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 47 

Introduction 48 

White nose-syndrome (WNS) is a devastating disease causing mass mortalities in 49 

hibernating bats in North-America. In May 2009, it was estimated that over one 50 

million bats had died from the disease which was first documented in February 2006 51 

at Howe Cave, West of Albany, New York [1]. A visually conspicuous white fungus 52 

grows on the face, ears, or wings of stricken bats with hyphae penetrating deep into 53 

the connective tissue of glabrous skin and snout [2] and causing severe damage [3]. 54 

The fungus associated with WNS is a newly described, psychrophilic (cold-loving) 55 

species (Geomyces destructans) [4], closely related to other psychrophilic species of 56 

Geomyces [5,6]. Although it is not yet proven whether G. destructans is the causative 57 

agent of the disease or if it needs to be regarded as a secondary infection, the fungus is 58 

always found on bats at sites with hibernating bats mass mortalities [7]. To date, 59 

bacteriologic, virologic, parasitologic and pathologic evaluations as well as toxic 60 

contaminants exposure studies did not identify any other agents/cause of death, which 61 

reinforces the idea that G. destructans is the causative agent [2,7,8,9].  62 

 G. destructans has been extensively found in different species of bats in 63 

North-America, from the states of Ontario and Quebec in Canada down to North 64 

Carolina and Oklahoma in the USA. Three recent studies investigating samples 65 

collected in 2008-2010 have shown that G. destructans was also present in six 66 

European countries (France, Germany, Switzerland, Czech Republic, Slovakia & 67 

Hungary) [6,10,11]. Nevertheless, the geographic coverage of these studies was 68 

limited to one or a few countries, while the extent of the distribution of G. destructans 69 

in Europe remains poorly known. In this paper, we combine previously published data 70 
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on the distribution of G. destructans in Europe [6,10,11] with new data from twelve 71 

countries covering 2,400 km from West to East (France to Turkey) and 1,900 km 72 

from North to South (Estonia to Turkey) and demonstrate the widespread presence of 73 

the fungus in Europe without associated mass mortality. 74 

 75 

Results 76 

 77 

Published data on Geomyces destructans in European bats, 2008-2010 78 

 Although photographs of bats with fungal growth similar to G. destructans were 79 

published in Germany in the 1980’s [12], and also taken in the 1990’s in the Czech 80 

Republic [10], there has been no confirmed record of G. destructans in Europe prior 81 

to 2008. In 2010, G. destructans has been confirmed via morphological and genetic 82 

analyses from samples collected during the winters 2007/2008, 2008/2009 and 83 

2009/2010 in six European countries [6,10,11]. In France, Hungary, Switzerland and 84 

Slovakia, the fungus has been confirmed from 1-2 location(s) while it has been 85 

confirmed at 8 sites in Germany and 23 sites in the Czech Republic [6,10,11]. All G. 86 

destructans have been isolated from hairs, swabs or touch imprints from bats 87 

[6,10,11]. In Europe, eight Myotis species have been identified to be colonized with 88 

G. destructans: M. myotis, M. blythii (referred to as M. oxygnathus in [11]), M. 89 

mystacinus, M. daubentoni, M. dasycneme, M. nattereri, M. bechsteinii and M. 90 

brandtii. Species from other families were present in the caves with infected 91 

individuals (e.g. Miniopteridae: Miniopterus schreibersii; Rhinolophidae: 92 

Rhinolophus hipposideros and R. ferrumequinum), but no G. destructans has been 93 

confirmed from these species. Previous extensive surveys of cave fungi in Europe [i.e. 94 
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13,14,15] or fungi associated with insects hibernating in underground sites [16] never 95 

reported G. destructans in their inventory, although some other species of Geomyces 96 

were recovered [13,14,15]. 97 

 98 

New data on G. destructans in Europe 2005-2010 99 

 During winter hibernation counts, a total of 66 bats from 48 sites in twelve 100 

European countries were reported to have visible white fungal growth (Table 1, Fig. 101 

1). This represents the first records from eight countries (Austria, Belgium, Denmark, 102 

Estonia, The Netherlands, Poland, Romania, Turkey and Ukraine). Sixty six bats were 103 

alive while two of them were found dead in the hibernacula. These 66 bats belonged 104 

to eight different Myotis species, M. myotis (42), M. mystacinus (9), M. dasycneme 105 

(6), M. daubentoni (3), M. myotis/blythii (2), M. blythii (1), M. nattereri (1), M. 106 

escalerai/sp. A (1) and M. brandtii (1). Of these, molecular and morphological 107 

identification of the colonizing fungus were carried out on 22 cases, while only 108 

photographic evidence was obtained for a further 29 cases (Table 1 & Fig. 2). The 109 

remaining 15 cases were based on reports of visual observations of a white fungal 110 

growth on bat snouts and/or ears, which was very similar to pictures presented in Fig. 111 

2.  112 

 The temporal range of reported cases of live bats with white-fungus was not 113 

evenly distributed throughout the winter/spring, with about 2/3rd of the cases reported 114 

in March (42/66; Fig. 3). The number of reported cases nearly tripled between 115 

February (16 cases) and March (42 cases). The earliest case was reported on January 116 

