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ABSTRACT

A preliminary survey of chiropterans (bats)
with potential zoonotic fungi was conducted
as part of the Sowell-UNIMAS Expedition 2006.
This survey was conducted at Kubah National
Park, Matang, Sarawak from 14th to 16th August
2006. The main aim of this survey was to
document variety of fungal isolates from bats
external (ears) and internal (saliva and anal)
swabs. All of the fungi species were subjected
to both macroscopic and micrescopic
observations to characterize their morphology.
Out of 23 species of bats observed, 13 (56.5%)
species were found to contain 17 fungi isolates
of the genus Aspergillus from live subgenera,
five sections and six species. The fungi isolates
were Aspergillus restrictus, A. sydowii, A.
Sumigatus, A. niger, A. clavatus and A.
japonicus. The highest numbers of isolates
recorded was for A, restricrus with six isolates
followed by A. fumigarus and A. sydowii with
two isolates respectively. Where as, A. niger,
A. clavatus and A. japonicus cach recorded with
one isolate only. Aspergillus fumigatus was the
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first record isolated from bats the samples (n=
64) from Sarawak. It was reported that this
isolate is a pathogenic and thermophilic (able
to grow up to 65°C) isolate which was found to
be on a lesion near ear opening of Hipposideros
cervinus. Further work should be done to
discover potential mycoflora in wildlife
mammals,

INTRODUCTION

Wildlife has been an important vector of
infectious diseases as they can transmit these
diseases to human through direct or indirect
contact. Today, zoonoses found in wildlife
constitute a major public health problem,
affecting all continents. Wild animals seem to
be involved in the epidemiology of most
zoonoses and serve as major reservoirs for
transmission of zoonotic agents to domestic
animals and humans (Frederick, 1998; Hilde
eral., 2004).

The importance of such zoonoses is
increasingly being recognized, and the needs
for more attention in this area have been widely
expressed (Hilde ef al., 2004; Chomel et al.,
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2007). Recent studies showed that wildlife
diseases were expanding in geographic range,
transferred from one host species to another,
increased in impact or severity, undergone a
change in pathogenesis, and might also have
emerged by recently evolved pathogens
(Lederberg eral., 1992; Krause, 1992; Krause,
1994; Daszak et al., 2000). Most of the outbreak
of new viruses and emergence of newly evolved
pathogens are known mainly from wildlife
population (Morse, 1993; Dobson &
Foufopoulos, 2001; Antia et al., 2003).

Fungi are distributed worldwide, with particular
species being endemic in particular regions. The
species are grouped by natural environment
habitat as being primarily associated with
humans (anthrophilic), other animals
(zoophilic), or soil (geophilic) (Brandt &
Warnock, 2003). Zoosporic fungi are one of the
key arecas around these issues that are
currently receiving more attention with regards
to the wildlife diseases and yet to be explored
as other charismatic pathogens (e.g. virus,
bacteria and protozoan). Worldwide distribution
of some common wild animal fungal diseases
such as Aspergillosis, Chytridiomycosis,
Coccidioimycosis, Cephalosporiosis and
Otomycosis have the potential to be a major
threat to human being as they starts to be
transmitted from animal to human (Gitter &
Austwick, 1962). Previous cases of fungal
infections in wild animals have caused
inflammatory lesions in the brains,
subcutaneous infections, urinary tract
infections, ofitis, infraocular infections and
genital infections (Halloran, 1955; Conen et al.,
1962). For example, chytridiomycosis has
caused near extinction of some amphibians
(Dendrobates tinctorius) in Australia and other
parts of the world (Ells er al., 2003),

Fungal species in wild animals (from samples
of tissues, saliva and anal swab) such as A.
fumigatus, A. terreus, A. restrictus, A.
versicolour and A. glaucus were the common
fungi that have been isolated from temperate

region (Raper & Fennell, 1977). Aspergillus
fumigatus is the most important group of fungi
as a cause of systemic human and animal
diseases (Raper & Fennell, 1963; 1977). Since
Aspergillus species can be found on many
different substrates, they have been
extensively studied from animal dung, lungs,
ears, intestinal, blood vessels, kidney, bladder,
brain and skin for pathogenic strains that leads
to fungal infections on wild animals
(Ainsworth, 1952). Among wildlife population,
several studies have been documented
different pathogenic fungi from different hosts
(Coon & Locke, 1968; Trevino, 1972; Kaliner &
Cooper, 1973; Tham & Purcell, 1974; Ramirez et
al., 1976; Peden & Richard, 1985; Speare et al.,
1994; Mancianti er al., 1997; Cork et al., 1999;
Monteros er al., 1999; Leotta et al., 2002).

