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Abstract. The infamous chytrid fungus Batrachochytrium salamandrivorans (Bsal) recently led to the collapse of Euro-
pean fire salamander populations (Salamandra salamandra) in The Netherlands. Currently, the pathogen has been rapidly
expanding its range and threatens salamander populations throughout Europe, including Germany. Here, Bsal is known
from wild and captive amphibians and has mostly been reported from the federal state of Northrhine-Westphalia. Due to
the geographical proximity of infected areas, its dispersal into neighbouring states is possible. A Bsal taskforce was there-
fore recently formed in the state of Hesse that aims to implement preparative measures for Bsal mitigation at different lev-
els. Based on the known Bsal susceptibility of salamanders in captivity and their inherent threat potential towards natural
populations, an epidemiological screening for Bsal prevalence in private amphibian collections throughout the state of
Hesse was conducted. We analysed a total of 174 samples from nine private collections of different urodelan species via
qPCR and did not detect Bsal. We discuss our results and their implications for salamander conservation relative to other
surveys of this kind and underscore the importance of tight cooperation between private keepers and conservation scien-
tists in order to protect wild amphibians from the lethal Bsal fungus.
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Introduction

Amphibians are considered the most endangered group of
vertebrates (STUART et al. 2004, HOFFMANN et al. 2010).
Besides habitat loss and fragmentation, emerging infec-
tious diseases (EIDs) are largely responsible for popu-
lation declines in amphibians. In particular, the chytrid
fungus Batrachochytrium dendrobatidis (Bd) (LONGCORE
et al. 1999) has imperilled amphibian communities on a
global scale and even caused species extinctions (FISHER
et al. 2012). Recently, a newly discovered chytrid fungus,
Batrachochytrium salamandrivorans (Bsal) (MARTEL et
al., 2013), has become a major concern for conservation-
ists in Europe. Bsal is notorious for infecting urodelans in
a pandemic often referred to as the ‘salamander plague.

According to present knowledge, the European fire sala-
mander, Salamandra salamandra (LINNAEUS, 1758), is the
most susceptible species for Bsal. Here, this fungus causes
an unexceptionally lethal, dose-independent course of dis-
ease with characteristic lesions and ulcerations of the skin
transmitted via skin contact with infected individuals or
contaminated materials (MARTEL et al. 2013, 2014, STE-
GEN et al. 2017). The inherent threat that Bsal poses to the
European fire salamander became obvious in The Nether-
lands: Here, population levels have decreased by 96% due
to Bsal outbreaks, driving the European fire salamander to
the brink of extinction throughout the country (SpITzEN-
VAN DER SLUTJS et al. 2013). However, mass extinction proc-
esses have also been taking place in Belgium and Germa-
ny (MARTEL et al. 2014, STEGEN et al. 2017, DALBECK et al.
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2018, SCHULZ et al. 2018, WAGNER et al. 2019). Germany
is in fact currently considered the ‘hot spot’ of Bsal infec-
tions with almost 50 affected sites in the Eifel Mountains as
well as the Ruhr District in the federal states Northrhine-
Westphalia and Rhineland-Palatinate (DALBECK et al. 2018,
ScHULZ et al. 2018, 2020 in this issue, WAGNER et al. 2019,
LOTTERS et al. 2020 in this issue).

Among the federal states of Germany, Hesse is a state of
pivotal importance for salamander conservation: Its bor-
ders are located less than 150 km distant from the current
Bsal epicentre in the Eifel and different models suggest
that dispersal of the fungus into Hesse is a likely scenar-
io (Fig. 1) (FELDMEIER et al. 2016, BEUKEMA et al. 2018).
Hesse probably hosts the highest density of European fire
salamander populations with a significant biomass of this
species, as it is centrally located in the distribution range of
the European fire salamander in Germany (KLEWEN 1988,
THIESMEIER 2004, Deutsche Gesellschaft fiir Herpetologie
und Terrarienkunde 2018). These circumstances have led
to the founding of a task force for the protection of Euro-
pean fire salamanders in Hesse in 2018 (ZIEMEK 2019). This
task force aims to develop preventative means in prepara-
tion for the arrival of Bsal in Hesse and to design strategies
to efficiently mitigate its spread within the state.