17th from Belgium and the two latest cases were observed on May 23rd in Estonia and 117 

June 25th in France (Table 1 & Fig. 3A, K).  118 

 119 
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Geomyces destructans identification 120 

 Out of a total of 66 bats with fungal growth, 21 were sampled, 16 with touch 121 

imprints and 5 with cotton swabs. The 21 bats sampled (19 alive and 2 dead) belonged 122 

to the Myotis species from which G. destructans was previously isolated (see list 123 

above). In some cases, we were not able to discriminate between M. myotis and M. 124 

blythii (referred to as M. myotis/blythii) as well as between the newly recognized M. 125 

escalerai [17,18]  and Myotis sp. A [19], a yet undescribed cryptic species from the M. 126 

nattereri species complex [17,20]. Additionally, swab samples were collected from 127 

the tunnel wall of an Estonian hibernaculum. On the 23rd of May 2010, a M. brandtii 128 

was observed in this hibernaculum with white fungal growth on its snout (Fig. 1A) but 129 

no sample was collected at the time. When the site was revisited for sample collection 130 

on the 1st of June 2010, the bat had left the site so samples were collected by 131 

swabbing the walls of the tunnel where the bat was seen 9 days before. Four cotton 132 

swabs were used to sample different areas a few centimetres around the location 133 

where the bat was observed. The four swabs were then streaked onto four 134 

Sabouraud’s agar plates each and monitored regularly to physically remove any 135 

fungal growth that was not similar to G. destructans. Although the amount of fungi 136 

varied per swab sample, G. destructans was recovered from all four swabs, which 137 

from now on are considered as one sample, bringing the total of samples analysed to 138 

22. No mass mortality was reported at any of the sites investigated. 139 

 Out of 22 samples investigated in the laboratory, 14 of the 16 touch imprint 140 

samples presented characteristic conidia when observed under a microscope and two 141 

of them were doubtful; none of the cotton swabs were inspected under a microscope 142 

prior to culture. Cultures from 17 of these samples were successful (no cultures were 143 

done for 2 samples). The two dead bats investigated did not reveal the presence of G. 144 
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destructans but other fungal species such as Mucor sp. and Cladosporium sp. (data 145 

not shown).  146 

 DNA was isolated from the 17 cultures of which 15 showed morphological 147 

similarity with G. destructans (e.g. curved conidia) and from five touch imprints 148 

without culture available (n=2) or with unsuccessful culture attempts (n=3). 149 

Amplification and sequencing of the internal transcribed spacer (ITS) region (ITS1, 150 

5.8S, and ITS2) was preferred over the small subunit (SSU) rDNA as it was shown to 151 

be more informative and was comparable to both, European [6,11] and North 152 

American G. destructans [7,21]. All sequences obtained (Accession Numbers: 153 

xxxxxx-xxxxxxx) were identical and showed 100% similarity with previously 154 

published G. destructans ITS sequences available on GenBank (retrieved on October 155 

13th) [6,7,11,21]. 156 

 157 
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Discussion 158 

 G. destructans has been first identified in Europe in 2008-2009 [6,11] but 159 

increasing photographic evidence suggest that the species was present in Europe well 160 

before this date [this study; 10,12]. A certain number of studies investigated fungi 161 

species present in European caves, including bat guano [13,14,22,23] and although 162 

most of them report Geomyces species, no Geomyces species with curved conidia (so 163 

far typical of G. destructans) have ever been reported. In the Czech Republic, 164 

Kubátová & Dvořák [16] investigated fungi associated with insects hibernating in 165 

underground sites but did not find Geomyces species. To our knowledge, only one 166 

study in Europe has investigated fungi present in bat’s skin and hair samples where, 167 

based on our current knowledge, G. destructans is most likely to be found. During the 168 

winter 1999/2001, Larcher et al. [24] collected 25 samples of hair and skin swabs 169 

from six species, including three Myotis myotis, but did not find any Geomyces 170 

species. It is important to note that most fungal cultures have been carried out at 171 

temperatures above 24-25°C, temperatures at which G. destructans does not grow 172 

[4,21]. A better representation of temperate caves fungal diversity might be obtained 173 

by also culturing fungi at temperatures in the range of 10-15°C, which is more 174 

representative of temperatures encountered in European caves. Finally, to confirm the 175 

presence of G. destructans in Europe prior to 2009, historical collections of bat 176 

specimens (or eventually cave soil samples), especially specimens collected during 177 

the hibernation period, should be screened for the fungus. Retrospective investigations 178 

have provided valuable information on the historic distribution of Batrachochytrium 179 

dendrobatidis [25], the etiologic agent of chytridiomycosis which is now decimating 180 

amphibian populations on all continents except Antarctica [26].  181 
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 Combining previously published data from France, Germany, Switzerland, 182 

Hungary, The Czech Republic and Slovakia [6,10,11], additional data collected from 183 

France, Germany and Hungary (this study), and new data from Belgium, The 184 

Netherlands, Poland and Estonia (this study), we demonstrate here that G. destructans 185 

is widespread in Europe. We consider the photographic evidence of bats with white 186 

fungus matching the characteristic growth pattern (e.g. Fig. 1; pictures from Ukraine 187 

and Turkey) to highly likely represent G. destructans, because so far all tested live 188 