Bats have been shown to be both important
recidence and vectors of pathogens. Some of
the pathogens that have been recently reported
to be associated with this fauna were rabies
(Paez et al., 2003), European lyssavirus (Fooks
et al., 2002), Hendra (Halpin et al., 2000) and
Menangle (Bowden et al., 2001) in Australia,
Nipah and Tioman viruses in Malaysia (Chua
et al., 2002a and b), hantaviruses in Korea (Kim
et al., 1994) and etc. (Chua ez al., 2005). With
respect to fungal pathogens, insectivorous bats
are known to be the prime contenders as
reservoirs of fungi such as Histoplasma
capsulatum, Coccidioides  immitis,
Cryptococcus laurentii and Blastomyces
dermatitidis (Yamamoto er al., 1995; Garcia-
Hermoso et al., 1997; Mattsson er al., 1999;
Bunnell et al., 2000). Besides from becoming
contagious to human, these diseases also have
resulted in mass mortalities, population
declines, and even extinctions in such wildlife
population (Wobeser, 1994).

Viewing such a condition is important for both
human and wildlife, the present study has been
initiated in order to screen for pathogenic
strains of Aspergillus residing in bats of Borneo
Island. This genus is known to be commonly
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distributed in the environment as well as
pathogenic (Raper & Fennell, 1965; Klich, 2001).

MATERIALS ANDMETHODS
Study Area

Bats were sampled in Kubah National Park,
Sarawak, Malaysian Borneo (01°36'42.3"N 110°
26'39.3"E —elevation 8-35 m) from 14th to 16th
August 2006. The study area was mainly
covered with mixed dipterocarp forest with a
small stream flowing through this park from Mt.
Serapi.

Sampling Method

Ten mist-nets and four harp traps were set in
each night. Nets and traps were deployed at
night from 6.00 p.m. and were closed at 7.00
a.m. the following day. Nets were checked every
20 minutes during the first 6 hours. Harp traps
are much more independent, rarely any bat
caught in the pouch can escape and they are
not tangled (nor stressed), so these traps were
checked at least three times each night, so as
to make sure the animals were fine. Bats were
also sampled using scoop nets inside roosts
(like culverts).

All the samples were identified to species in
the field following the identification keys from
Payne ef al. (1998); Corbet & Hill, (1992);
Kingston ef al. (2006); and Khan (1986). A
maximum of five individuals per species were
taken as voucher specimens. An extra of
another three individual were collected for the
species, which is identified to have different
morphological attributes within the population.
Samples were then tagged and field standard
measurements were recorded. All specimens
were prepared as museum voucher specimens,
either as skin and skeletal or as fluid preserved
specimen. Tissue samples from liver and muscle
were preserved in lysis buffer (Longmire et al.,
1997) and ethanol vials, blood samples were
collected using Nobuto blood filter strips and
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ectoparasites from some specimens were
preserved in 75% ethanol,

Anal, ear and saliva swabs were performed
using sterile cotton buds and inoculated into
screw-capped centrifuge tubes containing
900 pl of PBS buffer to prevent drying. Samples
were serially diluted 10-fold up to 10-°, Of the
107 to 107 dilution, 0.1 ml of aliquots were
spread on sabouroud’s agar plates. Three
replicates were prepared for each dilution and
incubated at 25°C and 37°C for five days. After
five days, the mycelia were transferred into
selective media for fungal identification.

Fungi Identification

The fungi isolates were grown on five different
mediai.e., Czapek Yeast Extract Agar incubated
at 25°C (CYAZ25), CYA37 incubated at 37°C,
CY?20S added with 20% sucrose incubated at
25°C, Czapek's agar (CZ) and Malt Extract Agar
(MEA). For each culture, five plates were used
as replicates were made. Each plate was
inoculated at three points, equidistant from the
centre and incubated in the dark for seven days.
The strains were identified using current
universal identification keys described by
Raper & Fennell (1965) and Klich (2002).

