
CMTV�
“how frogs (and 
other stuff) 
sometimes get 
hammered in 
Europe”�



What is CMTV?!



What is CMTV?!

❖ Taxon…
❖ Isolate…
❖ Strain…
❖ Species..?



What is CMTV?!

❖ Clade
❖ “CMTV-like”
❖ “intermediate”

❖  Stohr et al., (2015) PlosONE



Is CMTV special?!
❖  Well, in at least one way, yes!

❖  …and that’s in the type of 
data we’ve already gathered 
on host-pathogen dynamics.
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❖  simultaneous emergence and impacts 
across host community in protected 
mountainous region of Spain (Picos de 
Europa [PNPE])

❖  mass die-offs and disease

Severe mass-mortality 
events in Spain�



Pathology and clinical signs�



❖  long-term population 
monitoring of 
amphibian 
communities across the 
park

❖  including sites with 
observed mass die-offs 
and those without

❖  all six amphibians 
present at one site 
experiencing mortality

Population impacts: community effects�

Price et al., 2014. 
Current Biology



❖  severe population impacts for multiple 
species of host

❖  CMTV-like viruses appear to be highly 
virulent generalist pathogens that should 
be considered a conservation threat

Population impacts: 
community effects�

Price et al., 2014. 
Current Biology



❖  No population monitoring allowing us to 
measure declines

❖  But major annual mass mortality events affecting 
newts

❖  Occasional records of infection/disease in snakes

CMTV (Bosca’s newt virus) 
in Galicia�



Extraordinary host range�



CMTV Hosts in Spain!



Hosts: Generalism not the rule�

•  Duffus et al. (2014) present experimental 
evidence that common frogs are the primary 
host for UK rvs with common toads (Bufo 
bufo) an alternative but lower quality host

•  This fits with anecdotal evidence from 
submissions of dead amphibians from 
mortality events which test positive for 
ranavirus infection. Infected toads and smooth 
newts are received but most carcasses are 
common frogs (GB Wildlife Disease 
Surveillance Partnership)



❖  Focused on Spain as the poster boy of CMTV 
research!

❖  But not to overlook other regions

❖  Disease outbreaks due to CMTV-like viruses 
appear to be emerging at broad scale in Europe

❖  France, Netherlands, Portugal are other 
examples of regions that are home to multihost 
mass mortality events

CMTV outbreaks in Europe�



What do we know about 
the evolutionary history of 

CMTV?!



❖  significant virus 
diversity

❖  3 distinct viruses 
found: 2 CMTV-like 
viruses and an FV3-
like

❖  apparent variation in 
virulence

Virus diversity�

Price et al., 2014. 
Current Biology
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Reconstructing emergence 
in genomics age!

❖  Next Generation Sequencing technologies 
(e.g. Illumina MiSeq & HiSeq) mean 
whole viral genomes now readily available���

❖  Large amounts of data enable more 
accurate/sensitive phylogenetics, 
reconstruction of pathogen spread, study 
of local/host adaptation, and so on.���

❖  Also can start to address questions about 
gene loss and gain, host range, 
recombination, etc.���

❖  Difficult at the moment given the amount 
of data available but the inclusion of 
chinese giant salamander viruses (ADRV) 
in the CMTV clade is intriguing given the 
current reliance on farmed animals for 
sampling of these viruses.���



Smoking guns…!

❖  We’ve been looking for smoking guns in terms 
of vectors/routes facilitating global patterns of 
ranavirus infection for more than 20 years.���



Humans: Bullfrogs & Ornamental fish�



Human links�



Long evolutionary history with hosts?!

❖  Traditional view of dsDNA viruses is that they 
evolve slowly (for viruses) and speciate alongside 
hosts���

❖  Support for this scenario in ranavirus evolution - 
phylogenetic concordance of Ambystomid 
salamanders and ATV���

❖  But this pattern could be explained in other ways 
and at the least there appears to be a more modern 
layer of host-pathogen mixing ���



Are we doing enough?!



The Frog Mortality Project�

❖  flagship Citizen Science project now 
consumed by Garden Wildlife 
Health

❖  public participation in disease 
surveillance and data collection

❖  > 5000 reports

❖  > 2 decades of data with collection 
starting in 1992

❖  Includes georeference data and 
information about the mortality 
event but also contains masses of 
covariate data including info on 
pond, management and setting.

http://www.froglife.org/disease/fmpform.aspx



Global surveillance!
❖  At both global and local scales 

surveillance for ranaviruses is 
extremely patchy and resultant 
view of rv distribution is highly 
skewed by sampling bias

❖  Current reporting mechanisms 
(OIE + academic literature) are 
also inadequate.
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Sampling of amphibians for Ranaviruses based on data 
from a) published literature c) survey of labs (2012-2014)
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Black et al., in prep



Something to take home!!



❖  Teacher et al. (2009) looked at MHC 
types (and microsatellites as a 
neutral control marker) in both 
‘diseased’ and ‘uninfected’ 
populations of common frogs.  
They found evidence that the 
presence of ranavirus disease may 
select for less susceptible MHC 
haplotypes, suggesting that frogs 
may be adapting to ranavirus 
infection.

❖  Using microsatellite markers, the same 
authors also found evidence for assortative 
mating in common frog populations faced 
with ranavirus; uninfected frogs are more 
likely to mate with other uninfected frogs. 
Ways that this could occur are if infected 
(and diseased) animals were less able to 
compete for mates or if frogs were 
engaging in active mate choice.

How do hosts respond? �
Through genetic and behavioural adaptation…�



Links & resources�

❖  OIE on ranavirus

❖  http://www.oie.int/fileadmin/Home/
eng/Internationa_Standard_Setting/
docs/pdf/Ranavirus_card_final.pdf

❖  Garden Wildlife Health

❖  http://www.gardenwildlifehealth.org

❖  Froglife

❖  http://www.froglife.org/disease/
ranavirus/

❖  ARC

❖  http://www.arc-trust.org

❖  Stephen Price; UCL/QMUL/ZSL

❖  2infectious.wordpress.com
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