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Emerging infectious fungal diseases increasingly become
major drivers of global biodiversity loss in the Anthro-
pocene (DAszAK et al. 2000, FISHER et al. 2012, SIKES et
al. 2018). Amphibians are a textbook example among the
deuterostomians. They suffer from fungal skin diseases
caused by at least two chytrid fungi (chytridiomycosis),
Batrachochytrium dendrobatidis (Bd) and B. salamandri-
vorans (Bsal). Both are of Asian origin and have spread to
other continents — with human mediation playing a key
role — causing massive declines of naive amphibian hosts
(WooDHAMS et al. 2011, VAN Roorj et al. 2015, GARNER et
al. 2016, O'HANLON et al. 2018, SCHEELE et al. 2019).

Bsal was only discovered and scientifically described af-
ter a drastic population breakdown around the year 2010
in a Dutch population of the European fire salamander,
Salamandra salamandra (SPITZEN-VAN DER SLUIJS et al.
2013, MARTEL et al. 2013). Increased monitoring efforts in
recent years have revealed that this pathogen is dramati-
cally spreading. It has since been discovered in three ad-
ditional European countries in the wild, Belgium, Germa-
ny and Spain, confronting us with awkward conservation
tasks (MARTEL et al. 2014, 2020, SPITZEN-VAN DER SLUIJS
et al. 2016, THOMAS et al. 2019). Bsal exclusively affects
caudate amphibians (while at least some anurans might
act as reservoirs), with salamandrids, especially the ge-
nus Salamandra, being highly susceptible (MARTEL et al.
2014, STEGEN et al. 2017). European fire salamander popu-
lations, once infected, undergo rapid declines demonstrat-
ed through both in situ observations and epidemiological
modelling, and various mass mortality events have been
reported (SPITZEN-VAN DER SLUIJS et al. 2013, 2016, STE-
GEN et al. 2017, CANESSA et al. 2018, DALBECK et al. 2018).

From what we know, more than half of the ca. 8o Bsal
records in the pathogen’s European invasive range are from

Germany (LOTTERS et al. 2020 in this issue). In this coun-
try, Bsal was first discovered in 2015 (in S. salamandra ter-
restris) in the wild in the northern Eifel region, about 50 km
from the Dutch index outbreak (SPITZEN-VAN DER SLUIJS
et al. 2016). Shortly after its first detection in Germany and
reports in the local media, a member of the public report-
ed a European fire salamander mass mortality to us that
had previously been observed in 2004 at the Vichtbach,
Rott near Roetgen (county of StadteRegion Aachen, fed-
eral state of North Rhine-Westphalia; 50.676448, 6.198452)
(DALBECK et al. 2018).

From this mortality event, two specimens, found dead
on the forest floor and subsequently stored in 10% for-
malin, have become available for examination. They have
been deposited in the UGent collection (numbers 2015/
SL/1 and 2015/SL/2). Macroscopic lesions (Fig. 1) in these
specimens are consistent with skin ulcerations that char-
acterize Bsal chytridiomycosis under experimental condi-
tions and in natural outbreaks (MARTEL et al. 2013, STEGEN
et al. 2017). Histopathology demonstrated the presence of
epithelial erosions with intracellular fungal thalli in the ep-
ithelial cells bordering the lesions, which is indicative of
chytridiomycosis caused by Bsal (Fig. 2). In contrast, typi-
cal lesions of infections with Bd consist of epidermal hy-
perplasia and hyperkeratosis (e.g. vaN Rooij et al. 2015).
Immunohistochemistry (THoMAs et al. 2018) resulted
in marked brown staining of structures, consistent with
chytrid thallus morphology against a hemaluin counter-
stained background, confirming the presence of Batracho-
chytrium sp. organisms in the epidermal lesions. Applying
the diagnostic qPCR for Bd (BOYLE et al. 2004) and Bsal
(BLoor et al. 2013, 2016) on skin tissue after using different
protocols for DNA extraction did not result in detectable
amplification of chytrid DNA from the samples. The latter
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is problematic since this would be required for a final di-
agnosis of Bsal infection, and is most probably due to the
long-time formalin storage of the samples. However, the
combination of highly suggestive clinical signs, compatible
microscopic epithelial lesions and positive immunohisto-
chemistry from specimens in a region that is confirmed as
a ‘hotspot’ of Bsal-associated declines (LOTTERS et al. 2020
in this issue) provide multiple lines of evidence to support
our classification of this case as Bsal infection. No other
currently known chytrid fungus or any other pathogen
produces similar macroscopic and microscopic pathology
(cf. MARTEL et al. 2013). In addition, histopathology has
been proven a reliable method to identify both Bd and Bsal
and to distinguish them (MARTEL et al. 2013, VAN Roo1j et
al. 2015, WELDON et al. 2020).

