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Ranaviruses:   
Emerging Threat to Amphibians 
Amphibians are integral to our ecosystem 
as predators, as a food resource, and as 
ecological indicators for water pollution and 
habitat quality. And currently, amphibians 
face increasing disease challenges.

Like any free-living species, amphibians 
are host to a variety of pathogens including 
bacteria, fungi, viruses, and parasitic 
worms. While the majority of pathogens 
are relatively benign, viral pathogens in 
the genus Ranavirus are responsible for 
catastrophic die-offs across the globe. In the 
United States, ranaviruses have been linked 
to die-offs in 29 different amphibian species 
across 25 states. 

Researchers haven’t tracked ranaviruses 
closely, so they don’t know how common or 
widespread they are in Indiana’s amphibian 
populations. However, because they 
are spreading, this publication gives an 

overview of ranaviruses and their effects 
on amphibians. We are asking biologists 
and recreationists to take an active role in 
helping track these diseases to preserve 
Indiana amphibians.

What are ranaviruses?
Ranaviruses infect cold-blooded 
vertebrates, including bony fish, reptiles, 
and amphibians. They are double-stranded 
DNA viruses that multiply in host cells. Two 
species of ranviruses are known to infect 
amphibians in North America: frog virus 3 
(FV3) and Ambystoma tigrinum virus (ATV). 
While FV3 is widespread across North 
America, ATV has only been detected in 
regions west of the Mississippi River. Both 
FV3 and ATV can infect many different 
species of amphibians, but the outcome of 
infection varies by species.
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What are the signs of infection?
Ranaviruses can infect the liver, kidneys, and spleen. In 
these organs, the viruses rapidly multiply, kill cells, then 
spread to infect neighboring cells. Common signs of 
infection include lethargy, emaciation, hemorrhaging, and 
edema (swelling) of the legs or body (Fig. 1). The virus 
spreads rapidly within infected hosts. Signs of disease can 
be seen within days of infection, and death can occur as 
early as seven days after infection. Ranavirus infections 
appear to be more lethal in larval than adult amphibians. 
This may be due to the fact that in the larval stage the 
amphibian immune system is underdeveloped, as well 
as that larvae must put a great deal of their energy into 
metamorphosis. Although infection rates vary dramatically 
from species to species, research shows that, once infected 
with ranavirus, a large percentage of individuals die. This 
raises significant concern. 

Figure 1.  Gross signs of ranaviral infection include hemorrhaging and 
edema of the legs or body. Shown are green frog (a) and gray tree frog (b, c) 
tadpoles exhibiting multiple signs of ranaviral infection.   

How does it spread?
Most amphibian eggs and larvae develop in water, while 
juveniles and adults live on land. Ranaviruses can spread  
in both environments and by direct and indirect routes 
(Fig. 2). 

Direct transmission occurs when an uninfected individual 
contacts an infected individual. Terrestrial juveniles and 
adults may be exposed during migration or breeding. 
Infected, breeding adults may introduce the virus to 
a breeding pond; however, researchers have not seen 
transmission from mother to offspring in amphibians. 
Larval amphibians can contact and infect each other 
while swimming. Amphibians may also become infected 
when feeding on the bodies of other live or dead infected 
individuals. 

Indirect transmission can occur through contact with soil 
or water contaminated by infected individuals. Depending 
on conditions, ranaviruses can survive outside the host for 
days or weeks (especially in water), which increases their 
chance of spreading. However, when breeding sites dry out, 
the virus is no longer infectious. 

We still don’t understand how ranavirus spreads to new 
habitats and persists in populations after ponds dry out. 
Amphibians, especially larvae, have been known to carry 
low-level infections in the wild. There is evidence that these 
infected larvae can metamorphose and carry the pathogen 
into the next breeding season. 

Additionally, fish and reptiles, particularly turtles, may 
harbor ranaviruses. Fish and reptiles are susceptible to 
infection; in fact, recent studies show that highly virulent 
strains of FV3 can cause dramatic die-offs in fish and 
reptiles. This suggests that ranavirus outbreaks may result 
from interactions among amphibian, reptilian, and fish 
hosts. So far, however, few studies have looked at how 
these different host species affect disease transmission in 
amphibian populations. This will take more research.

What species are most susceptible?
The growing number of studies focused on ranavirus 
infection of amphibians shows substantial variation across 
species, but some general trends. For instance, species that 
are relatively rare, breed in semi-permanent wetlands, and 
develop quickly as larvae are more susceptible to infection. 
However, in laboratory experiments, certain amphibians 
(e.g., African clawed frog, Xenopus laevis) have developed 
immune responses to ranaviruses, which gives them 
increased protection against future infection. 

http://www3.ag.purdue.edu/extension/Pages/default.aspx
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Figure 2.  Ranaviruses can spread through direct and indirect routes within amphibian populations.

