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ABSTRACT
Aspergillus species are widely distributed throughout the world and can develop parasitic and saprophytic ways of life, 
allowing Aspergillus to infect living hosts, including plants, insects, birds and mammals. The most common form of 
aspergillosis in poultry and other birds is respiratory infection. Clinical manifestations depend on the infective dose, 
pre-existing diseases, and the immune response of the host. The aim of the present research was to study aspergillosis in 
domestic and wild birds from Argentina. We carried out morphological and molecular identification, and determination 
of antifungal susceptibility against seven antifungal drugs. Six birds from different cities of Buenos Aires Province of 
Argentina were studied. Three of the samples belonged to broiler chicks, while the other three belonged to an eagle, a 
pheasant, and a kelp gull. Two isolates were identified as Aspergillus fumigatus by morphological characteristics and 
growth at 50 °C. Morphology and BenA sequencing enabled us to identify three isolates as Aspergillus flavus, and one 
as Aspergillus sydowii. All antifungal drugs tested showed low MIC values, ranging from 0.008 to 1 mg/L. Aspergillosis 
in birds causes high economic losses and could be controlled by sanitation, avoidance of moldy food, nest and litter and 
reducing stress factors.
Keywords: Aspergillus flavus. Aspergillus fumigatus. Aspergillosis. Birds. Antifungal susceptibility test.

RESUMO
As espécies de Aspergillus são amplamente distribuídas em todo o mundo e são capazes de desenvolver formas de vida 
parasitárias e saprófitas, permitindo que Aspergillus infecte hospedeiros vivos, incluindo plantas, insetos, pássaros 
e mamíferos. A forma mais comum de aspergilose em aves domésticas e outras aves são infecções respiratórias. 
As manifestações clínicas dependem da dose infecciosa, doenças pré-existentes e da resposta imune do hospedeiro. 
O objetivo da presente investigação foi estudar aspergilose em aves domésticas e silvestres da Argentina. Foi realizada 
a identificação morfológica e molecular, assim como a determinação do teste de suscetibilidade contra sete drogas 
antifúngicas. Foram estudadas seis aves pertencentes a diferentes cidades da província argentina de Buenos Aires. Três 
das amostras pertenciam a frangos de corte, enquanto as outras três amostras pertenciam a uma águia, um faisão e uma 
gaivota. Dois isolados foram identificados como Aspergillus fumigatus por características morfológicas e crescimento 
a 50 °C. A morfologia e o sequenciamento de BenA permitiram identificar três isolados como Aspergillus flavus e um 
como Aspergillus sydowii. Todos os antifúngicos testados apresentaram baixos valores de CIM, variando de 0,008 a 
1 mg/L. Aspergilose em aves causam altas perdas econômicas e podem ser controladas por práticas de higiene, evitando 
alimentos, ninhos e cama mofados e reduzindo os fatores de estresse.
Palavras-chave: Aspergillus flavus. Aspergillus fumigatus. Aspergilose. Aves. Teste de sensibilidade antifúngica.
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Introduction
Aspergillus species are widely distributed throughout 

the world and can develop both parasitic and saprophytic 
ways of life. This particularity allows Aspergillus to infect 
living hosts, including plants, insects, birds and mammals 
(Heitman, 2011; Pitt, 1994). Aspergillosis is the fungal 
infection caused by some species that belong to the 
genus Aspergillus, affecting mostly the respiratory tract 
of humans and other animals, with a higher occurrence 
in birds than mammals (Copetti et al., 2015; Tell, 2005). 
The fungal infection can affect domestic and wild birds; 
moreover, it is one of the most frequent causes of death 
in birds living in captivity (zoos), particularly aquatic 
wild birds (Arné et al., 2011).