European bats with such white fungal growth on their nose, similar to Fig. 1, have 189 

been confirmed to carry G. destructans. These findings further support the fact that G. 190 

destructans is widespread across Europe. As depicted in Fig. 1, most G. destructans 191 

cases (confirmed and suspected) are found from North-eastern France through 192 

Belgium, The Netherlands, Germany and the Czech Republic. However, it is not 193 

known whether this pattern reflects a true higher occurrence and/or prevalence of the 194 

fungus in these regions or if it is at least partly due to sampling bias whereby the 195 

fungus is more likely to be found in regions with a higher number of underground 196 

sites visited every winter or in regions were the fungus is specifically searched for. It 197 

is most likely hat this large scale pattern is likely due to a sampling bias as for 198 

example, the largest number of sites reported with G. destructans in the Czech 199 

Republic (76 localities with suspect or confirmed G. destructans) is also associated 200 

with the largest number of sites where the species was looked for (over 800) [10]. 201 

Similarly, it is unknown whether G. destructans is absent or rare in the Mediterranean 202 

region where it has not been found yet despite specific searches (i.e. Italy,[27]).  203 

 The number of observations of bats with white fungal growth per week 204 

highlights an increasing prevalence as winter passes and a sudden drop when bats 205 

emerge from hibernation in spring. This suggests that either bats acquire G. 206 
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destructans late during the hibernation period or that the fungus is carried by the bat at 207 

the onset of hibernation but needs time to develop as a visible white fungal growth. At 208 

present, virtually nothing is known about how exactly G. destructans is transmitted to 209 

the bats, either via the environment or via bat to bat contacts. Although under 210 

laboratory conditions, G. destructans’ growth rate  >10 mm per month is commonly 211 

reported for a wide range of media and temperatures in the range of 4-10 °C 212 

[4,6,10,11,21] , which are temperatures commonly selected by bats for hibernation 213 

[28], the fungus’ growth rate might substantially differ under natural conditions. Other 214 

climatic factors, particularly humidity, might also influence G. destructans growth 215 

rate. The importance of relative humidity has been suggested by various researchers 216 

based on field observations; nevertheless, its influence on G. destructans growth rate 217 

has never been assessed. Differences in temperature and/or humidity might help 218 

explaining the regional differences in prevalence observed between submountainous 219 

humid to mesic regions (high prevalence) versus mountainous and limestone regions 220 

(low prevalence) observed in the Czech Republic [10]. Furthermore, during 221 

hibernation, bats rouse every two weeks in average [29,30] and groom the fungus off 222 

[10], which will considerably reduce the chance of the fungus to become apparent. 223 

Although it is not possible to clearly identify the mechanism responsible for the 224 

sudden increase in G. destructans prevalence in late February and March, the data 225 

suggest that shorter winter periods should be associated with lower G. destructans 226 

prevalence. This prediction seems to hold as in the Mediterranean region, associated 227 

with shorter hibernation periods, no bats with visually conspicuous fungal growth has 228 

been reported yet, although, winter cave surveys were carried out around the 229 

Mediterranean Sea. The case reported from Southern France (June 25th 2010, Fig. 3K) 230 

was found in the Pyrenees’ mountains at ca. 1700 m a.s.l. and hence, is not considered 231 
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as belonging to the Mediterranean climatic region. More surveys are however 232 

necessary to uncover whether the length of the hibernation period and/or climatic 233 

conditions have a direct or indirect effect on G. destructans growth rate and 234 

prevalence on bats.   235 

 It is crucial that the change in prevalence over the hibernation period is 236 

considered when comparing prevalence across sites and/or years. Our results show 237 

that bats with fungal growth are first seen in January, then the prevalence slowly 238 

increases in February and peaks in March, while in April, when bats emerge from 239 

hibernation, the prevalence drops again. Our results are in agreement with recent 240 

results from the Czech Republic where on the winter 2009/2010, the number of sites 241 

with bats with white fungal growth remarkably increased from 4.1% in 242 

January/February (33/800 sites; regular bat monitoring) to 77.5% in late 243 

February/March (76/98 sites; additional inspections) [10]. This study reported that this 244 

increase in G. destructans prevalence was “suggestive of an epizootic spread of the 245 

fungus” [10]; we propose an alternative explanation whereby the increase in 246 

prevalence of G. destructans in late winter (March) has regularly (yearly) happened in 247 

Europe but has been unnoticed in the past as nearly all hibernation counts were 248 

carried out between December and mid-February when G. destructans prevalence is 249 

low, but not in March [31] when the prevalence of G. destructans is the highest (Fig. 250 

3). By increasing the sample size, some cases might be reported earlier in the 251 

hibernation season or later through the summer, but we expect that the general pattern 252 

observed will not change. Prevalence here does not directly refer to the prevalence of 253 

G. destructans on bats but rather to the prevalence of visible signs of G. destructans 254 

growing on them. Our ability to detect of G. destructans growth on bats can 255 

substantially differ with proximity to the bats (i.e. low ceiling vs. high ceiling), the 256 
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location of the bat (ceiling vs. crevices), etc. Despite these difficulties in assessing the 257 

prevalence, in agreement with other studies [6,10,11], our data demonstrate that the 258 

species most commonly encountered with G. destructans growth is the largest 259 

European Myotis species, Myotis myotis. 260 

 We report here two individual bats with white fungal growth around their nose 261 