Microscopic Observation

Microslide culture technique was used to
observe the micromorphological features of the
Aspergillus species. A small tuft of mycelium
and conidiophores were lifted from a young
section of the colony, placed in a drop of alcohol
on a microscope slide and gently teased out. A
drop of lactophenol blue or acid fuschin was
used as a stain. The appearance of foot cell,
conidiophores, presence of metulae
(sterigmata) and conidia were examined and
measurements were recorded. Images were
taken using digital camera.
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RESULTS

Thirteen species from a total of 23 species of
bats caught were found to host 17 Aspergillus
isolates. Isolates were identified to five
subgenera, five sections and six species. The
isolates were identified as A. restrictus, A.
sydowii, A. fumigatus, A. niger, A. clavatus and
A. japonicus (Figures 1-6). Aspergillus
restrictis was recorded with the highest number
of isolates (six isolates), followed by A.
fumigatus (two isolates) and A. sydowii (two

isolates) and A. miger, A. japonicus and A.
clavatus were recorded with lowest number of
isolates (one each) (Table 1).

Fungal infection was observed near the ear
opening of a single insectivorous bat,
Hiposideros cervinus. This fungus was
incubated at 37°C and was confirmed that this
infection was due to the A. fumigatus.
Morphological characteristics of all the six
species isolated from the bats are described.

Table 1: Total number of Aspergillus species isolated from anal, ear and saliva of the bats

Family

Host Species Name Fungal Species Source i:gi;gs
Pteropodidae

Cynopterus brachyotis A, restrictus Anal 1
C. brachyotis A. restrictus Anal 1
C. brachyoris A. restrictus Ears 1
C. brachyoris A, restrictus Ears 1
C. brachyotis - 0
C. brachyotis - 0
C. brachyotis A. sydowii Ears 1
Penthetor lucasi A, restrictis Anal 1
P, lucasi A, clavatuts Anal 1
P. lucasi A, fumigatus Ears 1
Balionycteris maculata A, sydowii Ears, anal 2
Hipposideridae

Hipposideros cervinus = 0
H. cervinus - 0
H. cervinus A. restrictus Anal 1
H. cervinus - 0
H. cervinus** A. fumigatus Ears, anal, saliva 4
H, cervinus - 0
H. cervinus - 0
Rhinophidae

Rhinolopus sedulous A. japonicus Anal 1
R. trifoliatus = 0
Rhinolopus borneensis - 0
Vespertilionidae

Mpyotis muricola A. niger Ears 1
Glischropus tylopus - 0

**Detected with fungal infection; — is negative
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Aspergillus japonicus Saito
Subgenus: Circumdati Section: Nigri

Colony on Czapek’s yeast extract agar (CYA) 60
—75 mm in diameter (7 days, 25°C), conidial heads
on this media was very dark brown to purple
brown or purple black; mycelium white to
yvellowish; no sclerotia was observed; reverse
dull brown to purple brown; no exudates present;
colonies velutinous to slightly floccose, plane
to radially sulcate.

On CYA37, the colony diameter was 40—50 mm
in diameter (7 days, 37°C); reverse brown to
black, yellow to brown soluble pigment present;
slow growth colony and radially sulcate. On
CY20S, colony was rapidly growing and no
soluble pigment was observed. On MEA, this
isolate can grow about 70 — 80 mm in diameter (7
days, 25°C); conidial heads was brownish black;
mycelium yellow in colour. No growth at 5°C
and this isolate can grow moderately at 45°C.

Conidial heads were radiate; stipes 400 — 600
um, smooth-walled, uncoloured. Vesicles 15 —
25 um wide, globose shaped, uniseriate;
Phialides (4.5 —7) % (3 — 4) pm, covering the
upper half of the vesicle. Conidia were globose
to subglobose, occasionally ellipsoidal,
measuring (3 — 4) x (4 — 5) um, surface
echinulate. This isolate produces black spinose
conidia (Figure 1, pg. 88).

Aspergillus niger Tiegh
Subgenus: Circumdati Seetion: Nigri

Colony on Czapek's yeast extract agar (CYA) 57
— 58 mm in diameter (7 days, 25°C), wrinkled,
dense and velutinous, exudates present, white
at first and becomes dark brown with forming of
conidial heads. reverse dark yellow.

Colony on malt extract agar (MEA) 52 - 56 mm
in diameter (7 days, 25°C) similar to those on
CYA butless dense and conidia in duller colours,
reverse dirty yellow. On Czapek's, morphologi-
cal characters were similar to those on MEA.
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No growth at 5°C, Growth at 37°C is exception-
ally rapid, colonies on CYA 38 — 40 mm in diam-
cter in three days. This strain can grow at 45°C.

