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a b s t r a c t

Fungal pathogens have become a serious threat to wildlife, threatening populations of even once com-
mon, abundant species. We describe the mycobiota associated with the nasal hairs of three Molossid bat
species, Cynomops planirostris, Molossus molossus, and Molossus rufus, in southwest Brazil. Bats were
captured in the Cerrado and Pantanal biomes. We cultured 22 fungal isolates from twelve individual bats.
Sixteen sequences of the ITS region were obtained, yielding 11 unique sequence types from the genera
Aspergillus, Cladosporium, Paecilomyces, and Penicillium. No obvious detrimental effects on the bats from
the fungi were observed, although some species or genera that we identified are known pathogens in
other species. This is the first report of such fungi associated with the nasal hairs of Molossid bats. Our
results indicate the need for further research on the biodiversity, ecological role, and potential effects of
this mycobiota on Molossid bats.

© 2015 Elsevier Ltd and The British Mycological Society. All rights reserved.

1. Introduction

Mycoses are rapidly becoming one of the leading threats to
wildlife (Daszak et al., 2001; Fisher et al., 2012). A number of
emerging fungal pathogens have reduced populations of diverse
taxa including sea corals (Geiser et al., 1998), reptiles (Thomas et al.,
2002; Bowman et al., 2007; Allender et al., 2011), and amphibians
(Daszak et al., 1999; Briggs et al., 2010). In 2006, bats in the
northeastern United States were reported with white fungus on
their nose and wings (Blehert et al., 2009). The pathogen, which
invades the dermal tissue, has devastated the bat populations of the
region (Blehert et al., 2009; Frick et al., 2010). The novel fungus,

Pseudogymnoascus desctructans (Minnis and Lindner, 2013), has
also been reported in bats in Europe, although it does not appear
pathogenic there (Wibbelt et al., 2010; Puechmaille et al., 2011).

The mycobiota of bats in Brazil is largely unknown. We
observed the presence of filamentous fungi among the hairs be-
tween the snout and upper lip of three species of Molossid bats,
Cynomops planirostris, Molossus molossus, and Molossus rufus
(Fig. 1). Worldwide, there are approximately 90 species of Molossid
bats, which can be found on every continent (Wilson and Reeder,
2005). These bats are small to medium size insectivores charac-
terized by a free tail extending beyond the uropatagium, narrow
wings, dark, velvety fur, and an internal keel (Gregorin and Taddei,
2002). Brazil is home to 29 species of Molossid bats (Nogueira et al.,
2014), 14 of which can be found in Mato Grosso do Sul state
(C�aceres et al., 2008; Bordignon et al., 2011; Santos and Bordignon,
2011).
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These fungi on the nasal hairs of Molossid bats have not been
previously reported or described. The objective of this study was to
identify these fungi. We also compared the species richness and
composition of fungi isolated from the different bat species and
from the two different habitat types.

2. Materials and methods

2.1. Study site

We collected bats from around Mato Grosso do Sul, southwest
Brazil between April 2012 and January 2013 in both the Cerrado and
Pantanal. The Cerrado is a large seasonal xeromorphic plant for-
mation located on the plateau of Central Brazil, commonly called
“Brazilian Savanna” (Eiten, 1972). The Pantanal is an extensive,
unpredictable wetland, influenced by the vegetation classes that
border it, such as the Cerrado, Amazonian forest, and Chaco, fa-
voring a great variety of vegetation types (Pott et al., 2011). In the
Cerrado, bats were collected on rural properties outside of Campo
Grande and within the city of Campo Grande. Trapping in the
Pantanal occurred around the Negro River and Miranda River
(Table 1).

2.2. Bat capture and fungus isolation

We captured bats of three species for this study: Cynomops
planirostris, Molossus molossus, and Molossus rufus. In the study
area, only bats of the genera Cynomops andMolossus have the nasal
hairs which appear to host fungi. Other Molossid bats have wrin-
kled upper lips and therefore no hairs on the muzzle. To capture
bats, mist nets were placed near roosts, small water bodies, and
possible flyways. Bats were removed from mist-nets using latex
gloves and placed in sterilized cloth bags. The bats were identified
to species level according to Gregorin and Taddei (2002). Forceps
were sterilized in a flame and then dipped in alcohol. Visible fungus
filaments were removed with forceps and placed in Petri dishes on
sterile potato dextrose supplemented with chloramphenicol
(100 mg ml�1) and gentamicin (50 mg ml�1) to prevent bacterial
contamination. Each Petri dish was then capped and sealed with
plastic tape immediately after placing the filament on the agar.
When filaments were not visible, the sterilized forceps were passed
over the nasal hairs and pressed onto the agar. These plates were
closed and then sealed with plastic film.

