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Abstract | Bats utilize a wide range of structures as their roosting sites and occupy various food niches. The guanophilic
fungi of insectivorous bats such as Rhinopoma hardwickii and R. microphyllum were isolated and identified morpholog-
ically using phase contrast and scanning electron microscopes. The fungal culture was carried out using potato dextrose
agar (PDA) and species such as Aspergillus wversicolar gr., A. flavus, A. niger, Aspergillus sp., Penicillium funiculosum,
Penicillium sp., Absidia corymbifera, Cladosporium cladosporiodes, C. resinae, Chrysosporium tropicum, Paecilomyces varitii,
Malbranchea sp., Trichoderma sp., Mucor sp. and yeast were isolated and characterized. Chrysosporium tropicum plays a
vital role in degrading the insectivorous bat guano which has rich contents of keratin, while C. resinae decomposes the
hydrocarbons available in the guano. Many other fungi isolated in this study are opportunistic and some are medically

and environmentally important.
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INTRODUCTION

ats of family Rhinopomatidae are known as mouse tailed

bats. They are composed of a single genus (Rhinopoma)
with a large geographical range covering a part of tropical
Africa and most of the southern Mediterranean, Middle
East and southern Asia (Hill, 1977). The family Rhinop-
omatidae consists of three species of bats, namely Rhino-
poma hardwickii (lesser mouse-tailed bat), R. microphyl-
lum (greater mouse-tailed bat) and R. muscatellum (small
mouse-tailed bat). They are relatively small and live in arid
and semiarid habitats, where they roost in large numbers
in caves and man-made structures including houses, wells,
tunnels and tombs. They feed on insects, such as flies and
beetles. Having such an ecologically significant position,
they play an important role as pest-controller.

'The excreta of wild birds and animals, including bats, con-
tain medically significant fungi, such as Cryprococcus neofor-
mans and C. laurentii (Garci’a-Hermoso et al., 1997) and
locations that contain large amounts of such excreta are
potential sites of human infection. Bat guano acts as good
substrate for fungal growth and offers optimal environmen-

tal conditions. The fungi commonly serve as saprotrophs
and/or pathogens or as transient chemo heterotrophic mi-
croorganisms (Northup et al., 1997). Insectivorous bats are
known to be the prime contenders as reservoirs of fungi
such as Histoplasma capsulatum, Coccidioides immitis, Cryp-
tococcus laurentii and Blastomyces dermatitidis (Yamamoto
et al., 1995; Garcia Hermoso et al., 1997; Mattsson et al.,
1999; Bunnell et al., 2000). Apparently, there is little in-
formation available on guanophilic fungi of Indian bats.
Therefore, this study was conducted to isolate and char-
acterize the guanophilic fungi of rhinopomatid bats and
their pathogenic and ecological role in the ecosystem.

MATERIALS AND METHODS

The guano samples of R. hardwickii were collected from
Jhushi fort and Khusurubagh fort at Allahabad (25.45°N,
81.85°E), Atala mosque at Jaunpur (25.73°N, 82.68°E),
Diyara fort at Sultanpur (26.45°N, 82.11°E) and Thar
Ganga Ghat at Varanasi (25.28°N, 82.95°E), while the
guano samples of R. microphyllum were collected from a
natural cave at Chitrakoot (25.00°N, 80.83°E). The pop-

ulation size of R. hardwickii colonies ranged from 600 -
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Table 1: Colony characteristics of guanophilic fungi isolated from the guano of rhinopomatid bats

Fungal species Colony diameter Colony character Zonation Sporulation
i) Surface colour Texture

A. versicolar gr. 14.4 Antique bronze Velvety Rounded Moderate

A. flavus 13.84 White -green Floccose ~ Rounded High

A.niger 50.08 Black with White margin Powdery  Rounded High

Aspergillus sp. 16.5 Army green with white margin Downy Rounded Moderate

Penicillium funiculosum 32.35 White with brown appearance  Cottony ~ Rounded Moderate

