IL-1β and IFNγ 

genes in leukocytes and in infected tissues, as well as a delayed induced expression of the type I IFN-

inducible Myxovirus-resistance (Mx) gene. The relative fraction of macrophages and infected cells 

visualized by fluorescence microscopy with macrophage- and FV3-specific antibodies, increased at 3 and 

6 dpi in parallel to the total number of leukocytes in the peritoneal cavity. However, unlike adults, larval 

macrophages appear to be resistant to FV3. This suggests that the larval innate immune effector system is 

distinct from the adult with a more modest and delayed anti-ranaviral response. Future plans are to 

characterize larval macrophages and further investigate interactions between larval innate and adaptive 

effector cells. 

 

Biosketch: Dr. Jacques Robert is Associate Professor in the department of Microbiology and Immunology 

at the University of Rochester Medical Center, New York. His research interests are in the evolutionary 

and developmental aspects of tumor and viral immunity. He has worked and published extensively in the 

area of thymocyte differentiation, immunomodulation, and molecular evolution of immunologically 

relevant genes, viral immunity and phylogeny of cellular immunity. Dr. Robert’s research focuses on the 

amphibian Xenopus, which he has developed as a unique versatile comparative model system to study 

immunity to tumors, as well as pathogenesis and immunity to ranaviruses (Iridoviridae) causing emerging 

infectious diseases in amphibians. He is principal investigator in several NIH and NSF funded awards.  In 

addition, he is the director of an NIH-funded Xenopus laevis research resource for immunobiology, which 

is the world's most comprehensive resource specializing in the use of this species for immunological 

research and providing technical assistance, animals, and reagents to the scientific community.  
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Complex Role of Macrophages in Xenopus Immune Defenses and Persistence of the Ranavirus FV3 

 

J. Robert 

 
Microbiology & Immunology, University of Rochester Medical Center, Rochester, NY  

(email: jacques_robert@urmc.rochester.edu) 

 

We have established Xenopus as a reliable model to study host immune defense in controlling infection, 

pathogenicity, and transmission of ranaviruses like FV3. We have shown that adult Xenopus resist and 

clear FV3 infection by developing potent anti-FV3 antibodies and efficient CD8 T cell responses that 

utilize macrophages as antigen-presenting cells. Despite this strong response, we have detected FV3 DNA 

in seemingly healthy (not deliberately infected) Xenopus. This observation lead us to hypothesize that 

FV3 is capable of establishing covert infections as seen with certain insect iridoviruses, and to investigate 

the possible dual role of macrophages as immune effector and permissive hosts. Accumulation of 

macrophages (pMc) began as early as 1 day post-infection and was correlated with an increased 

expression of IL-1 and TNF pro-inflammatory cytokines. pMcs were shown to be susceptible to FV3 

infection as evidenced by active FV3 transcription, and the detection of viral particles by electron 

microscopy and multicolor fluorescent microscopy. However, FV3 infection of pMcs resulted in the 

generation of fewer infectious particles, and involved a lower fraction (<1%) of pMcs than kidney tissue, 

the main site of infection. Notably, viral DNA remained detectable in pMcs for at least 3 weeks post-

infection, past the point of viral clearance in the kidneys.  These results suggest that pMcs harbor 

quiescent virus that may contribute to asymptomatic infection. Future plans are to characterize permissive 

pMc subsets using available and newly generated antibodies, follow them in vivo using fluorescent 

tracers, and identify viral immune evasion genes by reverse genetics. 
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Comparative Pathology of Ranavirus Infections in Wild Amphibians 

 

D. Green 

 
US Geological Survey, National Wildlife Health Center, Madison, WI 53711 

(email: david_green@usgs.gov) 

 

Ranavirus infections in free-living amphibians in the USA occur predominantly in larvae and 

metamorphs. Infections are consistently fatal to larvae; ranaviruses are rarely isolated from normal-

appearing amphibians. Onset of a die-off is explosive; often hundreds or thousands of sick and dead 

larvae suddenly appear. Sick larvae are lethargic, swim erratically and have pinpoint or paint-brush 

hemorrhages in their ventral skin. Accumulation of fluids in lymphatic sacs and body cavity may be mild 

or severe. Internally, hemorrhages may occur in many organs and tissues of some larvae, and may be seen 

in muscles, heart, stomach, liver and mesonephroi. Skin ulcers may be present in some larvae and 

metamorphs; ulcers may be single or multiple, irregular in shape, white with red margins, and may appear 

on head, body or appendages. Histologically, changes are present in many organs, but especially the skin, 

gastro-intestinal tract, liver, pancreas, spleen and mesonephroi. Ranaviruses have tropisms for 

endothelium (blood vessel cells), epidermis, liver, and lympho-hematopoietic cells in the spleen, liver and 

renal interstitium. Vascular necrosis is detected in the lungs, sinusoids of the liver, spleen, glomeruli and 

submucosa of the stomach and intestine. Liver changes present as multifocal or diffuse necrosis of 

endothelial cells lining the sinusoids or necrosis of liver cells. Skin abnormalities begin as swelling of 

basal cells, thickening of the epidermis, cell necrosis and erosions or ulcers. Changes in the spleen and 

mesonephroi involve necrosis of glomerular capillaries, macrophages, lymphocytes and renal 

hematopoietic cells. Characteristic intracytoplasmic inclusion bodies are best detected in liver and skin 

cells.  

