
 

 
Vol. 13(3), pp. 126-131, July-September 2021 
DOI: 10.5897/JVMAH2021.0929 
Article  Number: 1C57DAF67461 
ISSN: 2141-2529 
Copyright ©2021 
Author(s) retain the copyright of this article 
http://www.academicjournals.org/JVMAH 
 

 
Journal of Veterinary Medicine and Animal  

Health 
 
 
 
 
 
 
 
Full Length Research Paper 
 

Morphological and molecular diagnosis of invasive 
aspergillosis in chickens 

 
Olusegun Adesina Fagbohun1, Gbolahanmi Akinola Oladosu2*, Rofiat Damilola Adesina3 

 
1Department of Veterinary Microbiology, Faculty of Veterinary Medicine, University of Ibadan, Oyo, Nigeria. 

2Department of Veterinary Medicine, Faculty of Veterinary Medicine, University of Ibadan, Oyo, Nigeria. 
3Department of Veterinary Microbiology, Faculty of Veterinary Medicine, University of Ibadan, Oyo, Nigeria. 

 
Received 14 May, 2021; Accepted 12 July, 2021 

 
Confirmatory diagnosis of invasive aspergillosis is paramount to ensure proper treatment and effective 
management of the disease in food and companion animals. Suspected invasive aspergilllosis in 
chickens was encountered at post-mortem. Morphological and molecular methods were employed to 
identify Aspergillus from samples collected from dead chickens at post-mortem. Morphologically, two 
species of Aspergillus were identified, namely Aspergillus fumigatus and Aspergillus flavus. Molecular 
identification based on polymerase chain reaction (PCR) and sequence analysis of the partial 5.8 S 
rRNA, complete internal transcribed spacer-2 and partial 28S rRNA sequences bolstered morphological 
identification to arrive at the confirmatory diagnosis of the disease. Various hotspots that differentiate 
A. flavus from A. fumigatus and from other Aspergillus species were identified based on multiple 
sequence analysis. Maximum likelihood phylogenetic tree showed that isolates from the same species 
were grouped in the same clade. It is important to correctly identify the Aspergillus species in order to 
efficiently manage the disease.  
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INTRODUCTION  
 
Aspergillosis is a severe fungal disease that affects a 
variety of domestic and wild birds that are kept in 
captivity. The most common etiologic agent is Aspergillus 
fumigatus but A. flavus, A. niger, A. nidulans, and other 
Aspergillus species or sometimes mixed infections can 
play a role in the disease (Barton et al., 1992; Perelman 
and Kuttin, 1992; Joseph, 2000; de Oca et al., 2017). The 
reason why A. fumigatus is  the  predominant  species  of 

airborne fungal infections might be that the spores are 
much smaller than the spores of other Aspergillus 
species (Richard and Thurston, 1983). Aspergillus 
species may be responsible for allergic bronchopulmonary 
disease, mycotic keratitis, otomycosis, nasal sinusitis, 
and invasive infection (Henry et al., 2000). Diagnosis of 
aspergillosis might be challenging because clinical signs 
of   aspergillosis   are   non-specific,  (Dahlhausen  et  al.,  

 
*Corresponding author. E-mail: gbolatomi@yahoo.com. Tel: +2348037978139 
  
Author(s) agree that this article remain permanently open access under the terms of the Creative Commons Attribution 
License 4.0 International License 

http://creativecommons.org/licenses/by/4.0/deed.en_US
http://creativecommons.org/licenses/by/4.0/deed.en_US


 

Fagbohun et al.          127 
 
 
 

 
 
Figure 1. Visceral organs showing Aspergillus lesions. The arrows point to cream coloured nodules in the heart (A), 
peritoneum (B), airsacs, lungs and other visceral organs (C). 

 
 
 

 
 
Figure 2. Co-infection of Aspergillus flavus (left) and Aspergillus 
fumigatus (right). From caseous nodules and heart lesions. 

