
Acta Herpetologica 20(1): 97-101, 2025

ISSN 1827-9635 (print) © Firenze University Press 
ISSN 1827-9643 (online) www.fupress.com/ah

DOI: 10.36253/a_h-16272

Screening for Batrachochytrium salamandrivorans in a population of 
Golden Alpine Salamanders at the edge of their distribution range

Antonio Romano1,2,*, Emma Centomo2, Lorenzo Dondero3, Elena Grasselli3, Paolo Pedrini2, Luca Roner2,*
1 Consiglio Nazionale delle Ricerche - Istituto per la BioEconomia, Via dei Taurini 19, I-00185 Roma, Italy
2 Ambito Biologia della Conservazione, Ufficio Ricerca e Collezioni, MUSE—Museo delle Scienze, Corso del Lavoro e della Scienza 3, 
I-38122 Trento, Italy
3 Department of Earth, Environment and Life Sciences (DISTAV), University of Genova, Corso Europa 26, I-16132 Genova, Italy
*Corresponding authors. Email: antonio.romano@cnr.it; luca.roner@muse.it

Submitted on: 2024, 20th June; revised on: 2024, 20th June; accepted on: 2024, 28th November
Editor: Enrico Lunghi

Abstract. Amphibian populations worldwide are experiencing significant declines, highlighting a critical aspect of 
the broader biodiversity crisis. Approximately 43% of all amphibian species are facing extinction due to factors such 
as habitat loss, pollution, climate change, and emerging diseases. The chytrid fungus Batrachochytrium salamand-
rivorans (Bsal) represents one of the major threats, because it is particularly dangerous for European salamanders. 
Southern Europe is especially vulnerable due to the presence of numerous endemic salamander species. Despite the 
risks, few studies have screened Italian salamanders for Bsal. We conducted a Bsal screening on 44 Golden Alpine 
Salamanders (Salamandra atra aurorae) from the Vezzena plateau in the Trentino-Alto Adige region (Northern Italy). 
Our molecular analysis of skin swabs revealed no presence of Bsal in any of the 44 specimens examined. Additionally, 
no macroscopic signs of Bsal-related skin damage were observed. The absence of Bsal in our samples is encouraging, 
suggesting that the investigated sites are currently unaffected by this pathogen. This finding aligns with other studies 
reporting no evidence of Bsal in Italy. Future research should explore the factors contributing to the absence of Bsal 
and the effectiveness of current conservation practices. While our findings are reassuring, the threat of Bsal remains a 
critical concern. Continued vigilance and enhanced conservation efforts are essential to protect salamander diversity 
and ensure the long-term survival of these important amphibian populations.
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INTRODUCTION

Amphibian populations worldwide are experienc-
ing a significant decline, underscoring a critical aspect of 
the broader biodiversity crisis. Approximately 43% of all 
amphibian species face extinction due to factors like hab-
itat loss, pollution, climate change, and emerging diseases 
(Luedtke et al., 2023). Two chytrid fungi, Batrachochytri-
um dendrobatidis (Bd) and B. salamandrivorans (Bsal), 
pose major threats to amphibians’ conservation. They 
are capable of causing mass die-offs likely due to patho-

gen pollution (caused by global animal trade for food, 
collecting, etc.) and the susceptibility of species naïve to 
new chytrid lineages (McKenzie et al., 2012; Martel et al., 
2013; Rosa et al., 2013; O’Hanlon et al., 2018). Although 
our understanding of the immune response is still lim-
ited, Bsal is especially dangerous for European salaman-
ders due to their susceptibility and the virulence factors 
of this fungal pathogen, which can lead to immune sys-
tem compromise, tissue erosion, and impaired respiratory 
and rehydration functions (Martel et al., 2014; Stegen et 
al., 2017; Grogan et al., 2020).
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Southern Europe, including the Italian and Iberian 
peninsulas, is particularly vulnerable due to numerous 
endemic salamander species. Italy, for instance, hosts 19 
species of urodeles, many of which are endemic (Sinda-
co and Razzetti, 2021). Despite the risks, only in recent 
years few studies have screened Italian salamanders for 
Bsal (Grasselli et al., 2019; Grasselli et al., 2021; Bernabo 
et al., 2024; Böning et al., 2024). Although Bsal has not 
yet been reported in Italian salamander populations, the 
entire urodeles fauna remains at risk from potential path-
ogen pollution. Therefore, proactive monitoring of Bsal 
in wild amphibian populations is crucial.

