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*What do we know?

Salamandra salamandra

#2010: 96% wild mortality in Netherlands
#2013 & 2014: wild mortality in Belgium
*2015: UK (trade) and Germany (captivity)

“2016: Netherlands, Belgium, Germany (wild)

14 of 55 sites: 3 species

P”resent n: (Vietnam, Thailand,
“wild salamanders in Asia Japan)

>

“museum records in Asia >150 yrs ..

Unknown to occur in North America T F R

Martel et al. 2013, PNAS; Laking et al. 2017. ScientificReports  [chihyosaura alpestris
Martel et al. 2014. Science; N C -
Cunningham et al. 2015. Veterinary Record; Lissotriton vulgaris'==..
Sabino-Pinto et al. 2015. Amphibia-Reptilia Spitzen-van der Sluijs et al. (2016); EID
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Outbreak at Robertville, Belgium

Stegen et al. (2017)
nature

... Poisson regression on total
number offire salamanders

— Non-infected

95% Cl on Poisson regression analysis
doi:10.1038/nature22059

2015

Countof fre salamenders

logy) =3.83-0.02x

1% present
1.5 years later

original size in 6
months




A Bsal lesion viewed under the microscope...

Dead cells (orange arrowv

Bsal thalli (black arrows

“Death by a
thousand holes”|

Multifocal erosions and deep ulcerations
of the skin throughout the body

Death generally occurs in under 3 weeks Photomicrograph courtesy
S N Allan Pessier, UC Davis

Stegen et
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Environmental Persistence of Bsal:
Stegen et al. (2017) Water

- 108 Zoospores

Persistence in water with microorganisms
is probably <3 days

. = e Encysted, no predators
% Encysted, predators
s ﬁm Y p

log(B. salamandrivorans load) @

= = = Motile, no predators
2 = Motile, predators

12 3 4 5 6
Weeks after exposure 0 2 4
Hours

Zoospore load in infected Pond Water with Micropredators
salamanders at 0, 14, and 31 Encysted = 5% in 4 hrs, 100% in 80 hrs

days PI in Filtered Pond Water
Motile = 50% in 4 hrs, 100% in 8 hrs

Environmental Persistence of Bsal:
Stegen et al. (2017) Soil

B. salamandrivorans transmitted to

Infection load (GE) of the source animal ‘sentinel animal

168

Most infectious animals shed enough
for transmission but zoospores are
short-lived in soil (<2 days)

Replacement after|
24h

e 241 GE, g

Stegen et al. (2017),
Fisher (2017)

Viviparous,
Aquatic Larvae
(not susceptible)
Juveniles
(high susceptibility)

Frequency Dependent
Tra ission —
Breeding & Hibernation

Spillover Reservoir
(carriers!)

Two Zoospore Types:
Motile, Encysted




Suitable Environmental
Conditions for Bsal Growth Average Air Temperature R

18-year Mean (Annual) R Lo

{

valence of Bd and Bsal per water temperature

Laking et al. 2017

(highest prevalence at 26 C)
Paramesotriton, Tylototriton
Vietnam

Martel et al.
(2013):PNAS

| Species Susceptibility NOT
Considered and

Environmental Suitability
Range is Wider

Science
349:481-482

& e

Final Risk Assessment Model
- Relative Risk = SpRich * Log ClimSuit Bsal

‘We know that Bsal:
Wide host range including anurans
Community composition matters for Bsal
outbreaks to occur — Hyper-susceptible spp.
Bsal can infect hosts: 5 —26 C
Environmental persistence of Bsal is probably
<1 week — can adhere to waterfowl feet
Host reservoir likely is needed!
What is the host range of Bsal in North America?

i. Amplification, carriers, and dead-end hosts
ii. Are there SGCN that are highly susceptible?

Can Bsal be amplified and maintained in North
American amphibian communities?




