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ABSTRACT

Objectives: Migratory birds play a major role in the transmission of pathogens globally, but still 
their role in the transmission of fungi in Bangladesh is not known. The present study was carried 
out for the isolation and molecular detection of fungi including Aspergillus from migratory birds 
traveling to Bangladesh.
Materials and methods: A total of 50 fecal samples were collected from BaojaniBaor, Magura, 
and areas close to Jahangirnagar University, Savar. The isolation of fungus was based on culture 
on Potato Dextrose Agar (PDA), followed by staining, morphology, and molecular detection using 
polymerase chain reaction (PCR).
Results: Among 50 samples, 40 showed positive for fungal growth on PDA, of which 30 yield only 
yeast-like colonies, five only molds, and five yielded both yeast and molds. The isolated molds 
produced various pigmented colonies, namely, black, whitish, grayish, olive green, and yellow. 
Among 10 molds, six were confirmed as fungi by PCR using genus-specific primers such as ITS1 
and ITS4. Later, of these six fungi, five were confirmed as Aspergillus by PCR with primers such as 
ASAP1 and ASAP2 specific for Aspergillus genus. Therefore, the overall occurrence of Aspergillus 
was 10% (5/50). PCR specific for Aspergillus fumigatus and Aspergillus niger failed to produce 
specific PCR amplicon, suggesting that the isolated Aspergillus belongs to other groups.
Conclusion: This is the first report describing the isolation and molecular detection of Aspergillus 
from fecal samples of migratory birds in Bangladesh. The present findings confirm that migratory 
birds are potential source for Aspergillus and other fungus in Bangladesh. 
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Introduction

Bangladesh is known as a riverine country. Different types 
of water bodies including rivers, ponds, and lakes are 
spread like a net throughout the country, thus making it a 
suitable habitat for migratory birds [1]. Almost 176 types 
of migratory birds are known to visit Bangladesh over 
the year during the winter, summer, and spring [2]. These 
birds migrate to Bangladesh mainly for food and suitable 
habitats when they face life-threatening challenges from 
their original habitats [3,4].

Migratory birds play a vital role in the ecosystem by 
being excellent referential in circumstance of environ-
ment and performing services in the regulation of ecology 
and distribution of species [5,6]. Migratory birds have the 

potentiality to act as a carrier and thus transmit patho-
gens across the international borders, from one location 
to another [7] and may cross the host-species barrier 
leading to a notorious impact on the ecosystem [8]. These 
birds land mainly on water bodies and can deteriorate 
the water quality [9]. Water contamination depends on 
the size of the water body, density of birds, types of birds, 
season, and others [9]. The reports are available suggest-
ing the involvement of migratory birds in the transmis-
sion of various types of viral, bacterial, or fungal diseases 
such as avian influenza virus, Newcastle disease virus, 
Duck plague virus, Salmonella spp., Mycobacterium avium, 
Chlamydophila psittaci, Escherichia coli, Aspergillus spp., 
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Candida spp., and enterotoxin and verotoxin producers 
[10–14]. Among these, fungi transmitted by migratory 
birds have a tremendous ecological magnificence for their 
life strategies, morphological varieties, and significant 
interaction with biotic and abiotic ingredients of the envi-
ronment [15,16]. In oligotrophic cold environments, fungi 
have efficiency to grow [17] and produce some enzymes 
[18] which are cold-active, notwithstanding that the eco-
logical role of them cannot be adequately realized [19].

Aspergillus is ubiquitous and saprophytic [20,21]. Other 
characteristics of the members of Aspergillus genus encir-
cle pigmented conidia, thermophilic nature, production of 
aflatoxin or gliotoxin, or ochratoxin or other mycotoxins 
which make these organisms more successful saprobes, 
opportunistic pathogens as well as primary pathogens 
[22]. The disease caused by Aspergillus is known as asper-
gillosis. It affects a wide range of species such as avian, 
mammals, a variety of animals from sea fans to elephants, 
and invertebrate species. Besides, birds show the best sus-
ceptibility to this disease leading to an ominous impact 
on economic sector of a country [23–26]. Among poul-
try, duck is directly associated with aquatic environment 
through searching for their food from water bodies. Thus, 
the existence of Aspergillus into the water bodies can affect 
the duck, and followed by these, the affected ducks can 
disseminate Aspergillus to other poultry including humans 
and animals through their feces and direct contact with 
them.