Aspergillus fumigatus is the more frequent etiological 
agent of aspergillosis; however, A. flavus, A. niger, A. glaucus, 
A. nidulans, and other Aspergillus species or mixed infections 
can play a role in this disease (Barton et al., 1992; Joseph, 
2000; Perelman & Kuttin, 1992). In relation to A. fumigatus, 
several authors considered that this is the predominant 
species of airborne fungal infections, probably due to 
the size of their spores, which are smaller than those of 
other Aspergillus species (Beernaert et al., 2010; Richard 
& Thurston, 1983).

The most common forms of animal aspergillosis are 
respiratory infections in poultry and other birds. Clinical 
manifestations depend on the infective dose, spore 
distribution, pre-existing diseases, and immune response 
of the host (Dahlhausen et al., 2004). Avian aspergillosis 
is often classified as acute or chronic. Acute aspergillosis 
is thought to be the result of inhaling an overwhelming 
number of spores, and generally in young birds with high 
rates of morbidity-mortality; while chronic aspergillosis 

is generally associated with sporadic cases in older birds 
suffering immune suppression or concomitant diseases 
(Beernaert et al., 2009; Vanderheyden, 1993). To date, there 
are several reported cases of avian aspergillosis caused 
by strains of Aspergillus resistant to antifungal agents 
(Beernaert et al., 2009; Ziołkowska et al., 2014).

The aim of this investigation was to study aspergillosis in 
domestic and wild birds from Argentina. For this purpose, 
we carried out morphological and molecular identification, 
and antifungal susceptibility testing.

Material and Methods

Birds studied

We studied six birds from different cities in Buenos 
Aires, Argentina. Three of the samples belonged to broiler 
chicks (Gallus gallus domesticus) of 10, 14 and 15 days old, 
respectively, from different productive farms in Buenos 
Aires Province, one sample came from a 4-year old eagle 
(Geranoaetus melanoleucus) belonging to the La Plata City 
Zoo, one sample from a one-year old domestic pheasant 
(Lophura swinhoii) from a family that bought it in a pet 
store in La Plata City, and one sample from a dead kelp 
gull (Larus dominicanus) found on the seashore of Valeria 
City, in Valeria del Mar southeast of Buenos Aires Province. 
Information on the clinical history of the wild birds was 
scarce due their origin.

Microscopic observation

The broiler samples were collected from the lungs, the 
eagle’s from the lung and air sacs, the pheasant’s from the 
caeca and pleura, and the kelp gull’s from the lungs and 
air sacs. These organ fragments showed lesions suggestive 
of aspergillosis (e.g., granulomas, haemorrhages and 
greenish-yellow cottony textures) and were analyzed 
with direct microscopy, by preparing a wet smear using 
Gueguen’s contrast solution to facilitate the observation of 
fungal hyphae. Samples of the affected tissue (measuring 
0.5-1 cm3) were stained with hematoxylin and eosin (H/E) 
for microscopic evaluation (Gornatti Churria et al., 2012; 
Leishangthem et al., 2015).

Characteristic of cultures

All samples were cultured in Sabouraud dextrose agar 
(SDA), potato dextrose agar (PDA), added with 0.05 g/L 
of chloramphenicol. The incubation was performed at 
25 °C and 37 °C for a period of 3-5 days. In all isolates, 
macromorphology and micromorphology were evaluated 
on Czapek yeast autolysate agar (CYA) and malt extract 
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agar (MEA) (Oxoid, Buenos Aires, Argentina) at 25 °C 
(Pfaller et al., 2011). When necessary, growth at 50 °C on 
CYA was done to improve the accuracy of the microbiological 
identification (Samson et al., 2014).

