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ABSTRACT

Bat guano offers a unique window into the hidden microbial world that supports
both environmental balance and ecosystem stability. In this study, we set out to
explore the fungal communities living within the guano of the bat Pipistrellus
kuhlii in Mosul, Iraq as overlooked habitat. From this material, we were able to
isolate fifty-three fungal strains. By using phenotypic identification criteria,
these isolates were grouped into five recognizable genera: seven Candida
isolates, nine Trichoderma, ten Fusarium, twelve Aspergillus, and fifteen
Penicillium. Together, they shed the light on a rich and active fungal
environment. To confirm phenotypic identification, DNA was extracted from
all isolates and amplified using ITS1-ITS4 primers. The resulting bands ranged
from 500—700 bp in Candida, while the filamentous fungi generated six distinct
bands at around 600 and 400 bp. Sequencing revealed close relationships with
well-known fungal strains: Isolate 1 shared 98% similarity with Aspergillus
niger (No. 329626.1kC), Isolate 2 showed 97% similarity to Aspergillus
tubingensis (No. 13129301.NR), Isolate 3 matched Penicillium chrysogenum
perfectly (No. 524448.1MT), and Isolates 4 and 5 showed complete alignment
with Candida albicans (No. 193530.1MT and AJ010333.1). To ensure these
findings can support future research, the local isolates were deposited in
GeneBank under accession numbers PX488269, PX488286, PX488291,
PX488297, and PX488300 respectively. By revealing the diversity of fungi
thriving in bat guano, this work highlights their quiet but significant roles in
nutrient recycling and the health of both bat populations and surrounding
ecosystems.

Published by Arab Society for Fungal Conservation

Introduction

Bats are members of the Chiroptera order classified as the
second most diverse group of mammals after rodents.
With more than 1400 known species, bats constitute
remarkable diversity in their population (Burgin et al.
2018, Wilson & Mittermeier 2019). They being fly
nocturnal mammals, hold remarkable ecological role due
to their involvement in plant pollination, forest
regeneration, seed dispersal, insect population control
and as well as their feces that is used as a natural fertilizer
(Kasso & Balakrishnan 2013). Bat guano, has a high
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content of nitrogen, carbon and it is essential minerals
commonly utilized in agriculture to fertilize plants
(Shetty et al. 2013). Despite the fundamental function of
bats in the operation of both natural and altered
environments, they have also become a subject of interest
due to their potential as a source of bacteria (Banskar et
al. 2016), parasites and fungi (Cunha et al. 2020), some
of which can be certainly transmitted to other animals and
humans. Recent data demonstrated that bats possess a
more extensive range of viruses than mammalian groups.
They have been identified as potential hosts for several
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of pathogenic, including Hendra, Marburg, Nipah and
SARS-CoV (Cholleti et al. 2022). Hence, it is crucial to
prioritize the well-being of bats and factors that cause a
major impact on the health. The examination of fungi
found in bat guano is particularly appealing, as this feces
is commonly present closely to bat roosts and is highly
susceptible to exposure to bat pathogens.

Fungal spores or conidia are often found in caves and
other alternative environments; these tiny particles
typically enter caves from the outside through external air
currents (Ogorek et al. 2016a). Fungi can also be brought
into caves, carried by organisms like bats and arthropods,
through water, or even by humans who visit underground
areas (Vanderwolf et al. 2013, Griffin et al. 2014). In the
past few years, it has been a lot of attention on the
different fungal species present in bats. Numerous studies
have demonstrated the relationship between pathogenic
fungi and bats. It has been discovered that certain fungi
that are known to cause infectious illnesses are harbored
by bats in Brazil. Paracoccidioides brasiliensis,
Trichosporon sp., Candida sp., Aspergillus sp.,
Penicillium sp., and Pneumocystis sp., for instance, have
all been isolated by researchers (Tencate et al. 2012,
Veloso et al. 2014, Brilhante et al. 2016). Additionally,
recent studies have further explored the role of bats in the
dispersal of pathogenic fungi and their potential health
risks to humans (Herndndez et al. 2023, Pereira et al.
2024). These findings suggest a more complex
interaction between bat populations and fungal
ecosystems in cave environments (Garcia & Anderson
2024, Sousa & Silva 2023)

It is important to note that fungi are a group of the
eukaryotic organisms. Their biological activities are
actually more similar to mammalian, including humans,
than to plants. Fifty out of 290 fungal species that have
been connected to bats are known to be pathogens. It is
well known that bats spread fungi from caves to a variety
of environments, which may have an impact on other
organisms. Histoplasma capsulatum, a commonly known
fungus that has the ability to change its form, is typically
found in soil or on bat droppings. When humans or other
mammals are exposed to this pathogenic fungus, it can
result in pulmonary infections, also known as
histoplasmosis, which can be quite serious and even fatal.
There are other examples of fungal pathogens associated
with bats that can infect and cause harm to humans.
Cryptococcus gattii and C. neoformans, for example, are
responsible  for  cryptococcosis, as well as
Paracoccidioides brasiliensis, the causative agent of Para
coccidioidomycosis (Karunarathna et al. 2023).