Cultures were left to grow at room temperature in sealed Petri
dishes. There was no significant variation in room temperature
during the incubation period, which lasted approximately 15 d.
When there was more than one morphotype on a dish, each was
placed onto a different plate. This was done in a sterilized laminar
flow hood using sterile forceps to prevent any contamination.

2.3. Molecular methods

To more accurately identify fungal cultures, the rRNA internal
transcribed spacer region (ITS1, 5.8S, and ITS2; ca. 600 pb) was
sequenced. DNA was extracted from circular fragments of myce-
liumwith a diameter of approximately 0.5 cm following a modified
CTAB protocol (Doyle and Doyle, 1987). The isolated material was
quantified using NanoDrop 2000 (Thermo Scientific) and its quality
was assessed using 1% agarose gel electrophoresis. Amplifications
were performed using primers ITS1F (Gardes and Bruns, 1993) and
ITS4 (White et al., 1990). Each PCR reaction contained 0.2 mM of
dinucleotide triphosphate (dNTPs), 0.2 mM of each primer (ITS1F
and ITS4), 1X GoTaq buffer (Promega), 1 U of GoTaq DNA poly-
merase (Promega), and 1 ml of genomic DNA. The final volume of
amplificationwas 25 ml. PCR reactions were amplified in an Applied
Biosystems Veriti 96-Well Thermal Cycler using the following pa-
rameters: 5min at 94 �C followed by 30 cycles of 1min at 94 �C, 45 s
at 55 �C, and 1 min at 72 �C, and then a final elongation of 10 min at
72 �C. After PCR, an aliquot of 2 ml from each samplewas checked by
horizontal electrophoresis in 1% agarose gel. PCR products were
cleaned with PEG 20% (Dunn and Blattner, 1987) and sequenced
according to the protocols of Macrogen Inc. (Seoul, South Korea).

Sequencing reads were assembled and edited using Geneious®

7.1.7 (http://www.geneious.com; Kearse et al., 2012). High-quality
consensus sequences of each isolate were compared to the NCBI
GenBank database with BLAST (Altschul et al., 1990). Each sequence
was compared to the first 30 matches in GenBank. If at least 20 of
the first 30 sequences matched the same genus or species, the
isolate was identified as belonging to that genus or species.

All sequences were submitted to GenBank under accession
numbers KR610358 e KR610373.

3. Results and discussion

A total of 22 ascomycete colonies were cultured from 12 indi-
vidual bats of three different bat species: Cynomops planirostris
(n ¼ 6), Molossus molossus (n ¼ 3), and Molossus rufus (n ¼ 3)
(Table 1, Fig. 2). Five bats were captured near the Negro River and
Miranda River, in the Pantanal. Within the Cerrado, six bats were
collected on rural properties and one was collected within the city
of Campo Grande. Of the 22 isolates cultured, adequate sequences
for identification were obtained from 16 of them, and they were
identified to the level of genus or species (Table 1). From the 16
isolates, eleven unique ITS sequence types were obtained from
different species in four genera. At the species level, Aspergillus
terreus (three isolates with identical sequences) was identified from
three cultures from two different bats. Two additional sequence
types of Aspergillus were also identified, one sequence type of
Cladosporium, one sequence type of Paecilomyces, and eight
sequence types of Penicillium. The divergence among the different
sequence types of Aspergillus was about 10% while in Penicillium,
divergence ranged from 1 to 6.5%. Penicillium sp. isolate 6.1 was the
most different from the other isolates, diverging 6.5% from other
Penicillium spp. sequence types. The other seven Penicillium spp.
isolates diverged <2% from each other.

Some fungal isolates appeared to be common across bat species
and the two biomes, Cerrado and Pantanal. Seven similar Penicil-
lium isolates (divergence <2%) were cultured from seven

Fig. 1. Cynomops planirostris presenting visible fungal filaments around the nasal hairs.
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individuals of all three bat species in both the Cerrado and Pantanal.
A. terreus was also cultured from multiple bats, M. molossus (Bat 1,
Cerrado) andM. rufus (Bat 3, Pantanal) (Table 1). Other fungi may be
more specific or less common in the environment. Several fungal
isolates were found in only a single individual, such as Aspergillus
sp. isolate 12.1, Cladosporium sp. isolate 2.1, Paecilomyces sp. isolate
10.2, and Penicillium sp. isolate 6.1. These fungi might come from
more specific sources that these individual bats were in contact
with.