Penicillium sp. 28.42 Dark moss green Velvety Rounded Moderate

Penicillium sp. 6.13 Cambridge blue Velvety Rounded Moderate

Absidia corymbifera 58.01 White Woolly Rounded Non sporulating

Cladosporium cladosporiodes 9.39 Bronze yellow Velvety Rounded Moderate

Cladosporium resinae 16.43 Dark brown Velvety Moderate

Chrysosporium tropicum 7.58 White cream Woolly Rounded Moderate

Puecilomyces varitii 66.29 Burly wood Suede-like Rounded High

Malbranchea sp. 14.62 Bronze Velvety Rounded Moderate

Mucor sp. 58.01 White Woolly Rounded Non sporulating

Trichoderma sp. 58.01 Acid green Woolly Ellipsoid ~ Very little

Yeast 7.72 Pink Watery Rounded  Non sporulating

750 individuals, while the colony of R. microphyllum was
about 1800 individuals. The relative humidity of the roost
sites of R. hardwickii and R. microphyllum was 80 + 2 %
and 75 + 15 %, respectively. A fresh polythene sheet (3 x 2
m) was spread on the floor beneath the bat roosts at wee
hours and 5 g of bat guano was aseptically collected in ster-
ile vials using forceps. Individuals of R. hardwickii and R.
microphyllum were captured using mist nests, 9 m length,
2 m width and 38 mm mesh size (Avinet, Dryden, USA)
which were erected at early morning closest to their roosts
for species recognition and also for sample collection. The
identification of bat species was carried out based on mor-
phological measurements by following Bates and Harrison
(1997). Individual bat was kept in a bat cage for 20 - 30
min for defecation and thereafter released at the site of
capture.

Isolation of guanophilic fungus was carried out by sus-
pending 1 g of guano in 9 ml of sterile water to make 10
ml stock suspension. From the stock, 1 ml was taken and
tenfold serial dilution was made (Raper et al., 1949; Thom
and Raper, 1945). Streptomycin sulphate and tetracycline
hydrochloride (8pg/1) were mixed as antibacterial agents
with the potato dextrose agar media (Hi-Media) for fungal
culture. The serially diluted samples were inoculated onto
the culture plates and incubated at 28°C for 7-9 days. The
colonies were extirpated and purified in PDA media at
25°C for 7 days. The fungal samples were carefully collect-
ed from the inoculation plates and mounted on the alu-
minum stubs using double side carbon adhesive tapes and
kept overnight in desiccators. The stubs were sputter coat-

ed with palladium coater (JFC-1800) and the morphology
of fungus was studied under scanning electron microscope

(JEOL JSM 6400 LV, Japan) between 5 and 15 kV at dif-

terent magnifications.

RESULTS

A total of 16 species of fungi belonging to ten genera were
isolated from the guano samples of R. hardwickii and R.
microphyllum. Majority of them belonged to ascomyco-
ta (13 species), followed by zygomycota (2 species) and a
yeast species (Table 1). Fungal species such as Aspergillus
versicolar gr., A. flavus, A. niger, Absidia corymbifera, Paecilo-
myces varitii, Cladosporium cladosporiodes, C. resinae, Chrys-
osporium tropicum and Penicillium funiculosum were isolated
from the guano samples of R. hardwickii. In addition, two
species of genus Penicillium, and one species of each of the
genera Aspergillus, Malbranchea, Trichoderma and yeast were
also isolated from the guano samples of R. hardwickii. The
guano samples of R. microphyllum which collected from
Godavari cave temple at Chitrakoot had only Absidia co-
rymbifera and sterile mycelia.

The colony of Aspergillus versicolar was antique bronze,
rounded and velvety (Figure 1A). It attained a diameter of
14.4 mm on seventh day (Table 1). The hyphae boar chains
of rough conidia on terminal ends (Figure 2A). The colony
of A. flavus was pale green with white margin, circular and
floccose (Figure 1B). The hyphae of 4. flavus were septate
and dichotomously branched. Conidial heads were radi-
ated, uni-and biseriate. The conidium was pale green and
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Figure 1: Colony morphology A. wersicolar gr (A), A. flavus (B) and A. niger (C). Aspergillus sp. (D), Penicillium funiculosum (E),
Penicillium sp. (F), Penicillium sp. (G), Absidia corymbifera (H), Cladosporium cladosporiodes (1), Cladosporium resinae (J), Chrysosporium
tropicum (K), Paecilomyces varitii (L), Malbranchea sp. (M), Mucor sp. (N), Trichoderma sp. (O) and yeast sp. (P)

conspicuously echinulate, smooth to very finely roughened
and spherical (Figure 2B). Conidiophores were coarsely
roughened and uncolored. Colonies of 4. niger were iso-
lated from the guano samples of R. hardwickii collected
from a monument at Khusrubagh, Allahabad and at build-
ing roost in Sultanpur. The round and powdery colony
with inner black and white margin (Figure 1C) attained
50.08 mm (Table 1). The conidium of 4. niger was brown
to black, very rough and globose (Figure 1C). The conidio-
phores bore numerous black dot-like spores at the terminal

end (Figure 2C). The hyphae were translucent and septate.

'The conidial heads of 4. niger were radiated initially and
split into columns at maturity. A colony of unknown spe-
cies belongs to the genus Aspergillus was isolated from the
guano of R. hardwickii collected at Atala mosque, Jaunpur
(Figure 2D). The rounded colony was downy; with inner
army green and white margin attained 16.5 mm at matu-

rity (Figure 1D).