Conidial apparatus develops as erect
conidiophores. Tips of conidiophores enlarge
and form vesicles with many phialides
producing conidia in long chains. Conidial
heads are compactly columnar, 40 — 48 pm in
diameter, black. Conidiophores are unbranched,
smooth and dark brown, stipes 200 — 300 um % 3
— 4 um in size. Vesicles are round to globose
shaped, 20 — 30 pm in diameter. Phialides
crowded dark brown, 5—7 pmlong. Conidia are
globose to subglobose, roughened, hyaline and
often decidous spinules when young and
verruculose when it matures (Figure 2, pg. 88).

Aspergillus sydowii (Bain. & Sart.) Thom and
Church
Subgenus: Nidulantes Section: Versicolores

Colony on Czapek'’s yeast extract agar (CYA) 20
— 40 mm in diameter (7 days, 25°C), heavily
sporulating in dark turquoise to dark green
colours, mycelium white, forming white conidial
heads, reverse reddish brown to maroon in
colour; exudates reddish brown to dark brown
when present; soluble pigment was maroon on
CYA; colony dense, velutinous to lanose,
radially sulcate.

Colony on malt extracts agar (MEA) 30 - 40 mm
in diameter (7 days, 25°C); conidia on MEA was
dark greenish after seven days; mycelium white;
colony texture granular and plane. Colony on
CY20S was similar to colonies on CYA
except exudates usnally not formed and texture
was more floccose. Colony on CY37 was less
dense and the conidial colours less intense.
Colony on Czapek’s agar growing 30 — 40 mm
with close textured and velvety with crowded
conidiophores. No growth at 3°C. Growth at 37°C
is moderate. This strain cannot grow at 45°C.

Conidial apparatus develops as erect
conidiophores. Conidial heads are radiate, 100
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~150 pm in diameter, and white in colour. Stipes
(200=30) pm % (3 = 7) um smooth, thick-walled
colourless, expanding into spathulate vesicles.
Vesicles are hyaline, radiate to spathulate
shaped, 6— 15 wm in width; usually sterigmata
in two series (biseriate), metulae (4—-35)x (2-3)
wm in diameter, phialides (5 -7) x (2 = 3) um.
Diminutive conidial structures produced by this
isolate, looks like penicillate heads. Conidia are
spherical, very rough to spinose, 3 — 4 um in
diameter. Hulle cells present in this isolate
(Figure 3, pg. 88).

Aspergillus restrictus G. Smith
Subgenus: Aspergillus Section: Restricti

Colony on Czapek’s yeast extract agar (CYA)
4 -8 mm in diameter (7 days, 25°C), Conidia on
CYA25 dull greento grey green; mycelium white
or inconspicuous; reverse uncoloured to brown;
exudates absent; colonies velutinous, centrally
floccose.

Colony on malt extract agar (MEA) 3 -6 mmin
diameter (7 days, 25°C); conidia on MEA was
dark greenish after seven days; mycelium white;
reverse uncoloured to pale tan colour; irregular
margin. Conidia on CY208S, dark green,
mycelium inconspicuous, reverse uncoloured,
colony very slow growth, dense and plane.
Colony on Czapek’s agar growing 3 — 5 mm;
conidia dark green; mycelium inconspicuous,
slow growth and less sporulation. No growth at
5°C. Growth at 37°C is very slow. This strain
cannot grow at 45°C.

Conidial heads are columnar; conidiophores up
to (100 — 200) % (4 — 7) um, smooth and
colourless, stipes (200 — 30) um x (3 —7) pm
smooth, uncoloured, expanding into pyriform
or hemispherical vesicles. Vesicles 8 — 18 ymin
wide; uniseriate to biseriate. Phialides (6 — 10) x
(2 = 3) um in diameter. Conidia are variable,
often cylindrical when borne, at maturity
ellipsoidal or pyriform, rough walled, (4 — 6) x
(2=3) um. (Figure 4, pg. 88).

Aspergillus fumigatus Fresenius
Subgenus: Fumigati Section: Fumigati

Colony diameter on CYA attaining about 50 —
75 mm (7 days at 25°C); conidia on this media
was dark blue greenish; mycelium white;
exudates absent, reverse uncoloured; soluble
pigment absent: texture floccose; heavy
sporulation.

