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Abstract

Bufonid herpesvirus 1 (BfHV1) was initially described in 2018 from cases of severe dermatitis in Swiss populations of the

common toad (Bufo bufo). We identified a closely related herpes virus strain in a German toad population affected by an

epidemic of multifocal proliferative to ulcerative dermatitis.
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Abstract

Bufonid herpesvirus 1 (BfHV1) was initially described in 2018 from cases of severe dermatitis in Swiss
populations of the common toad (Bufo bufo ). We identified a closely related herpes virus strain in a
German toad population affected by an epidemic of multifocal proliferative to ulcerative dermatitis.

Amphibians are believed to be the most endangered class of vertebrates, with an unprecedented decline of
almost one third of the populations in the recent decades. At global level, the crisis has been attributed to
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environmental pollution (Slaby, Marin, Marchand, & Lemiere, 2019), climate change (Rollins-Smith, 2017),
and the spread of infectious diseases (Eisenberg et al., 2012; Gray, Miller, & Hoverman, 2009; Martinho
& Heatley, 2012). Among the pathogens, chytridiomycosis is the best-studied example with major effects
on the populations of many frogs, toads and salamanders (Fisher & Garner, 2020; Latney & Klaphake,
2020). The toad herpesvirus Bufonid herpesvirus 1 (BfHV1), classified within the genus Batrachoviru s in
the family Alloherpesviridae, has recently been described as a cause of morbidities and mortalities in toads
in Switzerland, where BfHV1 was detected in skin lesions and in the central nervous system (Origgi et al.,
2018). Here, we document an epidemic of severe dermatitis in a free-living population of the common toad
(Bufo bufo ) in Germany starting in 2018 caused by a closely related bufonid herpesvirus strain.

The dermatitis epidemic occurred in a toad population located in central Hesse, Germany. The habitat
of these toads covers a wide range of biotopes, including hardwood forests and semi-open landscapes of
meadows, pastures and hedges. The central part of their habitat is a pond area of approx. 8.000 m2, which
is seasonally used by many different amphibian species in order to mate and to raise their tadpoles (Table 1).
The toad population has been systematically monitored in the last three years by animal conservationists,
who have initiated protective measures to reduce road kills among amphibians. Migrating amphibians were
collected on a 250 m long transect beneath the neighbouring main road almost every night in March and
April using common bucket traps. The animals were collected, classified, weighed, photographed, and finally
released at the designated breeding site. The availability of monitoring data of the recent years allows a rough
comparison of basic measures for the population, including number, weight and health status of captured
toads. In 2018, when the first cases of an unknown skin disease were observed, a number of 837 toads
could be caught within the buckets. In contrast, only 245 and 431 toads were registered for 2019 and 2020,
respectively. However, only a few of the captured animals showed signs of skin lesions in 2018. These animals
suffered from multifocal dermatitis spots located on the dorsal and ventral side of the body (Fig. 1B, C).
Affected toads usually showed multiple lesions in different manifestation stages. Typical early lesions were
greyish-dark, circumscribed, round to irregularly shaped and up to 10 mm in diameter. In these early stages,
mild proliferative superficial alterations appeared that ended up at later stages in ulcerative lesions with a
crusty, cauliflower-like appearance, slightly elevated above the normal skin level (Fig. 1B). After molting
of the affected skin regions of lighter areas remained, which were more yellowish pigmented (Fig. 1C). All
captured toads appeared to be healthy except for the skin lesions described. Even the toads affected by
severe dermatitis spots were in good nutritional condition and no neurological abnormalities were observed.
No acute deaths due to the unknown dermatitis have been documented or reported from other parties for
the toad population. It was therefore suspected that these skin lesions were harmless to the animals and
represented skin burns possibly caused by natural tannins from the ecosystem. Due to the official protection
status of toads, no biopsy was performed. No further diagnostic measures were taken as no other amphibian
species in this habitat showed comparable skin lesions (Table 1).

The decision to take samples and carry out an in-depth microbiological examination was made in March 2020,
when characteristic lesions were found in more than one third of all captured toads (Table 1). Skin swabs
were taken from the affected toads and spontaneously molted fresh skin material was collected from two
male and two female toads (permit no. 4.1.2/19.1-0183-15660/20). After extraction of the nucleic acids, all
samples were examined by PCR assays for the presence of genetic material of the major amphibian pathogens
Batrachochytrium (B .)dendrobatidis, B. salamandrivorans and ranaviruses. Furthermore, the fresh skin
samples of the molted epidermis were processed and analyzed by transmission electron microscopy (TEM).
While no pathogens could be detected by PCR, characteristic virus-like structures were apparent in the
negatively stained TEM samples. Multiple fried egg shaped, electron dense particles could be seen. Central in
these particles an icosahedral nucleocapsid with a diameter of about 120 nm build of capsomeres was situated.
The structure was typical for members of the order Herpesvirales (Fig. 2A). Based on the nucleotide sequence
of the recently described herpesvirus of toads we designed oligonucleotides to amplify a large fragment of the
putative DNA polymerase gene covering most of the open reading frame (BHpf 5’-cagagcagcggtctgccgcgac-
3’ and BHpr 5’-ctggcaacaccataatggctg-3’). A DNA fragment of 1,552 bp was amplified from swab samples
of the affected toads (GenBank MT975973). After sub-cloning, Sanger sequencing of the plasmids, and
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phylogenetic analysis, we termed the strain BfHV1 G/H/20 1, because it showed a very close phylogenetic
relationship (Fig. 2B) to the type-strain from Switzerland (BfHV1, FO1 2015, NC 040681.1). In direct
comparison only four nucleic acid exchanges were found between the two herpesvirus strains in the 1,552 bp
fragment, of which only one caused an amino acid exchange (A412V) after translation (YP 009552918.1).