Why is Bsal a threat?
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Initial Bsal Research in the USA

Test the susceptibility of various North
American amphibian species to Bsal

AGRESEARCH <
INSTITUTE OF AGRICULTURE GQL.M...Z";Z’,’.‘.’; bcyM NDERBIy ,.wg;.

Tested 22 salamander and 6 anuran species
Susceptibility: infection, mortality, & disease
generally across 4 Bsal doses (n = 5-10 / dose)

Robustly estimate RISK

)

(Yap et al. 2015:NA, Richgels et al. 2016: USA,
Feldmeier et al. 2016: Europe)

Richgels et al. (2016)

Study Animals: UTIA CWH
Salamanders (22; 5) Frogs (6; 4)

Family Species i Species

Ambystomatidae Ambystoma opacum i Anaxyrus americanus

A. laterale i Hyla chrysoscelis

A. mexicanum i Lithobates sylvaticus
Proteidae Necturus maculosus L. chiricahuensis
C i O iensis L. catesbeianus
Plethodontidae Hemidactylium scutatum Scaphiopus holbrookii

Aneides aeneus

Aquiloeuryea cephalica

Chiropterotriton spp.

Desmognathus ocoee

D. aeneus

D. monticola

Ensatina eschscholtzii (2 subspecies)

Eurycea wilderae (3 populations)

Eurycea lucifuga

Plethodon shermani x P. teyahalee

P. metcalfi

Pseudotriton ruber

N. meridionalis
N. viridescens (6 populations and efts)
Taricha granulosa




!. - Patrick Cusaac

Of the 28 species tested (>1,000 animals),
ten species (36%; one anuran) have
developed Bsal chytridiomycosis:

Plethodontidae Salamandridae
1) Eurycea wilderae, otophthalmus perstriatus
2) Pseudotriton ruber meridionalis
3) Ensatina e. klauberi viridescens
4) Aquiloeurycea cephalica 4) Taricha granulosa
5) Chiropterotriton spp.

Bsal Infection Tolerance Rank

High Tolerance

Low Tolerance

High Risk Low Risk
Epidemiological Role:
Carriers (Reservoirs)

Amplification High Low

H =Low — Moderate L= No Mortality;
Mortalit; Low to Moderate
High Infi Infection

R = No Mortality;
No to Low Infection

A = High Mortality;
High Infection

Drive Epidemics Serve Both Maintain Bsal
& Possible Functions of (A) and Result in DEAD
Spillover to Less and (L) — at high Initial Infection END
Susceptible zoospore Dynamics
Species concentrations (A) A




Results (Newts)

Highly Susceptible: Amplification Species

All (- 1) Became ) 75% Died = NOME
Iofested § 55% Died = NOPE

N. meridionalis

NOME PCR Results NOPE PCR results

OSum of surv/Neg.
5um of Dead/Neg
B5um of surv/Pos
msum of Dead/pos
3 e s 106 103 100 105 106

Necropsy Swab Nectopsy Swab

Results (Newts)

Highly Susceptible: Amplification Species (efts only)

N. viridescens

Results

Highly Susceptible: Amplification Species
Ongoing

Ensatina e. klauberi

Sum of Control
Sum of 5x1013
Sum of 5x10°
Sum of 5x1015
——Sum of 5x10%6

Days PE




Results (Mexico)
Highly Susceptible: Amplification Species

Agquiloeurycea | ! Chiropterotriton

Dra. Gabriel a
Parra Olea

AQCE Sunvival CHH Survival

Instituto
de Biologia
UNAM

123456789 UBNS BT BN BNS BT BN A RN SR TS 123456780

Dr. Becky
Hardman

Results

Moderately Susceptibility Species

Amplificatio Carriers

Moderate Conservation Risk

R esults Eurycea wilderae
Moderately Susceptible: Amplification Hosts or Carriers

North Carolina

Georgia

Variation
among SW Virginia
Populations m (Mt. Roger)
(or species -
complex)