 

Biosketch: Dr. David Green is a Board Certified Veterinary Pathologist and has been a Veterinary 

Medical Officer at the USGS National Wildlife Health Center in Madison, Wisconsin for nearly 13 years.  

His prior appointments include Veterinary Pathologist with the National Institutes of Health, Bethesda, 

Maryland (1997-1998) and Chief Veterinary Pathologist, Maryland Department of Agriculture, College 

Park, Maryland (1986-1997).  He received a B.S. in Zoology from Oregon State University in 1971 and a 

DVM from Colorado State University in 1975.  Dr. Green’s research focuses on identifying factors 

responsible for wildlife disease outbreaks.  His research on amphibians has focused primarily on disease 

surveillance, examining epidemiological patterns of amphibian disease outbreaks, and evaluating to what 

degree diseases pose threats for longterm amphibian conservation.  His invited talks have reviewed 

diseases of cricket frogs (Acris spp) and amphibian and reptilian diseases and other mortality factors 

associated with urban and suburban environments.   
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Pathological Changes Observed in European Amphibians with Ranaviral Diseases 

 

A. Balseiro 

 
SERIDA, Servicio Regional de Investigación y Desarrollo Agroalimentario, Centro de Biotecnología Animal. 33394 Deva-Gijón, 

Asturias, Spain, (email: abalseiro@serida.org) 

 

Ranaviruses have been implicated as a cause of mass amphibian deaths worldwide. Since the 1990s the 

number of reported ranaviral disease outbreaks has increased greatly. In Europe, ranaviruses have caused 

outbreaks of high mortality in the United Kingdom, Croatia, Spain, Denmark and, recently, The 

Netherlands. Typically, affected animals die of systemic hemorrhagic disease. The hemorrhages are 

noticeable in larval amphibians, but adult animals are often found dead with no external abnormalities. In 

addition to systemic hemorrhagic disease, there is another disease syndrome reported in Britain that is 

characterized by skin ulcerations, necrosis of the digits, and no obvious internal lesions. Histologically, 

acute necrosis occurs throughout most organ systems of infected animals showing systemic hemorrhagic 

disease. Lymphoid and haematopoietic necrosis can be also observed. Round, intracytoplasmic, 

basophilic inclusions, consistent with ranaviral inclusions are present in epithelial cells of the skin, renal 

tubules and gastrointestinal tract, endothelial cells of the glomeruli, hepatocytes, cells within the spleen 

and exocrine glandular cells of the pancreas, and are generally associated with varying degrees of 

necrosis. Pyknotic cell nuclei containing condensed chromatin are also observed. Various 

immunohistochemistry techniques have been performed to demonstrate the distribution of the virus. Our 

understanding of ranavirus pathology remains in its infancy; histological examination of infected animals 

will be important to understanding how the virus affects various species. Ultimately, it is important to 

remain vigilant and establish surveillance programs to detect new outbreaks of ranaviral disease so that 

we can better understand the epidemiology of this pathogen and its impact on amphibian biodiversity in 

Europe. 

 

Biosketch: Dr. Ana Balseiro has been employed at the Animal Biotechnology Research Center (SERIDA, 

Asturias, Northern Spain) since 2000. She finished her Veterinary Science studies in the University of 

León (Spain) in 1999 and received her Ph.D. from the same University in 2004. She has also been a 

member of the Spanish Society for Veterinary Pathology (SEAPV) since 2000. She has over thirteen 

years of experience in animal disease diagnostics. She joined SERIDA as Veterinary Pathologist for the 

Animal Health Area; a job which involved carrying out research projects and diagnostic pathology on 

domestic and wild animal species. Since 2001, she has been part of a team of researchers working on 

passive and active programs of wildlife disease surveillance, with particular reference to infectious 

diseases, dealing with emerging disease outbreaks, such as ranaviral, throughout the course of her work. 

She has obtained support from regional and national research institutions, being the leader of some of 

these projects. 
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Comparative Pathology of Ranaviral Disease among Amphibians, Reptiles, and Fish 

 

D. Miller 

 
Center for Wildlife Health, Department of Forestry, Wildlife and Fisheries, University of Tennessee, Knoxville, TN 37996 

(email: dmille42@utk.edu) 

 