Species within the family Ranidae (the true frogs) appear to 
be more susceptible than species from other families (e.g., 
Hylidae: tree frogs, Ambystomatidae: mole salamanders) 
(Fig. 3). Because Indiana has a diverse group of true frogs 
(eight species; Table 1), we must monitor these species 
for ranavirus infection. Wood frogs—highly susceptible 
to infection and broadly distributed in Indiana—are a 
particular concern. There are numerous accounts of wood 
frog die-offs throughout North America. 

In laboratory tests, species in other amphibian families 
(e.g., Bufonidae: true toads, Hylidae, Ambystomatidae) 
appear less susceptible to ranavirus infection. However, 
there have been die-offs in some of these families in North 
America. This suggests that factors such as environmental 
stress could contribute to disease development. 
Collectively, the research demonstrates that ranaviruses can 
infect and cause disease in a broad range of host species. 
This is a significant concern, because when there are 

multiple host species in a community, transmission rates 
are higher. Higher transmissions rates mean that managers 
and naturalists need to watch for die-off events in all 
species in Indiana. 

How widespread is the disease?
To date, over 50 salamander, frog, and toad species around 
the world have reportedly suffered die-offs or have been 
found to be infected in the wild. In the United States, 
there are nearly 300 species of amphibians, but fewer than 
10% have been examined to assess their susceptibility to 
ranavirus infection and disease. Moreover, the majority of 
the research has focused on pond-breeding amphibians; 
there is limited information on stream-breeding and 
terrestrial families (e.g., Plethodontidae: lungless 
salamanders). While research efforts have increased across 
the country, the risk that ranaviruses pose to amphibian 
species remains unclear.
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Table 1.  List of all native amphibians in Indiana, including their susceptibility to ranavirus infection in the lab and whether the species has been 
reported in mortality events or infected in the field across its range in the United States.

Species Susceptibility in the lab1 Field data2

Cope’s gray treefrog, Hyla chyrsoscelis High M, I
Wood frog, Lithobates sylvaticus High M, I
Southern leopard frog, Lithobates sphenocephalus High M, I
Green frog, Lithobates clamitans High M, I
Pickerel frog, Lithobates palustris High M, I
Eastern tiger salamander, Ambystoma tigrinum High M, I
American toad, Anaxyrus americanus Low I
American bullfrog, Lithobates catesbeianus Low M, I
Spotted salamander, Ambystoma maculatum Low M, I
Mole salamander, Ambystoma talpoideum Low ND
Marbled salamander, Ambystoma opacum Medium M
Northern leopard frog, Lithobates pipiens Medium M, I
Eastern spadefoot, Scaphiopus holbrookii Medium M, I
Western chorus frog, Pseudacris triseriata Medium ND
Northern cricket frog, Acris crepitans ND I
Eastern hellbender, Cryptobranchus alleganiensis alleganiensis ND I
Northern dusky salamander, Desmognathus fuscus ND I
Long-tailed salamander, Eurycea longicauda longicauda ND I
Southern two-lined salamander, Eurycea cirrigera ND I
Cave salamander, Eurycea lucifuga ND I
Northern slimy salamander, Plethodon glutinosus ND I
Green treefrog, Hyla cinerea ND M
Spring peeper, Pseudacris crucifer ND M
Plains leopard frog, Lithobates blairi ND M
Jefferson’s salamander, Ambystoma jeffersonianum ND M
Eastern newt, Notophthalmus viridescens ND M, I
Fowler’s toad, Anaxyrus fowleri ND ND
Gray treefrog, Hyla versicolor ND ND
Crawfish frog, Lithobates areolatus ND ND
Blue-spotted salamander, Ambystoma laterale ND ND
Small-mouthed salamander, Ambystoma texanum ND ND
Streamside salamander, Ambystoma barbouri ND ND
Four-toed salamander, Hemidactylium scutatum ND ND
Green salamander, Aneides aeneus ND ND
Northern zigzag salamander, Plethodon dorsalis ND ND
Eastern red-backed salamander, Plethodon cinereus ND ND
Northern ravine salamander, Plethodon electromorphus ND ND
Common mudpuppy, Necturus maculosus maculosus ND ND
Western lesser siren, Siren intermedia nettingi ND ND

