
The amphibian disease chytridiomycosis, caused 
by two pathogenic fungal species (Batrachochytrium 
dendrobatidis – Bd; B. salamandrivorans – Bsal), 
is responsible for the infection of more than 1000 
amphibian species worldwide (Monzon et al., 2020) 
and the decline of at least 500 species (Scheele et al., 
2019). While the most affected continents seem to be 
the Americas and Australia (Olson et al., 2013; Scheele 
et al., 2019), massive die-offs have been reported in 
Europe, especially in western Europe (Bosch et al., 
2001; Fisher et al., 2009; Martel et al., 2013). Bd is 
widespread with low prevalence in central Eastern 
Europe and the Balkans (Baláž et al., 2013; Vörös et 
al., 2018), as well as in northern Europe (Kärvemo et 
al., 2018; Meurling, 2019; Taugbøl et al., 2021) but 
no evidence of Bd-linked population declines has been 
recorded from these regions so far.

Hungary is one of the central Eastern European 
countries where intensive surveys have been undertaken 
to map the distribution of Bd (Vörös et al., 2018). During 
the period between 2009 and 2015, 1360 individuals of 
16 taxa from 14 regions of the country were sampled. 

Nine regions were infected with Bd and the overall 
prevalence was 7.46%. Among the 16 taxa, populations 
of Bombina variegata (Linnaeus, 1758) and Pelophylax 
ridibundus (Pallas, 1771) showed the highest prevalence. 
Those results were consistent with the findings of Baláž 
et al. (2013), who concluded that members of the genus 
Pelophylax and the family Bombinatoridae (especially 
B. variegata) were good candidates for detecting Bd. 

Bombina variegata occurs in the low elevation 
mountains of Hungary, with its island-like populations 
surrounded by those of B. bombina (Linnaeus, 1761) 
in the lowlands (Vörös et al., 2014). Because of 
hybridization between the two species, Bombina 
populations are popular research targets (e.g., Vörös 
et al., 2006; Plăiaşu et al., 2012; Gabor et al., 2017). 
Due to intensive research accompanied by long-term 
monitoring (Vörös et al., 2014), B. variegata is among 
the most surveyed species in Hungary, especially 
in certain regions of the country, such as the Mátra 
Mountains, the highest elevation part of the North 
Hungarian Mountain Range. Here we report, for the 
first time, a mortality event observed in a B. variegata 
population in the Mátra Mountains and bring evidence 
that lethal chytridiomycosis occurs in nature in this 
species even if it has not been reported before.

Material and Methods

In October 2019 and September 2020, during a 
regular habitat survey, eleven dying or dead juveniles 
and seven tadpoles of Bombina variegata with 
dekeratinized oral discs were found in and around four 
different temporary pools in the Mátra Mountains of 
Hungary (Table 1, Figs. 1, 2). The Mátra Mountains 
are the highest elevation area of the country (1014 m), 
with characteristic beech forests in the upper-elevation 
regions inhabited by B. variegata. 

Both juveniles and tadpoles were collected and 
conserved in 70% ethanol, but three juveniles were 
chosen and stored in formaldehyde for histologic 
examination to confirm possible skin infections. 
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Photographs of oral discs of six tadpoles were taken to 
document dekeratinization. Toe clips of juveniles and 
oral discs of tadpoles were then cut using sterilized 
scissors and were used for extraction of DNA, applying 
PrepMan Ultra reagent (Thermo Fisher Scientific, 
Waltham, Massachusetts, USA). Extractions were 
diluted to 1:10 before qPCR amplification following 
Boyle et al. (2004). Negative controls and standards 
with known concentrations were used in each plate. 

The infection load of each sample was assessed directly 

by the machine software according to the reference 
function obtained with standards of known concentration 
of zoospores. Samples were considered to be positive 
if the infection load was ≥ 0.1 genomic equivalents 
(hereafter GE) of zoospores and the amplification curves 
presented a robust sigmoidal shape. Tissue samples 
were fixed in 4% neutral buffered formalin before been 
processed for histologic examination, and four µm 
sections were stained with hematoxylin and eosin and 
examined by light microscopy.
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Figure 1. Map of Hungary, with a red circle indicating the location of the four temporary pools in the Mátra Mountains near 
Parád, Hungary, where Bombina variegata with chytridiomycosis were discovered.

Figure 2. A juvenile Bombina variegata (BVHK2) from the Mátra Mountains near Parád, Hungary, presenting with an infection 
of chytridiomycosis. (A) The frog is still alive and shows the clinical signs of the disease, including lethargy, abnormal body 
position, especially of the hind legs, and loss of appetite. (B) The recently deceased frog showing excessive shedding. Photos 
by Krisztián Harmos.



