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Abstract

Fungi are increasingly being documented as causing disease in a wide range of faunal spe-
cies, including Pseudogymnoascus destructans, the fungus responsible for white nose syn-
drome which is having a devastating impact on bats in North America. The population size
of the Australian southern bent-winged bat (Miniopterus orianae bassanii), a critically
endangered subspecies, has declined over the past 50 years. As part of a larger study to
determine whether disease could be a contributing factor to this decline, southern bent-
winged bats were tested for the presence of a range of potentially pathogenic fungi: P.
destructans, dermatophytes and Histoplasma capsulatum (a potential human pathogen
commonly associated with caves inhabited by bats). Results were compared with those
obtained for the more common eastern bent-winged bat (M. orianae oceanensis). All bats
and their environment were negative for P. destructans. A large number of fungi were found
on the skin and fur of bats, most of which were environmental or plant associated, and none
of which were likely to be of significant pathogenicity for bats. A 0—19% prevalence of H.
capsulatum was detected in the bat populations sampled, but not in the environment, indica-
tive of a low zoonotic risk. Based on the results of this study, fungi are unlikely to be contrib-
uting significantly to the population decline of the southern bent-winged bat.

Introduction

It has long been recognized that fungi can have detrimental effects on agricultural crops and
wild flora [1]. However, an increasing number of fungi are being documented as animal patho-
gens causing disease across a wide range of species, including Aspergillus sydowii in corals,
Nosema sp. in bees and Cryptococcus gattii in humans and wildlife [2]. Two recently emerged
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fungal pathogens have caused widespread declines in their host populations: Batrachochytrium
dendrobatidis, which causes chytridiomycosis in amphibians, and Pseudogymnoascus destruc-
tans, which causes white nose syndrome (WNS) in bats [3].

White nose syndrome, caused by the psychrophilic fungus, Pseudogymnoascus destructans,
has killed millions of bats in North America since its appearance there in 2006 [4]. It is believed
to have spread from Europe, where it appears to cause only minimal disease [5]. To date, no
cases of WNS have been diagnosed in Australia, and the fungus is presumed to be absent. A
wild bat from Queensland with a histologically identifiable infiltrative fungal dermatitis on the
face and wings was tested for P. destructans, but found to be negative [6]. Environmental con-
ditions in most Australian bat populations are probably not conducive to the catastrophic
spread of disease observed in North American populations, because of the low temperatures
required by the fungus to thrive and the need for high densities of bats to maintain very close
contact for transmission, as occurs in hibernating cave-dwelling bats in North America [7].
However, bent-winged bat populations could potentially fulfil the conditions needed for a cat-
astrophic outbreak, as they hibernate in high densities within caves that remain below 20°C
throughout winter [8]. A recently completed risk assessment concluded that the southern
bent-winged bat population may be at significant risk should the fungus enter Australia [8].

As well as WNS, bats may also carry other potentially pathogenic fungi. However, only a
few studies have investigated this in any detail [9-14]. A recent survey of skin diseases of cap-
tive North American, European and Australasian bats identified a range of lesions but, while
some bacterial cultures were performed, fungal causes were not explored [15]. There is very lit-
tle knowledge about which skin-related fungi occur on Australian bats, or whether any of
them have the potential to cause outbreaks affecting significant proportions of bat colonies or
populations, or whether they affect survival rates.

Some bat-associated fungi are known to be zoonotic. Histoplasma capsulatum is a dimor-
phic fungus that grows as a mould at 25°C and a yeast at 37°C [16]. It is a potential human
pathogen associated with large amounts of guano, as can be found in caves that house bats and
chicken coops. While the majority of human infections are asymptomatic, the fungus can
cause pulmonary disease, oropharyngeal ulceration and septicaemia [16, 17]. Histoplasma cap-
sulatum is found in temperate areas throughout the world, including Australia [17-19]. It pre-
fers a high nitrogen substrate, a temperature range between 22-29°C and a relative humidity
of 68-90%, conditions frequently found in caves [19]. Infections are usually acquired by inha-
lation, but can also be contracted through ingestion or by skin contact, but not by direct trans-
mission from infected humans [20]. The fungus can be found in soil and guano and is carried
by bats, having been isolated from their lungs, spleen, liver and gastrointestinal tract [21, 22].
While H. capsulatum has been associated with disease in a range of hosts, including dogs, cats,
horses, primates, mustelids, procyonids [23], reindeer (Rangifer tarandus) [24] and mara (Doli-
chotis patagonum) [25], bats are usually asymptomatic, although experimental infections have
resulted in morbidity and mortality [21]. Histoplasma capsulatum was selected for more
detailed study, not because of its possible pathogenicity for bent-winged bats, but because of
the potential to affect the humans working with these animals.

The Australian bent-winged bats are small, cave-roosting, insectivorous bats, weighing
around 15 g [26]. There are two subspecies of large bent-winged bat (Miniopterus orianae) in
south-eastern Australia that form separate maternity colonies (Cardinal and Christidis 2000).
The southern bent-winged bat (M. orianae bassanii) occurs only in south-western Victoria
and south-eastern South Australia (SA). There are three main maternity caves, one near Warr-
nambool (38.3687° S, 142.4982° E), one near Cape Bridgewater (38.3013° S, 141.4062° E) both
in Victoria and the other near Naracoorte (36.9602° S, 140.7413° E) in SA [27]. The size of the
populations centred on these two maternity caves has declined dramatically over the last 50
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years [27], and the subspecies was listed as critically endangered in 2007 under the Common-
wealth Environment Protection and Biodiversity Conservation Act 1999. The eastern bent-
winged bat (M. orianae oceanensis) is more common and widespread, being distributed along
the east coast of Australia [27]. Although numbers appear to be stable, it is listed as vulnerable
in Victoria due to the dependence on just one maternity cave.

The aim of this study was to test southern and eastern bent-winged bats for exposure to a
range of potentially pathogenic and/or zoonotic fungi: P. destructans, dermatophytes and H.
capsulatum. Not detecting P. destructans would strengthen the case that Australia is currently
free of this fungus facilitating the implementation of stricter biosecurity measures for visitors
to caves housing bats.

Materials and methods
Study population and sites

Southern and eastern bent-winged bats were captured outside cave entrances at a number of
different locations in Victoria and South Australia between April 2015 and August 2017.
Access to the main maternity cave of southern bent-winged bats in Victoria was technically
very restrictive with only opportunistic sampling possible. Therefore, most southern bent-
winged bats were trapped at nearby caves, identified in this study by their closest towns:
Allansford (38.3861° S, 142.5931° E) and two caves near Portland (38.3609° S, 141.6041° E).
South Australian southern bent-winged bats were trapped at the breeding cave entrance near
Naracoorte. Eastern bent-winged bats were trapped at the entrances of disused mines at
Christmas Hills (37.6515° S, 145.3173° E) and Eildon (37.2343° S, 145.8976° E) in central Vic-
toria and at the Victorian maternity cave near Lakes Entrance (37.8511° §, 147.9958° E) in
eastern Victoria. Sampling periods were chosen when cave conditions were most conducive to
fungal growth, to optimise detection of P. destructans (Table 1). The average temperature in
the Victorian breeding cave in September is 11°C with a relative humidity of 84%, while the
mean Naracoorte cave temperature is 16°C with a relative humidity of 60%. In North America

Table 1. Sampling sites, dates and prevalence of Pseudogymnoascus destructans, Histoplasma capsulatum and skin-associated fungi in southern and eastern bent
winged bats surveyed in Victoria and South Australia. n = sample size.

Location

Southern bent-winged bats
Warrnambool

Allansford

Portland 1

Portland 2

Portland 2

Naracoorte

Naracoorte

Eastern bent-winged bats
Christmas Hills
Christmas Hills

Eildon

Lakes Entrance
NT = Not tested

n=5

**n=75

n P. destructans (%) H. capsulatum DNA (%) Fungal DNA (%)

September 2015 6 0* 0 NT
September 2015 32 0 13 75
September 2016 45 0 0 16
February 2017 44 NT 14 80
August 2017 67 0 NT NT
January 2016 37 NT 19 8

September 2016 76 0 13 52**
April 2015 35 0 0 100
September 2015 26 0 4 92
September 2016 39 0 15 13
March 2017 51 NT 6 24

https://doi.org/10.1371/journal.pone.0204282.t001
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and Europe greater loads of P. destructans are present on bats towards the end of winter,
thereby increasing the possibility of detecting the fungus at this time [4, 28, 29]. However, sam-
pling of bats for other diseases [30] did occur in the middle of summer and early autumn.
Therefore, samples collected in January, February and March were tested for dermatophytes
and H. capsulatum, but not P. destructans. Sampling did not occur in the middle of winter, to
avoid disturbance to hibernating bats, which could have significant negative impacts on the
populations [31].

Sample collection and laboratory processing

Individuals were caught as they flew out of the caves/mines, using modified harp traps (Aust-
bat, Bairnsdale, Victoria [32]) set at dusk at the entrances. Two harp traps were used at each
cave/mine, with the exception of the Naracoorte cave, which had a more exposed entrance
necessitating the use of 12 traps. Traps were monitored continually, with the bats either left in
the harp trap bag, or transferred in small numbers (a maximum of 10 per bag) to cloth bags,
prior to sampling.

All bats were examined for any signs of disease, aged as juveniles or adults (based on the
presence of a cartilaginous core at the metacarpal-phalangeal joint [33]), sexed, weighed, and
forearm measured from carpus to elbow.

Sterile, rayon tipped, cotton swabs (Copan Flock Technologies, Brescia, Italy) were dipped
in sterile saline and then a rolling action was used to wipe several long strokes across both ven-
tral and dorsal wing surfaces and around the muzzles of all bats that were trapped.