Many different species of bats are circulated around
human residence; however, a little is known about
guanophilic fungi of the stationary mammal Pipistrellus
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kuhlii (P. kuhlii) bats. This bat species is an insectivorous
bat species belonging to the order Chiroptera (Benda et
al. 2014). It is found in open woods and anthropogenic
settings. P. kuhlii is an intriguing subject for research on
the impacts of microbial components found in its
excrement because of this bat species has amazing
capacity to flourish in a variety of pristine environments
(Amichai & Korine 2020).

However, besides all available studies mentioned
above, there is still dearth of information regarding the
fungi present in the bat population in Iraq, particularly in
Mosul city. Therefore, the aim of the study, as stated in
the abstract, was to explore the fungal communities living
within the guano of the bat Pipistrellus kuhlii in Mosul,
Iraq as an overlooked habitat.

Materials and Methods
Guano collection

Guano of insectivorous bats (P. kuhlii) was collected
at night and early in the morning from different locations
in Mosul city between July and August 2023, sterilized
sheets were placed on the ground beneath cracks in the
walls, where bats are commonly known to nest. The
droppings of the bats under study were carefully
collected with sterile tweezers and placed in sterile
plastic vials and then kept at room temperature degree
(RT) for one day until they are cultured on the fungal
media.

Fungal isolation

In the current work, 53 fungal isolates were isolated
from 83 samples. Based on the protocol described in
(Ogorek et al. 2016a), 1 g of guano was placed in 250 mL
flasks containing 9 mL of sterile distilled water (3
replicates). Solution was left for 20 min with shaking at
RT. Next, 1 ml of the diluted sample was spread on petri
plates containing Potato Dextrose Agar (PDA) and
Sabouraud  Dextrose Agar (SDA) containing
chloramphenicol (100 mg/L) using serial dilutions of 4-
10, cultured in the dark in petri plates, then incubated
filamentous fungi at 28°C for 7 days and yeast at 37°C
for 48 h. The isolates representing the group of fungal
colonies were taken for purification using an SDA
medium.

Identification of isolates

Fungal isolates were identified morphologically by
cultural and microscopic characteristics. Filamentous
fungi were identified according to protocol by (Pitt &
Hocking 2009), while yeast isolates were identified and
characterized according to Kurtzman et al. (2011). The
characteristics of fungi were studied by testing their
ability to grow in culture media, including CHROM agar
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medium, which was used to identify and diagnose
Candida yeasts according to colony color. This medium
was prepared according to the manufacturer's
instructions. The plates were incubated at 37°C for 24 h.
(Mahmoudabadi et al. 2000). The Czapek-Dox Agar
medium was used to diagnose filamentous fungi in terms
of morphological characteristics through their ability to
grow in this medium. Sabouraud Dextrose Agar (SDA)
was used to culture and identify filamentous fungi and
yeast according to (Ogoérek et al. 2016a). Microscopic
diagnosis of yeast isolates was performed according to
Carroll et al. (2016).

Molecular identification

Extraction of Genomic DNA

Genomic DNA of fungal isolates was extracted for
molecular detection using the extraction protocol
(Genomic DNA mini kit) carried out by Gene aid. The
extraction was done according to the manufacturer’s
instructions.

Polymerase chain reaction technique

The PCR technique was carried out using the
protocol of Bezerra et al. (2017) with some
modifications. The universal primers were performed for
filamentous fungi Forward
(5'TGAATCATCGACTCTTTGAACGC3") and revers
(S'TTTCTTTTCCTCCGCTTATTGATAT3') and the
universal  primers for yeast ITS1  Forward
(5'TCCGTAGGTGAACCTGCGG3'") and ITS4 Revers
(5'TCCTCCGCTTATTGATATGC3") (White et al.
1990).

DNA sequencing

The sequences of the DNA fragments nitrogenous
bases produced from a specific replication reaction of
five fungal isolates were determined according to (Kumar
et al. 2016), and using the 3130 Genetic Analyzer
equipped by Hitachi, Japan and Big Dye® Terminator
v3.1 Cycle Sequencing kit.