Pathogens within the family Iridoviridae have been identified as etiologic agents in amphibian, reptile 

and fish morbidity and mortality events throughout the world.  In many cases, the pathogens of concern 

belong to the genus Ranavirus. In amphibians, gross lesions associated with ranaviruses can include 

swelling, erythema, ulceration and hemorrhage. Microscopic lesions in amphibians include renal tubular, 

hepatocellular, and splenic necrosis. Although larval amphibians are most often affected, ranaviral disease 

has been reported in adults of some species, especially in captivity and in wild populations in Europe. In 

adult amphibians, hemorrhages and cutaneous ulcerations are most often reported. In reptiles, juveniles 

and adults can be affected. Lesions in reptiles are frequently reported in the digestive tract, but also can 

include erythema and ulcerations in the skin, nasal cavities and, in chelonians, the shell. In fish, erythema 

and hemorrhage can be seen grossly, and necrosis of the hematopoietic tissue and occasionally other 

organs can be seen microscopically. In all cases, intracytoplasmic inclusion bodies are seen variably. We 

are just beginning to understand the cells and organs that ranaviruses target, which may differ among viral 

types and host species. Future research directives should include the use of advanced molecular 

techniques, such as in situ hybridization and immunohistochemistry to elucidate the pathogenesis of 

ranaviruses among species. We need to further explore the possibility of vertical transmission in hosts and 

investigate the likelihood of interclass disease transmission. Finally, vaccine development is an important 

research need for control of ranaviral disease in captive populations. 

 

Biosketch: Dr. Debra Miller is an associate professor of wildlife pathology with a split appointment 

between the Center for Wildlife Health (Department of Forestry, Wildlife and Fisheries) and the 

Department of Pathobiology (College of Veterinary Medicine) at the University of Tennessee. She has 

studied amphibian, reptile, and fish diseases for over 11 years, and for the past 6 years, has been 

investigating ranavirus outbreaks and prevalence in both free-ranging and captive animals, with a 

concentration on amphibians. She has a special interest in documenting histopathological changes 

associated with ranaviral diseases. She collaborates with Matt Gray on broad scale surveillance in the 

eastern United States and controlled experimental studies to assess relative susceptibility of various North 

American amphibians. Current and future investigations include, characterizing histopathological changes 

associated with ranavirus infection, exploring environmental persistence of ranavirus virions; expanding 

susceptibility testing to other amphibians, reptiles, and fish; exploring the likelihood of interclass 

transmission among amphibians, reptiles and fish; investigating the role of community composition in 

ranaviral disease outbreaks; investigating the impact of ranaviruses and Bd on hellbender populations in 

Arkansas and Tennessee; and exploring treatment and control measures for ranviral disease. Other areas 

of research include investigating environmental and toxicological factors that affect nest-success in 

leatherback sea turtles and documenting histopathological changes in marine and Arctic mammals.   
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Amphibian Ranaviruses in Canada – Historical, Current, and Future Research Directions 

 

D. Schock 

 
Keyano College, 8115 Franklin Avenue, Fort McMurray, Alberta, Canada, T9H 2H7  

(email): danna.schock@keyano.ca  

         

Ranaviruses have been documented in Canadian amphibian populations from British Columbia to Prince 

Edward Island, and as far north as Norman Wells in the Northwest Territories. On-going research in 

Canada falls under four broad categories: 1) field studies that examine host range and geographic range, 

usually as part of studies that also investigate the prevalence of chytrid fungus infections in provincially 

or federally listed amphibian species; 2) field + lab studies that seek to identify ecological and 

environmental correlates with disease outbreaks; 3) validating and improving non-lethal diagnostic tests; 

and 4) viral biology including annotating viral genomes and identifying mediators of gene expression. To 

date, most amphibian ranaviruses documented in Canada have been isolated from ranid frogs and appear 

to be FV3-like. A smaller number of studies have focused on ranaviruses from tiger salamanders 

(Ambystomatidae) in Alberta, Saskatchewan and Manitoba, and thus far, all isolates have been identified 

as Ambystoma tigrinum virus (ATV). Comparatively little work has examined other families of 

salamanders or anurans. This is an important research need given the multi-host nature of ranaviruses. 

Studies that are needed for management and conservation purposes include long-term (10+ yr) studies 

that can address the effects of ranaviruses on long-term host population stability and persistence, the 

effects of ranaviruses on amphibian communities (not just populations of focal species), and studies that 

identify immunological and ecological correlates with disease outbreaks and effects of sublethal 

infections. 

 

Biosketch: Dr. Danna Schock is a faculty member at Keyano College, which is situated in northern 

Alberta in the heart of Canada’s oils sands.  She teaches biology and environmental science.  Her 

graduate degrees and postdoctoral projects were in ecology, especially evolutionary ecology and wildlife 

disease ecology. One facet of her current research examines correlations between proximity to oil sands 

mining activities and infectious disease dynamics (ranaviruses and Batrachochytrium dendrobatidis) in 

amphibian populations.  A second facet of her research involves testing reclamation strategies that seek to 

use specially constructed wetlands to age and detoxify materials associated with oil sands mining. 

