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Cutaneous histoplasmosis in a roadkill European badger (Meles meles), Czech Republic
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Abstract

Histoplasmosis is caused by a thermally dimorphic ascomycete fungus, Histoplasma
capsulatum. Europe has long been considered a non-endemic area for histoplasmosis; however,
in recent decades, sporadic cases of histoplasmosis have been confirmed in the European badger
(Meles meles) in Austria, Denmark, Germany and Switzerland. In 2014, an adult male badger
carcass was found on a highway on the outskirts of the city of Brno (Southern Moravia, Czech
Republic). A gross pathological examination revealed a good overall body condition prior to
receiving multiple traumatic injuries from a car impact. However, multiple irregular nodular
lesions measuring up to 5 cm in diameter were observed on the skin of the ventral part of the
body and the thoracic limbs. Histopathology revealed a granulomatous inflammatory reaction
in the lesions, with abundant macrophages multifocally forming large multinucleated giant
cells, lymphocytes, plasma cells and scarce granulocytes. The macrophages contained oval to
spherical 2.5-3.0 pm yeast-like structures in the cytoplasm. These stained mildly to moderately
with haematoxylin and eosin and well with periodic acid Schiff, revealing a small central
nucleus surrounded by a clear zone. Other organs showed no macroscopic or microscopic
pathology. The internal transcribed spacer rDNA sequence from the skin was identical to
a sequence previously detected in a H. capsulatum-infected badger in Germany. This case
report detailing cutaneous histoplasmosis in a European badger marks the first documentation
of H. capsulatum in the Czech Republic and emphasises the potential for early detection of new
and emerging pathogens through wildlife disease monitoring.
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The causative agent of histoplasmosis, Histoplasma capsulatum, a thermally dimorphic
ascomycete fungus, is known to switch from filamentous saprophytic growth in natural
habitats or in culture at 25 to 28 °C to budding yeasts when parasitic in warm-blooded
hosts or in culture at 37 °C (Gauthier 2015). The sexual stage of the fungus is termed
Ajellomyces capsulatus. Histoplasma thrives in specific habitats, particularly in soil mixed
with faeces of birds or bats in caves (Guillot et al. 2018). Mammals, including humans,
typically contract the infection by inhaling airborne propagules (conidia), often after disturbing
contaminated material. Consequently, people undertaking activities such as archaeology,
speleology, gardening, farming or landscaping may be at increased risk of infection. While
individuals with compromised immune systems or those exposed to large doses are at greater
risk of developing pneumonia and disseminated infection (Scully and Baddley 2018), there
is no evidence that histoplasmosis spreads between infected animals or people.
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Subspecies of H. capsulatum show variable geographical distribution and clinical signs
in different species (Guillot et al. 2018). For example, H. capsulatum var. capsulatum,
found in many regions around the world, causes pulmonary and systemic infections
with small-sized yeast-like cells in humans and animals. In contrast, H. capsulatum var.
duboisii, reported from Western and Central Africa, develops as large-sized yeast cells with
lymphadenopathy and dissemination to the skin and bones in primates (Develoux et al.
2021), whereas H. capsulatum var. farciminosum, developing in the skin and subcutaneous
lymphatic system, is recognised as ‘epizootic lymphangitis’ in horses and other equids
(Weeks et al. 1985).

Histoplasma capsulatum is a complex of at least nine phylogenetic clades differing in
geographical range (Arunmozhi Balajee et al. 2013; Kasuga et al. 2003). Multiple
typing methods have been developed for the identification and study of H. capsulatum
epidemiology, with PCR fingerprinting, sequencing of ITS1 and ITS2 internal transcribed
spacers (ITS rDNA region) and sequencing of four protein-coding genes most often
applied (Muniz et al. 2010). Though all methods have comparable usability, multi-
copy ITS rDNA is easily accessible and is routinely used for identification and genetic
studies (Tamura et al. 2002; Murata et al. 2007; Muniz et al. 2010; Landaburu
et al. 2014).