This finding pre-dates the currently assumed initial Bsal
introduction into Europe by at least six years and identifies
Germany as the first country in which a Bsal outbreak has
been demonstrated. At that time point, the infection may
already have been widespread, since SCHULZ et al. (2020
in this issue) provide a photograph of a European fire sala-
mander found in 2004 in the Ruhr District of Germany
that showed skin lesions consistent with Bsal infection
(which however cannot be confirmed with full reliability as
this specimen was not preserved).

It is noteworthy that Bsal has been in the northern Eifel
for several years, but remained undetected, as here the dis-
ease was diagnosed for the first time in 2015 (SPITZEN-VAN
DER SLUIJS et al. 2016). Given the current Bsal-induced

»
‘.

population declines of S. salamandra terrestris in this re-
gion, multiple ‘silent’ declines of this taxon in the years be-
fore are plausible. However, systematic data for this time
are lacking as adult and larval monitoring efforts started
only in 2014 (and at first at a markedly limited number
of sites only; DALBECK et al. 2018, WAGNER et al. 2020 in
this issue). On the other hand, ongoing monitoring sug-
gests that numerous populations of the European fire sala-
mander declined due to Bsal incursions only within the last
five years, i.e. until recently salamanders in a population
were relatively common and Bsal was not detected, then
salamanders disappeared, dying specimens were observed
and Bsal was detected (DALBECK et al. 2018, LOTTERS et al.
2020 in this issue).

Observations suggest that Bsal dispersal is difficult to
understand. This is further enforced by SPITZEN-VAN DER
SLups et al. (2018) who demonstrated that a Dutch pop-
ulation of the European fire salamander apparently has
remained unaffected by Bsal, although the pathogen has
been present for at least about one decade in a population
at a distance of < 1 km. Likewise, puzzling is the fact that
- perhaps unexpected - at the Vichtbach (at exactly the
area where the dead specimens were found in 2004), a vital
European fire salamander population has been monitored
since 2017 — without any trace of Bsal (LOTTERS et al. 2020
in this issue).

In conclusion, the long-time undetected presence of
Bsal and its poorly understood modes of dispersal, com-
bined with new remote outbreaks including Southern Eu-

Figure 1. Ventral view of a 10% formalin fixed specimen of Salamandra salamandra terrestris, found dead on the forest floor at
Vichtbach, northern Eifel region, Germany, in 2004. The circular black spots represent epidermal erosions, typical of Bsal infection.

240



Correspondence

Figure 2. Hematoxylin and eosin staining of a 5 um thickness
skin section (magnification 40x) of a Salamandra salamandra
terrestris, found dead on the forest floor at Vichtbach, northern
Eifel region, Germany, in 2004. Microscopic characteristics are
the presence of full thickness necrosis of keratinocytes, which
contain (often colonial) thalli that marginate the cell’s nucleus.
The result is an epidermal erosion. Legend: white arrow - necrot-
ic epithelial cell; black arrow - thallus with spores; stippled ar-
row - thallus with septae (colonial thallus).

rope, are worrying and prompt installing proper popula-
tion monitoring and disease surveillance of vulnerable
urodele populations in Europe (cf. MARTEL et al. 2014,
2020, THOMAS et al. 2019, SCHULZ et al. 2020 in this issue).
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