Our results point to the possibility that the fungi associated with
the Molossid bats of southwest Brazil are diverse and may vary
significantly between individuals, species, and biomes. Studies of
bats' mycobiota in caves have also found Cladosporium spp. and
Penicillium spp. (Voyron et al., 2011; Johnson et al., 2013). In
particular, Penicillium sp. isolate 1.2 and Penicillium sp. isolate 10.1,
both from M. molossus, had close matches to fungi isolated from
Vespertilionid bats in Indiana, USA (Johnson et al., 2013). Although

these fungi identified by Johnson et al. (2013) were psychrophilic or
psychrotolerant from cave-dwelling bats, we have no evidence that
the bats we captured roost in caves or in cool climates.We captured
five C. planirostris exiting a roost in a tree while several capturedM.
molossus andM. rufuswere exiting roosts located under the roofs of
buildings. It is possible that fungi such as Penicillium spp. or Cla-
dosporium spp. might colonize a wide variety of bat species and are
not cave-specific, but come from other environmental sources,
perhaps the soils or dust in a wide variety of roosts including caves,
trees, and artificial structures.

We did not culture the same fungal isolate from different bats
presenting fungal filaments. Although morphologically similar to
the naked eye, these filaments do not appear to be a unique fungal
species across individuals. Multiple fungal morphotypes were
cultured from nearly all bats presenting these fungal filaments.
How or why the filaments form on the nasal area of Molossid bats
remains unclear. Although we observed no indication that these
fungi are pathogenic to the bats from which we were cultured,
some, such as A. terreus and species from the genera Cladosporium
and Paecilomyces, may cause opportunistic infection in other or-
ganisms (Perfect and Schell, 1996; Foley et al., 2002; Woolhouse
and Gowtage-Sequeria, 2005). Several isolates, such as the A. ter-
reus (from M. molossus and M. rufus) and Aspergillus sp. isolates 4.1
and 5.1 (from C. planirostris), had close matches to pathogenic
specimens in GenBank, which may give some cause for concern.
Across the world, a growing number of fungi, both opportunistic or
introduced species, have been implicated in emerging infections of
various wildlife species (Geiser et al., 1998; Daszak et al., 2001;
Drew Harvell et al., 2002; Fisher et al., 2012), including bats
(Blehert et al., 2009; Frick et al., 2010). Such pathogens have the
potential to spread to and unexpectedly devastate more susceptible
populations, for example in the case of White Nose Syndrome
(WNS; Blehert et al., 2009; Frick et al., 2010). Currently, C. planir-
ostris, M. molossus, and M. rufus are considered species of “Least
Concern” by the IUCN (Barquez and Diaz, 2008; Barquez et al.,
2008a,b), due to their extensive geographic distributions, ranging

Table 1
Fungal isolates and identification from each individual bat. All sequences have been submitted to GenBank (BankIT ID 1822184).

Bat species Bat ID Biome Coordinates Visible fungal filaments Genus/Species/Isolate

Cynomops planirostris 2 Cerrado 20�3002100S Yes Fungal sp. isolate 2.1a

54�3204400W Cladosporium sp. isolate 2.1
Penicillium sp. isolate 2.3

4 Cerrado 20�3002100S No Aspergillus sp. isolate 4.1
54�3204400W

5 Cerrado 20�3002100S No Aspergillus sp. isolate 5.1
54�3204400W

6 Cerrado 20�3002100S No Penicillium sp. isolate 6.1
54�3204400W

7 Cerrado 20�3002100S No Penicillium sp. isolate 7.1
54�3204400W Fungal sp. isolate 7.2a

8 Cerrado 20�4705700S No Fungal sp. isolate 8.1a

54�5004500W Penicillium sp. isolate 8.2
Molossus molossus 1 Cerrado 20�2800000S Yes Aspergillus terreus isolate 1.1

57�3401100W Penicillium sp. isolate 1.2
Aspergillus terreus isolate 1.3
Fungal sp. isolate 1.4a

10 Pantanal 19�1903500S Yes Penicillium sp. isolate 10.1
57�0200000W Paecilomyces sp. isolate 10.2

11 Pantanal 19�1903500S No Penicillium sp. isolate 11.1
57�0200000W

Molossus rufus 3 Pantanal 19�3403700S Yes Aspergillus terreus isolate 3.1
57�0004200W Fungal sp. isolate 3.2a

9 Pantanal 19�3403700S Yes Fungal sp. isolate 9.1a

57�0004200W
12 Pantanal 19�3403700S No Aspergillus sp. isolate 12.1

57�0004200W Penicillium sp. isolate 12.2

a Adequate sequences for identification were not obtained.

