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Abstract

The bats usually inhabit shelters with favorable conditions for fungal proliferation, including pathogenic and opportunistic
species. The fungal diversity present on bats is little known and the studies are scarce in Brazil, which only a work has
been performed in Cerrado and Pantanal biomes. Therefore, the objective of this study was evaluating the occurrence
of filamentous fungi on the rostral region of Molossus molossus in an Atlantic Forest remnant of Brazil. The bats were
captured with mist nets installed outside a shelter located in the municipality of Treviso, (28°29°23”’S and 49°31°23”W),
south region of state Santa Catarina. With a swab sterile moistened in saline solution, samples from the rostral region were
obtained from all captured M. molossus individuals. The samples were taken to the laboratory for analysis and isolation
in different culture media, followed of identification of fungal through the microculture technique. In total, 15 individuals
were captured, which five fungal genus and 19 taxa were identified. Among the taxa registered, Aspergillioides sp.2,
(47%), Penicillium sp.1 (33%), Chrysonilia sp. (33%), Cladosporium sp. (27%) were classified as little constant. In terms
of abundance, Penicillium sp.1 (34%), Aspergillioides sp.2 (21%) and Aspergillus sp.2 (11%) were the most abundant in
the samples. The results showed the occurrence of high diversity fungal in the rostral region of M. molossus in the Atlantic
Forest, which is higher than observed in others Brazilian biomes. Some fungal genera found may harbor pathogenic and
opportunistic species that need to be identified for preventing potential disease well as for bat conservation projects.

Keywords: bat-fungus relationships, fungal infections, microbiology.

Ocorréncia de fungos filamentosos em Molossus molossus (Pallas, 1766)
(Chiroptera: Molossidae) presentes em um remanescente da Mata Atlantica
no Sul do Brasil

Resumo

Os morcegos comumente abrigam-se em locais com condigdes favoraveis para proliferacao fingica, incluindo espécies
patogénicas e oportunistas. A diversidade fingica presente nos morcegos € pouco conhecida e os estudos sdo escassos
no Brasil, no qual apenas um trabalho tem sido realizado nos biomas do Cerrado e Pantanal. Portanto, o objetivo deste
estudo foi avaliar a ocorréncia de fungos filamentosos na regido rostral de Molossus molossus em um remanescente
da Mata Atlantica no sul do Brasil. Os morcegos foram capturados com redes-de-neblina instaladas na saida de um
abrigo localizado no municipio de Treviso (28°29°23”’S ¢ 49°31°23”W), regido sul do estado de Santa Catarina. Com
um swab esterilizado ¢ umedecido em solugdo salina, amostras da regido rostral foram obtidas de todos os individuos
de M. molossus capturados. As amostras foram levadas ao laboratério para analise e isolamento em diferentes meios
de cultura, seguido de identificacdo taxondmica fungica pela técnica de microcultivo. No total, 15 individuos foram
capturados, nos quais 5 géneros fungicos e 19 faxa foram identificados. Dentre os faxa registrados foram classificados
como pouco constante Aspergillioides sp.2, (47%), Penicillium sp.1 (33%), Chrysonilia sp. (33%), Cladosporium sp.
(27%). Em termos de abundancia, Penicillium sp.1 (34%), Aspergillioides sp.2 (21%) e Aspergillus sp.2 (11%) foram
os mais abundantes nas amostras. Os resultados mostraram ocorréncia de elevada riqueza de fungos na regido rostral
de M. molossus na Mata Atlantica, riqueza essa que ¢ superior aquela observada para outros biomas brasileiros. Alguns
géneros fungicos encontrados podem abrigar espécies patogénicas e oportunistas que precisam ser identificadas tanto
para prevenir potenciais doengas, assim como, para os projetos de conservacdo dos morcegos.