On MEA, colony growth was about 50 — 60 mm
(7 days at 25°C); conidial colour was dark
bluish green; reverse uncoloured; texture as on
CYA25. On CY 208 and Cz, the colony colour
was similar as in CYA25. Colony on CYA37 was
exceptionally rapid, heavy sporulation; conidia
colour was greyish green, This isolate cannot
grow at 5°C and able to grow until 65°C.

Conidial heads was columnar; conidiophores
uncoloured., smooth-walled (200 - 350)
% (6 — 10) um, pyriform to spathulate vesicles.
Vesicles 15 — 28 pm in diameter; uniseriate;
phialides (5 —7) % (2 — 3) um, all phialides are
parallel to each other and the conidiophore axis.
Conidia globose to broadly ellipsoidal, smooth
to finely roughned, 2 — 2.5 pum in diameter
(Figure 5, pg. 89).

Aspergillus clavatus Desm
Subgenus: Clavati Section: Clavati

Colony on CYA (7 days at 25°C) was 40 — 45
mm; conidia dull green, dark turquoise or green;
mycelium white, inconspicuous to floccose;
exudates absent; reverse dull yellow to orange
brown in colour; colonies dense, radially
furrowed. Yellow soluble pigment present.

On MEA, colony attaining about 40 - 50 mm in
diameter (7 days at 25°C); conidia were dull green
to grey green in colour, irregularly distributed:
dark yellow soluble pigment present; mycelium
white, inconspicuous; colony thin and low
except for conidial areas more floccose. On
CY20S and CZ colonies were similar as those
on CYA 25. Colony on CYA (7 days at 37°C) was
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very slow, conidia less abundant. This isolate
cannot grow at 5°C and colony growth was
moderate at 37°C.

Conidial heads radiate, splitting into columns
when matured; conidiophores rose up to (1000
— 2000) x (15 — 30) um, smooth-walled,
colourless, expanding slowly into clavate

conidial head
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vesicles. Vesicles 50 — 70 pm wide, smaller
vesicles, conidia zone extended from 30 — 175
um down from the apices of the vesicles:
uniseriate, phialides (8—11) x (2—3) um. Conidia
smooth-walled, ellipsoidal, occasionally pyri-
form, almost cylindrical, (3—5)x (3—-3.5) um
(Figure 6, pg. 89).

Figure 4: (a) Colony on CYA at 25°C; (b) Colony on MEA at 25°C; (c) Conidial head
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Figure 5: (a—b) Colony on CYA at 25°C; 37°C; (¢) Conidial heads columnar; (d — ) Uniseriate conidial
head; () Conidia shape globose
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Figure 6: (a) Colony on MEA at 25°C; (b) Celony on CYA at 25°C; (¢) Conidia shape ellipsoidal;
(d —e) Uniseriate conidial head
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DISCUSSIONS

In this preliminary study, six species of
Aspergillus were isolated from 13 species of
bats. As few studies have been conducted on
mycoflora from wild animals, all the Aspergillus
species recorded in this study were presumed
to be first record for this genus found in bats at
least in Sarawak, Borneo. Previous studies done
by Kuthubutheen & Webster (1986) have
isolated coprophilous fungi from the bats,
samba deer and elephants dung in the natural
environment, Furthermore, Candida lusitaniae
and Debaryomyces hansenii were isolated from
bat guano (Takashi ef al., 2005). Several
pathogenic fungi from different bats species
were reported from Brazilian Amazon. In the
search of Paracoccidioides from the bats’
viscera, Silva-Vergara et al. (2005) have also
documented other types of mycoflora such as
Candida krusei, Trichosporum sp.,
Seytalidium sp., and one unidentified yeast-
like fungus from liver, spleen and lungs of
frugivorus bats (Carollia perspicillata and
Sturnira lilium), Glossophaga soricina
(nectarivorous bats) and Desmodus rotundus
(hematophagous bat) respectively.