Ultimately the use of these wetlands will only be possible if they can support self-sustaining populations 

of endemic flora and fauna, including amphibians. Using wood frogs and a local strain of the ranavirus 

FV3, Dr. Schock is testing the immuno-competence of amphibians reared in water from these constructed 

research wetlands.  She is currently collaborating with academic and government ecotoxicologists, 

pathologists, scientists with expertise in boreal forest ecology, and reclamation scientists in private 

industry.   
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Ranaviruses in European Amphibians 

 

A. Duffus 

 
Division of Mathematics and Natural Sciences, Gordon College, Barnesville, GA, 30204 (email: aduffus@gdn.edu) 

 

Ranaviruses are emerging infections in amphibian populations on nearly a global scale. In Europe, the 

first documented large scale morbidity and mortality events associated with ranaviruses in amphibians 

occurred in the late 1980s and early 1990s. Adult common frogs (Rana temporaria) in the southeast of 

the United Kingdom began to experience mass mortalities associated with pox virus-like cellular 

inclusions which was later identified as an iridovirus. After the initial outbreaks in common frogs, 

ranavirus outbreaks were identified in common toads (Bufo bufo) and determined to be caused by frog 

virus 3 (FV3) – like ranavirus. Since the initial confirmed reports of ranavirus associated mortality and 

morbidity events in the UK, both the number of species affected and the number of countries reporting 

infections/disease associated with the ranavirus in Europe have increased. The emergence of ranavirus 

infection and disease in UK common frogs provides the longest temporal data set documenting ranavirus 

infections and their effects in any amphibian species. Here we will examine the current state of 

knowledge of ranavirus infections in European amphibians. A conclusive summary of amphibian species 

known to be infected by ranaviruses in Europe will be presented and the current infection status, past 

morbidity and/or mortality events, potential reservoirs of the virus and where appropriate, discussions on 

disease dynamics. Future research directions should include structured infection surveillance, increased 

vigilance for mortality and morbidity events, and cooperative multidisciplinary investigations into the 

causes of these events.  

 

Biosketch: Dr. Amanda Duffus is currently an Assistant Professor of Biology in the Division of 

Mathematics and Natural Sciences, Gordon College, Georgia. She completed her Ph.D. in England in 

2010, which examined many aspects of ranavirus transmission and ecology in common frogs (Rana 

temporaria), including experimental and mathematical models, at the Institute of Zoology, Zoological 

Society of London and Queen Mary, University of London. She completed her MSc. in 2006, at Trent 

University, Peterborough, ON, Canada, where she examined ranavirus transmission dynamics in native 

North American amphibian species. In 2004, she graduated from Queen’s University, Kingston, ON, with 

a subject of specialization in Biology. During her undergraduate degree, most of her research activities 

focused on plant evolutionary biology and aquatic ecology of acidified systems. Dr. Duffus has held 

many prestigious scholarships such as the Queen Mary, University of London, Research Studentship; 

Overseas Research Studentships; a three year Doctoral Natural Science and Engineering Council of 

Canada Scholarship; and the Richard Ivey Memorial Scholarship. Dr. Duffus looks forward to active 

involvement with SEPARC, developing her own ranavirus research program, taking an inclusive 

community approach, as well as developing new collaborations. One of her current projects is to help 

organize an international ranavirus reporting system in conjunction with the US Forest Service and 

Imperial College, London, UK. 
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Current Understanding of Ranaviruses in South America 

 

R. Mazzoni 
 

Laboratório de Diagnóstico de Doenças de Organismos Aquáticos, CPA/EV/UFG Caixa Postal 151, Campus II, 74001-970,  

Goiânia-GO, Brasil (email: rolo1001@gmail.com) 

 

Knowledge on ranaviruses in South America is scarce. Ranaviruses have been detected in Venezuela, 

Argentina, Uruguay, and Brazil. Wild amphibians from Venezuela appear to be infected with at least two 

different ranaviruses, one isolated from toads (Bufo marinus) and the other from Leptodactylus frogs. In 

Argentina, one ranavirus has been detected in Atelognathus patagonicus, which showed 100% homology 

with FV3 and other family members within a 500 base pair fragment of the major capsid protein. In 

Brazil, a ranavirus was detected in morbid tadpoles (Lithobates catesbeianus) originally imported from 

North America. For this isolate, the sequences for the complete MCP coding region, and partial regions of 

the RNA polymerase DNA dependent gene, and of the immediate early protein-ICP 18 were highly 

homologous to FV3. These results suggest that importation of L. catesbeianus may have introduced 

ranavirus into Brazil. Despite detection of ranaviruses in captive and wild amphibians in some South 

American countries, no ranavirus infections or disease have been reported in fish and reptiles, but few 

pathogen surveillance programs exist. A major research need in South America is to understand the 

current distribution of ranaviruses and their threat to native ectothermic vertebrate populations.  

Controlled studies also are needed that challenge native species with ranavirus isolates known to occur in 

South America. 

 

Biosketch: Dr. Rolando Mazzoni is currently employed at the Veterinary School, Federal University of 

Goiás (UFG), Brazil. He finished his degree in Veterinary Science studies at the University of Uruguay in 

1981 and a PhD on frog diseases in 2006 at the UFG. He has been working with aquaculture and diseases 

of aquatic organisms as Assistant Professor at the Fisheries Research Institute in Uruguay (1981–2006) 

and was in charge of the Diseases of Aquatic Organisms Diagnostic Laboratory as part of a Post-doctoral 

research project. Since 2000 he has been working with amphibian emerging infectious diseases 

(Chytridiomycosis and Ranavirus) particularly in farmed American bullfrogs in South America.   
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Emergence of Ranaviruses in Japan 

 

Y. Une 

 

 Labratory of Veterinary Pathology, School of Veterinary Medicine, Azabu University, 1-17-71 Fuchinobe, Chuo-ku, 

Sagamihara, Kanagawa, Japan (email: une@azabu-u.ac.jp) 

 
Ranavirus was discovered in Rana catesbeiana (Rc) larvae in a mass die-off in October 2008 in Japan. By 

2010, five outbreaks in wild Rc were discovered within a 35-km radius. Mortality events involving Rc 

occurred between the end of September and the beginning of October and continued for several weeks. 