In avian host, aspergillosis can cause brooder pneumo-
nia characterized by granulomatous deep nodular form 
in parenchyma and a pyogranulomatous noncapsulated 
superficial diffuse form in lungs and serosae [27,28]. It is 
a major cause of mortality in captive birds and, less fre-
quently, in free-living birds. Predominantly, aspergillosis is 
a disease of the respiratory tract, and the other organs can 
be infected, resulting in a variety of illnesses ranging from 
acute to chronic infections. Poor immunity and inhalation 
of a considerable number of spores are major contributing 
factors to aspergillosis. In cattle, it causes bovine alimen-
tary mycosis and mycotoxicosis such as tremorgenic neu-
romycotoxicosis [22]. Aspergillosis also has public health 
significance because of its zoonotic nature.

In Bangladesh, the poultry industry is a well-developed 
sector contributing to the fulfillment of human daily pro-
tein requirements through the supply of eggs and meat. 
However, from time to time, poultry industries suffer an 
economic loss, resulting from disease outbreak and mor-
tality. Besides bacterial and viral pathogens, fungi are also 
known to cause production loss, augment mortality rate, 
and ultimately provoke economic loss [29].

Several studies have shown that people of Bangladesh 
have been affected by fungal infections such as blastomy-
cosis, mucormycosis, renal aspergillosis, pulmonary asper-
gilloma, and cryptococcal meningitis [30–35]. Migratory 
birds could be a potential source for many of these fungi. 
To the best of authors’ knowledge, there is no report till 
now on the isolation of fungus such as Aspergillus spp. 
from migratory birds traveling to Bangladesh in the win-
ter. This study was, therefore, designed to isolate and 
identify Aspergillus spp. from migratory birds using the 
cultural- and molecular-based approach for the first time 
in Bangladesh.

Materials and Methods

Ethical approval

The methodologies and related protocols used in this study 
were approved by the Institutional Ethical Committee 
(AWEEC/BAU/2019(14)).

Collection and processing of sample

A total of 50 fecal samples were collected from two loca-
tions, namely, areas close to Jahangirnagar University (n = 
10), Savar (23.8818° N, 90.2625° E), and BaojaniBaor (n 
= 40), Magura (23.4855° N, 89.4198° E) during November 
2018. All samples were aseptically collected individually in 
zipper bags using sterilized cotton buds and directly trans-
ported to the laboratory using an icebox. The collected 
feces samples were then taken into Falcon tubes (12 ml), 
followed by mixing with 10 ml of distilled water through 
vortexing, and the inoculum was prepared as previously 
described [36,37].

Culture of fungi

In sterile condition, inoculum prepared from feces sam-
ples was spread onto Potato Dextrose Agar (PDA) medium 
(HiMedia, India) with 0.05 mg/ml of chloramphenicol. 
Depending on growth rate, all plates were inoculated at 
28°C–30°C for 3–7 days [38]. After incubation, both mold 
and yeast colony were observed. Considering molds, a 
small lump of fungal mycelia was picked up by a ster-
ile toothpick, directly placed on PDA, and incubated at 
28°C–30°C for 3–7 days to obtain pure cultures. The fungal 
isolates were then identified and diagnosed based on cul-
ture characteristics, the morphology of spores and hyphae, 
and microscopic characteristics [39]. The morphological 
characterization of fungus was done by slide culture and 
lactophenol cotton blue staining method as previously 
described [40].
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Molecular detection of Aspergillus spp.

For molecular detection, genomic DNA was extracted from 
pure cultures using a mini-preparation procedure as pre-
viously described [41,42]. In brief, initially, 500 μl of lysis 
buffer was taken into a 1.5-ml Eppendorf tube (Thomas 
Scientific, Swedesboro, NJ), and a small lump of mycelia 
from pure culture was added by a sterilized toothpick fol-
lowed by adding 150 μl of potassium acetate after keeping 
at room temperature for 10 min. Then, the tube was vor-
texed and centrifuged at ≥10,000 × gm for 1 min followed 
by transferring of supernatant into another Eppendorf 
tube and centrifuged again as described above. The super-
natant was again transferred to another Eppendorf tube, 
and an equal volume of ice-cool isopropanol alcohol was 
added. After spinning at ≥10,000 × gm for 2 min, the super-
natant was discarded, and the resultant pellet was washed 
in 300 μl of 70% ethyl alcohol. After the pellet was cen-
trifuged at ≥10,000 × gm for 2 min, the supernatant was 
discarded, and the DNA pellet was air-dried and dissolved 
in 50 μl of deionized water. DNA from each tube was used 
as a template for polymerase chain reaction (PCR). The 
extracted DNA was stored at −20°C for further use.