Palavras-chave: relagdes fungo-morcegos, infecgdes fingicas, microbiologia.
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1. Introduction

In the last two decades, there was an increase in the
number of infectious diseases spread in the world, which
among others factors, may be caused by pathogens agents
transmitted by different host (Heitman, 2011; Fisher et al.,
2012), including some fungal species. Fungal pathogens
affect both animals and plants, leading to death and in
more severe cases, a local extinction of populations
(Fisher et al., 2012). Emerging infectious diseases caused
by fungal species can affect terrestrial, freshwater and
marine environments, with potential to cause outbreaks
(epizoonotic) or even affecting populations on global
scales (panzootic) (Daszak et al., 2001). The International
Union for Conservation of Nature (IUCN) report that
of the 833 endangered species, 4% (31) were related to
infectious diseases (Fisher et al., 2012). Mycoses have
becoming one of the leading threats to wildlife with
potential to reduce population of diverse taxa including
sea corals, snakes, lizards, turtles and amphibians
(Shapiro et al., 2015).

For example, a recent study reports that fungal infections
in eggs of tegu lizards Salvator merianae (Duméril &
Bilbron, 1839) can cause damage and death of their embryos
(Carvalho et al., 2020). Moreover, a study performed
by Santana-Neto et al. (2010) showed that filamentous
fungi may have a role in the regulation of field scorpion
populations. These were isolated from Tityus stigmurus
(Thorell, 1876) and the infected individuals had their
behavior modified by reducing feeding and locomotion,
in addition, none of the infected individuals survived.

Diverse types of the shelters utilized by bats, constitute
favorable environments for the spread of fungi, and have
great interaction with pathogenic agents (Tencate et al.,
2012). Dermatophytes, filamentous fungi and opportunist
yeast have already been previously reported in fecal samples
and nasal hairs of bats (Tencate et al., 2012; Shapiro et al.,
2015). Some pathogens have the potential to spread and
devastate more susceptible populations as the case of
White Nose Syndrome (WNS) (Blehert et al., 2008), a
disease reported in various bats species (Foley etal., 2011;
Turner et al., 2011). White Nose Syndrome is caused by
the fungus Pseudogymnoascus destructans (Ascomycota)
(Minnis and Lindner, 2013) and it was considered a deadly
epidemic in some parts of the United States and Canada,
causing the death of about one million bats (Frick et al.,
2010).

Due to growing number of infectious diseases, studies
have been conducted on opportunist mycoses in bats in
Brazil. In Rondonia, a study aimed to isolate Malassezia spp.
from the acoustic meatus from a total of 30 bats, where
Malassezia spp. were isolated in 80% of the Molossus
molossus (Pallas, 1766) studied (Gandra et al., 2008).
In the other hand, in bats captured in Sdo Paulo, fungi
isolated of gastrointestinal tract showed the presence
mainly Aspergillus sp. (29%), Microsporum sp. (6%) and
Penicillium sp. (6%), Tricophyton sp. (4%) and zygomycetes
(4%) and Fusarium sp. (2%) (Tencate et al., 2012).
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In recent study, Histoplasma capsulatum was observed in
spleen and liver of M. molossus collected in urban areas
of Sdo Paulo (Paz et al., 2018). This interaction between
bats and fungi is extremely complex and, therefore, their
understanding is essential of species biology and ecology,
as well as a tool for conservation and environmental
health programs. In general, the records of interaction
between bats and fungi were made in temperate regions,
whereas in other areas under tropical and subtropical
climate influence, there are not knowledge about these
interactions.

Bats are important in natural environment due to their high
food plasticity, as insect species controllers, pollinators and
dispersers (Fleming et al., 1972), interacting with numerous
environmental elements (Bernard and Fenton, 2007) and
still has an important role in ecosystem dynamics (Kalko,
1998; Bernard, 2001). Currently, about 1,384 species have
been described worldwide (Taylor and Tuttle, 2019), of
which 182 species found in Brazil (Nogueira et al., 2018),
and at least 50 species with confirmed records in Santa
Catarina state (Passos et al., 2010; Carvalho and Fabian,
2011; Cherem and Althoff, 2015; Carvalho et al., 2017,
Althoff et al., 2018).