Two separate swabs were used for each bat. One swab was used for H. capsulatum detection.
After sampling, this swab was placed in Sabouraud’s broth (Sigma-Aldrich, Castle Hill, NSW)
and kept at 4°C until it was transported to the laboratory.

The other swab was used to test for P. destructans. For the first three sampling trips (Christ-
mas Hills 1 and 2, Allansford), the swab was placed back into its sleeve after sampling and held
at 4°C until it was transported to the laboratory, where it was stored at -20°C until assayed.
These swabs were also used for dermatophyte testing. However, there was some concern that,
as no clinical cases of WNS had been observed in Australia, P. destructans, if present, could be
at very low concentrations on bats, potentially decreasing the likelihood of detecting the fun-
gus on a dry swab by using this protocol. To increase the likelihood of detection, swabs col-
lected on subsequent trips (Portland 1, Naracoorte September 2016, Portland 2 August 2017
and Eildon) were placed in Sabouraud’s broth and incubated at 4-6°C for two to four weeks
prior to testing. A similar technique was used in a Swedish survey for P. destructans [34]. Der-
matophyte testing was subsequently performed on the swabs collected for surveillance for H.
capsulatum.

All bats were examined for clinical signs of WNS using a 12 x LED ultraviolet torch emit-
ting ultraviolet light with a wavelength of 365 to 375 nm (The LED Shop, Herberton, Austra-
lia), as this has been shown to be an accurate way to detect lesions that may otherwise have not
been detected [35].

As part of a larger study, oral swabs were also collected for examination for viruses [30],
blood was collected for haematological and biochemical analyses, and ectoparasites were col-
lected. Following sampling, all bats were released at the point of capture, typically within four
to six hours.

As P. destructans has been shown to persist in the environment [36, 37], 30 swab samples
were collected from guano and cave surfaces. A 100 metre line was walked through the Nara-
coorte cave, and the environment was swabbed at 10 metre intervals. For the other caves,
swabs were taken from the ground under roosting bats. In addition to the caves from which
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bats were trapped, a second cave near Allansford and one at Cape Bridgewater (38.3013° S,
141.4062° E) were sampled. Swabs were dipped into guano piles or wiped over the rock sur-
faces of the caves. All swabs were then kept at 4°C until transported to the laboratory, where
they were stored at -20°C until assayed. These samples were collected before the incubation
method was initiated and were processed without incubation.

As H. capsulatum has been associated with guano and cave surfaces [22], 51 samples were
collected from caves inhabited by bent-winged bats. In addition to swabs from the caves sam-
pled for P. destructans, swabs were also collected from caves at Byaduk (37.9352° S, 141.9653°
E) and Mt. Porndon (38.3128° S, 143.2878° E), and from the interior of the Warrnambool
maternity cave. The probability of detecting H. capsulatum has been shown to be greater if
guano is sampled below the surface [19], so swabs were dipped into guano piles (rather than
collecting from the surface of the guano), or wiped over the rock and soil surfaces. As the fun-
gus has been shown to be unevenly distributed throughout a cave [21, 22], it was thought pos-
sible that random sampling of cave surfaces may not accurately reflect the presence or absence
of the fungus. Therefore, swabs were also taken of the sides and soles of the boots worn by
three participants following a trip to the Warrnambool maternity cave.

Necropsies

At the start of the study an initial visit to the Warrnambool cave revealed some dead, decom-
posed bat remnants scattered within the cave. The remnants consisted of fur, bones and wing
fragments, and appeared to be clustered together in several groups under ledges around the
periphery of the cave. The groups contained 26, 11, 11 and one bat remnants. Over the course
of the study, four juvenile bats from the Naracoorte cave were euthanized because of fractures
incurred while flying out of the cave (unrelated to capture), and three bats were found dead
from unknown causes (two from the Naracoorte cave and one from the Warrnambool cave).
The skin of these bats and bat remnants was swabbed and tested for P. destructans and H. cap-
sulatum. Following a complete necropsy of the seven freshly dead bats, swabs were wiped
through the abdominal cavity and over the internal organs. The swabs were then placed in
Sabouraud’s broth for H. capsulatum testing.

A single dead southern bent-winged bat, which appeared to be covered in white fungal
material (termed ‘UBat’), was found in Portland 2 cave in October 2016 (Fig 1). A swab was
taken from this bat and DNA extracted and tested for P. destructans.

Air sampling
To test for the possibility of exposure to H. capsulatum by aerosol, an air sampler (Coriolis
Micro, Bertin Instruments, France) was taken into the Warrnambool cave in September 2016
and air samples were collected within the cave at six locations where large numbers of bats
roosted, and there were guano piles and human traffic. The air sampler cone was filled with 15
ml sterile saline and the sampler was run at an air flow rate of 300 L/min for ten minutes at
each of the locations. The entire volume of saline was inoculated into Sabouraud’s broth,
which was kept at 4°C until it was transported to the laboratory.

All samples were taken to the laboratory within 36 hours of collection.

Laboratory methods

DNA from the swabs and from 300 ul aliquots of the Sabouraud’s broths to be tested for P.
destructans was manually extracted using the method described by Steer et al. [38]. Extracted
DNA was used as a template in a PCR assay, using primers (5'-GGGGACGTCCTAAAGCCT-3,
5 -TTGTAATGACGCTCGGAC-3') targeting a 624 bp region of the ribosomal RNA gene
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Fig 1. Photograph of the dead southern bent-winged bat covered in white fungal material that was found in
Portland 2 cave (‘UBat’).

https://doi.org/10.1371/journal.pone.0204282.g001

internal transcribed spacer (ITS) [39]. PCR negative controls containing no DNA template
and PCR positive controls containing extracted P. destructans DNA, obtained from the Mycol-
ogy Reference Laboratory, Bristol, UK, were also included. PCR products were visualised after
electrophoresis through an agarose gel.

Broths containing swabs to be tested for H. capsulatum were placed in an incubator at 37°C
for 72 hours to allow the growth of the non-infectious yeast form of the fungus. Prior to open-
ing the vials, organisms in the cultures were then inactivated by incubating them in a water
bath at 90°C for 10 minutes [40].

Once inactivated, fungal DNA was extracted, using the same method as described for P.
destructans. Extracted DNA was used as a template in a PCR assay, using primers (5'-GCG
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TTCCGAGCCTTCCACCTCAAC-3/, 5'~ATGTCCCATCGGGCGCCGTGTAGT-3') designed to
amplify a 391 bp region of a gene coding for a 100-kDa-like protein, specific for H. capsulatum
[41]. PCR negative controls containing no DNA template and PCR positive controls contain-
ing extracted H. capsulatum DNA, obtained from the Mycology Reference Laboratory, Bristol,
UK, were also included. PCR products were visualised after electrophoresis through an agarose
gel and products from a selection of the positive samples were purified (QIAquick Gel Extrac-
tion Kit, Qiagen, Melbourne, Australia) and subjected to Sanger sequencing (using Big Dye
Terminators version 3.1, Applied Biosystems, Melbourne, Australia) to confirm their identity.

Dermatophyte testing was only undertaken on swabs collected from bats. Extracted DNA was
used as a template in a PCR, using primers (5'-TCCGTAGGTGAACCTGCGG-3', 5'-TCCTCCG
CTTATTGATATGC-3') designed to amplify a 330 bp region of the fungal ribosomal RNA genes
ITS1 and ITS4 [42]. PCR products were separated by electrophoresis through an agarose gel.

The most prominent bands on each gel were purified from the agarose (QIAquick Gel
Extraction Kit, Qiagen, Melbourne, Australia) for further analysis. DNA was quantified in
each sample using a NanoDrop spectrophotometer (Thermo Fisher Scientific, USA) and then
submitted to a commercial laboratory (Australian Genome Research Facility, Gehrmann Lab-
oratories, University of Queensland, Australia) for diversity profiling.

PCR amplicons were generated using the ITS1 (CTTGGTCATTTAGAGGAAGTAA) and ITS2
(GCTGCGTTCTTCATCGATGC) primers. PCR cycle conditions were: 7 minutes at 95°C, fol-
lowed by 35 cycles of 30 seconds at 94°C, 45 seconds at 55°C and 60 seconds at 72°C, followed
by a final 7 minute extension at 72°C. Thermocycling was completed with an Applied Biosys-
tem 384 Veriti and using AmpliTaq Gold 360 mastermix (Life Technologies, Australia) for the
primary PCR. The first stage PCR was cleaned using magnetic beads, and samples were visual-
ised on 2% Sybr Egel (Thermo Fisher Scientific, USA). A secondary PCR to index the ampli-
cons was performed with TaKaRa Taq DNA Polymerase (Clontech, USA). The resulting
amplicons were cleaned again using magnetic beads, quantified by fluorometry (Promega
QuantiFluor, Australia) and normalised. The equimolar pool was cleaned a final time using
magnetic beads to concentrate the pool and then measured using a High-Sensitivity D1000
Tape on an Agilent 2200 TapeStation. The pool was diluted to 5nM and molarity was con-
firmed again using a High-Sensitivity D1000 Tape. This was followed by sequencing on an
MMlumina MiSeq (San Diego, CA, USA) with a V3, 600 cycle kit (2 x 300 base pairs paired-end).

Paired-ends reads were assembled by aligning the forward and reverse reads using PEAR
(version 0.9.5) [43]. Primers were identified and trimmed. Trimmed sequences were processed
using Quantitative Insights into Microbial Ecology (QIIME 1.8) [44] USEARCH (version
8.0.1623) and UPARSE software [45, 46].

Using USEARCH tools sequences were quality filtered, full length duplicate sequences were
removed and sorted by abundance. Singletons or unique reads in the data set were discarded.
Sequences were clustered followed by chimera filtered using “Unite” database as reference. To
obtain number of reads in each OTU, reads were mapped back to OTUs with a minimum
identity of 97%. Using QIIME, taxonomy was assigned using Unite database (Unite Version7.1
Dated: 22.08.2016) [47].