 
 
 
2004). Therefore, diagnosis usually depends on a 
combination of evidence from the history, clinical 
presentation, and laboratory tests (Jones and Orosz, 
2000). The fungi ribosomal RNA (rRNA) genes (rDNA) 
comprising small subunit (SSU) 18S rRNA, 5.8S rRNA, 
large subunit (LSU) 28S rRNA, and internal transcribed 
regions 1 and 2 (ITS1 and 2) (Khot et al., 2009) are the 
most universal target for their molecular identification. 
Most molecular detection and characterization of fungi 
are based on analyzing the ITS 1, ITS2 and the 5´end of 
the 28S gene (Fell et al., 2000; Abliz et al., 2004; 
Hinrikson et al., 2005; Walther et al., 2013; Trubiano et 
al., 2016, Gade et al., 2017). Moreover, Schoch et al. 
(2012) have proposed the ITS region as a universal 
barcode marker for fungi. This study seeks to use 
morphological and molecular methods to detect, identify 
and characterize the Aspergillus species involved in an 
infection observed in a poultry flock, and arrive at the 
confirmatory diagnosis of the disease. 

MATERIALS AND METHODS 
 
Isolation and morphological identification 
 
Dead chickens were brought to the Poultry Unit of the Veterinary 
Teaching Hospital, University of Ibadan from a flock of 1000, and 
sixteen weeks old Issa Brown pullets with a morbidity rate of 40%.  
Post-mortem revealed presence of cream coloured nodules in 
internal organs of the chickens (Figure 1). Samples were aseptically 
taken from the nodules and heart lesions from the chickens and 
cultured on Sabouraud dextrose agar at 30ºC for 7 days. Greenish 
and yellowish colonies were observed on the surface of the media 
(Figure 2). A small amount of the colonies was removed from the 
culture, stained with lactophenol cotton blue and observed under a 
biological microscope to study fungal morphology. 
 
 
Molecular identification and characterization 
 
Total DNA was extracted from isolated fungi using DNeasy Plant 
Mini Kit (QIAGEN, Valencia, California, USA) following 
manufacturers     instruction.     A     pair     of    primers:    ITS2F:5'- 
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GCATCGATGAAGAACGCAGC-3' and ITS2R: 5'-
TCCTCCGCTTATTGATATGC-3' was used to amplify 350 
bpsequence of 18S rRNA-5.8S rRNA-ITS2 genes (Gade et al., 
2017). The PCR amplification reaction was carried out in 50 μl 
volume containing 5 μl of total DNA, 0.2 μM of each primer, 25 μl of 
PCR master mix (10 mMTris-HCl (pH 8.6), 50 mMKCl, 1.5 mM 
MgCl2, 50 units/ml of Taq DNA polymerase, 0.2 mM each dNTP, 
5% glycerol, 0.08% IGEPAL®CA-630, 0.05% Tween®20, 0.024% 
Orange G, 0.0025% Xylene Cyanol FF) and 18 μl of nuclease free 
water. The GeneAmp PCR system 9700 thermal cycler (Applied 
Biosystems, Foster City, CA) was used for amplification under the 
following conditions: 94°C for 2 min for initial denaturation, 35 
cycles of 95°C for 20 s, 52°C for 1 min, 72°C for 1 min, and final 
extension at 72°C for 5 min. Two of the amplified DNA fragments 
from the samples were purified using GeneJET PCR Purification Kit 
(ThermoSCIENTIFIC®, Pittsburgh, PA). Automated nucleotide 
sequencing was performed on an ABI 3130XL. The sequences 
were edited with Sequence Scanner software, version 1.0 (Applied 
Biosystems, Foster City, CA) and designated A. flavus NGA1 and 
A. fumigatus NGA1. The sequences have been deposited at the 
GenBank.  These nucleotide sequences of the 18S rRNA-5.8S 
rRNA-ITS2 regions of the two Nigerian Aspergillusspp sequences 
were compared with other published Aspergillusspp sequences 
already available in the GenBank database using BLAST search via 
the National Center of Biotechnology Information 
(http://www.ncbi.nlm.nih.gov/BLAST/). Multiple sequence alignment 
of the partial Aspergillusspp 18S rRNA-5.8S rRNA-ITS2 gene 
sequences from the two Nigerian Aspergillusspp sequences, other 
Aspergillusspp 18S rRNA-5.8S rRNA-ITS2 2 sequences retrieved 
from the GenBank and Cryptococcus neoformansvarneoformans 
18S rRNA-5.8S rRNA-ITS2 region as the outgroup was carried out. 
The multiple sequence alignment was carried out with clustal W 
algorithm in the CLC Main Workbench (Qiagen, Valecia, CA). 
Phylogenetic tree was generated using the maximum likelihood 
method coupled with the Kimura 2-parameter model with bootstrap 
analysis of 1000 replicates. Phylogenetic and molecular 
evolutionary analyses were conducted using MEGA, version 7.0 
(Tamura et al., 2011). 
 