 
1 Species are categorized into high, medium, and low susceptibility based on the laboratory infection results of Hoverman et al., 
2011. “ND” refers to a species with no data.
2 The Field data column was determined from Miller et al., 2011. “M” refers to mortality due to ranaviruses (die-off event) and 
“I” refers to infection present in an individual. “ND” refers to a species with no data. 
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What environmental stresses  
increase disease?
The emergence of ranaviruses in amphibian populations 
may be linked to environmental stressors that are natural 
(e.g., competition, breeding) or human-related (e.g., habitat 
destruction, poor water quality, climate change). These 
stressors may directly or indirectly make amphibians 
more susceptible to infection and lead to outbreaks of 
viral diseases in amphibian populations. For instance, 
experiments show that pesticide exposure can increase 
the susceptibility of larval tiger salamanders to ATV 
infection and increase larval death. Additionally, poor 
water quality caused by cattle activity around wetlands was 
linked to increased ranavirus prevalence in pond-breeding 
amphibians. Thus, cattle ponds and run-off retention ponds 
could be hotspots of ranavirus disease due to enhanced 
environmental stress.

Human activity is a significant cause of ranavirus spread 
across the landscape. For example, ATV moved long 
distances in the western United States when fishermen 
used infected tiger salamanders (Ambystoma tigrinum) as 
fishing bait. The infected bait introduced ranavirus to many 
formerly uninfected areas. Additionally, amphibian culture 
facilities and fish hatcheries can become sources of more 
virulent strains of the virus. These facilities house large 
populations of frogs (usually American bullfrogs) that can 
evolve resistance to infection. To counter this resistance, 
more virulent strains of the virus can develop. For instance, 
an FV3-like isolate from an American bullfrog culture 
facility caused 50% more mortality in several amphibian 
species when compared to standard FV3 in laboratory 
trials (Fig. 3). Thus, the movement of contaminated water 
and infected animals by humans could be an underlying 
cause of the increasing reports of ranavirus-associated die-
off events. 

Few studies have been done to assess long-term effects 
of ranaviruses on populations. A single study in North 
Carolina has shown recurrent ranavirus outbreaks reduced 
population size of several amphibian species (e.g., wood 
frogs, spotted salamanders) in a wetland. This suggests 
that recurrent outbreaks can have long-term effects on 
amphibian populations, especially for highly susceptible 
species like wood frogs. Unfortuately, Indiana currently 
lacks long-term surveillance projects focused on ranavirus.

What you can do?
Biologists and recreationists can take an active role in 
preventing the spread of ranaviruses by disinfecting all 
equipment after use around bodies of water. Boots, waders, 
boats, buckets, and any items that come into contact with 
water or soil in bodies of water where amphibians breed are 
potential carriers of the virus. 

Figure 3.  Ranavirus infection varies greatly across species and virus 
isolates. Shown are the results from laboratory experiments examining 
the susceptibility of different amphibian species to infection by frog virus 3 
(FV3) and an FV3-like virus isolate from an American bullfrog culture facility 
(Ranaculture isolate). Only species found in Indiana have been included.  
Modified from Hoverman et al. (2011).

To reduce the spread of ranaviruses:

• �Use bleach (10%) or nolvasan (2%) to disinfect all gear 
(including vehicles in contact with water). Nolvasan is 
non-corrosive and safe to use on metal equipment such as 
boats and boat trailers. 

• Do not transport soil from one site to another. 

• �Do not move amphibians, fish, or reptiles from one site to 
another.

Researchers are working to determine the distribution 
and presence of ranaviruses in Indiana, but until we know 
more, do everything you can to prevent its spread.

http://www3.ag.purdue.edu/extension/Pages/default.aspx
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What if you find dead amphibians?
There have been no reported ranavirus-associated die-
off events of amphibians in Indiana. However, the virus 
recently was found in amphibian and reptiles populations 
in the state, so a die-off is possible in the future. 

If ranaviruses cause a die-off in an amphibian population, 
you will see numerous individuals (>10) dead at a single 
location at a time—most likely during a breeding event or 
larval development. If you discover a die-off:

• �Contact the Indiana Department of Natural Resources 
(dfw@dnr.in.gov, 317-234-5191) for additional guidance. 

• �Leave dead and moribund individuals where you find 
them. Moving them increases the risk of pathogen spread. 
You must have a permit and state approval prior to the 
collection of a live or dead amphibian. 

If you have approval from the Indiana Department of 
Natural Resources to collect amphibians, we recommend 
one of the following approaches. 

• �Because clinical signs of infection vary greatly among 
species, take tissue samples (preferably liver or kidneys) 
and oral or cloacal swabs and store them in 95% ethanol 
for future diagnostic tests. 

• �Alternatively, you can preserve entire bodies of 
individuals separately in 95% ethanol or freeze them for 
testing. 

Importantly, increased surveillance and testing will help 
researchers and managers better estimate ranaviruses’ 
distribution in Indiana and the threat it poses to our 
amphibians. 
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