While H. capsulatum is widely distributed in tropical and subtropical areas of the
world where it causes systemic mycosis in numerous mammalian hosts including
humans, Europe has long been considered a non-endemic area (Taylor et al. 2022).
Nevertheless, wild mammals infected with H. capsulatum have been reported
in Europe, including European badgers (Meles meles; Akdesir et al. 2018; Bauder
et al. 2000; Eisenberg et al. 2013; Wilmes et al. 2022), a European hedgehog
(Erinaceus europaeus; Jacobsen et al. 2011), and the common noctule bat (Nyctalus
noctula; Gonzalez-Gonzalez et al. 2013). Interestingly, case reports also include
an outdoor domestic cat (Felis catus; Mavropoulou et al. 2010) and a Dorcas gazelle
at a Spanish zoo (Gazella dorcas neglecta; Farifias et al. 2009). Human histoplasmosis
in Europe is mostly attributed to travel to and migration from endemic regions outside
Europe; however, increasing numbers of cases in Italy, Germany, Tiirkiye, Switzerland,
Spain and France appear to be autochthonous (Antinori et al. 2021; Ashbee et al.
2008). This suggests that the geographic distribution and/or epidemiology of this fungus
may be evolving (Ashraf et al. 2020), highlighting the need for broader surveillance
of new emergent pathogens (Moreira et al. 2022).

Here, we report the first case of cutaneous histoplasmosis in a badger in the Czech
Republic, confirming the presence of this fungal agent in the Central European region.

Materials and Methods

An adult male badger, found dead on a highway on the outskirts of the city of Brno (Southern Moravia,
Czech Republic), was submitted for necropsy on the day of finding in August 2014. Following a macroscopic
examination, tissue specimens were collected for histopathological examination (skin lesions, lungs, liver,
kidneys). The tissues were fixed in buffered 10% neutral formalin, dehydrated, embedded in paraffin wax,
sectioned on a microtome at a thickness of 4 um, and routinely stained with haematoxylin and eosin (H&E)
and periodic acid Schiff (PAS) for the detection of fungal elements in the tissues. Total DNA from the
skin lesions was isolated using the ArchivePure DNA yeast and Gram2+ kit (SPRIME Inc., Gaithersburg,
Maryland). PCR amplification and sequencing of the ITS rDNA region (ITS1-5.8S-ITS2 rDNA) was
conducted using the protocols of Hubka et al. (2014), alongside the fungal-specific primers ITSI1F-
KYO2 (Toju et al. 2012) and ITS4S (Kretzer et al. 1996). The complete ITS rDNA sequence (529 bp)
was deposited under GenBank accession code PX237214 and compared with published data deposited
in NCBI GenBank. Fungal cultures of samples collected from skin lesions were performed on Sabouraud
dextrose and brain heart infusion agars with antibiotics (chloramphenicol and gentamicin) at 25 and 37 °C
for eight weeks (Guemas et al. 2020). The results were compared with those for eight other roadkill badger
specimens (three males, five females) collected along the same stretch of highway between 2015 and 2024
and also tested for histoplasmosis.
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Results and Discussion

Gross pathology

The badger was in good overall body condition; however, gross pathological examination
showed multiple traumatic injuries from a car impact, including fractures and severe
bleeding in the thoracic and abdominal cavities. Skin examination revealed multiple
irregular nodular lesions in the ventral, predominantly abdominal, part of the body and
in the skin of the thoracic limbs in the ulnar region. The nodules were prominent, appeared
as solid, grey-coloured masses, firm on palpation, displaceable with the skin, and measured
up to 5 cm in diameter, often with the presence of superficial ulcerations and haemorrhages
(Plate I, Fig. 1). Other organs were without any macroscopic pathology.

Histopathology

The multiple nodular skin lesions detected macroscopically were differently sized foci,
often coalescing, of granulomatous inflammatory reaction that spread throughout the
dermis (Plate I, Fig. 2). The granulomas consisted of abundant macrophages multifocally
forming large multinucleated giant cells, lymphocytes, plasma cells and scarce granulocytes
within the site of the inflammatory reaction. Focally in the skin, there was moderate to
marked proliferation of fibrous tissue. Most granulomas were superficially exulcerated.
The macrophage cytoplasm contained oval to spherical yeast-like structures measuring
2.5-3.0 um. Numerous fungal elements were found intracellularly and diffusely scattered
throughout the proliferating fibrovascular tissue in the dermis due to cell rupture. The
fungal cells stained well with PAS and mildly to moderately with H&E, and showed
a small central nucleus surrounded by a clear zone (Plate II, Figs. 3 and 4). Tissue sections
of the lungs, liver and kidneys did not show the presence of fungal elements, signs
of inflammatory reaction or any other pathological features.