In another study by Koilraj ef al. (1999) on the
distribution of Aspergillus in caves soil from
India, documented 13 different species of
Aspergillus such as A. niger, A. japonicus,
A. flavus, A. versicolour, A. tamarii, A. sydowii,
A. chevalieri, A. ochraceous, A. parasiticus,
A. fumigatus, A. terreus, A. wentii and
Aspergillus sp. Besides that, a study done by
Moraes et al. (2001), have proved that arthopod
vectors like Culex and Aedes have became as
carrier for the Aspergillus species like A. niger,
A. flavus, A. nidulans, A. fischerianus and
A. heteromorphus. Hence, the transmission of
the fungal spores in bats may be due to the
mosquitoes bites in their habitat where they
live in,

Although our sample size is not really large to
conclude statistically in which swab location
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(ear, saliva or anal) contains the highest number
of Aspergillus species, but this preliminary data
showed that the most diversity of this fungus
were observed in anal swabs of frugivorous
bats. Thus, this indicates that various types of
substrates such as anal, ears, saliva and feaces
(guano) results different types of mycoflora in
the wild animal population. The high number
of fungal isolates documented in frugivorous
bats compared to insectivorous bats also does
show some correlation on food sources and
their roosting site with the number of fungus
isolated in this study.

Based on the morphological examinations, some
colony and microscopic characteristics of the
Aspergillus species were found to be different
from those stated by Raper & Fennell (1965)
and Klich (2002). For example, the colony
diameter of A. restrictus on CYA was smaller. It
was determined that the colony diameter of
A. restrictus ranged between 4.0 — 8.0 mm on
CYA and the diameter of the vesicles varied up
to 8 — 18um. The most distinguishing property
of A. clavatus, dull green or grey green conidial
heads on MEA as stated by Raper & Fennel
(1965) was observed in this strain. At the same
time, a strong yellow soluble pigment present
on this media was another important new
characteristic that was observed in this study
probably might be a different strain,

Moreover, there was a similar morphological
characteristics were observed in A. japonicus,
A. niger, A. sydowii and A. fumigatus as
described by Raper & Fennell (1965), Samson
& Pitt (1990), Klich (2002). However, a
pathogenic strain of A. fumigatus that was
isolated from the Hipposideros cervinus
showed thermophilic properties as these
isolates able to survive under a wide range of
temperature (25 - 65°C). According to Gilman
(1959), A. fumigatus strains can grow rapidly
up to 35 — 60°C. This study showed that the
A. fumigatus isolated from Hipposideros
cervinus could grow up to 65°C.
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In Borneo, the most widespread species of the
genus Aspergillus are A. niger Tieghem,
A. flavus Link, A. fumigatus Fres, A. ochraceus
Wilhelm, A. terreus Thom and A. wentii Wehmer
(personal communication). These isolates have
been isolated from different types of soil, plants
(fresh and senescent leaves), fruits, leaf litters,
water samples, food products, indoor and
outdoor environments, Thus, Aspergillus could
also be isolated from wild animal population
because it 18 thought that these species are more
adapted to the prevailing ecological conditions
(Sepiah, 1985; Jaya Seelan & Sepiah, 2006).

This study provides a comparative analysis on
Aspergillus species available in the
chiropterans samples from Kubah Natioral Park
might be due to climatic agents such as flood
and air or wind which can help to introduce
fungal spores and mycelium into the cave
environment, Besides that, fungal spores might
also enter into cave through organic substances
such as plant which are carried into the cave
by trogloxenes (Cubbon, 1970).

Since bats are widely distributed in the cave
environment, fungal spores might cause
infection for bats when they are exposed or
even live as symbionts. Yamamoto et al. (1995)
investigated that the bat guano may mediate
the exchange of pathogenic fungi just as pigeon
excreta mediate the exchange of Cryptococcus
neoformans, the causal agent of
cryptococcosis.

Apart from that, fruits consumed by the
frugivore bats are also important factor in
understanding the ecology of bats. Sometimes
the infected fruit may contain pathogenic
microorganisms that present during the fruit
decay process (Sepiah, 1985). So, this would
be a key factor how the fungi are transmitted to
bats since frugivorous bats consume fruits as
their main diet.

CONCLUSION

This study has provided a preliminary list of
Aspergillus species found on chiropterans.
There were six species of Aspergillus
successfully isolated from the 13 species of bats.
This study has documented the diversity of
Aspergillus species in bats while
understanding the macro and microscopic
characteristic of this fungus cultured in different
media sources. Pathogenic strains of
microorganisms could be studied in order to
understand their host relationship and also
ecological significance in the wild animal
population in Malaysia. In general, this
preliminary analysis provides novel and basic
information on potential sources of mycoflora
from the wild animals in Bormeo. Malaysian bats
may contain several novel fungi species and
may be of significant mycological interest.
Further study is needed in order to conserve
wild animals from emerging infectious diseases.
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