Fig. 2. Fungi cultured from Molossid bats. Numbers for each image correspond to
isolate number in Table 1. See Table 1 for identification, bat host, and corresponding
information for each isolate. All images are at 400� magnification.

J.T. Shapiro et al. / Fungal Ecology xxx (2015) 1e4 3

Please cite this article in press as: Shapiro, J.T., et al., Characterization of fungi associated with the nasal hairs of Molossid bats, Fungal Ecology
(2015), http://dx.doi.org/10.1016/j.funeco.2015.06.005

https://www.researchgate.net/publication/23441890_Bat_White-Nose_Syndrome_An_Emerging_Fungal_Pathogen?el=1_x_8&enrichId=rgreq-ea437217e5913acda038959f0da90104-XXX&enrichSource=Y292ZXJQYWdlOzI4MTcxNDUzODtBUzoyNzMyNDI0MjY0NDE3MjlAMTQ0MjE1NzQ3OTM4MQ==
https://www.researchgate.net/publication/23441890_Bat_White-Nose_Syndrome_An_Emerging_Fungal_Pathogen?el=1_x_8&enrichId=rgreq-ea437217e5913acda038959f0da90104-XXX&enrichSource=Y292ZXJQYWdlOzI4MTcxNDUzODtBUzoyNzMyNDI0MjY0NDE3MjlAMTQ0MjE1NzQ3OTM4MQ==
https://www.researchgate.net/publication/12100584_Anthropogenic_Environmental_Change_and_the_Emergence_of_Infectious_Disease_in_Wildlife?el=1_x_8&enrichId=rgreq-ea437217e5913acda038959f0da90104-XXX&enrichSource=Y292ZXJQYWdlOzI4MTcxNDUzODtBUzoyNzMyNDI0MjY0NDE3MjlAMTQ0MjE1NzQ3OTM4MQ==
https://www.researchgate.net/publication/11298420_Climate_Warming_and_Disease_Risks_for_Terrestrial_and_Marine_Biota?el=1_x_8&enrichId=rgreq-ea437217e5913acda038959f0da90104-XXX&enrichSource=Y292ZXJQYWdlOzI4MTcxNDUzODtBUzoyNzMyNDI0MjY0NDE3MjlAMTQ0MjE1NzQ3OTM4MQ==
https://www.researchgate.net/publication/224005166_Emerging_fungal_threats_to_animal_plant_and_ecosystem_health?el=1_x_8&enrichId=rgreq-ea437217e5913acda038959f0da90104-XXX&enrichSource=Y292ZXJQYWdlOzI4MTcxNDUzODtBUzoyNzMyNDI0MjY0NDE3MjlAMTQ0MjE1NzQ3OTM4MQ==
https://www.researchgate.net/publication/11330825_Paecilomycosis_in_Dogs_and_Horses_and_a_Review_of_the_Literature?el=1_x_8&enrichId=rgreq-ea437217e5913acda038959f0da90104-XXX&enrichSource=Y292ZXJQYWdlOzI4MTcxNDUzODtBUzoyNzMyNDI0MjY0NDE3MjlAMTQ0MjE1NzQ3OTM4MQ==
https://www.researchgate.net/publication/45508415_An_Emerging_Disease_Causes_Regional_Population_Collapse_of_a_Common_North_American_Bat_Species?el=1_x_8&enrichId=rgreq-ea437217e5913acda038959f0da90104-XXX&enrichSource=Y292ZXJQYWdlOzI4MTcxNDUzODtBUzoyNzMyNDI0MjY0NDE3MjlAMTQ0MjE1NzQ3OTM4MQ==
https://www.researchgate.net/publication/45508415_An_Emerging_Disease_Causes_Regional_Population_Collapse_of_a_Common_North_American_Bat_Species?el=1_x_8&enrichId=rgreq-ea437217e5913acda038959f0da90104-XXX&enrichSource=Y292ZXJQYWdlOzI4MTcxNDUzODtBUzoyNzMyNDI0MjY0NDE3MjlAMTQ0MjE1NzQ3OTM4MQ==
https://www.researchgate.net/publication/253176930_Cause_of_sea_fan_death_in_the_West_Indies_4?el=1_x_8&enrichId=rgreq-ea437217e5913acda038959f0da90104-XXX&enrichSource=Y292ZXJQYWdlOzI4MTcxNDUzODtBUzoyNzMyNDI0MjY0NDE3MjlAMTQ0MjE1NzQ3OTM4MQ==