Recent studies have suggested that Bsal was originally
introduced to Europe from infected Asian urodelans im-
ported for the pet trade (MARTEL et al. 2014, LAKING et
al. 2017, NGUYEN et al. 2017, YUAN et al. 2018). This implies
that private terrarium collections of amphibians may rep-
resent a reservoir for this biodiversity-threatening disease
from which novel infections could emerge. Hence, consid-
erable effort was invested into epidemiological tracing of
Bsal throughout privately kept urodeles across Europe in
the recent past (CUNNINGHAM et al. 2015, SABINO-PINTO
et al. 2015, 2018, FITZPATRICK et al. 2018). These studies
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Figure 1. The federal state of Hesse (red) borders Northrhine-
Westphalia (black) where Bsal outbreaks in the wild have become
known (black spots, following DALBECK et al. 2018, SCHULZ et
al. 2018). We examined the prevalence of the pathogen in private
urodelan collections throughout the state (red spots).
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have highlighted the infestation of such collections in, e.g.,
Sweden, Germany, Spain, and the United Kingdom (Cun-
NINGHAM et al. 2015, SABINO-PINTO et al. 2015, 2018, FITZ-
PATRICK et al. 2018), and one of them detected Bsal-posi-
tive salamanders in one collection in Hesse (SABINO-PIN-
TO et al. 2015, 2018).

This finding has made us ask to what extent the path-
ogen may be distributed in private collections within the
federal state of Hesse. We opted for a qPCR-based trac-
ing strategy and screened salamander stocks of hobbyists,
z00s, universities and professional breeders in order to de-
rive insights about the fungus prevalence in Hesse and to
infer hypotheses about the threat potential such collections
may pose to European fire salamander populations in the
wild.

Material and methods

Throughout 2019, skin swabs of captive urodelans were
collected from nine private collections across Hesse (Fig.
1). Animals to be sampled were randomly selected from
the keepers’ enclosures. First, the habitus of all animals was
checked for obvious signs of infections, such as ulcerations
and lesions. For the handling of animals, nitrile gloves (one
set of gloves per individual) were used in order to avoid po-
tential transmissions of Bsal.

Skin swabs were collected as previously described (Hy-
ATT et al. 2007, VAN Rooiy et al. 2011, BLooI et al. 2013):
Briefly, the ventral side of each individual was wiped ten
times utilizing two sterile cotton swabs (A- and B-samples
for data validation), which then were stored separately in
sterile Eppendorf tubes. If possible, at least three individu-
als per enclosure were included in this study, however, if
an enclosure housed fewer individuals all available animals
were analysed. Negative controls at each locality were gen-
erated by opening an unused cotton swab and placing it
into a separate tube midway through the sampling process.
Used swabs were stored at -20°C until further processing.

For molecular Bsal screening, genomic DNA was ex-
tracted by using the Qiagen DNeasy Blood and Tissue Kit
(Qiagen, Hilden, DE) following the manufacturer’s in-
structions after a pretreatment with lysozyme. Quantitative
polymerase chain reaction (QPCR) was performed as pub-
lished previously (BLoo1 et al. 2013, 2016) with the altera-
tions of using a Bsal-specific FAM-labelled probe (biomers,
Ulm, DE) and the TagMan™ Fast Universal PCR Master
Mix (Thermo Fisher Scientific, Waltham, MA, US) follow-
ing the manufacturers’ instructions as to temperature and
cycling conditions. PCR was performed on a RotorGene
System (Qiagen, Hilden, DE). Prior to sample analysis,
the PCR protocols detection limit was determined by test-
ing a ten-fold dilution series of the positive control with
1000 GE/5 ml. The lower detection limit was demonstrat-
ed to be 0.1 GE/5 ml, which conforms with BLoor et al.
(2013). The subsequent initial screening of all samples was
performed at the Hospital for Birds, Reptiles, Amphibians
and Fish of the Justus Liebig University GiefSen.
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From all obtained samples, 20 B-samples were random-
ly selected, extracted and analysed a second time in an
independent laboratory at the Zoological Institute of the
Technische Universitat Braunschweig for data validation
using the protocol of BLoo1 et al. (2013). Here, gBlock frag-
ments were used as a standard. The threshold for the ITS
copies was set to 100 ITS based on a comparison of Ct val-
ues between both standards (1 GE = 33 cycles/100 ITS cop-
ies = 35 cycles). Each qPCR plate contained two replicates
of samples, two replicates of Bsal standard (10-fold dilution
scale from 100-10,000,000 ITS copies), and two negative
controls. All runs were performed on a CFX96 Real-Time
System (Bio-Rad Laboratories Inc., Hercules, CA, US).

Results

For the epidemiological screening of Bsal in captive
urodelans within Hesse, we sampled animals from nine
different localities across the federal state (Fig. 1). Our
sampling included 28 taxa, 20 belonging to the family
Salamandridae including several subspecies of the Eu-
ropean fire salamander as well as the Alpine salamander,
Salamandra atra LAURENTI, 1768, and several newt spe-
cies (Table 1). The remaining eight taxa included in this
study represented the genus Ambystoma, family Am-
bystomatidae (Table 1).