(one confirmed as G. destructans) from May and June, both individuals being in 262 

torpor in cold underground sites. This represents the first mention of individuals with 263 

G. destructans colonisation outside of the hibernation period and raises questions 264 

about the role of these individuals in the persistence of the fungus in the bat 265 

population. During the summer period, while females aggregate in colonies to raise 266 

their young, it remains largely unknown where males are roosting [e.g. 32]. Generally, 267 

some males can be present in maternity colonies but they represent only a minority if 268 

we assume a female to male ratio of 1/1. Furthermore, during the swarming season in 269 

late summer/autumn, large numbers of individuals aggregate in caves, mines or 270 

tunnels and come in close contact with each other (chasing, mating, etc.) 271 

[32,33,34,35,36,37], which could represent a place and time where G. destructans is 272 

transmitted between individuals. We also report the isolation of G. destructans from 273 

the environment surrounding hibernating bats. The presence of viable spores of G. 274 

destructans on the surfaces of the hibernation sites has large implications for the 275 

understanding of the transmission mechanisms. It seems likely that cave walls could 276 

serve as a passive vector and/or reservoir for G. destructans spores. It is not yet 277 

known how long these spores can remain viable for but as most spores are viable for 278 

an extended period of time, bats entering these sites in autumn (for swarming and/or 279 

hibernation) could become contaminated with G. destructans spores left from bats of 280 

the previous winter. In North-American,  Lindner et al. [38] successfully amplified 281 
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ITS sequences identical to G. destructans DNA from soil samples collected during the 282 

winter 2008-2009 at three bat hibernacula and stressed the importance of the 283 

environment as a reservoir and its possible importance on G. destructans dynamics 284 

and therefore WNS. Our results confirm the view of Lindner et al. [38] and further 285 

suggest that more work is needed to understand the exact role of walls (reservoir, 286 

passive vector, etc.) as they are in physical contact with bats. 287 

 The wide distribution of G. destructans in Europe and the absence of 288 

associated mortality supports the hypothesis that G. destructans has co-evolved with 289 

European bats and only recently arrived in North America where it is causing 290 

unprecedented mass mortalities [6,7,10,11]. Nevertheless, it is not yet known whether 291 

the fungus alone is causing the mortality or whether it needs to be associated with 292 

other pathogens such as viruses to cause mass mortality. Recent work on the Colony 293 

Collapse Disorder affecting bees in North America, Europe and Asia has shown that 294 

the presence of the microsporidian Nosema alone cannot explain the disorder [39] but 295 

the association between Nosema and an invertebrate iridescent virus is always found 296 

in colonies suffering from the disorder [40]. Further studies are needed to investigate 297 

pathogens found in healthy bats and bats dying from WNS in North America [6].  298 

 Phylogeographic studies on European bat species have shown that in the last 299 

100,000 years, some species colonized Europe from Western Asia [41], including 300 

Myotis blythii [42,43] which has been found with G. destructans [11]. We can 301 

therefore speculate that G. destructans’ distribution is probably not limited to Europe 302 

and possibly extends eastwards into Russia, Western and Central Asia. Further 303 

surveys are necessary to clarify the global distribution of G. destructans.   304 
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Conclusions 305 

 We have shown here that G. destructans, the most likely causative agent of 306 

WNS in North America, is widespread in Europe, but not associated with mass 307 

mortality. The prevalence of visible fungal growth on bats increases in 308 

February/March before sharply decreasing when bats emerge from hibernation. We 309 

also isolated viable G. destructans from the walls of an underground site suggesting 310 

that hibernacula walls could be a passive vector and or reservoir for G. destructans 311 

and therefore, might play an important role in the transmission process. Further 312 

research is needed to clarify the global prevalence of G. destructans and identify 313 

variables (e.g. temperature, humidity, hibernation length, etc.) explaining regional 314 

differences. Finally, further research needs to be carried out in different parts of the 315 

globe, especially temperate region of the Northern and Southern hemispheres, to 316 

precisely determine G. destructans distribution.  317 

 318 

Materials and Methods 319 

Samples collection 320 

During ongoing population censuses carried out in different countries across Europe, 321 

information on bats with visible white fungal growth on snouts and/or ears was 322 

recorded. Whenever possible, sterile dry cotton swabs [6] or adhesive tape touch 323 

imprints [11] were used to collect the fungal material from the bats. In Estonia, 324 

samples were collected from the wall of the tunnel where a bat with characteristic 325 

white fungus was observed nine days prior to the sampling. Where no sample 326 

collection was possible, a photograph was taken of the bat (photographic record). In 327 
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cases where neither sample collection nor photographic evidence was obtained, the 328 

record was classified as visual observation. Live hibernating bats with powdery, white 329 

fungal growth on their noses were considered as G. destructans suspects but not WNS 330 

suspects as apart from the presence of the fungus associated with WNS in North-331 