The isolation of fungus was confirmed by PCR using 
fungus-specific universal primers (ITS1 and ITS4). This 
was followed by the detection of Aspergillus at the genus 
level by PCR primers such as ASAP1 and ASAP2 specific for 
the Aspergillus genus [43,44]. The list of primers used in 
this study is shown in Table 1. All the PCR protocols were 
done in a final 25-µl reaction with 12.5 µl of master mix-
ture 2X (Promega, San Luis Obispo, CA), 2 µl of genomic 
DNA (around 30 ng), 1 µl (100 pmol) of each primer, and 
8.5 µl of nuclease-free water.

At the end of the PCR, agarose gel (1.5%) electropho-
resis was used to analyze the amplified PCR products. 
Electrophoresis was done at 100 V for 25 min in TAE 
buffer using the Mupid-One Electrophoresis Apparatus 
(Advance, Japan). Finally, ethidium bromide was used for 
staining the PCR products and ultraviolet transilluminator 
(Biometra, Germany) for visualization. DNA ladder of 100 
bp (Promega, San Luis Obispo, CA) was used as a molecular 
weight marker.

Results and Discussion

Migratory birds are a potential reservoir and transmitter 
of pathogens. Aspergillosis is an important fungal disease 
of animals and birds. The studies have shown that migra-
tory birds can play an essential role in the dissemination 
of yeasts and filamentous fungi during their migrations 
across the Mediterranean [4,45].

In this study, 50 fecal samples of migratory birds were 
cultured and screened for fungal growth. Among these, 40 
were found positive for fungal growth on PDA. Although 
we focused on molds, specifically on Aspergillus, many 
analyzed fecal samples were found positive for yeast. The 
observed cultural and morphological characteristics of 
fungi are shown in Figure 1. Among 40 isolated fungi, 10 
showed positive for molds, which produced typical fungal 
colonies and pigmentation, e.g., dark black (2/10), whit-
ish (4/10), grayish (2/10), olive green (1/10), and yellow 
(1/10) colonies. The abilities of fungi including Aspergillus 
to produce such colonies and pigmentation have earlier 
been reported. Aspergillus niger and Aspergillus flavus can 
produce dark black and olive green colonies [46,47].

On location basis in BaojaniBaor, Magura, 33 out of 40 
samples were found positive for fungal growth, of which 
seven samples showed positive for molds. On the other 
hand, seven of 10 samples were found positive for fungal 
growth and three of them showed positive for molds at 
Jahangirnagar University, Savar. The overall occurrence of 
fungal growth was 80%, whereas 20% for molds (Table 2). 
Very few studies had been conducted for the isolation and 
molecular identification of fungal agents from migratory 
birds. Abbas et al. [48] found that 88% of fecal samples of 
migratory birds showed positive for fungal growth. Earlier, 
Alfonzo et al. [4] and Francesca et al. [45] reported that 
33%–61.89% of migratory bird samples showed positive 
for fungi. The observed variation in the occurrence rate of 
fungi with this study might be related to the different ori-
gins of migratory birds and travel routes that they follow.

DNA extracted from these fungal cultures was PCR 
screened using fungal genus-specific primers such as ITS1 
and ITS4 as recommended by Sugita et al. [44]. These fun-
gus-specific universal primer pairs (ITS1 and ITS4) have 

Table1.  Primers used for the detection of fungus genus and Aspergillus spp.

Target 
genes

Primer sequence 
(5'–3')

Target 
species

Amplicon 
size (bp)

References

ITS1 CTTGGTCATTTAGAGGAAGTAA
Universal for fungus 600 [41]

ITS4 TCCTCCGCTTATTGATATGC

ASAP1 CAGCGAGTACATCACCTTGG
Aspergillus spp. 521 [42]

ASAP2 CCATTGTTGAAAGTTTTAACTGATT
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also earlier been successfully used by others for the detec-
tion of fungi [43]. Among 10 samples, six were found pos-
itive for fungi by PCR (Fig. 2). All these six samples were 
further PCR screened using Aspergillus genus-specific 
primers such as ASAP1 and ASAP2. Five of these six sam-
ples were found positive, confirming them as Aspergillus 
spp. (Fig. 2 and Table 3). Attempts were made to detect 
Aspergillus at species level using primers such as FLA-1 
and FLA-2 specific for A. flavus and primers such as Af3r 
and Nilr specific for A. niger, as previously used by Nazir 
et al. [42]. However, none of the DNA samples were found 
positive, suggesting that these were probably the other 
species of Aspergillus spp.

Based on molecular detection, the overall occurrence of 
Aspergillus spp. was 10% (5/50) (Table 3). This occurrence 
rate is much lower than the available previous reports. 