In total, we collected skin swabs from 174 specimens
and analysed all of these by means of qPCR. None of the
examined animals exhibited any obvious symptoms of
the salamander plague, indicating that the pathogen was
either recently introduced and had not yet caused any
physical symptoms, or was absent from the studied pri-
vate collections. Our phenotypical examinations were in
accordance with our molecular genetic analysis for Bsal
prevalence in that all analysed skin swabs tested negative
(Table 1).

Discussion

As an emerging infectious disease, the salamander plague
has been spreading rapidly in Europe and has already
caused several local mass extinction events in European
fire salamanders (e.g., SPITZEN-VAN DER SLUIJS et al. 2016,
DALBECK et al. 2018, SCHULZ et al. 2018, 2020 in this is-
sue, WAGNER et al. 2019, LOTTERS et al. 2020 in this issue).
Previous studies suggested that captive urodelans may rep-
resent a reservoir for Bsal as indicated by the abundance
of Bsal-positive specimens that were reported from pri-
vate collections in Germany, Spain, Sweden and England
(CUNNINGHAM et al. 2015, SABINO-PINTO et al. 2015, 2018,
FrrzpATRICK et al. 2018). Apparently, Bsal has been intro-
duced to the European amphibian fauna via infected Asian
newts imported for the pet trade. It has also been report-
ed that infections of Bsal may be asymptomatic and there-
fore difficult or even impossible to detect (SABINO-PINTO
et al. 2018). Recent studies found that captivity as an exter-

Table 1. List of all sampled species and subspecies, number of
samples per taxon at each locality (N), and resulting Bsal status
as identified via QPCR. A-samples were analysed from all speci-
mens, specimens with analysed B-samples are indicated with an
asterisk. Coll = Collection.

Coll  Species N Bsal status
Coll 1 Salamandra salamandra terrestris* 9 neg.
Ichthyosaura alpestris 3 neg.
Neurergus crocatus 3 neg.
Neurergus kaiseri 3 neg.
Coll 2 Salamandra salamandra alfredschmidti 3 neg.
Salamandra salamandra bernardezi 3 neg.
Salamandra salamandra gigliolii 3 neg.
Salamandra salamandra terrestris 6 neg.
Tylototriton shanjing 3 neg.
Salamandra atra* 1 neg.
Coll 3 Salamandra salamandra bernardezi 4 neg.
Salamandra salamandra salamandra 10 neg.
Coll 4 Salamandra salamandra salamandra 3 neg.
Ambystoma andersoni 1 neg.
Ambystoma macrodactylum 7 neg.
Ambystoma maculatum* 5 neg.
Ambystoma mavortium melanostictus 4 neg.
Ambystoma mavortium nebulosum 6 neg.
Ambystoma opacum 5 neg.
Coll 5 Ambystoma talpoideum 4 neg.
Ambystoma tigrinum* 10 neg.
Salamandra salamandra gallaica* 5 neg.
Salamandra salamandra salamandra 2 neg.
Salamandra salamandra terrestris* 7 neg.
Tylototriton kweichowensis 5 neg.
Tylototriton shanjing* 4 neg.
Coll 6 Salamandra salamandra* 8 neg.
Ichthyosaura alpestris* 3 neg.
Lissotriton vulgaris 3 neg.
Salamandra atra 3 neg.
Salamandra salamandra bernardezi* 3 neg.
Coll 7 Salamandra salamandra terrestris 3 neg.
Taricha granulosa 4 neg.
Triturus cristatus* 3 neg.
Triturus marmoratus 3 neg.
Coll 8 Salamandra salamandra* 1 neg.
Ichthyosaura alpestris 3 neg.
Lissotriton italicus 3 neg.
Salamandra salamandra bernardezi 3 neg.
Coll 9 Salamandra salamandra gallaica 3 neg.
Salamandra salamandra terrestris 3 neg.
Triturus carnifex 3 neg.
Triturus dobrogicus 3 neg.
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nal factor negatively influences the microbial communities
within the mucosome (i.e., the complex micro-ecosystem
of amphibian skin poisons plus their microbial symbionts),
which is an important anti-infectious line of defence in
amphibians (e.g., WooDHAMS et al. 2014, BATES et al. 2018,
2019, LUDDECKE et al. 2018). As a result of this negative ef-
fect, captive animals are probably much more receptive to
colonization by pathogens such as Bsal (e.g., BATEs et al.
2019). On the other hand, animals in private collections are
usually kept well fed and in good general condition. In ad-
dition, they usually receive good health monitoring so that
clinical diseases are detected and can be treated early. In
such collections, latent pathogen infections without obvi-
ous clinical disease are nevertheless possible (e.g., SABINO-
PinTO et al. 2018). Therefore, captive collections might rep-
resent a reservoir of pathogens that may cause fatal disease
if introduced into naive free-ranging populations (e.g.,
MARTEL et al. 2014, SABINO-PINTO et al. 2015, 2018, FiTZ-
PATRICK et al. 2018, MARTEL et al. 2020).