Molecular identification

Molecular data from B-tubuline gene (Ben A) was 
used to confirm the morphological identification 
(Samson et al., 2014). Briefly, DNA extraction: conidial 
suspensions (106-108 conidia/mL) were seeded in small 
Petri dishes (6 cm diameter) containing MEY broth (1% 
malt extract, 0.4% yeast extract, 0.4% dextrose; 4 mL/plate) 
and incubated at 25 °C until processing. Mycelium was 
collected with a pipette tip and dried completely on 
sterile Whatman filter paper N° 2. Dried mycelium was 
transferred to a 50 mL tube, where 4 mm sterile glass beads 
were added. Mycelium was ground by placing it in liquid 
nitrogen for 1 min and vortexing at maximum speed for 
30 sec. The mycelium powder was resuspended in 800 μl 
of lysis buffer (200  mmol Tris-HCl, 500 mmol NaCl, 
10 mmol EDTA, 1% SDS) and DNA was extracted with 
phenol-chloroform-isoamyl alcohol (25:24:1), precipitated 
with isopropanol and washed with 70% ethanol. Dried 
DNA pellet was resuspended in 100 μL of sterile distilled 
water and stored at -20 °C until use.

Polymerase chain reaction (PCR) amplification and 
sequencing: the BenA amplification was carried out using 
2 mmol MgCl2, 250 μmol dNTPs, TRIS-HCl 20 mmol (pH 8,4), 
KCl 50mmol, 2.5 U Taq DNA polymerase (Invitrogen, Life 
Technologies, Carlsbad, CA, USA), 0.2 μmol of each primer, 
Bt2a (5′- GGTAACCAAATCGGTGCTGCTTTC -3′) and 
Bt2b (5′- ACCCTCAGTGTAGTGACCCTTGGC -3′) and 
10 ng DNA template, in a 50 μl PCR assay (Samson et al., 
2014).

Thermal cycling was performed using the Applied 
Biosystems VeritiTM 96 well Thermal Cycler (Applied 
Biosystems, Foster City, CA, USA), under the following 
conditions: an initial denaturation step at 94 °C for 10 min, 
followed by 35 cycles of denaturation at 94 °C for 1 min, 
annealing at 55 °C for 1 min and extension at 72 °C for 
1 min, and a final extension step at 72 °C for 10 min. PCR 
products were sequenced on both strands, using a Big 
Dye Terminator kit and the 3500 ABI genetic analyzer 
(Applied Biosystems). The sequences obtained were edited 
using Bioedit Sequence Alignment Editor v7.0.4.1 and 
sequence similarities were searched and retrieved from 
the NCBI GenBank database using the BLAST algorithm 
with automatically adjusted parameters.

Antifungal susceptibility test

The minimal inhibitory concentration (MIC) of 
antifungal drugs was determined according to the Clinical 
and Laboratory Standards Institute (CLSI) M38 3rd Ed. 
broth microdilution reference document (Clinical and 
Laboratory Standards Institute, 2017).

The following antifungal drugs were evaluated: 
amphotericin B and itraconazole, caspofungin and 
posaconazole (Merck and Co., Buenos Aires, Argentina), 
voriconazole and anidulafungin (Pfizer, S.A, Buenos Aires, 
Argentina), terbinafine (Panalab, Buenos Aires, Argentina), 
micafungin (Raffo-Astellas Buenos Aires, Argentina). In all 
cases, the antifungal drugs were provided as standard 
powders of known potency.

The stock solutions of each antifungal drug were prepared 
with dimethyl sulfoxide (Merck and Co.), and diluted with 
RPMI 1640 media (Merck and Co.). The final concentration 
used for all antifungals ranged from 0.0313 to 16 mg/L and 
was placed on 96-well microdilution plates (Nunclon 167008, 
Nunc, Naperville, IL, USA).

The inoculum was prepared in 5 mL of sterile water 
supplemented with 0.1% Tween 20 and was adjusted to 
obtain a final working concentration of 0.4-5 × 104 CFU/ml. 
Then, microdilution plates were incubated without agitation 
at 35 °C and were read at 24 h for echinocandins, and at 
48 h for the other antifungal drugs.

Quality control strains: Aspergillus fumigatus ATCC 
204304, Aspergillus flavus ATCC 204305 were used.