The Alpine salamander, Salamandra atra Laurenti 
1758, has been found to be highly susceptible to Bsal in 
captivity (Fitzpatrick et al., 2018), raising significant con-
servation concerns. This species, restricted to the Euro-
pean and Dinaric Alps, includes several intraspecific 
lineages, with some recognized as subspecies (Bonato et 
al., 2018). The Italian endemic subspecies, S. a. aurorae 
Trevisan 1982, and S. a. pasubiensis Bonato and Steinfartz 
2005, inhabit areas of less than 100 km² each. In a recent 
study involving 90 individuals of S. atra, including 28 S. 
a. aurorae, the Golden Alpine Salamander, no presence of 
Bsal was found (Böning et al., 2024). Here, we report the 
results of a Bsal screening conducted on a population of 
the Golden Alpine Salamander from Trentino province. 
This locality differs from those sampled in Böning et al. 
(2024) and is located at the edge of the distribution range 
of this taxon.

MATERIALS AND METHODS

Salamander sampling

The study area (Fig. 1) encompasses a small seg-
ment of the Golden Alpine Salamander’ range, situated 
on the Vezzena plateau in the Trentino Alto Adige region 
(45°57′10″N, 11°22′25″E) at an elevation of approxi-
mately 1450 meters above sea level. The Vezzena plateau 
is characteristic of the Alpine Mountain region’s general 
climatic conditions. Forty-four Golden Alpine salaman-
ders (10 females, 31 males, 3 juveniles) were captured on 
summer 2020, measured (total length, weight) and sexed. 
All skin swabs were collected using a standardized proto-
col (Blooi et al., 2013), specifically following the proce-
dure established in previous Bd and Bsal studies on Ital-
ian salamanders (Grasselli et al., 2019; Costa et al., 2021; 
Grasselli et al., 2021). Sterile cotton swabs were rubbed 
30 times on various parts of the salamander’s body and 
stored in individual sterile plastic tubes at 4 °C until 
extraction (Dondero et al., 2023). Additionally, all indi-
viduals were visually inspected for any physical abnor-

malities and signs of chytridiomycosis like skin lesions 
and ulcerations (Martel et al., 2013). 

Laboratory protocols for Bd and Bsal detection

Nucleic acid extraction from skin swabs for quantita-
tive PCR (qPCR) was performed according to the meth-
od described by Boyle et al. (2004). In brief, nucleic acids 
were extracted using 200 μL of PrepMan Ultra - Sample 
Preparation Reagent (Thermo-Fisher Scientific Tech-
nologies, Monza, Italy) and 0.03-0.04 g of Zirconium/
silica beads (Biospec Products). The extraction involved 
two rounds of incubation in a Bead Beater (MM200 
- Retsch GmbH, Hann, Germany) for 1 minute at the 
highest frequency (25 Hz), followed by centrifugation at 
13,000 g for 1 minute. This was followed by incubation 
at 100 °C for 10 minutes in a Dry Block Thermostat, and 
a subsequent centrifugation at 13,000 g for 3 minutes. 
The supernatant was then recovered and stored at -20 
°C until Real-Time PCR analysis was performed. Sam-
ples were analyzed in at least duplicate for the presence 
of Bsal DNA using a SYBR Green- based Real-Time PCR 
assay targeting the 5.8S rRNA gene of Bsal, as described 
by Blooi et al. (2013), without the employ of the probe, 
as in the original assay. The Bsal SYBR Green assay was 
conducted on a CFX96 real-time system (Bio-Rad Labo-
ratories, Hercules, CA) with a reaction mixture compris-

Figure 1. Map showing sampling area of the Golden Alpine sala-
mander on the Vezzena plateau (Trentino-Alto Adige, northern 
Italy) for Batrachochytrium salamandrivorans screening. The box 
shows the detail of the salamander sampling points.
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ing 12.5 µL iQ™ SYBR® Green Supermix (Bio-Rad Labo-
ratories, Hercules, CA), 300 nM of each primer (Bsal fwd 
primer: SterF - 5′-AGCCAAGAGATCCGTTGTCAAA-3′; 
Bsal rev primer: SterR - 5′-TGAACGCACATTGCACTC-
TAC-3’), 5 μL of template, and RNase/DNase-free water 
to a total volume of 25 μL per reaction. To quantify Bsal 
DNA, ten-fold serial dilutions of Bsal DNA were pre-
pared, achieving concentrations ranging from 1,000 to 
0.1 genomic equivalents (GEs) of zoospores per reaction 
mixture, as per Thomas et al. (2018). Bsal DNA stand-
ards for qPCR were kindly provided by Prof. An Martel 
and Frank Pasmans (University of Ghent, Belgium). The 
amplification conditions were set at 10 minutes at 95 
°C, followed by 40 cycles of 15 seconds at 95 °C and 15 
seconds at 62 °C. A melting curve from 60 to 95 °C was 
obtained, with readings at every 0.5°C increment (Blooi 
et al., 2013).