 
RESULTS 
 
History, sample collection, cultivation and 
microscopy 
 
Affected birds presented for clinical diagnosis were 
grossly emaciated, and were too small in size for their 
age; indicative of a chronic condition typical of chronic 
aspergillosis. The numerous, cream coloured nodules 
observed at post-mortem are also typical of aspergillosis 
which was further confirmed with the colony and cellular 
features of fungi isolated from samples collected from the 
affected organs of the carcass. The fungal isolates grown 
on Sabouraud dextrose agar were greenish and yellowish 
colonies on the surface of the media. A. fumigatus 
isolates were morphologically identified based on 
velutinous blue-green colonies. Microscopically, A. 
fumigatus colonies possessed uniseriate conidial heads 
and curving parallel phialides in a columnar conidial 
arrangement (Figure 3). These macroscopic and 
microscopic characteristics were in consonance with the 
description of A. fumigatus by Klich (2002). Aspergillus 
flavus  isolates  were   morphologically   identified   based  

 
 
 
 
on yellow-green conidial colour, globose to sub-globose 
vesicles and biseriateseriations. A. flavus colony also 
appeared compact and floccose. Staining with lactophenol 
cotton blue revealed spores of Aspergillusflavus and 
Aspergillusfumigatus (Figure 3). 
 
 
PCR and sequence analysis 
 
PCR amplification of the 5.8S rRNA-ITS-2-28S rRNA 
regions from the two aspergillosis samples generated 
PCR products of 350 bp. BLAST search revealed that 
sequence analysis carried out on the two sequenced 
amplicons were correspondent to A. fumigatus and A. 
flavus published sequences. The two were designated as 
A. fumigatusNGA1 and A. flavus NGA1 and have been 
deposited at the GenBank with SUB7514136 Seq1 
MT533929 and SUB7514136 Seq2 MT533930 as the 
respective accession numbers. Multiple sequence 
alignments of the two nucleotide sequences from this 
study and seven sequences retrieved from the 
GenBankA. fumigatus MH91 (MH911420), A. fumigatus 
MN17 (MN178806), A. flavus MN18 (MN180857), A. 
flavus MK 13 (MK139781), A. niger AJ87 (AJ876876), A. 
nidulans NR13 (NR_133684 and A. terreus var. 
subfloccosus (A. terreus v NR14) (NR_149331) was 
carried out.  As shown in Figure 4, at position 313 in the 
5.8S rRNA gene adenine is substituted by cytosine in A. 
flavus. This substitution distinguishes A. flavus from other 
aspergillus spp. In the ITS-2 gene, there is an insertion of 
adenine at position 394 in A. flavus which is absent in 
other Aspergilllusspp analyzed. This insertion also 
differentiates A. flavus from other Aspergillus spp. At 
position 401, the presence of adenine in A. flavusand A. 
fumigatus differentiates them from A. niger, A. nidulans 
and A. terreus var. subfloccosus having cytosine at the 
same position. At position 450, cytosine is substituted for 
guanine in A. flavus thereby distinguishing it from other 
Aspergillusspp analyzed in this study. At position 537, 
adenine is unique to A. fumigatus. Also, at positions 555-
557 nucleotides CTA are unique to A. fumigatus while in 
the 28S rRNA gene, at position 579 A. flavus and A. 
fumigatuspossess adenosines. 