Endpoints

For amphotericin B and azoles, the MIC endpoint was 
defined as the lowest concentration of drug that caused 
the complete growth inhibition (100%). For terbinafine, 
80% inhibition was considered, while for anidulafungin, 
caspofungin and micafungin, the minimum effective 
concentration (MEC) endpoint was determined. MEC was 
defined as the minimal concentration of drug that caused 
visible morphological changes of the hyphae, causing the 
interruption of growth.

The MIC endpoint was read visually with the help of 
a mirror, while an inverted light microscope was used to 
determine the MEC.

To date, CLSI has not defined clinical breakpoints for 
mold against antifungal agents; thus, we could not classify 
the isolates as either susceptible or resistant.

However, epidemiological cutoff values (ECVs) are 
available for some antifungal drugs and some Aspergillus spp. 
(Espinel-Ingroff et al., 2011, 2017, 2018; Pfaller et al., 2009, 
2011).

In the absence of clinical breakpoints, the ECV is a useful 
tool to distinguish the wild-type (WT) population, which is 
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the population of microorganisms in a microorganism/drug 
combination, with no detectable acquired resistance 
mechanism from the non-wild type (non-WT) populations, 
which are those that may exhibit acquired or mutational 
resistance mechanisms to the drug in question.

For A. fumigatus, ECVs were defined for amphotericin B 
2 mg/L, for itraconazole and voriconazole 1 mg/L, and for 
posaconazole 0.5 mg/L.

For A. flavus, ECVs were defined for amphotericin B 
4 mg/L, for itraconazole and voriconazole 1 mg/L, and for 
posaconazole 0.25 mg/L.

In addition, geometric mean, MIC-0, mode, and range 
were calculated for all drugs tested. Data were analyzed using 
the data analysis software system Statistica, version 7.1, 
Tulsa, OK, USA (StatSoft, 2018).

Results

Histopathology

In all cases, the fresh examination of samples and 
Gueguen’s contrast solution showed typical hyphae of 
Aspergillus spp. characterized by septate and dichotomously 
branched structures with thin-walled parallel hyphal 
elements. In some cases, we could see the conidial head of 
Aspergillus spp. (Figure 1). For the eagle’s lung and air sacs 
case, the pheasant’s caeca and pleura, and the kelp gull’s 
lungs and air sacs, with H/E stain we observed the presence 
of nodules consisting of a central mass of necrotic exudate 
within typical and numerous hyphae of Aspergillus spp. 
On the other hand, in the broiler lung samples, we could 
not detect the presence of nodules; however, we could see 
in the lung tissue inflammatory cell reaction of heterophils, 

macrophages, lymphocytes and multinucleated cells. Moreover, 
numerous and typical hyphae of Aspergillus spp. were seen 
in air passages and interstitial tissue. Even though the H/E 
is not the best option to highlight fungal elements, we could 
clearly detect hyphae septate, dichotomously branched, in 
all the studied cases (Figure 2).

Culture characteristic and molecular identification

From the six isolates studied, two were identified as 
A. fumigatus (from a kelp gull and an eagle) by morphological 
characteristics and growth at 50 °C. Morphology and 
BenA sequencing enabled us to identify three isolates 
as A. flavus (from broiler chicks) and one as A. sydowiiI 
(from a pheasant). The micromorphological structures are 
shown in Figure 3A-C. All isolates are stored and conserved 
at the Mycology Department Culture Collection of the 
INEIA- ANLIS “Dr. Carlos G. Malbrán”, Buenos Aires, 
Argentina.

Susceptibility test

Overall, the antifungal drugs tested showed low MIC 
values, ranging from 0.008 to 1 mg/L. All the species 
tested were classified as WT taking into account the ECV 
proposed for amphotericin B, itraconazole, voriconazole 
and posaconazole. The results of in vitro susceptibility test 
are summarized in Table 1.

