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THE CHYTRID BLINDERS 2.0: HOW ARE WE DOING?

Amphibians as a group are one of the most threatened 
vertebrate groups on Earth (Stuart et al. 2004; Ceballos 
et al. 2017). There are many factors that have been in-
volved in the decline, and in some cases extinction of these 
animals, and infectious diseases have played a large part 
in many of these events. For example, the emergence of 
Batrachochytrium dendrobatidis (Bd), has resulted in the 
decline of over 500 species of amphibian and is considered 
to be the causative agent of the extinction of at least 90 
others (Scheele et al. 2019). There are two other major in-
fectious agents that have emerged as potential drivers of 
amphibian population dynamics, the ranaviruses and an-
other chytrid fungus, B. salamandrivorans (Bsal). There 
are other pathogenic agents that have also emerged 
over the past couple of decades in amphibians and they 
include Perkinsea spp. (Isodoro-Ayza et al. 2017; Kar-
wacki et al. 2018) and herpesviruses (Origgi et al. 2017 
& 2018; Franklinos et al. 2018). However, much less is 
known about their epidemiology and larger scale impacts 
on amphibian populations where they have emerged. 

In 2010, Duffus lamented that many amphibian morbidi-
ty and mortality events were ‘under-investigated’, meaning 
that the causes were not fully explored and many failed to 
link the presence of an infection with a potential patho-
gen and the pathology of the event. Over the past de-
cade, many new advances have been made in diagnostic 
techniques, as well as in linking the infection presence 
with the pathology of morbidity and mortality events in 
North America and Europe. I believe this is the direct 
result of the emergence of Bsal in European salamander 
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species and the threats that it could pose if, in fact, it is 
introduced to other areas of the globe. 

Ranaviruses
First described in Northern Leopard Frogs (Rana pipi-

ens) purchased for laboratory use in North America (Gra-
noff et al. 1965), it was not until the mid-1980s and ear-
ly-1990s that they were associated with morbidity and 
mortality events in wild amphibians (Australia: Spear 
and Smith 1992; UK: Cunningham et al. 1996; Canada: 
Bollinger et al. 1999; USA: Jancovich et al. 1997).  Ra-
naviruses, members of the Iridoviridae, are large double 
stranded DNA viruses that replicate in the cytoplasm of 
host cells (Chinchar et al. 2017; Jancovich et al. 2015) 
and have a wide range of vertebrate hosts (amphibians, 
reptiles, and fish; Duffus et al. 2015). To date, they have 
been found on every continent where amphibians are 
present and are known to affect over 145 species (A.L.J. 
Duffus, Unpublished Data). 

When it comes to amphibians and ranaviruses, they 
have caused countless morbidity and mortality events. 
However, in the UK, they have been shown to drive the 
population dynamics of Common Frogs (Rana temporar-
ia) where they have emerged into decline (Teacher et 
al. 2010). In Spain, the situation is worse. The emer-
gence of a novel ranavirus, the Common Midwife Toad 
Virus (CMTV), has resulted in not only the local decline of 
some amphibian communities, but the local extirpation 
of some species (Price et al. 2014). In North America, 
as well as around the rest of the globe, the influences 
that ranaviruses have on population dynamics can only 
be speculated on as the long term effects of their emer-
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gence of these viruses has not been well documented. 
However, this lack of documentation does not mean that 
there have not been negative effects or that these virus-
es should not be of conservation concern. Ranaviruses 
are known to infect Chinese Giant Salamanders (Andrias 
davidianus; Geng et al. 2011), Red-Legged Frogs (Rana 
aurora; Mao et al. 1999) and Hellbenders (Cryptobran-
chus alleganiensis; Souza et al. 2012), all species that 
are threatened in their native ranges. 

Initially, many studies that investigated ranavirus-as-
sociated morbidity and mortality events used full patho-
logical and virological methods, such as full necropsy 
and histopathology, followed up with viral isolation and 
electron microscopy (e.g. Cunningham et al. 1996).  
However, with the development of molecular screening 
techniques and an increase in their accessibility in the 
early 2000s, many studies began to rely solely on PCR 
(then quantitative PCR when that became readily avail-
able) results and did not necessarily associate the finding 
of the DNA of ranaviruses to the actual pathology of the 
morbidity and mortality event. This shift was most likely 
based on cost effectiveness; it is far less expensive to 
run a few PCRs than to do a full investigation. Howev-
er, in the past few years, a return to a more complete 
investigation of mortality and morbidity events has oc-
curred. The reliance solely on PCR has been augmented 
with sequence analysis to determine what species/strain 
of Ranavirus is present, and in many cases a necropsy is 
performed by trained personnel on at least a subset of 
affected animals. 

The improvements in molecular diagnostic methods of 
infections are now less often confused with the diagno-
sis of the presence of a disease, even in cases where 
only molecular methods have been used.  However, it 
is always best practice to have a multidisciplinary team, 
which includes a veterinary pathologist to help inves-
tigate morbidity and mortality events, especially when 
they occur in a new area and/or species. This is true 
regardless of what pathogen is suspected to have been 
responsible for the event. 

Batrachochytrium dendrobatidis (Bd)
First identified and described by Berger et al. in 1998 

and associated with amphibian declines in Australia and 
Central America, the chytrid fungus, Batrachochytrium 
dendrobatidis or Bd, is the causative agent of the dev-
astating disease chytridiomycosis. While Bd originated in 
Asia (O’Hanlon et al. 2018), it has a global distribution 
and has been implicated in the decline of over 500 spe-
cies and the extinction of at least 90 species of amphib-
ians (Scheele et al. 2019).  This is certainly deserving of 
the title as the most devastating disease that has ever 
been documented in wildlife. 