The Nigerian Aspergillus sequences here analyzed is 
represented by the sequence of samples A. flavus NGA1 
and A. fumigatus NGA1. In the 5.8S rRNA, position 313 
distinguishes A. flavus, in ITS-2 positions 394 and 450 
distinguishes A. flavus whereas position 401 distinguishes 
both A. flavus and A. fumigatus from other fungi. Also, in 
the ITS-2 gene positions 555-557 distinguishes A. 
fumigatus from other fungi. In the 5ʹ end of the 28S rRNA, 
position 620 distinguishes both A. flavus and A. 
fumigatus from other fungi sequences analyzed. All 
regions of mutations emphasized are in the boxes. Dots 
indicate position where the sequences analyzed are 
identical to that of the consensus sequence. 

Phylogenetic   tree    was    constructed     via   multiple  
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Figure 3. Light micrograph of Aspergillusflavus (A) and Aspergillusfumigatus (B) from caseous nodules and heart 
lesions. 40X magnification. 

 
 
 

 
 
Figure 4. Multiple sequence alignment of the nucleotide sequences of partial 5.8S rRNA, complete ITS-2 and partial 28S 
rRNA genes of Aspergillusspp from this study and other fungi sequences retrieved from the GenBank. 

 
 
 
alignments of nucleotide sequence partial 5.8S rRNA, 
complete ITS-2 and partial 28S rRNA genes sequences 
and sequences retrieved from the GenBank (Figure 
5).Cryptococcus neoformans var neoformans ITS-2 gene 
was used as the out-group. The tree was analyzed by 
maximum likelihood method with bootstrapping (1000). A. 
flavus and A. fumigatus clusters are labeled. Bar 0.05 
nucleotide  substitutions   per   site.  A.    flavus    and   A. 

fumigatus sequences from this study have Black Square 
and circle, respectively.  
 
 
DISCUSSION 
 
Conventional laboratory diagnosis of aspergillosis or 
other   mycoses    is   usually   based   on   morphological  
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Figure 5. Phylogenetic analysis based on partial 5.8S rRNA, complete ITS-2 and partial 28S rRNA genes sequences. 

 
 
 
characterization via direct examination or culture of the 
causative fungi. This approach is still necessary to 
categorize the isolates according to groups, which helps 
further identification by other methods (Zulkifli and 
Zakaria, 2017). In this study, morphological identification 
of Aspergillus spp obtained from a post-mortem case was 
carried out according to the method and species 
description by Klich (2002) and Samson et al. (2014), 
thereby identifying A. flavus and A. fumigatus. This 
identification method was bolstered by molecular 
characterization of the identified organisms to arrive at 
the confirmatory diagnosis of the disease. This approach 
is very important because certain Aspergillus spp are 
associated with higher mortality and increased virulence 
and vary in their resistance to antifungal therapy. A. 
fumigatus is the most common Aspergillus spp that 
causes invasive aspergillosis, although other species, 
such as A. flavus, A. niger, A. terreus, A. clavatusand A. 
nidulans, can also cause these diseases (van de 
Veerdonk et al., 2017). Based on morphological 
identification comprising microscopic and macroscopic 
methods, A. fumigatus colonies were greenish on the 
surface of the media whereas A. flavus were yellow-
green. Microscopically, A. fumigatus colonies possessed 
uniseriate conidial heads whereas A. flavus were globose 
to sub-globose vesicles with biseriateseriations. 
Generally, macroscopic and microscopic characteristics 
such as colony colour and conidial shapes can be used 
to differentiate A. fumigatus from A. flavus.  