Abbas et al. [48] detected that 15% of bird dropping were 
positive for Aspergillus spp., whereas Al-Temimay and 
Hasan [36] reported 28.24% of Aspergillus spp. These 
observed differences could be linked with different species 
of birds involved in these studies, geographic locations, 
and environmental parameters such as temperature and 
humidity.

Although Aspergillus and other fungus were isolated 
from migratory birds, this study has some limitations. 
First, only 50 samples were analyzed. It was simply due 
to difficulty to get access to samples from migratory birds 
without interfering with their natural habitat. Besides, the 
isolates were not identified at species level using primers 
other than primers FLA-1 and FLA-2. The pathogenicity 
and zoonotic potentiality of the isolates were not evalu-
ated in this study, which need to be addressed in the future.

Table 2.  Occurrence of fungi isolated from fecal samples of migratory birds in BaojaniBaor, Magura, and Jahangirnagar University Jhill, 
Savar.

Location No. of samples
No. of fungus culture-positive 

sample

Types of fungus

Occurrence
Yeast Mold

Both yeast and 
mold

BaojaniBaor, Magura
40 33

26
(65%)

4
(10%)

3
(7.5%)

82.5%

Jahangirnagar University Jhill, 
Savar

10 7
4

(40%)
1

(10%)
2

(20%)
70%

Total 50 40 30 5 5 80%

Figure 1. Cultural and morphological characteristics of fungi. (A) Growth of yeast on PDA, (B 
and C) microscopic morphology of yeasts, black arrows are buds, (D–F) cultural and micro-
scopic structures of Aspergillus spp.
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The present study revealed the association of aquatic 
environments and Aspergillus spp. disseminated by migra-
tory birds. The organisms can be transmitted to humans, 
animals, and poultry from contaminated water in a diver-
sified way. As people from Bangladesh reared ducks near 
such water bodies in free-ranging methods, they are 
directly linked with aquatic environments. Thus, they can 
be affected easily by Aspergillus. Some previous reports 
revealed the existence of Aspergillus infection in duck and 
duck-like birds worldwide [49–51]. Unfortunately, not 
enough data are available in the presence of Aspergillus 
spp. in ducks in Bangladesh. The robust study needs 
to reveal the exact association of ducks to disseminate 
Aspergillus spp.

Environmental sources – fecal materials can play a vital 
role in the dissemination of fungi. The occurrence of fungi, 
especially Aspergillus, found in the present study, suggest-
ing that migratory birds could be the carriers and transmit-
ters of fungal pathogens. Therefore, humans and poultry 

may get exposure to Aspergillus from these birds. As far 
we know, no published literature is available describing 
migratory birds as a source for the dissemination of fun-
gal pathogens, especially Aspergillus, in Bangladesh. To the 
best of authors’ knowledge, this is the first study describ-
ing the molecular detection of Aspergillus from fecal mate-
rials of migratory birds traveling to Bangladesh.

Conclusions

Aspergillosis is an economically important disease in poul-
try. Aspergillosis is also zoonosis in nature. The detection 
of fungal pathogens, especially Aspergillus, from fecal sam-
ples of migratory birds traveling to Bangladesh in the win-
ter has a significant impact on the poultry sector as well as 
on the ecosystem. In the context of this research, migratory 
birds need to be put under active surveillance for monitor-
ing fungi and other pathogens that they are carrying from 
a far distance to ensure better health of animals, birds, and 
humans.

Figure 2. PCR-based detection of fungi and Aspergillus spp. (A) PCR-based detection of fungi 
using the primers such as ITS1 and ITS4. Lanes 1–5: representative fungus isolates, M = 100-bp 
DNA ladder (Promega, San Luis Obispo, CA), lane NC: negative control, lane PC: positive control. 
(B) PCR-based detection of Aspergillus spp. using the primers ASAP1 and ASAP2. Lanes 1–6: 
representative isolates from migratory birds, M = 100-bp DNA ladder (Promega, San Luis Obispo, 
CA), lane NC: negative control, lane PC: positive control.

Table 3.  Occurrence of molds and Aspergillus using PCR in fecal samples of migratory birds in BaojaniBaor, Magura, and 
Jahangirnagar University Jhill, Savar.

Sample locations
No. of 

samples

No. of positive 
samples for mold 

culture

No. of positive 
samples for mold 

by PCR

No. of positive samples 
for Aspergillus spp. by 

PCR

Overall occurrence 
(%)

BaojaniBaor, Magura 40 7 4 3

10
Jahangirnagar University 
Jhill, Savar

10 3 2 2

Total 50 10 6 5
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