A total of 26 samples collected from bats were submitted, but only 18 of these contained
sufficient DNA for profiling. Sequences were deposited in the NCBI database BioProject ID
PRJNA484260.

Statistical analyses

A range of potential internal and external predictor variables were screened for association
with detection of H. capsulatum DNA, using univariable logistic regression. These included
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subspecies, location (grouped as South Australian southern bent-winged bat, Victorian south-
ern bent-winged bat and Victorian eastern bent-winged bat), body mass, sex, and age (adult or
juvenile) (internal factors). Season (spring, summer, autumn) was the only external factor
included. All factors significant at P < 0.20 were subsequently included in a multivariable
logistic regression model, using backward stepping. The final model only included those vari-
ables significant at P < 0.05. All statistical analyses were performed using Minitab 18 (Minitab,
USA).

Results

A total of 325 live bats and 30 environmental samples were tested by PCR for the presence of
P. destructans. All samples were negative.

The swab sample taken from the dead southern bent-winged bat that was found covered in
white fungal material in Portland 2 cave (‘UBat’) yielded a band on the agarose gel, suggesting
the presence of P. destructans. The DNA sequence of the product had 99% identity with that of
P. destructans (GenBank Accession No. KP714633.1). A sample was submitted to the Austra-
lian Animal Health Laboratory (AAHL) in Geelong for confirmation. Further testing by
AAHL indicated that this isolate did not contain the C-deletion at position 125 described by
Shuey et al. (2014) as indicative of P. destructans. Therefore, the sample was classified as nega-
tive. Diversity profiling found that 66.4% of this bat’s fungal flora consisted of a Gymnoascus
species (Table 2).

A swab of guano from Portland 1 in August 2017 also yielded a band suggestive of the pres-
ence of P. destructans. The sequence of this product had 94% identity with P. destructans. Con-
sequently, this sample was also submitted to AAHL for confirmation, but yielded a negative
result when subjected to the PCR assay described by Shuey et al. (2014).

Between 0 and 19% of bats, depending on location and sampling date, were carrying H. cap-
sulatum based on PCR (Table 1). The highest proportion of infected bats was found among the
southern bent-winged bats from Naracoorte in January 2016 (19%; n = 37), while no H. capsu-
latum was detected on southern bent-winged bats from Portland 1 in September 2016 (n = 45)
or eastern bent-winged bats from Christmas Hills in April 2015 (n = 35). However, the bats
from Christmas Hills did have a low level of H. capsulatum carriage (4%; n = 26) in September
of the same year. All 51 environmental samples were negative, as were the samples from the
decomposed bat remnants and necropsied bats.

The prevalence of fungal carriage by the bats, based on PCR, ranged from 8-100%

(Table 1). The highest proportion of bats with detectable fungus was among the eastern bent-
winged bats from Christmas Hills in April 2015 (100%; n = 35), with this population also hav-
ing a high prevalence when resampled in September of the same year (92%; n = 26). The lowest
prevalence of fungi was among the southern bent-winged bats at Naracoorte in January 2016
(8%; n = 37). This had increased to 52% (n = 75) when the population was resampled in Sep-
tember of that year.

A total of 115 fungal species were identified through the diversity profiling carried out on
the 18 bats with sufficient fungal DNA (Table 2). Of these, 80 species were found on eastern
bent-winged bats, 39 species on Victorian southern bent-winged bats and 16 species on South
Australian southern bent-winged bats. Because of the large number of fungal species identi-
fied, fungi constituting less than 0.2% of a bat’s total fungal population were excluded from the
table. The only fungal species of interest (because of its close relationship to P. destructans)
present at a prevalence of below 0.2% was Pseudogymnoascus roseus, which was found on bat
‘M5’ at a prevalence of 0.03%.
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Table 2. Fungal diversity profiling results expressed as a percentage of the total mycobiome on 18 bent-winged bats from five caves. Sampling location:
CH = Christmas Hills, LE = Lakes Entrance, A = Allansford, N = Naracoorte, P = Portland, Month of sampling: Apr = April, Sep = September, Jan = January,
Feb = February, Oct = October, Mar = March. Bat identification number including the sex of the individual: M = Male, F = Female, U = Unknown.

Eastern bent-winged bat Southern bent-winged bat
Location CH| CH | CH | CH|CH | CH | CH| LE | LE A A A N N N P P P
Month of sampling Apr | Apr | Apr | Apr | Apr | Sep | Sep | Mar | Mar | Sep | Sep | Sep | Jan | Jan | Jan | Feb | Feb | Oct
Bat ID M5 | M11 | M15 | F27 | M32 | F10 | F27 | F22 | M32 | M19 | F30 | M32 | F26 | M27 | M31 | M6 | M43 | UBat
Ascomycota
Alternaria sp. 74 | 61 | 59 | 53 | 27
Alternaria betae-kenyensis 0.8

Alternaria kulundii 5.7

Apodospora sp. 0.9

Arachnopeziza aurata 1.8
Ascomycota sp. 72 | 4.6 4.2 70 | 44 | 40 | 0.7 | 2.1 03 | 199 | 59 9.5 6.0 11.8

Aspergillus carbonarius 1.1

Aspergillus flavus 95.4

Aspergillus penicillioides 0.9 4.3

Aspergillus piperis 1.1 94.5

Aureobasidium pullulans 1.1 10.9
Bagadiella koalae 0.7

Camarosporium sp. 2.4

Candida athensensis 5.5

Capnobotryella sp. 0.8
Capnodiales sp. 64 | 1.0 4.1
Chrysosporium sp. 1.3

Cladosporium delicatulum 10.5 | 0.6
Cochliobolus sp. 0.7
Davidiella tassiana 18.1 | 15.0 | 146 | 285 | 8.6 | 0.7 | 25.1 9.6

Debaryomyces udenii 11.1 | 1.8 1.8

Didymella exigua 0.4
Dothideomycetes sp. 42 | 16 79.2

Eurotiomycetes sp. 1.3

Gymnoascus sp. 66.4

Hypocreales sp. 2.2

Lasiosphaeriaceae sp. 2.8

Leotiomycetes sp. 0.6
Leptosphaeriaceae sp. 7.0 | 55 57 |11.6 | 7.0 | 53
Letendraea sp. 1.2

Microascus longirostris 3.3

Mycosphaerella tassiana 22 | 60 | 213

Mycosphaerellaceae sp. 0.8

Myriangiales sp. 1.1 2.0 4.5

Myriodontium sp. 4.5

Myrothecium sp. 0.7

Nectriaceae sp. 1.1

Neocatenulostroma microsporum 0.2

Neodevriesia capensis 1.7

Neophaeosphaeria sp. 0.9

Neophysalospora eucalypti 64.5

Oidiodendron cereale 8.6

(Continued)
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Table 2. (Continued)

Eastern bent-winged bat

Southern bent-winged bat

Location

CH

CH

CH

CH

CH

CH

CH

LE

LE

A

N

N N P P P

Month of sampling

Apr

Apr

Apr

Apr

Apr

Sep

Sep

Mar

Mar

Sep

Sep

Sep

Jan

Jan | Jan | Feb | Feb | Oct

Bat ID

M5

Mi11

M15

F27

M32

F10

F27

F22

M32

M19

F30

M32

F26

M27 | M31 | M6 | M43 | UBat

Paraconiothyrium variabile

1.1

3.6

Penicillium bialowiezense

0.6

Penicillium crustosum

1.1

Penicillium polonicum

1.9

Penicillium spinulosum

0.6

2.4

Phaeothecoidea minutispora

0.8

Phoma calidophila

1.8

16.1

2.7

6.0

18.9

2.7

Pleospora herbarum

1.7

0.8

Pleosporaceae sp.

3.1

2.7

2.0

2.4

6.7

Pleosporales sp.

4.7

6.0

52

5.1

2.6

1.1

25.2

3.9 7.7

Podospora glutinans

26.1

Pseudogymnoascus roseus

0.03

Readeriella angustia

1.6

Schizothecium carpinicola

2.5

Schizothecium sp.

3.8

Simplicillium aogashimaense

0.7

Sordariomycetes sp.

0.6

0.1

Strelitziana albiziae

1.5

Teratosphaeria capensis

3.2

2.1

4.17

3.0

2.0

Teratosphaeriaceae sp.

50.7

Toxicocladosporium strelitziae

0.6

Trichocomaceae sp.

0.7

Ulocladium chartarum

86.5

Wickerhamia fluorescens

0.7

2.4

Xenophacidiella pseudocatenata

2.7

0.9

Basidiomycota

Agaricales sp.

0.8

Agaricomycetes sp.

0.7

1.3

Agaricostilbum hyphaenes

0.6

Atheliaceae sp.

8.6

Auricularia mesenterica

1.7

Bandoniozyma noutii

0.6

Basidiomycota sp.

1.5

Brevicellicium olivascens

Bullera sp. VY 86

1.6

1.2

Bullera sp.

1.6

6.8

Cryptococcus aff amylolyticus AS 22501

0.7

Cryptococcus albidus

2.7

0.6

6.0

2.3

2.1

Cryptococcus friedmannii

12.0

Cryptococcus laurentii

1.1

Cryptococcus sp.