Fish mortality was documented at two sites and ranavirus was detected in one of these cases. 

Additionally, an outbreak occurred in a protected colony of 80 Hynobius nebulosus after the introduction 

of newly collected animals; the entire colony was annihilated in two weeks. These ranaviruses were 

registered as Rc ranavirus (RCV-JP) and H. nebulosus ranavirus (HNV) based on sequences of the MCP 

gene. Subsequent surveillance of 1,200 wild amphibians revealed RCV-JP infections in Rc (larva), 

Cynops ensicauda (adult), Hyla japonica (adult), and Rhacophorus arboreus (larva). A third ranavirus 

TFV was found in Fejervarya limnocharis (adult). All infected animals appeared healthy except for H. 

japonica. In ranavirus challenge experiments using 13 native species (8 salamanders and 5 frogs, n = 486 

individuals), the mortality rates of RCV-JP were 100% in salamanders and 33–100 % in frogs. The 

mortality rate of HNV was 0–100 %, with high mortality in all salamander species except H. nigrescens. 

Additionally, mortality was greatest at elevated temperatures. The two ranaviruses reported here could 

pose a threat to native amphibian species in Japan. More studies are needed investigating the threat of 

these isolates to other Japanese species and the prevalence of ranaviruses in wild populations. 

 

Biosketch: Dr. Yumi Une has been employed at the School of Veterinary Medicine, Azabu University 

(Kanagawa Pref. near Tokyo, Honshu) as a faculty member since 1983. She graduated from Azabu 

University in 1977. She is a diplomate of the Japanese College of Veterinary Pathologists and has over 28 

years of experience in diagnostic pathology. She conducts necropsies of all types of animals, big and 

small. She specializes in wild animals, exotic animals, and infectious diseases. Dr. Une has several 

research projects, for example, studies on the cheetah (amyloidosis, Alzheimer’s disease, helicobacter 

infection, etc.), monkeys (yersiniosis, hyperosteosis, toxplasmosis, encephalitozoonosis, and some 

bacterial infections), and reptiles and amphibians. She discovered chytridiomycosis for the first time in 

Asia in December, 2006. She also discovered an outbreak of ranaviral disease, and has found cutaneous 

metacercariosis in Hynobiid salamanders. Her studies have shown expansion of the range of these 

parasites and a rise in prevalence. Her future work will evaluate reasons behind these changes in 

expansion and prevalence. 
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Ranaviruses in Frogs and Fish in Southeast Asia 

 

S. Kanchanakhan, J. Polchana, and W. Wongchan 

 
Inland Aquatic Animal Health Research Institute (AAHRI), Inland Fishery Research and Development Bureau, 

Paholyothin Road, Chatuchak, Bangkok 10900, Thailand (email: kanchanakhan@yahoo.com)  

 

Ranaviral disease was first documented in Asia in 1998.  The disease occurred in Rana tigrina housed on 

frog culture farms located in central Thailand.  The diseased frogs exhibited ulcerative lesions on the 

dorsal skin surfaces, similar to lesions observed in the United Kingdom. Histopathological examination 

revealed necrosis and chronic inflammation in skin, spleen, livers, and the gastro-intestinal tract followed 

by exuberant hematopoiesis.  Thereafter, ranavirus surveillance was conducted on Thailand frog farms 

from 1998-2002, by attempting virus isolation on tissue extracts of diseased frogs. Virus was isolated 

from frogs in 8 of 9 provinces in central Thailand, with an overall prevalence of 65% (n = 107 individuals 

tested).  Mortality was greatest in tadpoles, moderate in small frogs, and low in adults.  All virus isolates 

displayed similar cytopathic effects.  Sequence analysis supported a novel ranavirus: Rana tigrina 

ranavirus.  In Thailand, the same or closely related ranaviruses have been isolated from diseased marble 

goby (Oxyeleotis marmoratus) in 2000 and diseased goldfish (Carrasius arrarus) in 2002.  Other 

ranaviruses have been reported in ornamental fish from Japan and in cage cultured fish in Singapore.  

Likewise, a similar ranavirus has been isolated from frogs imported from Cambodia in 2004.  The 

scientific findings indicate that ranaviruses can infect and cause disease in fish and amphibians in Asia, 

and they have the potential to negatively impact the aquaculture industry.  Trans-boundary movement of 

ranaviruses through international trade is a major concern to the Southeast Asia region and elsewhere in 

the world. 

 

Biosketch: Dr. Somkiat Kanchanakhan is a Civil Servant of the Department of Fisheries, Ministry of 

Agriculture and Cooperative, Thailand.  He graduated from the Faculty of Fisheries, Kasetsart University, 

Thailand.  He received his MSc in Microbiology from Oregon State University and PhD in fish virology 

from Stirling University, Scotland.  Somkiat is a Fishery Biologist senior professional and head of the 

Aquatic Diseases Research Section at the Inland Aquatic Animal Health Research Institute (AAHRI).  