America, there is presently no data supporting the occurrence of WNS in Europe and 332 

the fungus has not (yet) been identified on dead bats [11,44]. Although, given that G. 333 

destructans prevalence can reach high levels in some species (i.e. Myotis myotis) in 334 

late winter (especially in March), it can be expected, that by chance some bats dying 335 

from causes unrelated to the presence of G. destructans will also be carrying the 336 

fungus. But unless the criteria for the diagnosis of WNS are met (confirmation by 337 

histo-pathology and PCR) [2] dead bats with fungal growth in Europe cannot be 338 

considered as WNS suspects. Instead, various species of fungi have been identified on 339 

dead bats [11,27], many of them potentially being just post-mortem colonisations.  340 

Fungal cultures 341 

In the laboratory, samples were treated as in [6] for swabs and following [11] for 342 

touch imprints. Briefly, swabs were streak-plated onto plates of Sabouraud’s agar, 343 

supplemented with 0.1% mycological peptone. For touch imprints, small areas with 344 

fungal conidia characteristic of G. destructans were identified by light microscopy 345 

and the tape was disinfected and excised before being transferred for culture to 346 

Sabouraud’s agar. The plates were sealed with parafilm and incubated inverted in the 347 

dark at 10°C. A fungal growth developed within 14 days, from which single spore 348 

cultures were established.  349 
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Molecular identification 350 

Each culture was sequenced for one molecular marker, the rRNA gene internal 351 

transcribed spacer (ITS) region (ITS1, 5.8S, and ITS2) to further confirm species 352 

identity. The DNA extraction, PCR amplification and DNA sequencing followed 353 

protocols described in Puechmaille et al. [6]. Briefly, DNA was extracted using the 354 

Qiagen Blood and Tissue kit following the manufacturer’s instructions with slight 355 

modifications (after step 3, we added an incubation time of 10 minutes at 70°C). PCR 356 

reactions were carried out in 25 μL containing 1 μL of DNA extract (at 10-75 ng/μL), 357 

1.5 mmol/L MgCl2, 0.4 μmol/L each primer (Forward: ITS4, 5’-358 

TCCTCCGCTTATTGATATGC-3’; Reverse: ITS5, 5’- 359 

GGAAGTAAAAGTCGTAACAAGG -3’; [45]), 0.2 mmol/L dNTP, 1x PCR buffer 360 

and 1 U Platinum Taq DNA Polymerase High Fidelity (Invitrogen). PCR cycling 361 

conditions were; initial step 15’ at 95°C, then 10 cycles of 30” at 95°C, 1’45” at 60°C 362 

(reduce of 2°C every 2 cycles), 1’ at 72°C, following by 30 cycles of 30” at 95°C, 363 

1’45” at 50°C and 1’ at 72°C. PCR products were purified and sequenced by 364 

Macrogen Inc. (Seoul, Korea) in both directions using the PCR primers. 365 

Complementary sequences were assembled and edited for accuracy using CodonCode 366 

Aligner 3.0.3 (www.codoncode.com/aligner/download.htm). 367 

 368 

Acknowledgments 369 

We would like to thanks Dóczy Annamária, Andriy-Taras Bashta , Frédéric Blanc, 370 

Gaby Bollen, Thomas Chatton, Emrah Coraman, Jére Csaba, Simon Dutilleul, 371 

Mehmet Doker, Oliver Gebhardt, René Janssen, Daniel Lefèvre, Barti Levente, Bernd 372 

Ohlendorf, Rian Pulles, Tony Rock, Wolfgang Rackow, Sébastien Roué, Bücs 373 



17 
 

Szilárd, Abigel Szodoray-Parádi, Farkas Szodoray-Parádi and Julien Vittier for 374 

providing us with their field observations. 375 

 376 

References 377 

1. Anonymous (2009) White Nose Syndrome science strategy meeting II, Consensus 378 

Statement. Austin, Texas. 379 

2. Meteyer CU, Buckles EL, Blehert DS, Hicks AC, Green DE, et al. (2009) 380 

Histopathologic criteria to confirm white-nose syndrome in bats. J Vet Diagn 381 

Invest 21: 411-414. 382 

3. Reichard JD, Kunz TH (2009) White-nose syndrome inflicts lasting injuries to the 383 

wings of litle brown myotis (Myotis lucifugus). Acta Chiropt 11: 457-464. 384 

4. Gargas A, Trest MT, Christiensen M, Volk TJ, Blehert DS (2009) Geomyces 385 

destructans sp. nov. associated with bat white-nose syndrome. Mycotaxon 386 

108: 147-154. 387 

5. Rice AV, Currah RS (2006) Two new species of Pseudogymnoascus with 388 

Geomyces anamorphs and their phylogenetic relationship with 389 

Gymnostellatospora. Mycologia 98: 307-318. 390 

6. Puechmaille SJ, Verdeyroux P, Fuller H, Ar Gouilh M, Bekaert M, et al. (2010) 391 

White-nose syndrome fungus (Geomyces destructans) in bat, France. Emerg 392 

Infect Dis 16: 290-293. 393 

7. Blehert DS, Hicks AC, Behr M, Meteyer CU, Berlowski-Zier BM, et al. (2009) Bat 394 

white-nose syndrome: an emerging fungal pathogen? Science 323: 227. 395 

8. Kannan K, Hun Yun S, Rudd RJ, Behr M (2010) High concentrations of persistent 396 

organic pollutants including PCBs, DDT, PBDEs and PFOS in little brown 397 



18 
 

bats with white-nose syndrome in New York, USA. Chemosphere 80: 613-398 

618. 399 

9. Courtin F, Stone WB, Risatti G, Gilbert K, Van Kruiningen HJ (2010) Pathologic 400 

findings and liver elements in hibernating bats with white-nose syndrome. Vet 401 