In Santa Catarina, Molossidae has 10 species recorded
(Passos et al., 2010; Carvalho et al., 2017; Althoff et al.,
2018), which includes the specie M. molossus, evaluated
in the present study. These bats are medium size
insectivores characterized by present rounded ears and
close to the midline above the head, hair dark brown to
reddish brown and a ventral tuft of hair on the upper lip
(Weber et al., 2013; Reis et al., 2017). It is considered
a synanthropic species, occurring often in urban areas
where the human constructions are used as a shelter
(Souza, 2011; Reis et al., 2012; Talamoni et al., 2013).
In Neotropical bats, especially Brazilian species, it is
unknown about the microbiota associate with these
animals, which only a single work (Shapiro et al.,
2015) has been done so far. The possibility of fungi
associated to M. molossus are diverse and may vary
between individuals, however, the studies are scarce in
Brazil (Shapiro et al., 2015). Considering the reasons
stated above, the objective of this study was to describe
the mycobiota from M. molossus species in an Atlantic
Forest remnant in Southern Brazil.

2. Material and Methods
2.1. Study site

The present study was conducted in the municipality
of Treviso (28°29°23”’S and 49°31°23”W), southern Santa
Catarina (Figure 1). The region is inserted in the Atlantic
Forest biome, in an area of Submontane Dense Ombrophylous
Forest (IBGE, 2012). According to Képpen'’s classification,
the region’s climate is Cfa type, humid mesothermal without
defined dry season (Alvares et al., 2013). The bat colony
was located in a small house inside ceiling (about 4.5 m
from the ground), not inhabited, which are little used by
the local community.
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Figure 1. Study area showing the location of Treviso municipality in the Southern state of Santa Catarina, and in detail, the
delimitation of the city and the site where the individuals of M. molossus were sampled.

2.2. Bat capture and sample collection

Bats were captured in mist nets (Peracchi and Nogueira,
2010), installed near of the shelter exit. The bats were
placed in cloth bags and taken to identification to species
level according to Gregorin and Taddei (2002) and
Diaz et al. (2016).

The sample of rostral region of each bat was obtained
through of a swab sterile moistened in saline solution.
The swab was lightly spread on surface of the bat rostral
region (ABNT, 2018) and added in a tube with 1 mL
of 0.9% sterile saline solution. The samples were taken
to the laboratory for analysis and isolation in different
culture media, followed of identification of fungal species
through the microculture technique. Culture plates were
also exposed for 15 min near at the same bat capture sites.
The procedure was carried out to quantify and identify
the fungi in this environment and so, to avoid attributing
contaminating fungi to bats.

After obtaining the samples, all bats were release at the
same capture sites. The study was carried out under license
from SISBIO (53718-1) and approval by the Committee of
Ethical for use of animals in experiments from Universidade
do Extremo Sul Catarinense (065/2018-1).

2.3. Fungi identification

The tube containing the swab were vigorously agitated
and an aliquot of each sample was spread on the surface
of potato dextrose agar (PDA) with drigalski spreader
(Silvaetal., 2010; Tortora et al., 2012). Then, the medium
PDA was incubated at 27 °C + 2 °C in the dark for seven
days. The results were presented taking into account the
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colony count and the strains were examined for genus
identification.

The fungi colonies were previously identified according
to macromorphological characteristics (for example: cotton,
velvety, and powdery textures), pigmentation and colony
size (Pitt and Hocking, 2009). The isolated strains were
sub-cultured on malt extract agar (MEA), 25% glycerol
nitrate agar (GN25) and czapek yeast extract agar (CYA)
media and again incubated at 27 °C £ 2 °C by seven
days. Then, the microculture technique was used to aid
the identification of fungal genera. The fungi were grown
between three to five days in a temperature of 27 °C+2 °C
and afterward, they were examined under a light microscope
(100% and 400x magnifications) and genera identification
was carried out according to available taxonomic keys and
guides (Raper and Fennel, 1965; Pitt, 1979; Nelson et al.,
1983; Frisvad et al., 2004; Samson et al., 2006; Pitt and
Hocking, 2009).