His research mainly focuses on viral diseases of fish and frogs.  Dr. Kanchanakhan is an expert on 

Epizootic Ulcerative Syndrome of the OIE since 2001 and a regional resource expert of the Network of 

Aquaculture in Asia-Pacific (NACA) since 2005 and an advisory committee to NACA since 2008.  

Additionally, he joined the FAO emergency task force to investigate the EUS outbreak in Pakistan in 

1996, koi herpesvirus outbreak in Indonesia in 2002, and EUS outbreak in Southern Africa in 2007-2008.   
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1School of Veterinary Medicine, University of California, Davis, California 95616, USA (email: tbwaltzek@ucdavis.edu) 
2College of Veterinary Medicine, University of Florida, Florida 32610, USA 

3Blind Pony State Fish Hatchery, Missouri Department of Conservation, Sweet Springs, Missouri 65351, USA 
4 Missouri Department of Conservation, Jefferson City, MO 65109, USA 

5 Headwaters Fish Pathology, Bozeman, Montana 59715, USA 

6Bozeman Fish Health Center, Bozeman, Montana 59718, USA 

 

During July – September 2009, juvenile pallid sturgeon (Scaphirhynchus albus) at the Blind Pony State 

Fish Hatchery (BPSFH) in Sweet Springs, Missouri experienced mortalities of over 500 individuals/day 

at water temperatures between 16–26
 °
C. Histological exams revealed extensive necrosis of the 

hematopoietic tissues. A viral replicating agent was observed in cell culture and confirmed by electron 

microscopy. Experimental infection studies revealed the virus is pathogenic to pallid sturgeon – a 

federally endangered species. Analysis of the full length major capsid protein revealed that it was 

identical to the type species of ranavirus, Frog Virus 3 (FV-3), and to a previous BPSFH isolate. This 

suggests that recurring infections or carryover of the virus from prior groups of sturgeon may have 

maintained the virus at this facility. Inasmuch as the BPSFH draws water directly from nearby Blind Pony 

Lake without disinfection, entry of ranavirus-contaminated water into the facility cannot be ruled out. 

However, liver samples collected from adult and larval American bullfrogs (Lithobates catesbeianus) and 

plains leopard frogs (Lithobates blairi) during the fall of 2009 and 2010 in nearby wetlands were negative 

for FV-3. The potential for reciprocal FV-3 infections (i.e. amphibian to fish and vice versa) has only 

been reported in sympatric populations of threespine stickleback (Gasterosteus aculeatus) and red-legged 

frog tadpoles (Rana aurora). Future research will focus on discovering the source of the virus at the 

facility (e.g. contaminated water supply and broodstock) as well as testing the host specificity and 

pathogenicity of the virus across a suite of poikilothermic vertebrates.   

 

Biosketch: Dr. Thomas Waltzek began his academic career studying marine biology at Florida State 

University, graduating with a B.S. in 1998. He then traveled to the University of California at Davis 

where he studied the functional anatomy and ecology of cichlid fishes receiving a M.S. in 2002 and 

completing his Veterinary Medical degree in 2009, focusing on fish health. He finished his Ph.D. 

dissertation on the evolution and ecology of viral diseases of poikilothermic vertebrates in October of 

2010. In April of 2011, he returned to Florida as a Postdoctoral Research Associate to begin the 

surveillance and characterization of emerging aquatic animal pathogens. Dr. Waltzek has received many 

accolades for presentations at 20 national and international meetings. He has authored 20 papers on a 

variety of subjects from fish physiology and ecology to infectious diseases of fish. He was recently voted 

the newest member of the AVMA Aquatic Animal Veterinary Medicine Committee for recognition of his 

expertise in public health/epidemiology. He has a passion for the ocean and especially enjoys diving, 

fishing, kayaking, volleyball, and exploring the beach with his wife, Jenna.   
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In Europe, ranaviruses have been isolated from chelonians and lizards. There are three reports of 

ranavirus infections in tortoises in Europe, two in Hermann’s tortoises (Testudo hermanni) and one in a 

leopard tortoise (Geochelone pardalis). All of the tortoises were kept in captivity and developed disease. 

In two cases, disease spread from one animal to another and one recent case has been associated with an 

outbreak among several different collections of tortoises and spread from Hermann’s tortoises to other 

species. Ranaviruses have also been isolated from lizards in Europe. In one case, a virus was isolated 

from a gecko (Uroplatus fimbriatus) kept in a private collection. In another, a ranavirus was isolated from 

an iberian rock lizard (Lacerta monticola). The second is the only documented case of ranavirus infection 

in a wild reptile in Europe. Characterization of the ranavirus isolates obtained from these reptiles has been 

carried out by various methods, making a direct comparison between the European reptile ranaviruses 

somewhat difficult. Available sequence data show that the reptilian ranaviruses are each more closely 

related to various described amphibian ranaviruses than to one another. However, available restriction 

enzyme analysis of some of the reptilian ranaviruses does show considerable differences between these 

and specific amphibian isolates. Future research directions include further comparison of ranaviruses 

from reptiles, environmental persistence of reptilian, amphibian, and fish ranaviruses, and screening of 

reptiles for ranavirus infections by virus and antibody detection. 