Pathol 47: 214-219. 402 

10. Martínková N, Bačkor P, Bartonička T, Blažková P, Červený J, et al. (in press) 403 

Increasing incidence of Geomyces destructans fungus in bats from the Czech 404 

Republic and Slovakia PLoS ONE. 405 

11. Wibbelt G, Kurth A, Hellmann D, Weishaar M, Barlow A, et al. (2010) White-406 

Nose Syndrome fungus (Geomyces destructans) in bats, Europe. Emerg Infect 407 

Dis 16: 1237-1242. 408 

12. Feldmann R (1984) Teichfledermaus - Myotis dasycneme (Boie, 1825). In: 409 

Schröpfer R, Feldmann R, Vierhaus H, editors. Die Säugetiere Westfalens. 410 

Münster: Westfälisches Museum für Naturkunde. pp. 107-111. 411 

13. Nováková A (2009) Microscopic fungi isolated from the Domica Cave system 412 

(Slovak Karst National Park, Slovakia). A review. Int J Speleol 38: 71-82. 413 

14. Mosca AML, Campanino F (1962) Analisi micologiche del terreno di grotte 414 

piemontesi. Allionia: 27-43. 415 

15. Bastian F, Alabouette C, Saiz-Jimenez C (2009) The impact of arthropods on 416 

fungal community structure in Lascaux Cave. J Appl Microbiol 106: 1456-417 

1462. 418 

16. Kubátová A, Dvořák L (2005) Entomopathogenic fungi associated with insect 419 

hibernating in underground shelters. Czech Mycol 57: 221-237. 420 

17. Ibañez C, Garcia-Mudarra JL, Ruedi M, Stadelmann B, Juste J (2006) The Iberian 421 

contribution to cryptic diversity in European bats. Acta Chiropt 8: 277-297. 422 



19 
 

18. Cabrera A (1904) Ensayo monográfico sobre los quirópteros de España. Mem Soc 423 

esp Hist nat 2: 249-292. 424 

19. Garcia-Mudarra JL, Ibañez C, Juste J (2009) The straits of Gibraltar: barrier or 425 

bridge to Ibero-Moroccan bat diversity? Biol J Linn Soc 96: 434-450. 426 

20. Mayer F, Dietz C, Kiefer A (2007) Molecular species identification boosts bat 427 

diversity. Front Zool 4: 4. 428 

21. Chaturvedi V, Springer DJ, Behr MJ, Ramani R, Li X, et al. (2010) Morphological 429 

and molecular characterizations of psychrophilic fungus Geomyces 430 

destructans from New York bats with White Nose Syndrome (WNS). PLoS 431 

ONE 5: e10783. 432 

22. Groth I, Vetermann R, Scuetze B, Schumann P, Saiz-Jimenez C (1999) 433 

Actinomycetes in karstic caves of northern Spain (Altamira and Tito Bustillo). 434 

J Microbiol Meth 36: 115-122. 435 

23. Nováková A, Kolařik M (2010) Chrysosporium speluncarum, a new species 436 

resembling Ajellomyces capsulatus, obtained from bat guano in caves of 437 

temperate Europe. Mycol Progress 9: 253-260. 438 

24. Larcher G, Bouchara JP, Pailley P, Montfort D, Beguin H, et al. (2003) Fungal 439 

biota associated with bats in Western France. J Mycol Méd 13: 29-34. 440 

25. Weldon C, du Preez LH, Hyatt AD, Muller R, Speare R (2004) Origin of the 441 

Amphbian Chytrid fungus. Emerg Infect Dis 10: 2100-2105. 442 

26. Fisher MC, Garner TW, Walker SF (2009) Global emergence of 443 

Batrachochytrium dendrobatidis and Amphibian Chytridiomycosis in space, 444 

time, and host. Annu Rev Microbiol 63: 291-310. 445 

27. Riccucci M, Voyron S, Lazzari A, Calvini M, Francesco L, et al. Bat death in 446 

Italy- a first mycological study; 2010; Berlin. pp. 103. 447 



20 
 

28. Webb PI, Speakman JR, Racey PA (1996) How hot is the hibernaculum? A 448 

review of the temperatures at which bats hibernate. Can J Zoolog 74: 761-765. 449 

29. Brack Jr. B, Twente JW (1985) The duration of the period of hibernation of three 450 

species of vespertilionid bats. II. Field studies. Can J Zoolog 63: 2952-2954. 451 

30. Twente JW, Twente J, Brack Jr. B (1985) The duration of the period of 452 

hibernation of three species of vespertilionid bats. II. Laboratory studies. Can J 453 