https://www.researchgate.net/publication/243967725_Psychrophilic_and_psychrotolerant_fungi_on_bats_Geomyces_a_common_fungus_on_bat_wings_prior_to_the_arrival_of_White_Nose_Syndrome?el=1_x_8&enrichId=rgreq-ea437217e5913acda038959f0da90104-XXX&enrichSource=Y292ZXJQYWdlOzI4MTcxNDUzODtBUzoyNzMyNDI0MjY0NDE3MjlAMTQ0MjE1NzQ3OTM4MQ==
https://www.researchgate.net/publication/243967725_Psychrophilic_and_psychrotolerant_fungi_on_bats_Geomyces_a_common_fungus_on_bat_wings_prior_to_the_arrival_of_White_Nose_Syndrome?el=1_x_8&enrichId=rgreq-ea437217e5913acda038959f0da90104-XXX&enrichSource=Y292ZXJQYWdlOzI4MTcxNDUzODtBUzoyNzMyNDI0MjY0NDE3MjlAMTQ0MjE1NzQ3OTM4MQ==
https://www.researchgate.net/publication/243967725_Psychrophilic_and_psychrotolerant_fungi_on_bats_Geomyces_a_common_fungus_on_bat_wings_prior_to_the_arrival_of_White_Nose_Syndrome?el=1_x_8&enrichId=rgreq-ea437217e5913acda038959f0da90104-XXX&enrichSource=Y292ZXJQYWdlOzI4MTcxNDUzODtBUzoyNzMyNDI0MjY0NDE3MjlAMTQ0MjE1NzQ3OTM4MQ==
https://www.researchgate.net/publication/14479257_The_New_Fungal_Opportunists_Are_Coming?el=1_x_8&enrichId=rgreq-ea437217e5913acda038959f0da90104-XXX&enrichSource=Y292ZXJQYWdlOzI4MTcxNDUzODtBUzoyNzMyNDI0MjY0NDE3MjlAMTQ0MjE1NzQ3OTM4MQ==
https://www.researchgate.net/publication/233782688_First_mycological_investigation_on_Italian_bats?el=1_x_8&enrichId=rgreq-ea437217e5913acda038959f0da90104-XXX&enrichSource=Y292ZXJQYWdlOzI4MTcxNDUzODtBUzoyNzMyNDI0MjY0NDE3MjlAMTQ0MjE1NzQ3OTM4MQ==
https://www.researchgate.net/publication/7292615_Host_Range_and_Emerging_and_Reemerging_Pathogens?el=1_x_8&enrichId=rgreq-ea437217e5913acda038959f0da90104-XXX&enrichSource=Y292ZXJQYWdlOzI4MTcxNDUzODtBUzoyNzMyNDI0MjY0NDE3MjlAMTQ0MjE1NzQ3OTM4MQ==
https://www.researchgate.net/publication/7292615_Host_Range_and_Emerging_and_Reemerging_Pathogens?el=1_x_8&enrichId=rgreq-ea437217e5913acda038959f0da90104-XXX&enrichSource=Y292ZXJQYWdlOzI4MTcxNDUzODtBUzoyNzMyNDI0MjY0NDE3MjlAMTQ0MjE1NzQ3OTM4MQ==


from Mexico to Argentina. Population trends for M. rufus are stable
(Barquez et al., 2008a), while they are unknown for C. planirostris
(Barquez and Diaz, 2008) and M. molossus (Barquez et al., 2008b).
Nonetheless, the case of WNS in particular has shown the potential
of mycoses to cause devastating population crashes and local ex-
tinctions of previously abundant species (Frick et al., 2010).

Our results indicate the need for further research into the po-
tential effects these fungi may have on Molossid bats in Brazil.
Sequencing additional genetic markers may yield more precise
identifications of these isolates at the species level and further
enhance our understanding of them. The variability of species
richness and composition of fungi cultured from Molossid bats,
even among individuals of the same species, all within a small
geographic area, points to a potentially complex and species-rich
mycobiota associated with these particular bat species in this re-
gion of Brazil.
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