Results
Phenotypic Identification of Fungal Taxa

A total of 53 isolates of fungi from P. kuhlii’s guano
indicated that the isolates belonged to five taxa of
filamentous fungi and yeasts including 7 isolates (13.2%)
of Candida spp. 12 isolates (22.64%) of Aspergillus spp.
15 isolates (28.3%) of Penicillium spp., 10 isolates
(18.86%) of Fusarium spp. and 9 isolates (16.98%) of
Trichoderma spp., these fungal species can be found in
different parts across the world. Based on morphological
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features and characteristics, the present work isolated and
identified five fungal species (Fig. 1 and 2).

Fig 1. Culture and microscopic appearance of: A, a-
Aspergillus colonies B, b-Penecillium colonies, C,
c- Fusarium colonies.

Fig 2. Culture and microscopic appearance of: D, d-
Trichoderma colonies, E, e- Candida colonies,

As revealed in (Fig. 1A) the colony morphology of
Aspergillus spp. was identified by a black-colored colony
on the top, while the reverse shown sulfur-yellow
colonies. Additionally, the microscopic photograph
illustrates the conidia arrangement on conidiophores
(Fig. 1a). The most common fungus isolated from the
guano of P. kuhlii was Penicillium spp., the
morphological features of which are shown in (Fig. 1B),
This figure shows a surface stained bluish-green above
and pale yellow behind, while microscopic examination
showed the conidia arranged on the conidiophores in
resembling a brush or broom (Fig. 1b).The
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morphological features of Fusarium spp. were revealed,
with white colonies and sickle-shaped macroconidia (Fig.
1C and ¢). Trichoderma spp. colonies were revealed with
a green surface and cottony appearance (Fig. 2D).
Microscopic examination revealed the characteristic
simple and branched conidiophores and conidia (Fig. 2d).
The morphological characteristics of the Candida spp.
yeast colonies were shown as white to creamy and the
spherical and oval shaped single cells under the
microscope (Fig. 2E and e).

The Growth of Yeast on Agar Medium

The growth on CHROM agar was used for detection
and differentiation of Candida spp. As shown in Figure
(3) different colors were produced among them were
green and pink as a result of yeast growth. After
cultivating yeast isolates on chromogenic agar, colonies
appeared in various colors. Each color in Figure (3) is a
diagnostic feature of a specific species of the genus
Candida.

Fig 3. Growth of Candida spp. on CHROM agar medium

Extraction of DNA and PCR Amplification

The genomic DNA from ten fungal isolates found in
bat guano was extracted and subsequently subjected to
agarose gel electrophoresis. Using a UV Transilluminator
device, fluorescent DNA bands were observed,
confirming the successful extraction process (Figure 4).

Fig 4. DNA bands isolated from fungal isolates
158
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Polymerase Chain Reaction (PCR)

Polymerase Chain Reaction (PCR) was performed
on four isolates of yeast isolated from bat guano. The
PCR results revealed bands ranging from 500 to 700 base
pairs in size (Figure 5). These bands appeared because
the presence of common sequences within the DNA
bases of the yeast isolates that complemented the primer
sequences.

Fig 5. The product of the PCR reaction for the ITS region
of the yeast and the phase in a 2% agarose gel. The
product of the PCR reaction was (500-700 bp).

The polymerase chain reaction results bands from
six filamentous fungi isolates. displayed DNA bands
extracted from  Aspergillus,  Penicillium, and
Trichoderma in size 600 bp, while the DNA bands
extracted from the Fusarium were 400 base pairs (Fig. 6).

Fig 6. PCR reaction product for the ITS region of fungal
samples, reaction size (400-600 bp) and
electrophoresed with 2% agarose gel.

Sequencing Analysis of Fungal Taxa

Sequences of PCR products (Fig. 6) were submitted
to GenBank at NCBI for comparison with the sequences
of standard strains. The results showed that isolate No. 1
closely matched the A. niger strain (No. 329626.1kC)
with 98% similarity, while isolate No. 2 exhibited 97%
similarity to the A. tubingensis strain (No.
13129301.NR). Isolate No. 3 demonstrated a complete
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match (100%) with the P. chrysogenum strain (No.
524448 .1MT). Similarly, isolate No. 4 and isolate No. 5
both showed 100% similarity to the C. albicans strains
(No. 193530.1MT and No. AJ010333.1), respectively.

The local isolates under study were successfully
registered in the GeneBank database, and accession
numbers were assigned as follows: isolate No. 1
(PX488269), isolate No. 2 (PX488286), isolate No. 3
(PX488291), isolate No. 4 (PX488297), and isolate No.
5 (PX488300)..