 

Biosketch: Dr. Rachel Marschang is a research scientist in charge of the virology laboratory of the Institut 

für Umwelt und Tierhygiene at the University of Hohenheim in Stuttgart, Germany. She studied 

veterinary medicine at the Justus-Liebig University Giessen and graduated in 1995. She did her 

―Doktorarbeit‖ on viruses of tortoises at the Clinic for Avian, Reptile, Amphibian, and Fish Medicine of 

the same university, finishing in 2001. She is a diplomate of the European College of Zoological 

Medicine (herpetology), a certified specialist in microbiology (FTÄ Mikrobiologie) and a certified 

specialist in reptile medicine (ZB Reptilien). Her research over the past 15 years has focused on the 

diagnosis and characterization of viruses in reptiles, particularly herpes, irido, paramyxo, and 

adenoviruses. Dr. Marschang is currently involved in research projects dealing with paramyxoviruses of 

snakes and tortoises, adenoviruses of lizards, picornaviruses of tortoises, ranaviruses of amphibians and 

reptiles, and other iridoviruses in reptiles, as well as on disinfection testing and disinfection of fish ponds. 

She has research cooperations with partners in many different countries including various European 

countries, the USA, and Australia.  
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Ranaviral Disease in Chelonians of North America 

 

M. Allender 

 
Department of Comparative Biosciences, College of Veterinary Medicine, University of Illinois, (email: mcallend@illinois.edu) 

 

Ranaviruses have caused mass mortality events in wild fish, amphibian, turtle, and tortoise populations 

worldwide. However, compared to amphibians and fish, our understanding of the extent, impact, and 

transmission of ranaviral disease in chelonians is considerably less. In the United States, ranaviral disease has 

been diagnosed in seven chelonian species across thirteen states. Clinical manifestations of ranaviral infections 

in chelonians are not always present, but may include lethargy, dyspnea, ocular, nasal and oral discharges, oral 

plaques, and death. Other signs may include subcutaneous edema, hepatitis, necrotizing splenitis, 

conjunctivitis, and pneumonia. The duration of disease is short, and many wild animals likely die prior to their 

presentation at wildlife rehabilitation centers or clinics. Current diagnostic methods primarily utilize 

conventional PCR and histopathology, but use of an ELISA in gopher tortoises and blood smears 

demonstrating the presence of inclusion bodies in circulating white blood cells of box turtles are other potential 

tools. Ranaviral disease has been shown to be highly fatal in turtles during transmission studies. While 

prevalence has been investigated for gopher tortoises, little is known about the prevalence of this pathogen in 

other species, specifically the eastern box turtle – a species frequently observed in chelonian die-offs. Previous 

studies have failed to identify a mechanism of transmission; oral inoculation was not successful in red-eared 

sliders.  Future research directions need to focus on elucidating the epidemiology of infections in wild reptiles, 

improving diagnostic assays, and determining the drivers and routes of transmission. 

 

Biosketch: Dr. Matthew Allender is currently a Visiting Instructor in the Department of 

Comparative Biosciences/Veterinary Teaching Hospital in the College of Veterinary Medicine at the  

University of Illinois. Matthew received his B.S in 2000, DVM in 2004, and M.S. in 2006 from the  

University of Illinois. His M.S. work focused on the health and disease of two free-ranging reptile 

species. He completed a three-year residency program in Zoological and Wildlife Medicine at the 

University of Tennessee/Knoxville zoo in 2009. His current projects focus on the epidemiology of  

ranavirus in free-ranging turtles, the health of the massasauga rattlesnake, and hemolymph gas analysis in  

free-ranging sea urchins in Peru. 
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The capacity of ranavirus to cross species boundaries makes the epidemiology complex with potential 

reservoirs in many different species in any given location. Bohle iridovirus (BIV) was originally isolated 

from amphibians and shown to be pathogenic to fish in challenge trials. This study aimed to clarify the 

potential pathogenicity of BIV in six native Australian reptile species of the common aquatic and riparian 

fauna of northern Queensland. Animals were challenged by IC inoculation and were observed over a 

period of 30 days. Mortality and specific antibody response to BIV was monitored during the trials.  

Histopathology, immunohistochemistry and virus isolation were performed at the end of the study. Bohle 

iridovirus was found to be extremely virulent in hatchling tortoises (Elseya latisternum and Emydura 

krefftii), resulting in lesions in multiple organs and death (100 and 40% respectively). In contrast, adult 

tortoises, snakes (Boiga irregularis, Dendrelaphis punctulatus and Amphiesma mairii), and yearling 

crocodiles (Crocodylus johnstoni) were not acutely affected. Virus was re-isolated from BIV-exposed 

tortoise hatchlings and one B.irregularis. Adult tortoises survived BIV-challenge and produced antigen-

specific antibodies. Thus, serological surveys of adult tortoises may be useful for determining the 

presence and spread of BIV in northern Australia, and help to predict the potential impact to native fauna 

from this pathogen. 