0.6

Cryptococcus victoriae*

0.5

Cystofilobasidium capitatum

4.7

Duportella sp. JK 2014

3.7

(Continued )
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Table 2. (Continued)

Eastern bent-winged bat

Southern bent-winged bat

Location CH| CH | CH | CH|CH | CH| | CH | LE LE A A A N N N P P P
Month of sampling Apr | Apr | Apr | Apr | Apr | Sep | Sep | Mar | Mar | Sep | Sep | Sep | Jan | Jan | Jan | Feb | Feb | Oct
Bat ID M5 | M11 | M15 | F27 | M32 | F10 | F27 | F22 | M32 | M19 | F30 | M32 | F26 | M27 | M31 | M6 | M43 | UBat
Duportella sp. 14.2
Gloeocystidiellum sp. 1.0 1.9

Hannaella luteola 6.1

Kondoa aeria 222

Limonomyces sp. 2.6

Lycoperdon utriforme 10.0

Ossicaulis lachnopus 2.0

Peniophoraceae sp. 0.8

Polyporales sp. 0.9

Polyporus tricholoma 0.7

Pyrofomes demidoffii 0.6

Rhodotorula mucilaginosa 14 | 13 | 1.8 2.4 859 | 56 | 0.7 | 3.9 3.6

Rhodotorula slooffiae 0.7 0.6

Rhodotorula taiwanensis 5.6

Sporidiobolales sp. 68 | 11 | 38 | 1.1 | 16 | 14

Sporobolomyces phyllomatis 1.0

Sporobolomyces roseus 99.1 2.7

Sporobolomyces ruberrimus 0.8

Trametes versicolor 3.4

Tremella indecorata 0.9

Tremellomycetes sp. 1.2

Trichosporon cutaneum” 16 | 17

Trichosporon guehoae# 0.8

Tubulicrinis sp. 0.6 1.7

Udeniomyces puniceus 40 | 07 | 34 | 39 | 1.7 | 25 43 | 1.2

Zygomycota

Mortierella indohii 9.6
Mortierella parvispora 0.7 4.2

Mortierella sp. 1.5

Unclassified

Fungi sp. 14 09 | 09 | 81 |61.0 35 5.2

* Now Vishniacozyma victoriae.
A Now Cutaneotrichosporon cutaneum.

# Now Cutaneotrichosporon guehoae.

https:/doi.org/10.1371/journal.pone.0204282.t002

The most commonly occurring fungal species were Rhodotorula mucilaginosa (found on
four eastern bent-winged bats and five southern bent-winged bats), Pleosporales sp. (five east-
ern bent-winged bats and four southern bent-winged bats), Davidiella tassiana (seven eastern
bent-winged bats and one southern bent-winged bat), Udeniomyces puniceus (six eastern bent-
winged bats and two southern bent-winged bats) and Phoma calidophila (six eastern bent-

winged bats and one southern bent-winged bat).

The largest number of bats with fungi, and the greatest fungal diversity, was found on east-
ern bent-winged bats from Christmas Hills, which carried 74 of the 115 species identified.
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Leptosphaeriaceae sp. Pleosporaceae sp., Teratosphaeria capensis, Cryptococcus albidus and
Sporidiobolales sp. were only found on Christmas Hills bats. While many of the individual bats
of both subspecies carried a number of different fungi, the mycobiome of several bats was
dominated by a single fungal species: Aspergillus flavus on southern bent-winged bat number
‘F26’ (95.4% of all fungi on the bat), Aspergillus piperis on southern bent-winged bat number
‘M6’ (94.5%), Rhodotorula mucilaginosa on southern bent-winged bat number ‘M19’ (85.9%),
Sporobolomyces roseus on eastern bent-winged bat number ‘M32’ (99.1%), and Ulocladium
chartarum on eastern bent-winged bat number ‘F22° (86.5%).

Using univariable logistic regression, season was the only significant predictor (i.e. p<0.05)
associated with carriage of H. capsulatum (p = 0.018). This was due to an overall higher proba-
bility of finding H. capsulatum in summer compared to autumn (OR = 6.5; 95% CI = 1.3,
32.5). When placed in a multivariable logistic regression model no predictors had a significant
association with carriage. The association between season and the presence of H. capsulatum
was no longer significant when location group was added in the model.

Discussion

This study is the first survey of the fungal flora of Australian bent-winged bats.

Pseudogymnoascus destructans was not detected on any of the bats sampled, nor in their
environment. To date, there is only one published survey for P. destructans on M. schreibersii
(a closely related species) from Europe [48]. In that study, depending on the method used (his-
topathology, UV light or PCR), the prevalence of carriage was 17, 47 or 100%, respectively.
When established in bat populations, the prevalence of P. destructans in late winter/early
spring (when the survey described here was conducted) typically ranges from 4 to 55% when
using histology [49], and 25 to 100% when using PCR [48]. A survey of clinically unaffected
bats in Tennessee (a region of the USA with a climate more similar to that of south-eastern
Australia than that of Europe) found a prevalence of carriage of P. destructans of 29% [50].
Based on this level of prevalence, only 15 bats would need to be sampled from a population of
10,000 to be 99% confident that the fungus is absent [51]. However, a false negative result
might be plausible if the fungus had arrived very recently in one or more of the bat populations
surveyed. A North American survey found that the prevalence of P. destructans increased rap-
idly on introduction, from 1/129 bats sampled to 100% two years later [52].

While Sabouraud’s broth has been shown to be an effective growth medium for the culture
of P. destructans [53] dextrose-peptone-yeast extract agar produces more viable colonies [54].
However, as this study was not concerned with growing viable colonies of P. destructans, but
detecting its presence by molecular methods, as well as testing for the presence of other fungi,
the use of Sabouraud’s broth was deemed to be an acceptable compromise.

The bat and environmental sample that were tentatively reported as positive by PCR were
shown to be negative upon confirmatory testing. The PCR that was used is not specific for P.
destructans and will also detect closely related fungi [39], which was most likely the reason for
these results in our study. A more specific PCR can be used to exclude false positives [55], but
as the purpose of this study was primarily to determine absence or presence of the pathogen,
rather than to determine its prevalence, maximal sensitivity, rather than specificity, was
deemed to be the more important characteristic for initial testing. The PCR employed in our
study has a sensitivity of 96% [39] and is still being used for P. destructans surveillance in
North America [56].

Despite the absence of P. destructans in the samples, the fungal diversity survey showed that
the genus Pseudogymnoascus is present in Australia, as low concentrations of P. roseus were
detected on one bat. This is not surprising, as the group contains a large number of widely
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distributed saprophytic fungi [57]. Although it is related to P. destructans [58], P. roseus is a
saprophyte found associated with soil, roots and wood [59]. It has greater saprophytic enzyme
activity than P. destructans, allowing it to grow faster and utilize a broader range of substrates
[60, 61], and is not known to cause disease.

A great diversity of predominantly environmental and plant-associated fungi was identified
on the skin of bats. While several genera found in bat fungal surveys from Europe and North
America were also detected in this study [11-14], many of the species were different possibly
due to variations in cave environments and bat species. A recent sediment survey of three
caves within the Naracoorte Caves National Park found a range of different fungal species
[62], but none of the species found in these caves were present on the three bats that were sam-
pled in this study. While the bats were not from the caves sampled for the environmental sur-
vey their cave was located within one kilometre of the other caves. The fungal flora of the bats’
cave is not known but bats rarely venture onto the floor of the cave resulting in minimal con-
tact with the cave sediment.

A few fungi which, in rare circumstances or immunocompromised individuals can become
pathogenic were identified. Aspergillus flavus, which was only found on one southern bent-
winged bat from Naracoorte, is primarily a plant pathogen, but can produce aflatoxins which,
when ingested, have been implicated as a cause of hepatic necrosis, and can cause chronic
mucosal and systemic infections in a range of animal species [63]. While Rhodotorula mucilagi-
nosa (found on eastern bent-winged bats from Christmas Hills and southern bent-winged bats
from Allansford and Naracoorte) was thought to be non-pathogenic and is commonly isolated
from foods and beverages, it has caused fungaemia in humans, associated with the use of intra-
venous catheters [64]. Cryptococcus albidus, found at low levels on five Christmas Hills eastern
bent-winged bats, is a saprophytic yeast that has occasionally caused disease. It has been iso-
lated from cases of meningitis, fungaemia, and pulmonary and cutaneous infections in
humans [65], genital infection and keratitis in horses, and systemic disease in a dog [66]. Cryp-
tococcus laurentii, found on one Christmas Hills eastern bent-winged bat, is also a saprophyte,
but has caused cutaneous infection in humans [67]. Trichosporon (Cutaneotrichosporon) cuta-
neum, found on two Allansford southern bent-winged bats, has caused hair infections and
onychomycosis in humans [68]. Trichosporon (Cutaneotrichosporon) guehoae, found on a
Christmas Hills eastern bent-winged bat, was recovered from the urine of a hospitalised
patient, associated with a contaminated urinary catheter [69]. Chrysosporium sp., found on the
dead southern bent-winged bat from Portland 2 cave, has caused dermatitis and cellulitis in
snakes [70]. There are, however, no reports of any of these fungal species causing disease in
bats.

Bats and their environment were tested for H. capsulatum, not because of its capacity to
cause disease in bats, but because of its zoonotic potential and the role bats play in its mainte-
nance and dissemination. Histoplasma capsulatum has caused disease in humans in Australia
[17-19], including one Victorian case that was thought to originate from Mabel Cave, near
Buchan (37.5122° S, 148.1658° E), in eastern Victoria [71]. At least one of these outbreaks was
associated with caves inhabited by bats of the Miniopterus genus (Hunt et al. 1984).

The role that other bat species may play in the maintenance and dissemination of H. capsu-
latum in Australia is unknown. Previous studies have detected this fungus on a large number
of different bat species [21], but the ability to detect it at any given time varies. One study cul-
tured H. capsulatum from the lungs, liver, spleen, intestines and kidneys of 50/302 Mexican
free-tailed bats (Tadarida braziliensis) [72], while other studies failed to detect it in 108 big
brown bats (Eptesicus fuscus), and 86 Mexican free-tailed bats, even though it could be isolated
from soil contaminated with their guano [72, 73]. The reasons for these differences are

PLOS ONE | https://doi.org/10.1371/journal.pone.0204282 October 10, 2018 13/19


https://doi.org/10.1371/journal.pone.0204282

@° PLOS | ONE

Fungal survey of bent-winged bats

unknown, but were suggested to be related to variations in the microclimate within the cave
environment, and differences in air flow and bat roosting behaviour [21, 73].