All these aspects in their totality highlight the impor-
tance of close monitoring for Bsal in private and public
collections as a protective measure, because animals kept
thus have an increased likelihood of either harbouring the
disease, or are at least at higher risk of being infected if
the pathogen is introduced. Since any biological material
that is transferred from such collections to the environ-
ment (e.g., organic waste, water or soil) constitutes a po-
tential infectious agent, it is of pivotal importance to know
the infection status of these. This urgency becomes espe-
cially obvious when the potential treatment is taken into
account: Bsal-infected salamanders can often be treated by
keeping the animal at higher temperatures (25°C) for an
extended period of time (BLoo1 et al. 2015). This therapy
often results in the eradication of Bsal, and many salaman-
ders recover from it when conducted correctly and mon-
itored well. While this therapy may be useful for captive
collections with only a limited number of animals being af-
fected, it is not practicable for wild salamander populations
due to their sheer numbers and legislative obstacles (Kuz-
MIN et al. 2009, AGAR & FENA 2010). Heat treatment does
furthermore not alter the salamander immune system and
therefore provides no long-term protection against Bsal
(STEGEN et al. 2017).

In their exploratory study that assessed infection rates
in captive salamandrids in Germany and Sweden, SABINO-
PiNTO et al. (2018) detected several infected animals, with
the most severely affected collection being one in Hesse.
We therefore expected that several of the screened collec-
tions would also contain infected animals. However, none
of our qPCR screenings recovered the presence of Bsal in
any of the analysed localities and consequently, apart from
the case documented by SaBINO-PINTO et al. (2018), no
Bsal-positive salamander has been reported in Hesse in
2019.

That said, it is obvious that neither our study across the
federal state, nor the study by SaBINO-PINTO et al. (2018)
are of holistic nature. It should also be kept in mind that
our study, like that by SABINO-PINTO et al. (2018), is based
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on data obtained from collections that voluntarily partic-
ipated. It may be presumed that collections experiencing
clinical problems more regularly are not supportive of such
screenings. However - if the pathogen is widely distributed
in captive collections in Hesse, it is likely that it would have
been detected also in this study - as animals are commonly
exchanged between collections. In total, both studies ana-
lysed twelve private collections, but this unfortunately rep-
resents only a marginal fraction of all such collections, as
urodeles and the European fire salamander in particular
are widely kept in terraria (e.g., SEIDEL & GERHARDT 2016).
Since even a single infected animal in one of such collec-
tions has the potential of causing a massive outbreak of Bsal
if spores are released into the environment, it remains of
critical importance to further monitor such collections and
include previously unexamined ones as well (e.g., MARTEL
et al. 2020). Such an initiative, however, can only be suc-
cessful if scientists studying Bsal and private keepers co-
operate tightly. Without providing scientists access to the
kept animals for subjecting these to analysis, it will be vir-
tually impossible to infer the distribution of Bsal in private
collections, may it be in one federal state (e.g., Hesse) or
across Germany. Furthermore, it is important to conduct
epidemiological screenings on a regular basis to the ben-
efit of collections, most importantly when new animals are
added, wherever they may come from, or before animals
are exchanged (e.g., for breeding attempts). It should also
be made mandatory that positive Bsal-screening results be
reported to a data collection centre so that the distribution
and possible spread of Bsal can be monitored.

The possible consequences of not sticking to such a
dense monitoring for Bsal are a serious threat to any native
salamander population that happens to exist in proximity
to a captive collection and need to be avoided at all costs.

Future Perspectives

Understanding the distribution and prevalence of Bsal in
captive collections remains an important task for the fu-
ture. Sampling to this end needs to be continued and even
expanded if possible. The Bsal task force in Hesse plans to
proceed in this critical aspect of disease monitoring and
aims to expand its scope by including wild salamander
populations. This will be done in tight cooperation with lo-
cal conservationists as well as forest authorities, utilizing a
combined approach of qPCR screening of wild individuals
linked to dense monitoring of larval population dynamics
in order to detect cryptic population declines.
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