 

Biosketch: Dr. Ellen Ariel is currently employed as senior lecturer in Virology at the School of Veterinary 

and Biomedical Sciences, James Cook University and spends much of her non-teaching time doing 

research into ranavirus in freshwater turtles and other viruses in marine turtles. Prior to that, she spent 11 

years coordinating the European Union Community Reference Laboratory for Fish Diseases, which were 

mainly viral in nature. During this period she was also in the Steering group for the PANDA project 

(Permanent Advisory Network for Diseases in Aquaculture) and coordinator of the RANA project (Risk 

assessment of new and emerging systemic iridoviral diseases for European fish and aquatic ecosystems), 

both of which were funded by the European Commission.  
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Introduction of exotic ranaviruses is a major concern for European aquaculture and aquatic ecosystems. 

Project RANA was developed to increase knowledge on susceptible hosts and improve diagnostic tools, 

as well as assess the risk of introducing exotic ranaviruses into Europe. The risk assessment was based on 

World Animal Health Organisation (OIE) guidelines and expert opinion, and the outcomes were: 1) the 

identification of a pathway of introduction and spread of ranaviruses into Europe via importation of live 

infected ornamental fish from Asia, 2) a generic model for assessing the risk of introducing an exotic 

pathogen via importation of ornamental fish, and 3) identification of knowledge gaps. The calculations of 

risk, based on our model, indicate that there is: 1) a high risk of exotic ranaviruses entering into Europe, 

2) a moderate risk of ranaviruses becoming established in wild populations, and 3) a low risk of 

ranaviruses entering an aquaculture facility. Our model provides a preliminary tool to assess risk 

associated with the translocation of ranaviruses via imported fish.  However, the results showed a high 

degree of uncertainty, due to lack of knowledge. We recommend the following future research directions: 

(1) Investigations on the prevalence of ranaviruses in fish and amphibian populations in both exporting 

and importing countries (2) Survey to estimate the likelihood of release of imported ornamental fish and 

amphibians and (3) In-depth research on the potential for natural transmission of ranaviruses between fish 

and amphibians. 

 

Biosketch: Dr. Britt Jensen graduated as a doctor of Veterinary Medicine from Copenhagen University in 

2004, and started her professional career with 10 months as a diagnostician at the Community Reference 

Laboratory (CRL) for Fish Diseases in Denmark. This led to a PhD project on ―The implications of 

Ranaviruses to European farmed and wild freshwater fish‖, and I got my PhD-degree from Copenhagen 

University in 2009. Dr. Jensen then worked as a project coordinator for an EU-project at the CRL, and in 

fall 2009 she got a position as researcher at the section for epidemiology at the Norwegian Veterinary 

Institute. Her main research areas include various aspects of aquatic epidemiology including disease 

surveillance, control strategies, risk analysis and studies of risk factors and transmission pathways.  
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The global trade of amphibians has the potential to spread diseases into new areas and contribute to 

amphibian die-offs and declines around the world – a phenomenon known as pathogen pollution. 

Amphibians are widely traded as pets, food, bait, and for biomedical and research purposes. Recent 

studies show that ranaviruses, a group of ectothermic vertebrate pathogens, affect a variety of hosts and 

are common in the global amphibian trade. Studies in North America indicate that pathogen pollution is 

likely occurring with the translocation of larval tiger salamanders (Ambystoma tigrinum) used in the 

fishing bait industry and the sale of market bullfrogs (Rana catesbeiana) for human consumption. 

Further, strains from bait shops and ranaculture facilities may be more pathogenic than wild strains. What 

we do not know is the likelihood that ranaviruses are transmitted from trade to amphibians in the wild, 

how trade is responsible for the spread of diseases into new areas, what effects released pathogens may 

have on native populations, how pathogen pollution contributes to amphibian declines around the world, 

and what the most effective approaches are for curbing the spread of ranaviral disease into new areas. 

Future research on these topics is needed to help address this risk of pathogen pollution to native 

amphibians and to formulate intervention strategies. 

 

Biosketch: Dr. Angela Picco is a Fish and Wildlife Biologist with the Pacific Southwest Regional Office 

of the U.S. Fish and Wildlife Service in Sacramento, California. Her current focus is on Endangered 

Species, specifically regarding the listing of species and the designation of critical habitat for listed 

species. Prior to working for the U.S. Fish and Wildlife Service, Dr. Picco completed her Ph.D. in 

Biology at Arizona State University. Her dissertation was on the movement of amphibian pathogens 

through trade, particularly the trade in tiger salamanders as fishing bait. Angela completed her B.S. in 

Evolution and Ecology at the University of California, Davis, and worked as a postgraduate researcher at 

the University of California, Davis, prior to starting graduate school. In addition to her work in the U.S., 

Angela has conducted amphibian disease research in Costa Rica and conservation genetics work in 

Australia. She also collaborates with fellow disease ecologists and conservation biologists to better 

understand the movement of diseases through trade and the effects of amphibian pathogens on 

populations. 
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