While some of these studies failed to find fungi on bats even though it was recovered from
their environment, the converse was the case in our study. Histoplasma capsulatum was identi-
fied by PCR on swabs taken directly from bats, but it was not identified in any substrate or air
samples that were tested. This was unexpected, as H. capsulatum is thought to grow in guano
and the surrounding cave environment [16, 19, 22], which also seems the most likely source of
exposure for the bats. Previous studies have had variable success in isolation of H. capsulatum
from different regions within caves when testing air and substrate samples [19, 22, 72], but
none were completely negative.

Temperatures within the caves tested in our survey are generally below 20°C year round [8,
74]. The mould form of H. capsulatum grows optimally at temperatures between 22 and 29°C
[19]. Therefore, it is conceivable that the temperatures in the caves surveyed are too low to
allow fungal proliferation and it is only present in the substrate at very low levels. This possibil-
ity is supported by experimental work that has shown that, while H. capsulatum remained via-
ble at 5 or 10°C, it did not grow at these temperatures [75]. The largest cave-associated
outbreak of histoplasmosis in Australia, involving 16 people, occurred after exposure to
Church Cave (34.3098° S, 149.9675° E) in New South Wales [19]. This cave has a mean annual
temperature of 23°C [74], which is within the preferred growth temperature range of H. capsu-
latum. Although not statistically significant when location was taken into consideration, the
trend was for bats to be more likely to be positive for H. capsulatum in the summer than the
autumn, when cave temperatures are warmer and the bats are more active. This suggests that
the lower environmental temperatures in these southern caves may have been responsible for
its apparent absence in environmental samples, but more samples collected over the seasons
would be required to confirm this.

At 35-37°C, H. capsulatum grows as a yeast [16]. While not hibernating, bats maintain a
body temperature within this range [76, 77]. It is plausible that the bats were exposed to low
levels of the fungal mycelium in their environment, which then morphed into the yeast form
on their skin and multiplied, suggesting that they can act as an amplifying host. However, in
this form the fungus is not contagious [20], which minimises the risks to the humans handling
them. As further evidence of this, two of the authors (PH and LL) had blood samples collected
from them at the end of the study for H. capsulatum serology (Immunodiffusion Assay, Infec-
tious Diseases and Microbiology, Westmead Hospital, NSW), and both were found to be nega-
tive. As seroconversion takes two to six weeks [16], it might have been expected that, after
more than two years of work with these bats, had the authors been exposed to the fungus, they
would have seroconverted.

In conclusion, P. destructans was not found on any of the bent-winged bats sampled nor in
their environment, further substantiating the view that this fungus is absent from these envi-
ronments. However, as P. destructans has been identified as a potential future risk factor,
should it enter Australia [8], research is required to further evaluate the vulnerability of Aus-
tralian bats to WNS by gathering more information on their biology, hibernation behaviour
and the climate of the caves they occupy.

Low levels of H. capsulatum were detected in most of the bat populations sampled but cave
temperatures in the region sampled here appeared to be too low for mycelial growth, minimis-
ing the zoonotic risk.

Southern and eastern bent-winged bats carry a large number of fungi on their skin, mostly
environmental and plant-associated. While some of these have pathogenic potential, no clini-
cal signs suggestive of the diseases these fungi might be expected to cause have been described
in these bats to date. Based on these results, fungi are unlikely to be contributing significantly
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to the population decline of the southern bent-winged bat. As this is the first fungal survey of
bent-winged bats to be conducted in Australia, it has provided valuable baseline data about the
normal fungal flora of these bats.
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Samples were collected with approval from the Faculty of Veterinary and Agricultural Science
Animal Ethics Committee, University of Melbourne, Victoria (ethics approval 1513456.1), the
Department of Environment, Land, Water and Planning, Victoria (permit number 0007644),
the Wildlife Ethics Committee, South Australia (permit number 37/2015) and the Department
of Environment, Water and Natural Resources, South Australia (permit number Q26488-1).

Acknowledgments

The authors would like to thank the Holsworth Wildlife Research Endowment, the Wildlife
Disease Association Australasia, the Karst Conservation Fund, the Department of Environ-
ment, Land, Water and Planning, and David Middleton for providing generous financial sup-
port for this project. The lead author was supported by an Australian Postgraduate Award
scholarship. The authors acknowledge use of the services and facilities of AGRF. The authors
acknowledge the valuable assistance provided by David Blehert, Andrew Borman, Amanda
Bush, Rhys Bushell, Alejandra Calderdn, Anthony Chamings, Yvonne Ingeme, Sarah Kidd,
Barbara Konsak-Ilievski, Alistair Legione, David McLelland, Carol Meteyer, Tony Mitchell,
Penelope Steer-Cope, Emmi van Harten, Reto Zollinger and the numerous other volunteers
involved with the bat trapping and sampling trips.

Author Contributions

Conceptualization: Peter H. Holz, Linda F. Lumsden, Jasmin Hufschmid.

Data curation: Peter H. Holz, Marc S. Marenda, Jasmin Hufschmid.

Formal analysis: Peter H. Holz, Marc S. Marenda, Glenn F. Browning, Jasmin Hufschmid.
Funding acquisition: Peter H. Holz, Jasmin Hufschmid.

Investigation: Peter H. Holz, Linda F. Lumsden, Marc S. Marenda, Jasmin Hufschmid.

Methodology: Peter H. Holz, Linda F. Lumsden, Marc S. Marenda, Glenn F. Browning, Jas-
min Hufschmid.

Project administration: Peter H. Holz, Jasmin Hufschmid.

Resources: Linda F. Lumsden, Marc S. Marenda, Jasmin Hufschmid.

Software: Marc S. Marenda.

Supervision: Linda F. Lumsden, Marc S. Marenda, Glenn F. Browning, Jasmin Hufschmid.
Writing - original draft: Peter H. Holz.

Writing - review & editing: Linda F. Lumsden, Marc S. Marenda, Glenn F. Browning, Jasmin
Hufschmid.

References

1. Anderson PK, Cunningham AA, Patel NG, Morales FJ, Epstein PR, Daszak P. Emerging infectious dis-
eases of plants: pathogen pollution, climate change and agrotechnology drivers. Trends Ecol Evol.
2004; 19(10):535-44. Epub 2006/05/17. https://doi.org/10.1016/j.tree.2004.07.021 PMID: 16701319.

PLOS ONE | https://doi.org/10.1371/journal.pone.0204282 October 10, 2018 15/19


https://doi.org/10.1016/j.tree.2004.07.021
http://www.ncbi.nlm.nih.gov/pubmed/16701319
https://doi.org/10.1371/journal.pone.0204282

@° PLOS | ONE

Fungal survey of bent-winged bats

10.

11.

12

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

Fisher MC, Henk DA, Briggs CJ, Brownstein JS, Madoff LC, McCraw SL, et al. Emerging fungal threats
to animal, plant and ecosystem health. Nature. 2012; 484(7393):186—94. Epub 2012/04/14. https://doi.
org/10.1038/nature 10947 PMID: 22498624; PubMed Central PMCID: PMCPMC3821985.

Eskew EA, Todd BD. Parallels in amphibian and bat declines from pathogenic fungi. Emerg Infect Dis.
2013; 19(3):379-85. Epub 2013/04/30. https://doi.org/10.3201/eid1093.120707 PMID: 23622255;
PubMed Central PMCID: PMCPMC3647649.

Puechmaille SJ, Frick WF, Kunz TH, Racey PA, Voigt CC, Wibbelt G, et al. White-nose syndrome: is
this emerging disease a threat to European bats? Trends Ecol Evol. 2011; 26(11):570-6. https://doi.
org/10.1016/j.tree.2011.06.013 PMID: 21835492.

Leopardi S, Blake D, Puechmaille SJ. White-nose syndrome fungus introduced from Europe to North
America. Curr Biol. 2015; 25(6):R217-9. https://doi.org/10.1016/j.cub.2015.01.047 PMID: 25784035.

Barrett J, Bingham J, Eagles D, Bagnara A, Griffiths J, Valdeter S, et al., editors. Infiltrative fungal der-
matitis in an Australian free-tail bat—do we have white-nose syndrome? 16th Australasian Bat Society
Conference; 2014; Townsville, Queensland.

Langwig KE, Frick WF, Bried JT, Hicks AC, Kunz TH, Kilpatrick AM. Sociality, density-dependence and
microclimates determine the persistence of populations suffering from a novel fungal disease, white-
nose syndrome. Ecology Letters. 2012; 15(9):1050—7. https://doi.org/10.1111/j.1461-0248.2012.
01829.x PMID: 22747672.

Holz P, Hufschmid J, Boardman W, Cassey P, Firestone S, Lumsden L, et al. Qualitative risk assess-
ment: White-nose syndrome in bats in Australia2016:[55 p.]. Available from: http://
wildlifehealthaustralia.com.au/Portals/0/Documents/ProgramProjects/WNS%20Disease%20Risk%
20Analysis%20Australia.pdf.

Barlow A, Ford S, Green R, Morris C, Reaney S. Investigations into suspected white-nose syndrome in
two bat species in Somerset. Vet Rec. 2009; 165(16):481-2. PMID: 19850858.

Lorch JM, Minnis AM, Meteyer CU, Redell JA, White JP, Kaarakka HM, et al. The fungus Trichophyton
redellii sp. nov. causes skin infections that resemble white-nose syndrome of hibernating bats. J Wildl
Dis. 2015; 51(1):36—-47. https://doi.org/10.7589/2014-05-134 PMID: 25375940.