While infection with Bd, just as with a ranavirus, does 
not always result in the development of disease, when 
disease does develop it can range from mild to severe 
and eventual death in some cases. Clinical signs of chy-
tridiomycosis include, but are not limited to:  anorexia, 
lethargy, unusual skin sloughing, reddening of the skin 
(especially in the pelvic area), convulsions, and loss 
of righting reflex (Nichols et al. 2001). However, these 
signs of disease in amphibians are encountered with oth-
er pathologies (e.g. ranavirosis) and should not be used 
alone to make a diagnosis. The most common method for 
diagnosing infection with Bd is the use of skin swabs fol-
lowed by qPCR screening. Unfortunately, there is a grow-
ing body of evidence that suggests swabbing is not as 
effective for detecting Bd infections under some circum-
stances as was once assumed (see Longo et al. 2013, 
Shin et al. 2014, Clare et al. 2016, and Rebollar et al. 
2017 for details). Therefore, it is even more imperative 
that we exercise caution when encountering an amphib-

ian morbidity and/or mortality event to fully investigate 
the situation using pathological techniques.

Once, a reliance on skin swabs and qPCR for diagnos-
ing infection (and sometimes disease, when appropriate) 
was the norm: however, the emergence of Batrachoch-
ytrium salamandrivorans (Bsal) changed this. Research-
ers were increasingly aware that other pathogens could 
be present in their study subjects. Within the Bd research 
community, in the past few years, a number of huge col-
laborative works have been published. These works in-
clude the discovery of the Asian origin of Bd (O’Hanlon et 
al. 2018), the breadth and extreme numbers of amphibi-
ans affected by its emergence (Scheele et al. 2019), and 
the cryptic diversity that is present in Bd globally (Byrne 
et al. 2019). These collaborations are major and the dis-
coveries that they have made will continue to shape the 
future of Bd research. 

Batrachochytrium salamandrivorans (Bsal) 
This salamander-eating chytrid fungus emerged in 

2010 in populations of Fire Salamanders (Salamandra 
salamandra) in the Netherlands (Martel et al. 2013).  The 
impacts on these populations were devastating, with an 
initial 96% decline (Martel et al. 2013). Unfortunately, 
Bsal spread rapidly to Belgium, France, and Germany 
(Spitzen-van der Suijs et al. 2016). The clinical signs of 
Bsal induced chytridiomycosis include lethargy, emacia-
tion, and ulcerations (Martel et al. 2013) very similar to 
those exhibited by individuals affected by Bd induced ch-
ytridiomycosis. However, during the later stages of infec-
tion, when the animal is near death, some of the ulcer-
ations may have a ‘volcano’-like appearance where the 
skin erosion is surrounded by black margins (Martel et al. 
2013).  Additionally, rapid molecular diagnostic methods 
have been developed that are capable of detecting the 
DNA of both Bsal and Bd (see Blooi et al. 2013), and 
even one method that will screen for the DNA of Bsal, 
Bd, and ranaviruses (see Standish et al. 2018). However, 
Thomas et al. (2018) provide a guide to diagnosing Bsal 
infections and disease while stressing the need for full 
investigations. 

The discovery of Bsal has led to a rapid proliferation 
in scientific research and the formation of large-scale 
collaborative projects across Europe and North Ameri-
ca.  In 2019, Thomas et al. published a strategy for the 
mitigation of the effects of Bsal across Europe. This work 
details how Bsal should be dealt with on multiple scales 
(Thomas et al. 2019) and collaborations will play a key 
role. In the early 2010s in North America, where Bsal 
has not yet been found, the Bsal National Task Force for 
the US was formed (Gray et al. 2015).  This large-scale, 
multidisciplinary, multiorganization task force is poised 
for Bsal early detection and action (Gray et al. 2015). In 
addition to this, the Partners in Amphibian and Reptile 
Conservation (PARC) have created a Disease Task Team, 
whose work will primarily deal with the imminent threat 
of Bsal (Gray et al. 2015). These organizations will play 
key roles in protecting North American salamanders, as 
the southeastern USA is a global hot spot of salamander 
diversity.

Concluding Thoughts: How are we doing?
Over the past decade there have been many devel-

opments in amphibian disease research, many of them 
the product of collaborative projects between scientists 
and veterinary pathologists.  Resources have been de-
veloped to track amphibian diseases such as the Glob-
al Ranavirus Reporting System (site is currently being 
revised and rehomed, Brunner et al. In Press) and the 
Amphibian Disease Portal (https://amphibiandisease.
org/) which houses records for both Bd and Bsal. Others 
have provided guidelines for investigations into morbidity 
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and mortality events (e.g. Gray et al. 2017) and infor-
mation for the collection of samples from morbidity and 
mortality events (e.g. Duffus et al. 2017).  All of these 
and more have been the result of collaborations, which 
need to continue if we are going to attempt to monitor 
and mitigate the effects of emerging infections in am-
phibians. There are more emerging infections out there 
that are and will be affecting amphibians than just the 
‘Big Three’, and we must all continue to work together to 
understand them, and hopefully ward off the possibility 
of their most horrific outcome, extinction. 
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