A colony of Penicillium funiculosum was isolated from the
guano sample collected from the Thar Ganga Ghat, Vara-

nasi. The colony was cottony, white, rounded and attained
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Figure 2: Scanning electron micrographs of A. wersicolar gr (A), A. flavus (B) and A. niger (C). Aspergillus sp. (D), Penicillium
Sfuniculosum (E), Penicillium sp. (F), Penicillium sp. (G), Absidia corymbifera (H), Cladosporium cladosporiodes (1), Cladosporium resinae
(), Chrysosporium tropicum (K), Paecilomyces varitii (L), Malbranchea sp. (M), Mucor sp. (N), Trichoderma sp. (O) and yeast sp. (P)

32.35 mm (Figure 1E). A large number of whip-like co-
nidial chains observed at the terminal end of conidiophore
with spherical spores (Figure 2E). In addition, two iso-
lates of Penicillium were collected from the guano of R.
hardwickii. A dark moss green, velvety and round colony
was isolated from the guano samples collected from Di-
yara, Sultanpur attained 28.42 mm (Figure 1F). The co-
nidiophores consist long and oval spores at the terminal
end (Figure 2F). Another rounded and velvety colony
with Cambridge blue was isolated from the sample col-

lected from Khusrubagh fort, Allahabad (Figure 1G). The

matured colony attained 6.13 mm. The conidiophore was
branched and bore chains of conidia at the terminal end

(Figure 2G).

Absidia corymbifera was isolated from the guano samples
of R. hardwickii collected at Khusrubagh fort, Allahabad
and R. micorphyllum samples from Godavari cave tem-
ple, Chitrakoot. The colony of 4. corymbifera was white,
wooly, rounded and attained 37.93 mm at maturity (Fig-
ure 1H). The branched conidiophores bore few numbers
of conidia (Figure 2H). Two species of Cladosporium were
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isolated from the guano samples of R. hardwickii (Table
1). Cladosporium cladosporoides was isolated from a roost at
the riverbank of Ganga, Varanasi and C. resinae was isolat-
ed from a monument at Sultanpur. The colony of C. c/ad-
osporoides was bronze yellow, velvety, rounded and attained
9.39 mm (Figure 1I). The septate hyphae had spherical
conidia. The conidia were sparsely attached on the hyphae
(Figure 2I). The colony of C. resinae was moderately spor-
ulated, dark brown, velvety and attained 16.43 mm (Figure
1]). The first conidium was developed in to ramoconidia
with three protuberant scars and conidiophores arose lat-
erally from vegetative hyphae (Figure 2]). Chrysosporium
tropicum was isolated from the guano samples of R. hard-
wickii collected from Jhusi fort, Allahabad. The colony of
C. tropicum was white, wooly, rounded and attained 7.58
mm at maturity (Figure 1K). The thin walled hyphae were
hyaline, branched and divided by septa. The barrel-shaped
conidium was solitary, terminal and stalked (Figure 2K).
The colony of P waritii was wooly, rounded, burly wood
colour and attained a diameter 66.29 mm (Figure 1L). The
hyphae were septate, branched and bore chains of spores
(Figure 2L).

In addition, one species belongs to each of genera Malbran-
chea, Mucor, Trichoderma and yeast was isolated. The colo-
nies of Malbranchea sp. and Mucor sp. were isolated from
the guano samples of R. hardwickii collected from Khus-
rubagh and Allahabad. The colony of Malbranchea sp. was
bronze colored, velvety textured and attained 14.62 mm
(Figure 1M). The branched and segmented hyphae bore
spores (Figure 2M). The colony of Mucor sp. was white,
wooly, rounded and attained 58.01 mm (Figure 1N). The
hyphae were hyaline with terminal conidia (Figure 2N).
'The colony of Trichoderma sp was acid green, wooly and
attained 58.01 mm (Figure 10). The hyphae were highly
branched and bore spores (Figure 20). The yeast colony
was pink, wooly, rounded, non-sporulating and attained
7.72 mm with capsule-like individual yeast (Figure 1P, 2P).
In addition, sterile mycelia were isolated from the guano
samples of R. hardwickii collected from Atla mosque, Jaun-
pur, Jhunsi fort, Allahabad and Godavari cave, Chitrakoot.
'The colonies of sterile mycelia were white, cottony, round-
ed and non-sporulating.