Larcher G, Bouchara JP, Pailley P, Montfort D, Beguin H, De Bievre C, et al. Fungal biota associated
with bats in western France. J Med Mycol. 2003; 13:29-34.

Voyron S, Lazzari A, Riccucci M, Calvini M, Varese GC. First mycological investigation on ltalian bats.
Hystrix. 2011; 22(1):189-97.

Vanderwolf KJ, McAlpine DF, Malloch D, Forbes GJ. Ectomycota associated with hibernating bats in
eastern Canadian caves prior to the emergence of white-nose syndrome. Northeast Nat. 2014; 20
(1):115-30.

Njus K. Molecular techniques for the identification of commensal fungal populations on cave roosting
bats. Akron: University of Akron; 2014.

Fountain Kl, Stevens KB, Lloyd DH, Loeffler A. Skin disease in captive bats: results of an online survey
of zoos and rehabilitators in Europe, North America and Australasia. Vet Dermatol. 2017; 28(2):219—
e52. Epub 2017/01/04. https://doi.org/10.1111/vde. 12410 PMID: 28044386.

Kauffman CA. Histoplasmosis: a clinical and laboratory update. Clin Microbiol Rev. 2007; 20(1):115—
32. Epub 2007/01/16. https://doi.org/10.1128/CMR.00027-06 PMID: 17223625; PubMed Central
PMCID: PMCPMC1797635.

O’Sullivan MV, Whitby M, Chahoud C, Miller SM. Histoplasmosis in Australia: a report of a case with a
review of the literature. Aust Dent J. 2004; 49(2):94—7. Epub 2004/08/06. PMID: 15293821.

McLeod DS, Mortimer RH, Perry-Keene DA, Allworth A, Woods ML, Perry-Keene J, et al. Histoplasmo-
sis in Australia: report of 16 cases and literature review. Medicine (Baltimore). 2011; 90(1):61-8. Epub
2011/01/05. https://doi.org/10.1097/MD.0b013e318206e499 PMID: 21200187.

Hunt PJ, Harden TJ, Hibbins M, Pritchard RC, Muir DB, Gardner FJ. Histoplasma capsulatum. Isolation
from an Australian cave environment and from a patient. Med J Aust. 1984; 141(5):280-3. Epub 1984/
09/01. PMID: 6472165.

Burek K. Mycotic Diseases. In: Williams ES, Barker IK, editors. Infectious Diseases of Wild Mammals.
3rd ed. Ames: lowa State University Press; 2001. p. 514-31.

Hoff GL, Bigler WJ. The role of bats in the propagation and spread of histoplasmosis: a review. J Wildl
Dis. 1981; 17(2):191-6. Epub 1981/04/01. PMID: 7017172.

Shacklette MH, Hasenclever HF, Miranda EA. The natural occurrence of Histoplasma capsulatumin a
cave. 2. Ecologic aspects. Am J Epidemiol. 1967; 86(1):246-52. Epub 1967/07/01. PMID: 4951561.

Teixeira MM, Patane JSL, Taylor ML, Gomez BL, Theodoro RC, de Hoog S, et al. Worldwide phyloge-
netic distributions and population dynamics of the genus Histoplasma. PLoS Negl Trop Dis. 2004; 10
(6):1—20. Epub 1 June 2016. https://doi.org/10.1371/journal.pntd.0004732 PMID: 27248851

PLOS ONE | https://doi.org/10.1371/journal.pone.0204282 October 10, 2018 16/19


https://doi.org/10.1038/nature10947
https://doi.org/10.1038/nature10947
http://www.ncbi.nlm.nih.gov/pubmed/22498624
https://doi.org/10.3201/eid1093.120707
http://www.ncbi.nlm.nih.gov/pubmed/23622255
https://doi.org/10.1016/j.tree.2011.06.013
https://doi.org/10.1016/j.tree.2011.06.013
http://www.ncbi.nlm.nih.gov/pubmed/21835492
https://doi.org/10.1016/j.cub.2015.01.047
http://www.ncbi.nlm.nih.gov/pubmed/25784035
https://doi.org/10.1111/j.1461-0248.2012.01829.x
https://doi.org/10.1111/j.1461-0248.2012.01829.x
http://www.ncbi.nlm.nih.gov/pubmed/22747672
http://wildlifehealthaustralia.com.au/Portals/0/Documents/ProgramProjects/WNS%20Disease%20Risk%20Analysis%20Australia.pdf
http://wildlifehealthaustralia.com.au/Portals/0/Documents/ProgramProjects/WNS%20Disease%20Risk%20Analysis%20Australia.pdf
http://wildlifehealthaustralia.com.au/Portals/0/Documents/ProgramProjects/WNS%20Disease%20Risk%20Analysis%20Australia.pdf
http://www.ncbi.nlm.nih.gov/pubmed/19850858
https://doi.org/10.7589/2014-05-134
http://www.ncbi.nlm.nih.gov/pubmed/25375940
https://doi.org/10.1111/vde.12410
http://www.ncbi.nlm.nih.gov/pubmed/28044386
https://doi.org/10.1128/CMR.00027-06
http://www.ncbi.nlm.nih.gov/pubmed/17223625
http://www.ncbi.nlm.nih.gov/pubmed/15293821
https://doi.org/10.1097/MD.0b013e318206e499
http://www.ncbi.nlm.nih.gov/pubmed/21200187
http://www.ncbi.nlm.nih.gov/pubmed/6472165
http://www.ncbi.nlm.nih.gov/pubmed/7017172
http://www.ncbi.nlm.nih.gov/pubmed/4951561
https://doi.org/10.1371/journal.pntd.0004732
http://www.ncbi.nlm.nih.gov/pubmed/27248851
https://doi.org/10.1371/journal.pone.0204282

@° PLOS | ONE

Fungal survey of bent-winged bats

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

M,

42,

43.

Fortin JS, Calcutt MJ, Nagy DW, Kuroki K. Intestinal histoplasmosis in a captive reindeer (Rangifer tar-
andus), Missouri, USA. J Zoo Wildl Med. 2017; 48(3):925-8. Epub 2017/09/19. https://doi.org/10.1638/
2016-0246.1 PMID: 28920817.

Rosas-Rosas A, Juan-Salles C, Rodriguez-Arellanes G, Taylor ML, Garner MM. Disseminated Histo-
plasma capsulatum var capsulatum infection in a captive mara (Dolichotis patagonum). Vet Rec. 2004;
155(14):426-8. Epub 2004/10/29. PMID: 15508846.

Cardinal BR, Christidis L. Mitochondrial DNA and morphology reveal three geographically distinct line-
ages of the large bentwing bat (Miniopterus schreibersii) in Australia. Aust J Zool. 2000; 48(1):1-19.

DELWP. National Recovery Plan for the Southern Bent-wing Bat Miniopterus schreibersii bassanii
Draft. Melbourne: Department of Environment, Land, Water and Planning; 2017. 44 p.

Langwig KE, Frick WF, Reynolds R, Parise KL, Drees KP, Hoyt JR, et al. Host and pathogen ecology
drive the seasonal dynamics of a fungal disease, white-nose syndrome. Proc R Soc Lond B Biol Sci.
2015; 282(1799):20142335. https://doi.org/10.1098/rspb.2014.2335 PMID: 25473016; PubMed Central
PMCID: PMCPMC4286034.

Lorch JM, Meteyer CU, Behr MJ, Boyles JG, Cryan PM, Hicks AC, et al. Experimental infection of bats
with Geomyces destructans causes white-nose syndrome. Nature. 2011; 480(7377):376-8. https://doi.
org/10.1038/nature 10590 PMID: 22031324.

Holz PH, Lumsden LF, Druce J, Legione AR, Vaz P, Devlin JM, et al. Virus survey in populations of two
subspecies of bent-winged bats (Miniopterus orianae bassaniiand oceanensis) in south-eastern Aus-
tralia reveals a high prevalence of diverse herpesviruses. PLoS One. 2018; 13(5):e0197625.
e€0197625. https://doi.org/10.1371/journal.pone.0197625 PMID: 29795610

Speakman JR, Thomas DW. Physiological ecology and energetics of bats. In: Kunz TH, Fenton MB,
editors. Bat Ecology. Chicago: The University of Chicago Press; 2003. p. 430-92.

Tidemann CR, Woodside DP. A collapsible bat-trap and a comparison of results obtained with the trap
and with mist-nets. Aust Wildl Res. 1978; 5:355-62.

Brunet-Rossinni AK, Wilkinson GS. Methods for age estimation and the study of senescence in bats. In:
Kunz TH, Parsons S, editors. Ecological and Behavioral Methods for the Study of Bats. Baltimore:
Johns Hopkins University Press; 2009. p. 315-25.

Nilsson S. Surveillance of Geomyces destructans in Swedish bats and bat hibernacula. Uppsala:
Swedish University of Agricultural Sciences; 2012.

Turner GG, Meteyer CU, Barton H, Gumbs JF, Reeder DM, Overton B, et al. Nonlethal screening of
bat-wing skin with the use of ultraviolet fluorescence to detect lesions indicative of white-nose syn-
drome. J Wildl Dis. 2014; 50(3):566—73. https://doi.org/10.7589/2014-03-058 PMID: 24854396.

Puechmaille SJ, Wibbelt G, Korn V, Fuller H, Forget F, Muhldorfer K, et al. Pan-European distribution of
white-nose syndrome fungus (Geomyces destructans) not associated with mass mortality. PLoS One.
2011; 6(4):e19167. https://doi.org/10.1371/journal.pone.0019167 PMID: 21556356; PubMed Central
PMCID: PMCPMC3083413.