Gross and microscopic pathology findings were consistent with cutaneous histoplasmosis,
suggesting a primary skin infection without dissemination (Grosse et al. 1997; Bauder et
al. 2000; Eisenberg et al. 2013; Wilmes et al. 2022). The fungal culture failed to grow
the agent in this case, which is not uncommon (Eisenberg et al. 2013; Wilmes et al. 2022).

Molecular detection

The ITS rDNA sequence obtained from the tissue sample showed 100-96% homology
with published H. capsulatum (A. capsulatus) sequences, and a 90% closest match to the
next taxon, Emmonsia parva (AF038329). The sequence proved identical to that obtained
from an infected badger in Germany (HE806328; Eisenberg et al. 2013), and to other
published sequences of comparable length (coverage > 86%), differing by two or more
substitutions. As both the present specimen and that from Germany belong to the same ITS
haplotype, not known from other studied material so far, this would suggest that it belongs
to the same, or a very closely related, fungal clone with geographic- and host-limited
distribution. See Eisenberg et al. (2013) providing a detailed discussion about genetic
relatedness and epidemiology. The German specimen, which was characterised using
multiple protein-coding genes, was identified as belonging to the Eurasian clade (Eisenberg
et al. 2013), which originated from within one of the Latin American phylogenetic species
of the H. capsulatum species complex (Kasuga et al. 2003). The Eurasian clade, which
comprises isolates from Britain, India, Thailand, China and Japan, is typically found
in horses, badgers and dogs but rarely causes clinical histoplasmosis (Kasuga et al. 2003;
Murata et al. 2007). Some evidence suggests that Eurasian clade isolates originating from
animals could affect humans; however, their veterinary or zoonotic potential is little known
and, based on the number of reported cases, is assumed to be very low (Kasuga et al.
2003; Murata et al. 2007; Eisenberg et al. 2013).
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The present finding represents the eleventh report of histoplasmosis in a European
badger, which, considering the fungus is rarely found in other hosts in Central Europe,
would suggest the species is a typical host of the fungus (Eisenberg et al. 2013). Large-
scale monitoring of carnivore road mortality data indicates that the European badger is one
of the most common species killed on roads in the Czech Republic (Cervinka et al. 2015).
Interestingly, many histoplasmosis-positive badgers have been diagnosed through the
examination of such road casualties (Eisenberg et al. 2013), suggesting that the disease
may increase the animals’ risk of dying on the road. Evidence shows that H. capsulatum
is present in the habitat of the European badger, and its immunity to this fungal pathogen
appears limited because badger macrophages fail to produce nitric oxide, a key effector
of cellular innate immunity (Bilham et al. 2017). Host defences may also be suppressed
due to exposure to environmental pollutants (Bandouchova et al. 2011).

Having confirmed histoplasmosis in the present specimen, we undertook follow-
up testing of other road casualty badgers collected from the same region over the past
decade, but found no other histoplasmosis-positive specimens, indicating the disease’s
sporadic nature. Neither the reservoir nor any possible source of histoplasma infection has
been identified in the Czech Republic. In warmer areas, the fungus is typically found in
habitats with nitrogen-rich soils, especially caves; however, it appears to be absent in caves
of Central Europe (Novakova et al. 2010; Novakova et al. 2012; Vanderwolf et al.
2013). We can only hypothesise, therefore, that the tunnelling activities of badgers bring
them into contact with soil containing the fungus, and that the confined spaces of excavated
badger setts provide favourable microclimatic conditions for H. capsulatum. Theoretically,
earthdogs and hunters may be exposed to soil contaminated with this fungus. The public
health importance and geographic distribution within the Czech Republic are much lower
than those of other zoonoses (Pikula et al. 2003; Pikula et al. 2004).

In conclusion, this study confirmed presence of H. capsulatum infection in the Czech
Republic for the first time. Further studies will be needed to fully understand the disease’s
ecology and epidemiology, including the apparent sentinel role and susceptibility of the
European badger.
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Plate I
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Fig. 2. Large area of granulomatous inflammatory reaction in the superficial dermis (left). H&E stain, x 40 magnification.



Plate IT

Fig. 3. Fungal cell masses scattered diffusely over the dermis, with multifocal presence of giant cells. PAS stain,
x 1000 magnification.
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Fig. 4. Numerous fungal cells in the dermis surrounded by clear zones. PAS stain, x 1000 magnification.