2.4. Data analysis

The analysis of the fungi composition was performed
according to taxa number identification, which was
attributed as specific richness. The frequency of taxa
was also calculated, being that each bat was considered
as a sample. For this reason, the following formula was
used: sample number, which was reported the fungal
type, divided by the total number of samples (bats),
multiplied by 100 to obtain a percentage. The faxa were
classified as rare category (frequency below than 25%),
little constant (frequency greater than 25.1% and less
than 50%) and constant (frequency greater than 50.1%).
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Finally, the relative abundance of each taxa fungi in the
sample was calculated using the colonies number as an
abundance metric.

3. Results

From the 15 samples analysed, 19 fungal growth belonging
to five genus, and 19 faxa were identified in rostral region of
M. molossus (Table 1, Figure 2). Among the taxa registered,
Aspergillioides sp. 2,(47%), Penicillium sp. 1 (33%), Chrysonilia
sp. (33%), Cladosporium sp. (27%) were classified as little
constant, being the others taxa included in the rare category
(Table 1). It is important to highlight that none of the taxa
analyzed was considered constant. In terms of abundance,
Penicillium sp. 1 (34%), Aspergillioides sp. 2 (21%) and
Aspergillus sp. 2 (11%) were the most abundant in the samples.
Culture plates exposed near to the bats capture sites showed
unimpressive fungi growth, in average <1.0x10' CFU/mL.

4. Discussion

Ahigh fungal richness was associated with the rostral
region of M. molossus in an Atlantic Forest remnant.
If compared to Cerrado and Pantanal, the faxa number
is 61% higher than these environments for the same bat
specie (Shapiro et al., 2015). Despite of the study of

Shapiro et al. (2015) to be the only work with this approach
in Brazil, the environmental studied which may influence
in the specific richness of the fungi. The Atlantic Forest is a
biome with higher humidity when compared to Cerrado and
Pantanal, for example. Climatic parameter as temperature
and humidity affect the survival (Kokurewicz et al., 2016)
and fungal dispersal capacity (IOM, 2011). Considering that
tropical environments are those that has highest diversity
of fungi (Maia, 2005) is possible that this also occur in
the Atlantic Forest.

However, if compared only the faxa number reported,
studies performed in others regions as Australia, North
America and Italy described a higher number than observed
in the current study - up to 149 taxa (Voyron et al., 2011;
Johnson et al., 2013; Kokurewicz et al., 2016; Holz et al.,
2018), which would contradict that tropical areas tend to
have higher fungal richness. Therefore, other factors may
be related as the sampling in different parts of bat body,
carcass collection, number of individuals and environmental
samples, as performed in the studies mentioned above.

Among the faxa registered, Aspergillioides sp. 2, (47%),
was classified as little constant, however, it is the most frequent
in relation to the classification of other faxa identified in
the current study. This is a subgenus of Penicillium, which
was also the most frequent observed in M. molossus in the

Table 1. Genera identification, relative frequency and relative abundance of fungal faxa found in the rostral region of

M. molossus in an Atlantic Forest remnant in Southern Brazil.

Taxa Id.! N2 RF® (%) Index Colony o A+ (%)
number

Genus Aspergillus
Aspergillus sp.1 1.0 1 7 Rare 1 0.6
Aspergillus sp.2 1.1 2 13 Rare 18 11
Aspergillus sp.3 1.2 2 13 Rare 2 1
Circumdati sp.1 1.3 1 7 Rare 1 0.6
Circumdati sp.2 1.4 1 7 Rare 2 1
Fumigati sp.1 1.5 1 7 Rare 2 1
Genus Penicillium
Aspergillioides sp.1 2.0 3 20 Rare 9 5
Aspergillioides sp.2 2.1 7 47 Little constant 35 21
Aspergillioides sp.3 2.2 1 7 Rare 4 3
Aspergillioides sp.4 2.3 1 7 Rare 0.6
Aspergillioides sp.5 2.4 2 13 Rare 3 2
Penicillium sp.1 2.5 5 33 Little constant 60 34
Penicillium sp.2 2.6 1 7 Rare 2 1
Penicillium sp.3 2.7 1 7 Rare 7 4
Furcatum sp.1 2.8 1 7 Rare 2 1
Furcatum sp.2 2.9 1 7 Rare 2 1
Genus Chrysonilia
Chrysonilia sp. 3.0 5 33 Little constant 12 7
Genus Cladosporium
Cladosporium sp. 4.0 4 27 Little constant 4 3
Genus Moniliella
Moniliella sp. 5.0 1 7 Rare 1 0.6

Tdentification; number; *relative frequency; “relative abundance.
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Figure 2. Optical microscopy of 400x magnification showing isolated and identified filamentous fungi of the rostral region
of M. molossus after growth in microcultive, according to indicate in the Table 1 for each genus and subgenus (3-day

incubation).