Lorch JM, Lindner DL, Gargas A, Muller LK, Minnis AM, Blehert DS. A culture-based survey of fungi in
soil from bat hibernacula in the eastern United States and its implications for detection of Geomyces
destructans, the causal agent of bat white-nose syndrome. Mycologia. 2013; 105(2):237-52. https:/
doi.org/10.3852/12-207 PMID: 23074174.

Steer PA, Kirkpatrick NC, O’'Rourke D, Noormohammadi AH. Classification of fowl adenovirus sero-
types by use of high-resolution melting-curve analysis of the hexon gene region. J Clin Microbiol. 2009;
47(2):311-21. doi: 10.1128/JCM.01567-08. edsagr.US201301590021. PMID: 19036935

Lorch JM, Gargas A, Meteyer CU, Berlowski-Zier BM, Green DE, Shearn-Bochsler V, et al. Rapid poly-
merase chain reaction diagnosis of white-nose syndrome in bats. J Vet Diagn Invest. 2010; 22(2):224—
30. https://doi.org/10.1177/104063871002200208 PMID: 20224080.

Kao CJ, Schwarz J. Heat resistance of seven strains of Histoplasma. J Infect Dis. 1956; 99(3):219-21.
PMID: 13376917.

Elias NA, Cuestas ML, Sandoval M, Poblete G, Lopez-Daneri G, Jewtuchowicz V, et al. Rapid identifica-
tion of Histoplasma capsulatum directly from cultures by multiplex PCR. Mycopathologia. 2012; 174(5—
6):451-6. https://doi.org/10.1007/s11046-012-9567-2 PMID: 22821346.

White TJ, Bruns T., Lee S., Taylor J. Amplification and direct sequencing of fungal ribosomal RNA
genes for phylogenetics. In: Innis MA, Gelfand D.H. Sninsky J.J., White T.J., editor. PCR Protocols: A
Guide to Methods and Applications. London: Academic Press; 1990. p. 315-22.

Zhang J, Kobert K, Flouri T, Stamatakis A. PEAR: a fast and accurate lllumina paired-end read merger.
Bioinformatics. 2014; 30(5):614—20. https://doi.org/10.1093/bioinformatics/btt593 PMID: 24142950

PLOS ONE | https://doi.org/10.1371/journal.pone.0204282 October 10, 2018 17/19


https://doi.org/10.1638/2016-0246.1
https://doi.org/10.1638/2016-0246.1
http://www.ncbi.nlm.nih.gov/pubmed/28920817
http://www.ncbi.nlm.nih.gov/pubmed/15508846
https://doi.org/10.1098/rspb.2014.2335
http://www.ncbi.nlm.nih.gov/pubmed/25473016
https://doi.org/10.1038/nature10590
https://doi.org/10.1038/nature10590
http://www.ncbi.nlm.nih.gov/pubmed/22031324
https://doi.org/10.1371/journal.pone.0197625
http://www.ncbi.nlm.nih.gov/pubmed/29795610
https://doi.org/10.7589/2014-03-058
http://www.ncbi.nlm.nih.gov/pubmed/24854396
https://doi.org/10.1371/journal.pone.0019167
http://www.ncbi.nlm.nih.gov/pubmed/21556356
https://doi.org/10.3852/12-207
https://doi.org/10.3852/12-207
http://www.ncbi.nlm.nih.gov/pubmed/23074174
https://doi.org/10.1128/JCM.01567-08
http://www.ncbi.nlm.nih.gov/pubmed/19036935
https://doi.org/10.1177/104063871002200208
http://www.ncbi.nlm.nih.gov/pubmed/20224080
http://www.ncbi.nlm.nih.gov/pubmed/13376917
https://doi.org/10.1007/s11046-012-9567-2
http://www.ncbi.nlm.nih.gov/pubmed/22821346
https://doi.org/10.1093/bioinformatics/btt593
http://www.ncbi.nlm.nih.gov/pubmed/24142950
https://doi.org/10.1371/journal.pone.0204282

@° PLOS | ONE

Fungal survey of bent-winged bats

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

Caporaso JG, Kuczynski J, Stombaugh J, Bittinger K, Bushman FD, Costello EK, et al. QIIME allows
analysis of high-throughput community sequencing data. Nat Methods. 2010; 7(5):335-6. https://doi.
org/10.1038/nmeth.f.303 PMID: 20383131

Edgar RC. Search and clustering orders of magnitude faster than BLAST. Bioinformatics. 2010; 26
(19):2460-1. https://doi.org/10.1093/bioinformatics/btq461 PMID: 20709691

Edgar RC, Haas BJ, Clemente JC, Quince C, Knight R. UCHIME improves sensitivity and speed of chi-
mera detection. Bioinformatics. 2011; 27(16):2194-200. https://doi.org/10.1093/bioinformatics/btr381
PMID: 21700674

Kdljalg U, Larsson KH, Abarenkov K, Nilsson RH, Alexander IJ, Eberhardt U, et al. UNITE: a database
providing web-based methods for the molecular identification of ectomycorrhizal fungi. New Phytol.
2005; 166(3):1063-8. https://doi.org/10.1111/1.1469-8137.2005.01376.x PMID: 15869663

Zukal J, Bandouchova H, Brichta J, Cmokova A, Jaron KS, Kolarik M, et al. White-nose syndrome with-
out borders: Pseudogymnoascus destructans infection tolerated in Europe and Palearctic Asia but not
in North America. Scientific Reports. 2016; 6:19829. https://doi.org/10.1038/srep19829 PMID:
26821755; PubMed Central PMCID: PMCPMC4731777.

Zukal J, Bandouchova H, Bartonicka T, Berkova H, Brack V, Brichta J, et al. White-nose syndrome fun-
gus: a generalist pathogen of hibernating bats. PLoS One. 2014; 9(5):e97224. https://doi.org/10.1371/
journal.pone.0097224 PMID: 24820101; PubMed Central PMCID: PMCPMC4018256.

Bernard RF, Foster JT, Willcox EV, Parise KL, McCracken GF. Molecular detection of the causative
agent of white-nose syndrome on Rafinesque’s big-eared bats (Corynorhinus rafinesquii) and two spe-
cies of migratory bats in the southeastern USA. J Wildl Dis. 2015; 51(2):519-22. https://doi.org/10.
7589/2014-08-202 PMID: 25647588.

Cannon RM, Roe RT. Livestock Disease Surveys: A Field Manual For Veterinarians. Canberra: Aus-
tralian Bureau of Animal Health, 1982.

Langwig KE, Hoyt JR, Parise KL, Kath J, Kirk D, Frick WF, et al. Invasion dynamics of white-nose syn-
drome fungus, midwestern United States, 2012-2014. Emerg Infect Dis. 2015; 21(6):1023-6. https://
doi.org/10.3201/eid2106.150123 PMID: 25989230; PubMed Central PMCID: PMCPMC4451901.

Donaldson ME, Davy CM, Vanderwolf KJ, Willis CKR, Saville BJ, Kyle CJ. Growth medium and incuba-
tion temperature alter the Pseudogymnoascus destructans transcriptome: implications in identifying vir-
ulence factors. Mycologia. 2018; 110(2):300-15. Epub 2018/05/09. https://doi.org/10.1080/00275514.
2018.1438223 PMID: 29737946.

Vanderwolf KJ, Malloch D, McAlpine DF. Detecting viable Pseudogymnoascus destructans (Ascomy-
cota: Pseudeurotiaceae) from walls of bat hibernacula: effect of culture media. J Caves Karst Stud.
2016; 78(3):158-62.

Shuey MM, Drees KP, Lindner DL, Keim P, Foster JT. Highly sensitive quantitative PCR for the detec-
tion and differentiation of Pseudogymnoascus destructans and other Pseudogymnoascus species.
Appl Environ Microbiol. 2014; 80(5):1726—-31. Epub 2014/01/01. https://doi.org/10.1128/AEM.02897-13
PMID: 24375140; PubMed Central PMCID: PMCPMC3957615.

Darling SL, Lim A, Melotti JR, O’Brien DJ, Bolin SR. Prevalence and distribution of Pseudogymnoascus
destructans in Michigan bats submitted for rabies surveillance. J Wildl Dis. 2017; 53(3):482—90. Epub
2017/03/21. https://doi.org/10.7589/2016-08-175 PMID: 28318379.

Lorch JM, Muller LK, Russell RE, O’Connor M, Lindner DL, Blehert DS. Distribution and environmental
persistence of the causative agent of white-nose syndrome, Geomyces destructans, in bat hibernacula
of the eastern United States. Applied and Environmental Microbiology. 2013; 79(4):1293-301. https:/
doi.org/10.1128/AEM.02939-12 PMID: 23241985; PubMed Central PMCID: PMCPMC3568617.

Minnis AM, Lindner DL. Phylogenetic evaluation of Geomyces and allies reveals no close relatives of
Pseudogymnoascus destructans, comb. nov., in bat hibernacula of eastern North America. Fungal Biol.
2013; 117(9):638—49. Epub 2013/09/10. https://doi.org/10.1016/j.funbio.2013.07.001 PMID: 24012303.

Rice AV, Currah RS. Two new species of Pseudogymnoascus with Geomyces anamorphs and their
phylogenetic relationship with Gymnostellatospora. Mycologia. 2006; 98(2):307—18. Epub 2006/08/10.
PMID: 16894976.

Wilson MB, Held BW, Freiborg AH, Blanchette RA, Salomon CE. Resource capture and competitive
ability of non-pathogenic Pseudogymnoascus spp. and P. destructans, the cause of white-nose syn-
drome in bats. PLoS One. 2017; 12(6):e0178968. Epub 2017/06/16. https://doi.org/10.1371/journal.
pone.0178968 PMID: 28617823; PubMed Central PMCID: PMCPMC5472292.