It is noteworthy that our results are derived from a 
modification of the Blooi et al. 2013 method, as we did 
not include the probe in our assay. The absence of posi-
tive samples within the salamander population is accom-
panied by a positive amplification of the standard curve. 

RESULTS

The males were on average 12.6 cm long (range: 
10.7-14.9 cm; SD = 0.95), the females 13.0 cm (range: 
12.0-13.9 cm; SD = 0.67), the juveniles 10.3 cm (range: 
6.6-12.6 cm; SD = 2.07), and weighed 7.9 g (range: 5.3-
9.7 g; SD = 1.08), 9.6 g (range: 7.4-13.9 g; SD = 1.82) and 
5.0 g (range: 3.9-6.2; SD = 1.13) respectively. Our molec-
ular analysis of skin swabs revealed the absence of Bsal in 
all 44 specimens examined in this study. Additionally, no 
Bsal-typic macroscopic skin damage was observed during 
our surveys.

DISCUSSION

Bsal infection poses a major threat to salamander 
diversity in Central Europe and Spain (Martel et al., 
2014; Bosch et al., 2021) and, in future projections, par-
ticularly to Italian amphibians (Luedtke et al., 2023; but 
see the critique in Canessa et al., 2024). However, none 
of the qPCR samples from our study sites tested positive 
for Bsal infection. The relatively high number of sala-
manders we sampled from the same population should 
ensure accurate screening, capable of detecting infections 
even at low prevalence rates. The absence of Bsal infec-
tion in the qPCR samples collected from our investigated 
sites is an encouraging finding. This result suggests that, 

at least for the moment, the sites under study remain 
unaffected by this pathogen. Our finding align with the 
study by Dondero et al. (2023), Bernabo et al. (2024) and 
Böning et al. (2024), who also reported no evidence of 
Bsal presence in Italy.

Several factors may contribute to the absence of Bsal 
in our sampled areas. Simulation studies, employing Spe-
cies Distribution Models (SDMs) to anticipate the spread 
of invasive species, have considered bioclimatic suitabil-
ity, salamander species richness, and salamander imports 
(Katz and Zellmer, 2018). These studies suggest that, 
although most Italian salamanders are highly susceptible 
to chytrid fungus (Beukema et al., 2018; Dondero et al., 
2023), the ecological and climatic conditions in Italy are 
not optimal for Bsal. Consequently, the risk of pathogen 
spread in Italy seems to be relatively low. However, the 
specific area we studied is nationally recognized as hav-
ing the highest probability (refer to Fig. 3 in Katz and 
Zellmer, 2018).

One possibility is that the geographic or environ-
mental conditions in these regions are not conducive to 
the survival or spread of Bsal. Additionally, local sala-
mander populations might possess some level of resist-
ance or immunity to the pathogen, which could prevent 
its establishment. 

The current absence of Bsal in the study area pro-
vides a valuable opportunity to implement proactive pre-
ventive measures. As highlighted by Thomas et al. (2019), 
effective mitigation strategies in Bsal-free areas include 
establishing early warning systems, continuous surveil-
lance, and stringent biosecurity protocols. The surveyed 
area has traditionally been subject to forest management, 
ungulate hunting, and regulated mushroom picking, with 
more recent and limited recreational activities, such as 
outdoor walking. Completely restricting access for biose-
curity reasons, however, is both impractical and potential-
ly ineffective, particularly within the study area in Tren-
tino. This is because the Trentino populations of the sala-
manders is territorially contiguous with the area in Veneto 
occupied by the rest of the population of this taxon. Nev-
ertheless, other targeted measures are both feasible and 
necessary. These include regular (e.g., biennial) screen-
ing for Bsal infection, educational initiatives emphasizing 
the importance of practices like shoe disinfection, and 
managing human access if recreational use significantly 
increases.  It is particularly important to emphasize the 
need for health precautions for herpetologists conduct-
ing studies in the area. These researchers must continue 
adhering to the health protocols established by the Soci-
etas Herpetologica Italica (http://www-9.unipv.it/webshi/
conserv/monitanf.htm), which they have so far complied 
with. This is crucial, as the health impact of herpetologi-
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cal research may not be negligible (Razzetti and Bonini, 
2001). The relative isolation of the habitat and the cur-
rently low intensity of human activity are favourable fac-
tors, potentially reducing the risk of pathogen introduc-
tion. However, these conditions should not lead to com-
placency, and ongoing surveillance is essential to ensure 
the area remains pathogen-free. This aligns with broader 
efforts in Italy, where continuous surveillance for her-
petofaunal diseases, as outlined by Marini et al. (2023), 
has proven effective. Regular monitoring of salamander 
populations and their habitats can help detect early signs 
of Bsal infection, enabling swift responses to prevent the 
pathogen’s establishment and spread.
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