The molecular detection of Aspergillus species from 
clinical samples has been achieved by amplification of 
parts of the rRNA region of fungi genome (White et al., 
1990; Henry et al., 2000; Sabino et al.,  2020).  ITS1  and 

ITS2 have been employed in various phylogenetic 
studies of a variety of fungi. As such, these 
characteristics also make ITS regions reliable candidates 
for the identification of fungi at the genus or species level 
(Gaskell et al., 1997). Sequence analysis revealed 
positions that may be used to distinguish Aspergillus spp. 
such as A313C in 5.8S rRNA gene, an insertion of 
adenine at position 394 and G450C in ITS-2 gene. These 
three positions distinguished A.flavus from other 
Aspergillus spp analyzed. Also, C401A common to A. 
flavusand A. fumigatus differentiates them from A. niger, 
A. nidulans and A. terreus var. subfloccosus. In the 28S 
rRNA gene at position 579 A. flavus and A. 
fumigatuspossess adenines which differentiate them from 
other Aspergillusspp analyzed. At positions 537 and 555-
557 the presence of adenine and nucleotides CTA, 
respectively; are unique to A. fumigatus. Phylogenetic 
analysis further confirmed the identification of the 
Aspergilli to species level with A. flavus and A. fumigatus 
clustering in their respective clades. ITS1 and ITS2 have 
been employed in various phylogenetic studies of a 
variety of fungi. As such, these characteristics also make 
ITS regions reliable candidates for the identification of 
fungi at the genus or species level. It is generally 
believed that the ITS regions are more variable than 18S, 
5.8S, or 28S rRNA genes. As mentioned above, we 
believe that highly species-specific sequences can be 

found in the ITS genes. 
 
 
Conclusion 
 
The  study  was  able  to  identify  the Aspergillu sisolates  

 

A. fumigatus

A. flavus



 

 
 
 
 
from a post-mortem case to specie level as A. fumigatus 
and A. flavus in a mixed infection, based on morphological 
identification and comparative sequence analysis of the 
5.8 S-ITS2-18S rRNA regions.  
 
 
CONFLICT OF INTERESTS 
 
The authors have not declared any conflict of interest. 
 
 
REFERENCES 
 
Abliz P, Fukushima K, Takizawa K (2004). Identification of pathogenic 

dematiaceous fungi and related taxa based on large subunit 
ribosomal DNA D1/D2 domain sequence analysis. FEMS 
Immunology and Medical Microbiology 40(1):41-49. 

Barton JT, Daft BM, Read DH, Kinde H, Bickford AA (1992). Tracheal 
aspergillosis in 6 1/2-week-old chickens caused by Aspergillus flavus. 
Avian Diseases 36(4):1081-1085. 

Dahlhausen B, Abbott R.,VanOverloop P (2004). Rapid detection of 
pathogenic Aspergillus species in avian samples by real-time PCR 
assay: a preliminary report. In: E. Bergman (Ed.). Proceedings of the 
25th Annual Conference & Expo of the Association of Avian 
Veterinarians (p. 37). New Orleans, LA, USA. 

de Oca VM, Valdés SE, Segundo C, Gómez GG, Ramírez J.and 
Cervantes RA (2017). Aspergillosis, a natural infection in poultry: 
mycological and molecular characterization and determination of 
gliotoxin in Aspergillus fumigatus isolates. Avian Diseases 61(1):77-
82. 

Fell JW, Boekhout T, Fonseca A (2000). Biodiversity and systematics of 
basidiomycetous Yeasts as determined by large-subunit rDNA D1/D2 
domain sequence analysis. The International Journal of Systematic 
and Evolutionary Microbiology 50(3):1351-1371. 

Gade L, Hurst S, Balajee SA, Lockhart SR, Litvintseva AP 
(2017).Detection of mucormycetes and other pathogenic fungi in 
formalin fixed paraffin embedded and fresh tissues using the 
extended region of 28S rDNA. Medical Mycology 155(4):385-395. 

Gaskell GJ, Carter DA, Britton WJ, Tovey ER, Benyon, FH, Løvborg U 
(1997).Analysis of the internal transcribed spacer regions of 
ribosomal DNA in common airborne allergenic fungi. Electrophoresis 
18(9):1567-1569. 