Reynolds HT, Barton HA. Comparison of the white-nose syndrome agent Pseudogymnoascus destruc-
tans to cave-dwelling relatives suggests reduced saprotrophic enzyme activity. PLoS One. 2014; 9(1):
e€86437. https://doi.org/10.1371/journal.pone.0086437 PMID: 24466096; PubMed Central PMCID:
PMCPMC3899275.

PLOS ONE | https://doi.org/10.1371/journal.pone.0204282 October 10, 2018 18/19


https://doi.org/10.1038/nmeth.f.303
https://doi.org/10.1038/nmeth.f.303
http://www.ncbi.nlm.nih.gov/pubmed/20383131
https://doi.org/10.1093/bioinformatics/btq461
http://www.ncbi.nlm.nih.gov/pubmed/20709691
https://doi.org/10.1093/bioinformatics/btr381
http://www.ncbi.nlm.nih.gov/pubmed/21700674
https://doi.org/10.1111/j.1469-8137.2005.01376.x
http://www.ncbi.nlm.nih.gov/pubmed/15869663
https://doi.org/10.1038/srep19829
http://www.ncbi.nlm.nih.gov/pubmed/26821755
https://doi.org/10.1371/journal.pone.0097224
https://doi.org/10.1371/journal.pone.0097224
http://www.ncbi.nlm.nih.gov/pubmed/24820101
https://doi.org/10.7589/2014-08-202
https://doi.org/10.7589/2014-08-202
http://www.ncbi.nlm.nih.gov/pubmed/25647588
https://doi.org/10.3201/eid2106.150123
https://doi.org/10.3201/eid2106.150123
http://www.ncbi.nlm.nih.gov/pubmed/25989230
https://doi.org/10.1080/00275514.2018.1438223
https://doi.org/10.1080/00275514.2018.1438223
http://www.ncbi.nlm.nih.gov/pubmed/29737946
https://doi.org/10.1128/AEM.02897-13
http://www.ncbi.nlm.nih.gov/pubmed/24375140
https://doi.org/10.7589/2016-08-175
http://www.ncbi.nlm.nih.gov/pubmed/28318379
https://doi.org/10.1128/AEM.02939-12
https://doi.org/10.1128/AEM.02939-12
http://www.ncbi.nlm.nih.gov/pubmed/23241985
https://doi.org/10.1016/j.funbio.2013.07.001
http://www.ncbi.nlm.nih.gov/pubmed/24012303
http://www.ncbi.nlm.nih.gov/pubmed/16894976
https://doi.org/10.1371/journal.pone.0178968
https://doi.org/10.1371/journal.pone.0178968
http://www.ncbi.nlm.nih.gov/pubmed/28617823
https://doi.org/10.1371/journal.pone.0086437
http://www.ncbi.nlm.nih.gov/pubmed/24466096
https://doi.org/10.1371/journal.pone.0204282

@° PLOS | ONE

Fungal survey of bent-winged bats

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

Adetutu EM, Thorpe K, Bourne S, Cao X, Shahsavari E, Kirby G, et al. Phylogenetic diversity of fungal
communities in areas accessible and not accessible to tourists in Naracoorte Caves. Mycologia. 2011;
103(5):959-68. Epub 2011/06/07. https://doi.org/10.3852/10-256 PMID: 21642344.

Kelly WR. The liver and biliary system. In: Jubb KVF, Kennedy PC, Palmer N, editors. Pathology of
Domestic Animals. 2. 4 ed. San Diego: Academic Press; 1993. p. 319-406.

Wirth F, Goldani LZ. Epidemiology of Rhodotorula: an emerging pathogen. Interdiscip Perspect Infect
Dis. 2012; 2012:465717. Epub 2012/10/24. https://doi.org/10.1155/2012/465717 PMID: 23091485;
PubMed Central PMCID: PMCPMC3469092.

Narayan S, Batta K, Colloby P, Tan CY. Cutaneous cryptococcus infection due to C. albidus associated
with Sezary syndrome. Br J Dermatol. 2000; 143(3):632—4. Epub 2000/09/06. PMID: 10971343.

Labrecque O, Sylvestre D, Messier S. Systemic Cryptococcus albidus infection in a Doberman Pin-
scher. J Vet Diagn Invest. 2005; 17(6):598—600. Epub 2006/02/16. https://doi.org/10.1177/
104063870501700615 PMID: 16475523.

Molina-Leyva A, Ruiz-Carrascosa JC, Leyva-Garcia A, Husein-Elahmed H. Cutaneous Cryptococcus
laurentiiinfection in an immunocompetent child. Int J Infect Dis. 2013; 17:e1232—€3. https://doi.org/10.
1016/}.ijid.2013.04.017 PMID: 23791224

Nakagawa T, Nakashima K, Takaiwa T, Negayama K. Trichosporon cutaneum ( Trichosporon asabhii)
infection mimicking hand eczema in a patient with leukemia. J Am Acad Dermatol. 2000; 42(5 Pt
2):929-31. Epub 2000/04/18. PMID: 10767708.

Taverna CG, Cordoba S, Murisengo OA, Vivot W, Davel G, Bosco-Borgeat ME. Molecular identification,
genotyping, and antifungal susceptibility testing of clinically relevant Trichosporon species from Argen-
tina. Med Mycol. 2014; 52(4):356—66. Epub 2014/04/01. https://doi.org/10.1093/mmy/myt029 PMID:
24682113.

Allender MC, Dreslik M, Wylie S, Phillips C, Wylie DB, Maddox C, et al. Chrysosporium sp. infection in
eastern massasauga rattlesnakes. Emerg Infect Dis. 2011; 17(12):2383—4. Epub 2011/12/17. https:/
doi.org/10.3201/eid1712.110240 PMID: 22172594; PubMed Central PMCID: PMCPMC3311193.

Kainer M, Slavin M, editors. Disseminated histoplasmosis acquired in Australia: an important treatable
condition in HIV. Annual Scientific Meeting of The Australasian Society for Infectious Diseases; 1995
21-24 May; Darwin.

Emmons CW, Klite PD, Baer GM, Hill WB Jr. Isolation of Histoplasma capsulatum from bats in the
United States. Am J Epidemiol. 1966; 84(1):103-9. Epub 1966/07/01. PMID: 5944726.

McMurray DN, Russel LH. Contribution of bats to the maintenance of Histoplasma capsulatumin a
cave microfocus. Am J Trop Med Hyg. 1982; 31(3 Pt 1):527-31. Epub 1982/05/01. PMID: 7081547.

Dwyer PD, Hamilton-Smith E. Breeding caves and maternity colonies of the bent-winged bat in south-
eastern Australia. Helictite. 1965; 4(1):3-21.

Menges RW, Furcolow ML, Larsh HW, Hinton A. Laboratory studies on histoplasmosis. I. The effect of
humidity and temperature on the growth of Histoplasma capsulatum. J Infect Dis. 1952; 90(1):67—70.
Epub 1952/01/01. PMID: 14888969.

Burbank RC, Young JZ. Temperature changes and winter sleep of bats. J Physiol. 1934; 82:459-67.
PMID: 16994601

Currie SE, Kortner G, Geiser F. Measuring subcutaneous temperature and differential rates of rewarm-
ing from hibernation and daily torpor in two species of bats. Comp Biochem Physiol A Mol Integr Physiol.
2015; 190:26-31. Epub 2015/08/25. https://doi.org/10.1016/j.cbpa.2015.08.007 PMID: 26300411.

PLOS ONE | https://doi.org/10.1371/journal.pone.0204282 October 10, 2018 19/19


https://doi.org/10.3852/10-256
http://www.ncbi.nlm.nih.gov/pubmed/21642344
https://doi.org/10.1155/2012/465717
http://www.ncbi.nlm.nih.gov/pubmed/23091485
http://www.ncbi.nlm.nih.gov/pubmed/10971343
https://doi.org/10.1177/104063870501700615
https://doi.org/10.1177/104063870501700615
http://www.ncbi.nlm.nih.gov/pubmed/16475523
https://doi.org/10.1016/j.ijid.2013.04.017
https://doi.org/10.1016/j.ijid.2013.04.017
http://www.ncbi.nlm.nih.gov/pubmed/23791224
http://www.ncbi.nlm.nih.gov/pubmed/10767708
https://doi.org/10.1093/mmy/myt029
http://www.ncbi.nlm.nih.gov/pubmed/24682113
https://doi.org/10.3201/eid1712.110240
https://doi.org/10.3201/eid1712.110240
http://www.ncbi.nlm.nih.gov/pubmed/22172594
http://www.ncbi.nlm.nih.gov/pubmed/5944726
http://www.ncbi.nlm.nih.gov/pubmed/7081547
http://www.ncbi.nlm.nih.gov/pubmed/14888969
http://www.ncbi.nlm.nih.gov/pubmed/16994601
https://doi.org/10.1016/j.cbpa.2015.08.007
http://www.ncbi.nlm.nih.gov/pubmed/26300411
https://doi.org/10.1371/journal.pone.0204282

University Library

o o A gateway to Melbourne's research publications

Minerva Access is the Institutional Repository of The University of Melbourne

Author/s:
Holz, PH; Lumsden, LF; Marenda, MS; Browning, GF; Hufschmid, J

Title:
Two subspecies of bent-winged bats (Miniopterus orianae bassanii and oceanensis) in
southern Australia have diverse fungal skin flora but not Pseudogymnoascus destructans

Date:
2018-10-10

Citation:

Holz, P. H., Lumsden, L. F., Marenda, M. S., Browning, G. F. & Hufschmid, J. (2018). Two
subspecies of bent-winged bats (Miniopterus orianae bassanii and oceanensis) in southern
Australia have diverse fungal skin flora but not Pseudogymnoascus destructans. PLOS ONE,
13 (10), https://doi.org/10.1371/journal.pone.0204282.

Persistent Link:
http://hdl.handle.net/11343/271297

File Description:
Published version
License:

CCBY