Results

Moderately Susceptible: Amplification Hosts or Carriers

Pseudotriton ruber Taricha granulosa
g

Results N. viridescens (adults)
Moderately Susceptible: Amplification Hosts or Carriers

NOVI Adult Overall

R esults Scaphiopus holbrooki
Moderately Susceptible: Amplification Hosts or Carriers

SCHO Survival

SCHO Sum Of Positive and Negative

0%
o
%
so6
e
el Osemol e
w0 Wsumotpos
106
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Results

Low Susceptibility Species

Carriers (Reservoirs)

Low Conservation Risk

@ Mexican Axolotl:
_;ﬁ Carrier Spec1es

100% H H

0%

0%

so% Osum of Surv/Neg
0% B5um of Dead/Neg
30% B5um of Surv/Pos
20%

3% KRR 2 A

W5um of Dead/Pos
10%

o%

Infected at all doses and maintained low-grade infections
throughout duration of experiment (6 weeks).

Biomedical

RN ‘ Pathogen
SN NNOLOTLCITY g Jerme

Trade althings Axalots.

Green Salamanders and Bsal:
Possible Conservation Concern

Dose-dependent response with infection
prevalence increasing with time.

If >6 weeks, disease might have developed.
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Cave Salamanders and Bsal:
Eurycea are not Equally Susceptible

Sample/Treatment

Subclinical Infection: Salamanders
Y- N Possible Carrier Species

% Eastern Hellbender (subadults: 9 mo)

Low-grade
infection for
long durations

. ocoee P. metcalfi

:ﬂu“ﬂﬂuﬂ_u" Bl

Subclinical Infection: Anurans
Hyla chrysoscelis

EEEEREEEEN]

American
bullfrog
(high
Zoospore
doses)

Anaxyrus americanus
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Results

Resistant Species

Dead-end Hosts

No Conservation Risk

Four-toed Salamander:
Apparent Resistance

100%

05um of Surv/Neg
@5um of Dead/Neg
5um of Surv/Pos

WSum of Dead/Pos

0%

100

One Detection on Swab 1
(residual pathogen)

Subclinical Infection: Salamanders

Possible Resistant Species
N. maculosus (mudpuppy)

Infrequent
detection

liquidspark

D. monticola (seal)
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Subclinical Infection: Salamanders
Possible Resistant Species

Plethodon shermani x P. teyahalee

Infrequent
detection

|

Subclinical Infection: Anurans
Possible Resistant Species

Lithobates sylvaticus:

Bsal Infection Tolerance Rank

Low Tolerance High Tolerance

High Risk Low Risk

Epidemiological Role:
Carriers (Reservoirs)

Amplification High Low

Notophthalmus perstriatus @l N. viridescens (adults) |l Aneides aeneus

N. meridionalis Taricha granulosa Eurycea lucifuga

N. viridescens (Efts) Eurycea wilderae Desmognathus ocoee

Ensatina e. klauberi Pseudotriton ruber Plethodon metcalfi P. shermani x P. teyahalee
Aquiloeuryea cephalica i i ¢ iensi Necturus maculosus
Chiropterotriton spp. opacum

A. laterale

ST OO naxyrus americanus*
H =Low — Moderate v Lithobates sylvaticus*®

A = High Mortality; Mortality: Hyla chrysoscelis*
High Infection b L. chiricahuensis*

High Infection L catesbeianus*

No to Low Infection

|_* = frog species | o oders I
T pecies Low to Moderate Infection
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Conclusions

* Most North American amphibian assemblages
will be composed of suitable hosts with different
tolerances to Bsal infection

Managing composition of amplification, reservoi
and dead-end hosts is a disease intervention option

» All frog species tested (except one) were
suitable hosts

Host range of Bsal is greater than expected, which
increases the likelihood of entry through trade

* Several SGCN are classified as high risk

Bsal represents a significant threat to U.S. biodiversity

The combination of amplification and carrier species
and suitable environmental conditions exist in the
USA create the “perfect storm” for Bsal emergence.
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