DISCUSSION

In the present study, a total of 16 species of ecologically
and medically important fungi were isolated from the gua-
no samples of R. hardwickii and R. microphyllum. Among
the guanophilic fungi, species belong to genus Aspergillus
represented more than other genus. It shows that the spe-
cies belong to Aspergillus distributed widely in the guano
and various roost sites of rhinopomatid bats. The myco-
toxin produced by A. niger causes several ailments of liver,
kidney, nervous system, muscles, skin, respiratory organs,

digestive tract, and genital organs in human (Durakovic
et al.,, 1989; Rai and Mehrotra, 2005). The cosmopolitan
tungus A. niger produces ochratoxin A, fumonisin B2 and
aflatoxin in stored commodities (Schuster et al., 2002,
Noonimabe et al., 2009; Al-Abdalall, 2009). However, 4.
niger has been consider as safe by the US Food and Drug
Administration. Aspergillus niger produces many industrial
important enzymes like amylase, amyloglucosidase, cellu-
lases, glucoamylase, lactase, invertase, pectinase (Gautam
et al., 2011). Aspergillus versicolor found in the guano of R.
hardwickii was widely isolated from soil, indoor environ-
ments (Shelton et al., 2002; Engelhart et al., 2002; Amend
et al., 2010; Anderson et al., 2011), various foods and hy-
per saline water (Kis-Papo et al. 2003; Mbata, 2008) and
also associated with many health issues of humans and
animals (Perri et al., 2005; Baddley et al., 2009; Edmond-
son et al., 2009; Moreno and Arenas, 2010). It produces
sterigmatocystin, a mycotoxin that is a precursor of afla-
toxin B1 (Mills and Abramson, 1986; Tuomi et al., 2000;
Nielsen, 2003; Versilovskis and Saeger, 2010). Aspergillus
flavus causes chronic granulomatous sinusitis, keratitis, cu-
taneous aspergillosis, wound infections and osteomyelitis
tollowing trauma and inoculation. It also causes otitis, cu-
taneous aspergillosis, pulmonary and systemic infections in
immunocompromised patients.

Results of the present study showed the wide distribution
of filamentous fungus Penici/lium in the guano of rhinop-
omatid bats. Among three species of Penicillium, P funicu-
losum has industrial applications as it involves in cellulose
production (Roberto et al., 2013). Penicillium funiculosum
is able to secrete a balanced cellulasic system (Rao et al.,
1988; Castro et al., 2010). The existence of P funiculosum in
the plant parts and the insects around the plants was well
established (LLim and Rohrbach, 1980). The occurrence of
P, funiculosum in bat guano attributes that the insectivorous
bat R. hardwickii consumes insects or insect pests which
are reservoirs of P funiculosum. Absidia corymbifera isolat-
ed from R. hardwickii and R. microphyllum is opportunis-
tic mycoses. It causes zygomycosis in immunocompetent
hosts (Hagensee et al., 1994; Ribes et al., 2000). Absidia
corymbifera is most commonly reported as an animal path-
ogen and causes mycotic abortion in cows (Knudtson and
Kirkbride, 1992). Cladosporium cladosporioides listed as oc-
casional agent of phaeohyphomycosis was isolated from
the guano of R. hardwickii. The infections of C. cladospori-
oides are extremely rare (Matsumoto et al., 1994). Clad-
osporium resinae found in guano of R. hardwickii was wide-
ly observed in soil and actively decomposes hydrocarbons

(Ahearn and Meyers, 1972).

Chrysosporium tropicum is a potent keratinophilic fungus
isolated from the guano of R. hardwickii. It decomposes
the most abundant and highly stable animal protein kera-
tin (Avasan et al., 2011). As R. hardwickii feeds on orthop-
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teran, dictyopteran, lepidopteran, hymanopteran, coleop-
teran and dipteran insects, the occurrence of C. tropicum
in its guano is ecologically important for decomposing
the insect keratin. Paecilomyces varitii observed in the gua-
no of R. hardwickii was reported in earlier studies in the
substrate including pasteurized food, soil, indoor air and
wood (Samson 1974; Pitt et al., 2009). Paecilomyces is listed
among the emerging causative agents of opportunistic my-
coses in immune compromised hosts, cutaneous or cathe-
ter related associated with almost any organ or system of
the human body (Salle et al., 2005) and it causes hyalohy-
phomycosis (Ajello, 1986). The occurrence of Malbranchea
sp. in the bat guano was apparently due to contamination.
Moucor isolated from the guano of R. hardwickii causes op-
portunistic infections known as zygomycosis (Larone et al.,
1995; Stewart et al., 1999), which includes infections in
mucous membranes, nasal passages and sinuses, eyes, lungs,
skin, and brain, as well as renal and pulmonary infections
and septic arthritis. 77ichoderma sp. is most promising and
an effective biocontrol agent for vegetable diseases and an
antagonist controlling wide range of microbes and their
mechanism of mycoparasitism involves nutrient compe-
tition, hyperparasitism and antibiosis (Weinding, 1934).
'Thus, the results of current study reveal the diversity of
guanophilic fungi of two insectivorous bats and their active
role on ecosystem and human health.
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