Zoolog 63: 2955-2961. 454 

31. Battersby Jc (2010) Guidelines for surveillance and monitoring of European bats. 455 

Bonn, Germany. 95 p. 456 

32. Senior P, Butlin RK, altringham JD (2005) Sex and segragation in temperate bats. 457 

Proc R Soc Lond B 272: 2467-2473. 458 

33. Parsons KN, Jones G (2003) Dispersion and habitat use by Myotis daubentonii 459 

and Myotis nattereri during the swarming season: implications for 460 

conservation. Anim Conserv 6: 283-290. 461 

34. Parsons KN, Jones G, Davidson-Watts I, Greenaway F (2003) Swarming of bats at 462 

underground sites in Britain-implications for conservation. Biol Conserv 111: 463 

63-70. 464 

35. Parsons KN, Jones G, Greenaway F (2003) Swarming activity of temperate zone 465 

microchiropteran bats: effect of season, time of night and weather conditions. J 466 

Zool 261: 257-264. 467 

36. Rivers NM, Butlin RK, altringham JD (2006) Automn swarming behaviour of 468 

Natterer's bats in the UK: population size, catchment area and dispersal. Biol 469 

Conserv 127: 215-226. 470 



21 
 

37. Rivers NM, Butlin RK, Altringham JD (2005) Genetic population structure of 471 

Natterer's bats explained by mating at swarming sites and philopatry. Mol Ecol 472 

14: 4299-4312. 473 

38. Lindner DL, Gargas A, Lorch JM, Banik MT, Glaser J, et al. (in press) DNA-474 

based detection of the fungal pathogen Geomyces destructans in soils from bat 475 

hibernacula. Mycologia. 476 

39. vanEngelsdorp D, Evans JD, Saegerman C, Mullin C, Haubruge E, et al. (2009) 477 

Colony Collapse Disorder: a descriptive study. PLoS ONE 4: e6481. 478 

40. Bromenshenk JJ, Henderson CB, Wick CH, Stanford MF, Zulich AW, et al. 479 

(2010) Iridovirus and Microsporidian linked to honey bee colony decline. 480 

PLoS ONE 5: e13181. 481 

41. Flanders J, Jones G, Benda P, Dietz C, Zhang S, et al. (2009) Phylogeography of 482 

the greater horseshoe bat, Rhinolophus ferrumequinum: contrasting results 483 

from mitochondrial and microsatellite data. Mol Ecol 18: 306-318. 484 

42. Berthier P, Excoffier L, Ruedi M (2006) Recurrent replacement of mtDNA and 485 

cryptic hybridization between two sibling bat species Myotis myotis and 486 

Myotis blythii. Proc R Soc B 273: 3101-3109. 487 

43. Currat M, Ruedi M, Petit RJ, Excoffier L (2008) The hidden side of invasions: 488 

massive introgression by local genes. Evolution 62: 1908-1920. 489 

44. Barlow A, Ford S, Green R, Morris C, Reaney S (2009) Investigation into 490 

suspected white-nose syndrome in two bat species in Somerset. Vet Rec 165: 491 

481-482. 492 

45. White TJ, Bruns T, Lee S, Taylor JW (1990) Amplification and direct sequencing 493 

of fungal ribosomal RNA genes for phylogenetics. In: Innis MA, Gelfand DH, 494 



22 
 

Sninsky JJ, White TJ, editors. PCR protocols: a guide to methods and 495 

applications: Academic Press, Inc., New York. pp. 315-322. 496 

 497 

498 



23 
 

Tables 499 

Table 1.  Confirmed and suspected Geomyces destructans records from Europe. 500 

 501 

502 

Country Lat Lon Date Species Culture GenBank No.

France 47.7 ‐2.1 04/03/2010 Myotis myotis Yes
France* 49.9 4.1 04/03/2010 Myotis mystacinus Yes
France* 50.6 2.5 22/02/2010 Myotis nattereri Yes
Belgium 49.8 5.3 03/04/2010 Myotis myotis Yes
Belgium 50.8 5.6 18/03/2010 Myotis mystacinus no
Belgium 50.8 5.6 18/03/2010 Myotis mystacinus yes
Netherlands 52.0 5.8 09/03/2010 Myotis daubentonii no
Netherlands 52.1 4.3 02/2010 Myotis dascycneme no
Germany 49.7 7.4 10/03/2010 Myotis myotis yes
Germany 49.8 9.6 22/03/2010 Myotis myotis yes
Germany 50.7 13.7 20/03/2010 Myotis myotis yes
Germany 50.9 7.5 18/04/2009 Myotis myotis no
Germany 51.2 8.1 21/03/2010 Myotis mystacinus yes
Germany 51.2 8.1 21/03/2010 Myotis mystacinus yes
Germany 51.2 8.1 07/03/2010 Myotis myotis yes
Germany 51.2 8.1 07/03/2010 Myotis myotis yes
Germany 52.3 9.5 23/03/2010 Myotis myotis yes
Germany 52.3 9.4 23/03/2010 Myotis mystacinus yes
Hungary 47.1 17.6 24/03/2010 Myotis myotis no
Hungary 47.1 17.6 24/03/2010 Myotis myotis yes
Poland 50.8 16.7 07/03/2010 Myotis myotis Yes