Discussion

Conidiophores of Penicillium are important diagnostic
features for fungi identification as they exhibit a wide
range of structural complexity, which generally leads to
symmetrical and asymmetrical patterns. The
conidiophores possess a group of phialides, and
occasionally the cells at the tips show slight swelling,
leading to potential confusion with Aspergillus
conidiophores. However, the presence of a stipe, absent
in the other genus, may differentiate them (Visagie et al.
2014). Although the morphological features of certain
isolates are sufficient to accurately identify them as
Trichoderma, the use of molecular techniques confirms
the identity of the fungus. The findings are consistent
with the similar phenotypic and microscopic
characteristics of Aspergillus sp., Penecillium sp., and
Fusarium spp. (Alsohaili & Bani-Hasan 2018),
Trichoderma spp. (Pandian et al. 2016), and Candida
spp. (Habib et al. 2015). The results of current study of
cultivating filamentous fungi were alignment with
previous studies (Ogoérek et al. 2014, Ogorek et al.
2016Db).

Chromogenic agar is a crucial diagnostic medium
used to identify specific species of the Candida genus.
This medium contains a fundamental substance called
chromogenic, which produces color. The color generated
helps determine the different types of yeast, as each
species secretes enzymes that react with the medium and
produce distinct colors. Consequently, each type of yeast
appears distinctively colored. This medium enables the
rapid isolation of yeasts from mixed cultures. Bayona et
al. (2022) determined that the specific colors of Candida
yeast depend upon the growth of Candida spp., which
appear identical to the manufacturer's color of the
medium.

In study of Sankari et al. (2019) who found that
chromogenic media agar identified about 132 isolates of
yeast including C. albicanes, C. krusie, C. glabrata and
C. tropicalis. This is also in line with (Camacho-Cardoso
et al. 2017), which identified more than 81 Candida
samples from a different site of human body. Their study
demonstrated that the application of PCR technology has
159
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a higher diagnostic sensitivity, specificity, speed, and
accuracy than Hicrome agar in the diagnosis of Candida.
Specifically, Hicrome agar identified approximately 24%
of specimens, whereas molecular markers and PCR
technology detected 50%. The study conducted by Al-
Jader & Ado (2023) demonstrated that PCR technique for
molecular identification exhibited greater diagnostic
sensitivity, specificity, speed, and accuracy when
compared with chromogenic agar for identifying Candida
species.

Chromogenic media are usually used in the rapid and
direct identification of Candida spp. The color intensity
of colonies depends on the presence of enzymes, Candida
spp. produces distinct colors on CHROM agar, which is
also confirmed in isolates of this study. However,
according to the manufacturer's company instructions,
CHROM agar was unable to specify species. Genotyping
techniques such as DNA amplification using primers and
DNA sequencing can determine the sequence of
nitrogenous bases, significantly enhancing the sensitivity
of identification (Sankari et al. 2019, Al-Jader & Ado
2023).

Our findings align with the results of Pandian et al.
(2016) utilized molecular diagnosis to determine
Trichoderma spp. resulting in 602 base pair DNA bands
in the ITS region. Additionally, Robles-Carrion et al.,
(2016) diagnosed 12 out of 21 Fusarium isolates from
plant roots, with the DNA samples showing 400 base pair
bands in the polymerase chain reaction. Also, Akter et
al. (2020) where they diagnosed Aspergillus using PCR
techniques, the genomic DNA bands seen had a size of
600 base pairs, they used universal primers (ITS1, ITS4)
as well as specialized primers (ASAP2, ASP1) when they
isolated 56 fungal isolates from migratory birds in
Bangladesh. Similarly, Demjanova et al. (2021)
diagnosed species of Penicillium, the results of
replication of the ITS1-5.8S region using primers ITS1
and ITS4 showed bands of DNA with a size ranging
between (465-892 bp).

Albores et al. (2014) have employed universal
primers (ITS1, ITS2, ITS5) for identification and
classification of the Fusarium species and produced
typically DNA bands of approximately 500 base pairs in
length (Khader et al. 2024). Moreover, they performed
specific primers (ITS-fu-Rev, ITS-fu-Fwd) for further
analysis of Fusarium species producing 410 to 429 base
pairs. This study showed the effective role of molecular
approach in the detection of microbial organisms by
integrating morphological, culture and molecular data.
These findings not only help in comprehending the
mechanisms underlying diseases but also facilitate the
development of environmentally friendly management
strategies, as emphasized by (Hill et al. 2011).
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The current finding agreed with a study carried out by
(Shirvani & Fattahi 2021), where they employed PCR
using primers ITS1 and ITS4 to identify Candida
isolates, yielding DNA bands ranging in size from 524 to
871 base pairs. Shokoohi et al. (2021) also discovered
similar results, identifying 133 isolates of Candida using
PCR and observing DNA bands at 537 base pairs from
the amplification of the ITS region.