Results

Remains of keratinized oral disc structure could be 
observed in three tadpoles (HK8–10) while total lack 
of keratinization in both upper and lower jaw sheaths 
as well as in tooth rows was found in three specimens 
(HK11–13; Fig. 3). All fifteen specimens tested positive 
for Bd (Table 1). The mean, median, and standard 
deviation of GE values were 991.5, 249.9, and 1625, 
respectively. Despite the tissue alteration due to the 
alcoholic fixative, histological observation confirmed 
that Bd had invaded the epidermis in all the three 
examined animals, from superficial to transmural lesions, 
covering the stratum corneum and stratum granulosum 
(Fig. 4). Characteristic epidermal hyperplasia related 
to Bd infections was observed mainly in individual 
BVHK2 (Fig. 4B). Epithelial cells contained a high 
concentration of intracytoplasmic fungal forms in 
all analysed individuals. Different stages of chytrid 
development were detected: homogenous immature 
stage (Fig. 4B, black arrow), zoosporangia containing 
zoospores (Fig. 4A), zoosporangia with discharged 
papillae (Fig. 4B, white arrow), empty zoosporangia 
formed after zoospores have discharged (Fig. 4C), and 
zoospores divided by an internal septum (Fig. 4C, white 
arrows).

Discussion

Amphibian declines were first empirically 
demonstrated in the 1990s and since then multiple 
factors have been identified that contribute to the loss of 

amphibian diversity (e.g., Blaustein et al., 2011). Among 
these are climate change, agricultural chemical use, 
emerging infectious diseases, habitat destruction, and 
invasive species. Chytridiomycosis is one of the major 
causes of population declines worldwide, but Europe 
has been described as a continent not heavily impacted 
by the disease (Scheele et al., 2019). In Hungary, as in 
many other countries of Europe, it is suspected that Bd 
may have silently contributed to the slow disappearance 
of amphibian populations (Vörös et al., 2014, 2018), but 
so far, we have lacked empirical evidence of disease-
related mortalities, as nobody has been investigating its 
sublethal nor indirect effects. The data we present herein 
are consistent with mortality due to chytridiomycosis in 
several individuals of B. variegata in Hungary. 

In our study, all examined tadpoles exhibited 
dekeratinization of oral structures, as well as a high 
infection load of Bd. Dekeratinization of tadpole oral 
regions as a consequence of a severe Bd infection, 
has been revealed in numerous studies (e.g., Berger 
et al., 1998; Nichols et al., 2001; Marantelli et al., 
2004). However, caution should be taken when using 
dekeratinization as a direct link to chytridiomycosis 
because other stressors can also produce this result. 
Dekeratinization varies among species and is not 
present in the early stages of the disease (Blaustein 
et al., 2005; Navarro-Lozano et al., 2018). Therefore, 
dekeratinization by itself should not be used as a general 
proxy to detect Bd in tadpoles but, if detected, more 
accurate diagnostic techniques, such as PCR analysis 
or histology, can be employed. All tadpoles analysed 
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Figure 3. Tadpole oral discs featuring dekeratinization in six Bombina variegata individuals from the Mátra Mountains near 
Parád, Hungary. For individual identification, see Table 1. Photos by Tamás Németh.



here contained a significant number of zoospores (up to 
5200), which at that level usually produce mortality in 
the closely related genus Alytes (J. Bosch, pers. obs.).

The observed high infection rate (100%) in juveniles 
is concordant with other studies conducted in different 
parts of Europe and in the laboratory. High prevalence 
and/or intensity of infection have been reported for 
juveniles of B. variegata across its distributional range. 
Stagni et al. (2004) found mortality of B. variegata 
pachypus juveniles (raised from tadpoles in captivity) 
caused by chytridiomycosis at the northeastern limit 
of the species’ range in Italy. Gál et al. (2012) and 
Baláž et al. (2013) showed that B. variegata juveniles 
were heavily infected in the Bakony Mountains of 
Hungary (with reported prevalences of 37% and 
50%, respectively). During research conducted on 
the landscape context of Bd distribution in Romania 
(Scheele et al., 2015), juveniles exhibited higher 
prevalence (14.8%) than adults (2.7%). Finally, 
Spitzen-van der Sluijs et al. (2017) proved that during 
seven-year survey in the Netherlands, younger life 
stages (larvae and juveniles) showed higher prevalence 
(18.7% and 40%, respectively) than older life stages 
(sub-adults 5.5%, adults 6.6%).

In light of these results and other reported episodes 
of mass mortalities of B. variagata pachypus in Italy 
(among juveniles collected as tadpoles, raised in 
laboratory conditions) (Stagni et al., 2004), we urge 
that specific surveys to detect mass mortalities related 
to Bd in susceptible species of central Eastern Europe 
are conducted. Even when a considerable number 
of surveys are conducted every year in amphibian 
populations of central Eastern Europe to evaluate their 
population trends, no specific surveys are carried out 

to evaluate the potential effect of chytridiomycosis. 
In fact, most surveys, if not all, are focusing on the 
breeding season to count adult specimens, even though 
in most cases mass mortalities caused by Bd occur at 
the end of the metamorphosis. Then, tiny carcasses of 
susceptible species can easily disappear unnoticed, 
as they decompose rapidly. We suggest that specific 
surveys to evaluate the real effects of Bd should be 
developed and harmonized across Europe to be able to 
compare its incidence among countries/continents and 
to provide effective conservation measures.
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