Cerrado and Pantanal areas (Shapiro et al., 2015). It is a
fungus considered as ubiquitous, opportunistic and saprophyte
(Pitt and Hocking, 2009). Moreover, Penicillium is the most
common fungi in various environmental compartments as
soil, air, and extreme environments, considering a wide
range of physicochemical parameters, as temperature, pH
and salinity variations (Yadav et al., 2018; Pitt and Hocking,
2009). In addition, it is possible highlight that some fungi
as Penicillium spp. or Cladosporium spp. colonize a wide
variety of bat shelters (Shapiro et al., 2015), which would
explain its high frequency.

In the Cerrado and Pantanal biomes there was no
report of isolated fungi pathogenic to bats (Shapiro et al.,
2015), however, some species found in this study as
Aspergillus terreus, Cladosporium and Paecilomyces may
cause opportunistic infections in horses, domestic dogs,
alligator, crocodiles, chameleons, sea turtle (Foley et al.,
2002) and humans (Perfect and Schell, 1996; Woolhouse
and Gowtage-Sequeria, 2005).

The genus Aspergillus has potential to infect host as
plants, insects, birds, and mammals, being considered
a umbrella term that covers a wide range of diseases as
mycose and mycotoxicoses, along with allergies, immune
system dysfunction, internal organ infections, as well

Braz. J. Biol., 2021, vol. 81, no. 4 pp.1073-1080

inflammation of retina, peritoneum, lungs, and urethral
system (Seyedmousavi et al., 2015; Kokurewicz et al., 2016).
Considering that M. molossus is a synanthropic bat species,
the Aspergillus sp. found in this bat should be constantly
studied since that some species are pathogenic to humans
(Kwon-Chung and Sugui, 2013; Seyedmousavi et al., 2015).
In our study, both genera Aspergillus and Cladosporium
were found in M. molossus.

The variability of species richness and composition
of fungi, even among individuals of the same bat species
and within a small geographic area, points to a potentially
complex and species-rich mycobiota associated with
bat (Shapiro et al., 2015). Moreover, the tropical micro-
fungi remain unexplored in the Brazilian biomes (Maia,
2005). The Atlantic Forest is an example of this, even
with a large part of Brazilian populations and numerous
research centers, it is lesser known biome (Maia, 2005)
and the current scenario of degradation and alteration
of this biome become this situation still more worrying.
Considering the pathogenic potential of some fungi taxa,
it is important to know the local diversity of each organism
group within Atlantic Forest, providing subsidies for
preservation and prevention strategies in order to avoid
the spread and introduction of pathogenic organisms in
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the natural environment (Maia, 2005; Fisher et al., 2012;
Shapiro et al., 2015).

5. Conclusion

Molossus molossus had a richness mycobiota of filamentous
fungi associated with the rostral region. The total number of
taxa reported was above that observed in others Brazilian
biomes; however, this should be carefully analyzed, since
these data may be influenced by sampling methods and
climate conditions, for instance. The taxa Aspergillioides
were the most frequent of the genus Penicillium. Despite
that fungi species with pathogenic potential were not
identified in the bats, the genus Aspergillus deserve
highlight herein why can cause serious health problems
to animals and human.

The mycobiota associate to bats from Atlantic Forest
is still recent; however, due to alteration of the natural
environments, further studies are necessary. In this case,
it is suggested that other bats (beyond insectivorous) be
sampled as frugivores, nectarivores, and sanguivores.
The study on interactions between fungi and bats provide
important data for species conservation and especially
future threats to fauna.
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