Estonia# 59.3 24.6 01/06/2010 Myotis brandtii Yes
France 44.8 1.6 25/04/2008 Myotis myotis ‐
France 42.6 2.2 26/06/2010 Myotis escalerai/sp. A ‐
France 47.7 ‐2.1 04/03/2010 Myotis myotis ‐
France 45.0 2.0 13/02/2010 Myotis myotis ‐
France 45.0 2.0 13/02/2010 Myotis myotis ‐
France 47.3 6.2 04/03/2010 Myotis myotis ‐
France 47.3 6.2 04/03/2010 Myotis myotis ‐
France 47.3 6.2 04/03/2010 Myotis myotis ‐
France 50.4 3.5 01/03/2008 Myotis mystacinus ‐
France 47.2 1.4 24/02/2010 Myotis myotis ‐
France 47.2 1.4 24/02/2010 Myotis myotis ‐
Belgium 50.8 5.6 09/02/2008 Myotis dasycneme ‐
Belgium 50.8 5.6 20/03/2008 Myotis daubentonii ‐
Belgium 50.8 5.6 17/01/2010 Myotis dasycneme ‐
Belgium 50.3 5.9 07/03/2010 Myotis myotis ‐
Belgium 50.8 5.7 13/03/2010 Myotis dasycneme ‐
Netherlands 52.0 5.7 04/03/2010 Myotis mystacinus ‐
Danmark 56.4 9.1 14/03/2010 Myotis myotis ‐
Germany 51.8 10.8 02/02/2008 Myotis myotis ‐
Germany 51.6 10.5 07/02/2010 Myotis myotis ‐
Germany 51.7 10.3 20/03/2010 Myotis myotis ‐
Germany 52.3 9.5 23/03/2010 Myotis mystacinus ‐
Germany 52.3 9.5 23/03/2010 Myotis dascyneme ‐
Austria 46.8 16.0 07/02/2007 Myotis myotis
Poland 50.8 16.7 07/03/2010 Myotis myotis ‐
Romania 46.8 22.6 29/03/2008 Myotis blythii ‐
Romania 45.4 25.2 14/03/2009 Myotis myotis/blythii ‐
Turkey 41.9 27.9 22/03/2009 Myotis myotis/blythii ‐
Ukraine 48.8 26.6 13/02/2010 Myotis myotis ‐
France 49.1 6.6 06/04/2009 Myotis myotis ‐
France 48.5 6.9 28/02/2009 Myotis myotis ‐
France 48.3 7.1 29/03/2009 Myotis myotis ‐
France 48.3 5.7 16/03/2008 Myotis myotis ‐
France 47.9 6.8 03/03/2010 Myotis myotis ‐
France 47.9 6.8 03/03/2010 Myotis myotis ‐
France 49.5 5.2 04/03/2010 Myotis myotis ‐
France 48.9 0.3 06/02/2010 Myotis myotis ‐
France 47.2 5.7 20/02/2010 Myotis myotis ‐
France 47.2 5.7 20/02/2010 Myotis myotis ‐
France 47.2 5.7 20/02/2010 Myotis myotis ‐
Germany 50.9 13.3 23/03/2010 Myotis daubentonii ‐
Germany 49.9 7.4 14/03/2010 Myotis myotis ‐
Netherlands 52.1 4.3 10/03/2005 Myotis dascycneme ‐
Romania 47.0 22.4 08/04/2008 Myotis myotis ‐
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* Dead bat 503 

# Environmental sample (see text for further explanations) 504 

505 
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Figure Legends 507 

 508 
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 519 

 520 

Fig. 1. Distribution of confirmed and suspected records of G. destructans in Europe. 521 

Data is presented for confirmed G. destructans records in red (circles, this study; 522 

triangles, published records), photographic evidence in yellow, visual reports in green. 523 

Dead bats without G. destructans are depicted as black circles.  524 

525 
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 543 

 544 

Fig. 2. Photographic evidence showing bats with confirmed G. destructans growth 545 

from (A) Estonia (May 23rd 2010, © L. Lutsar), (B) Poland (March 7th 2010, © A. 546 

Wojtaszewski), (C) Belgium (March 18th 2010, © B. Mulkens), (D) France (March 4th 547 

2010, © Y. Le Bris), (E) Netherlands (March 9th 2010, © T. Bosch) or bats with 548 

white-fungal growth suspected as G. destructans from (F) Austria (February 2nd 2007, 549 

© O. Gebhardt), (G) Germany (March 23rd 2010, © K. Passior), (H) Belgium (March 550 



27 
 

7th 2010, © F. Forget), (I) France (February 13th 2010, © J. Vittier), (J) Ukraine 551 

(February 13th 2010, © A.-T. Bashta), (K) France (June 25th 2010, © F. Blanc), (L) 552 

Turkey (March 22nd 2009, © M. Doker), and (M) Romania (March 29th 2008, © B. 553 

Szilárd). 554 

555 
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 569 

 570 

Fig. 3.Graph showing the number of live bats reported with white fungal growth 571 

(n=64) per week, starting on the first observation on January 17th and ending in June 572 

25th after the last observation.  573 