Several studies found a diverse range of fungal
organisms such as Penicillium, Aspergillus, Candida,
and Cladosporium related to bat guano. This suggests
that bats have a vital role in fungi transmission and their
impact (Nieves-Rivera et al. 2009, Kokurewicz et al.
2016, Tanney et al. 2017). The presence of fungi in a
bat’s nest is directly related to the size of the bat
population, which in turn increases the growth of fungal
species (Hernandez et al. 2023, Pereira et al. 2024).
Recent studies have shown that bat colonies play a
significant role in the dispersal and proliferation of
pathogenic fungi, contributing to fungal biodiversity in
cave ecosystems (Garcia & Anderson 2024, Sousa &
Silva 2023).

Studying the role of bat guano in promoting the
growth of fungi is essential, since guano serves as a
significant nutrient source in the bat habitat.
Additionally, fungi play a role as sustenance for
invertebrate communities by a direct consumption or by
having of fungi growing on the deposits of bat guano.
Some studies indicated that bat guano could be a source
of variety of fungi, which serves as a common organic
resource for fungi density and other species (Ogorek et
al. 2016a).

The fungal abundance and quantity in bat guano can
vary depending on climatic regimes, weather patterns and
local environment. For example, the largest number of
fungi in Romania was in the bat guano found in cave
places contained about 3-10 bat species in populations
200 to 7000 individual (Borda et al. 2014). The highest
of people risk for microbial infections comes when bat
guano has dried out. The differences in fungal density
and diversity between the fresh and non-fresh of bat
dropping can be an intriguing result for prospective
studies. It is possible for the fungal species to get into a
scrape or cut then start an infection in the body tissue.

The emergence of plant fungal pathogens, animals
and humans presents an obstacle, highlighting the need
for several techniques and methods for detecting the
kinds of pathogens. Mossa et al. (2024) has used PCR
technique for rapidly identification the pathogenic fungi
specifically Trichodema spp. and determination the
pathogen that causes targeted management. By the PCR,
researchers identified two pathogenic forms of
Trichoderma: T. pleuroticola and T. pleurotum by
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application three specific oligonucleotide primers. This
investigation established the feasibility of distinguishing
between Trichoderma spp. and other fungal strains
through test analyses, supported by investigations of the
ITS region sequence.

Designing primers can precisely identify the two
pathogenic Trichoderma spp. without the need for
isolation and transplantation of pathogens. This
improvement could also support the quick detection of
Trichoderma induced green mound, inducing the
implementation of tailored disease and controlling
contamination spread (Kredics et al. 2009). Curiously,
using PCR technique for amplification of specific DNA
is a crucial method in identifying fungi species and for
assessing the efficacy of an individual fungal isolate to
control the pathogenic fungi.

The current study highlights the importance of using
different protocols for detecting fungal species and their
specific fungal activities. Using species-specific primers,
people may well be able to identify all isolates in the
samples collected, however, a species-specific primer do
not yield amplification results with closely related
species, emphasizing the necessity to conduct sequencing
for differentiation between analogous species, this
approach is critical for precisely detection of fungal
species and understanding their genetic characteristics
(Atkins et al. 2003). Our results are also consistent with
(Montoya-Castrillon et al. 2021) study in identifying
filamentous fungi from the Sunson-Antioquia region,
both morphological and biochemical investigations were
conducted, along with molecular identification using
rDNA 28S, while the identified strains included
Trichoderma spp., Penicillium spp., Mucor spp.,
Lecetheophora spp. and Aspergillus spp.

Montoya-Castrillon et al. (2021) also showed that
using DNA sequencing for molecular characterization
and NCBI resources facilitate in accurately identifying
fungi species mentioned above. This emphasizes the
important role of combining morphological and
molecular approaches for accurately identification of
fungi species, and supporting mycologists in
investigation the new fungi or reinvestigation of the old
ones (Martinez-Ramirez et al. 2013, Gautam et al. 2022).

Conclusion

To conclude, the molecular identification of fungi in the
insectivorous bat Pipistrellus kuhlii offers crucial
insights for evaluation of health and ecological impacts
of fungal pathogens on this bat species. Using of
molecular techniques, such as DNA sequencing and PCR
precisely identifies of fungal species, provides a more
accurate evaluation of their biodiversity and their
potential threatening levels. By the molecular analysis,
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scientists can understand the fungal pathogens
prevalence, aiding in mitigating potential disease risk in
the populations of P. kuhlii.
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