Henry T, Iwen PC, Hinrichs SH (2000). Identification of Aspergillus 
species using internal transcribed spacer regions 1 and 2. Journal of 
Clinical Microbiology 38(4):1510-1515. 

Hinrikson HP, Hurst SF, Lott TJ (2005). Assessment of ribosomal large-
subunit D1-D2,internal transcribed spacer 1, and internal transcribed 
spacer 2 regions as targets for molecular identification of medically 
important Aspergillus species. Journal of Clinical Microbiology 
43(5):2092-2103. 

Jones MP, Orosz, SE (2000). The diagnosis of aspergillosis in birds. 
Seminars in Avian and Exotic Pet Medicine 9(2):52-58. 

Joseph V (2000). Aspergillosis in raptors. Seminars in Avian and Exotic 
Pet Medicine 9 (2):66-74. 

Khot PD, Ko DL, Fredricks DN (2009).Sequencing and analysis of 
fungal rRNA operons for development of broad-range fungal PCR 
assays. Applied Environmental Microbiology 75(6):1559-1565. 

 
 
 
 
 
 
 
 
 
 
 
 

Fagbohun et al.          131 
 
 
 
Klich MA (2002). Identification of common Aspergillus species. Utrecht, 

The Netherlands: CentraalbureauvoorSchimmelcultures, Utrecht, The 
Netherlands. 

Perelman B, Kuttin ES (1992). Aspergillosis in ostriches. Avian 
Pathology 21(4):675-680. 

Richard JL, Thurston JR (1983). Rapid hematogenous dissemination of 
Aspergillus fumigatus and A. flavus spores in turkey poults following 
aerosol exposure. Avian Diseases 27(4):1025-1033. 

Sabino R, Simões H,Veríssimo C (2020). Molecular detection of 
Aspergillus: application of a real-time PCR multiplex assay in tissue 
samples. Journal of Fungi (Basel) 6(1):E11.  

Samson RA, Visagie CM, Houbraken J, Hong SB, HubkaV, Klaassen 
CHW, Perrone G, Seifert KA, Susca A., Tanney JB, Varga J, 
Kocsube S, Szigeti G, Yaguchi T, Frisvad JC (2014).Phylogeny, 
identification and nomenclature of the genus Aspergillus. Stud Mycol 
78:141-173.  

Schoch CL, Seifert KA, Huhndorf S, Robert V, Spouge JL, Levesque 
CA,Chen W (2012).Fungal barcoding consortium; fungalbBarcoding 
consortium Author List.Nuclear ribosomalinternal transcribed spacer 
(ITS) region as a universal DNA barcode marker for Fungi. 
Proceedingsof National Academy of Science, USA 109(16):6241-
6246.  

Tamura K, Peterson D, Peterson N (2011). Molecular evolutionary 
genetics analysis using maximum likelihood, evolutionary distance, 
and maximum parsimony methods. Molecular Biology and Evolution 
28(10):2731-2739. 

Trubiano JA, Dennison AM, Morrissey CO (2016). Clinical utility of 
panfungal polymerase chain reaction for the diagnosis of invasive 
fungal disease: a single center experience. Medical Mycology 
54(2):138-146. 

Van de Veerdonk FL, Gresnigt MS, Romani L, Netea MG,Latgé, J. 
(2017). Aspergillus fumigatus morphology and dynamic host 
interactions. Nature Reviews Microbiology 15(11):661-674. 

Walther G, Pawlowska J, Alastruey-Izquierdo A (2013). DNA barcoding 
in Mucorales: an inventory of biodiversity. Persoonia 30:11-47. 

White TJ, Bruns T, Lee S, Taylor JW (1990). Amplification and direct 
sequencing of fungal ribosomal RNA genes for phylogenetics. PCR 
Protocols: A Guide to Methods and Applications 18(1):315-322. 

Zulkifli NA, Zakaria L (2017).Morphological and molecular diversity of 
Aspergillus from corn grain used as livestock feed. HAYATI Journal 
of Biosciences 24(1):26-34. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