Conclusions

A negative population trend for common toads was observed in representative long-term studies in Great
Britain and Switzerland. While exact reasons for this population trend are currently unknown, an involve-
ment of infectious diseases is very likely (Petrovan & Schmidt, 2016). A literature search revealed that
epidemic dermatitis cases in toads have already been reported in the past as ”black fungus disease” (David,
2013) and that there have been previous reports from Belgium on the identification of a toad herpes virus
(Garner, 2013). In addition, a virus termed Ranid herpesvirus 3 has recently been described in European
common frogs as the cause behind a similar skin disease with clinically relevant lesions (Bennati, Bonetti,
Lavazza, & Gelmetti, 1994; Franklinos et al., 2018; Origgi et al., 2017). These data are suggesting that be-
sides other microorganisms, especially chytrid fungi and ranaviruses, also herpesviruses have to be considered
as an underlying agent behind a population decline among amphibians. Different consensus PCR protocols
have been established as a strong diagnostic tool for the detection of all the known Ranid herpesviruses (15).
The incidence of BfHV1 cases in Germany is currently unknown and data on diseased toads exist mainly
from the reproductive habitat, as the shy animals are otherwise rarely noticed. In line with previous reports
on the benignity of herpesvirus infections in amphibians, no toads were found or reported that died acutely
of BfHV1. The skin lesions of the toads captured during this study did not significantly affect the general
condition of the animals. However, the study toad population is facing a decline since the first occurrence
of apparent BfHV1 disease and the proportion of BfHV1 affected animals is constantly rising since 2018
reaching over 30% in 2020. Furthermore, it seems likely that BfHV1-associated morbidities and mortalities
could have been overlooked, even in this study as only healthy animals can make the strenuous journey
to the site of reproduction. Dead toads are quickly disposed by scavengers in their habitat and therefore,
they will rarely be noticed by humans. Even a slight loss of fitness often means that small animals fall
victim to a larger predator in the wild. It remains to be determined, whether this virus is involved in the
population decline documented in this study. The presence of BfHV1 disease in common toads in another
region of Europe implies a greater importance of the pathogen for the European toad population. Hence,
the prevalence of BfHV1 and its impact on the European toad population should be studied in more detail
in future investigations.
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Captions (2 Figures and 1 table)

Figure 1. Clinical picture of BfHV1 skin lesions in toads. A) Healthy toad skin; B) toad with prominent skin
lesions on the body surface; C) appearance of proliferative and ulcerative skin changes in close-up.

Figure 2. Identification of BfHV1. A) Electron micrograph of virions from the lesions with two concentric
layers indicative for a herpesvirus. B) Phylogenetic analyses of BfHV1 strain G/H/20 1 and related viruses
was done by Neighbor Joining based on a 517 AA fragment of the putative DNA polymerase. Labels at
end nodes indicate the species and strains of the respective herpesviruses. The protein IDs to the fragments
of BfHV1 strain FO1 2015 (YP 009552918.1), BfHV1 strain G/H/20 1 (MT975973.1), ranid herpesvirus 1
strain McKinnell (RaHV1, YP 656727.1), ranid herpesvirus 2 strain ATCC VR-568 (RaHV2, YP 656618.1)
are provided in parentheses. The ranid herpesvirus 3 strain FO1 2015 (RaHV3, YP 009362398.1) showed only
a distant relation and served as an outgroup. The scale bar indicates substitutions per site. Bootstrapping
values from 1,000 replicates are indicated.

Table 1: Captured toads of the study population as well as other amphibian species at the study location
and occurrence of BfHV lesions
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2018 2018 2019 2019 2020 2020

Amphibian species Total no. of specimens No. of specimens with BfHV lesions Total no. of specimens No. of specimens with BfHV lesions Total no. of specimens No. of specimens with BfHV lesions
Bufo bufo 837 2 245 10 431 150
Bombina variegata 4 - 2 - - -
Pelophylax spp. 40 - 45 – 48
Rana temporaria 32 - 10 - 2 -
Hyla arborea - - 1 - - -
Lissotriton vulgaris 60 - 55 - 50 -
Ichthyosaura alpestris 25 - 28 - 30 -

n.d.a.: no data avialable
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