Figure 1 – Fresh examination of samples with Gueguen’s contrast 
solution. The white arrows show typical hyphae of 
Aspergillus spp, and the red arrow highlights the 
conidial head of Aspergillus spp.

Figure 2 – Tissue section from the lung of the eagle (Geranoaetus 
melanoleucus) showing numerous septate hyphae typical 
of Aspergillus spp. (black arrows) H&E, 400 X.

Figure 3 – Micromorphological structures of Aspergillus species 
(A) A. fumigatus; (B) A. flavus; (C) A. sydowii, 
(A-C 400x, DIC).
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Discussion
Several species of Aspergillus are defined as etiological 

agents of aspergillosis, which are characterized by being 
saprophytic filamentous fungi commonly found in soil. 
For this reason, it is defined as an opportunistic infection 
with a wide range of living hosts, such as mammals, birds, 
insects and plants (Pitt, 1994). Moreover, it can cover a 
wide range of diseases from localized conditions to fatal 
disseminated infections in both humans and animals 
(Arné et al., 2011; Tell, 2005).

In animals, aspergillosis is the most common opportunistic 
infection of the respiratory tract, causing high morbidity 
and mortality (Leishangthem et al., 2015), with A. fumigatus 
the most prevalent species in both humans and animals 
(Arné et al., 2011; Seyedmousavi et al., 2015; Talbot et al., 
2018). In our study, we could isolate three different Aspergillus 
species (A. flavus, A. fumigatus and A. sydowii). A. fumigatus 
was isolated from a kelp gull and an eagle. These findings 
agree with several authors that affirm that A. fumigatus is 
the most prevalent etiological agent of aspergillosis.

We have no clinical data from the kelp gull since it 
was found dead on the seashore, but it is possible that 
pollution of the coasts due to plastic bags, rotting food, 
etc., contributed to inadequate feeding of this bird, which 
could make it more susceptible to infection by A. fumigatus.

Regarding the eagle, this wild bird lived in captivity in the 
zoo and received the habitual diet, although it also usually 
received inadequate food from visitors. Thus, it is possible 
that some digestive alterations occurred causing decreased 
defenses and the inability to control the fungal infection.

We isolated A. flavus from three different broiler chick 
samples. These results are also in agreement with authors 
that proposed A. flavus as one of the most common 
Aspergillus isolated from chicken farms (Barton et al., 1992; 
Martin et al., 2007). Some authors believe that A. flavus 
is more prevalent than A. fumigatus in tropical countries 
(Wang et al., 2012); however, we isolated A. flavus from 

three different farms from Buenos Aires Province, which 
has a temperate climate.

The most particular finding of our study was the strain 
of A. sydowii isolated from a pheasant. Although this 
Aspergillus species has already been detected in humans 
and in sea fan corals (Gorgonia species) (Rypien et al., 2008; 
Seyedmousavi et al., 2015), to our knowledge, this is the 
first reported case of disseminated aspergillosis in birds by 
this aspergillus species.

This species is included in the Nidulantes section 
according to morphological and molecular studies. This 
section also includes A. nidulans (already reported in birds, 
dogs and horses) (Arné et al., 2011; Ludwig et al., 2005) 
and A. versicolor (already reported in dogs and horses) 
(Ludwig et al., 2005). It is difficult to explain the pathogenic 
role of A. sydowii in the pheasant, while the other wild 
birds had A. fumigatus.

A. sydowii has been related to severe infections in aquatic 
inhabitants such as fan corals (Seyedmousavi et al., 2015), 
although this fungus is also found more often in indoor 
environments as a contaminant of papers, nuts, beans and 
straws, among other substrates. Our hypothesis is that the 
domestic pheasant could be stressed due to inadequate 
handling and feeding, e.g. receiving food contaminated 
with high concentrations of conidia of A. sydowii.

In relation to the antifungal in vitro susceptibility of 
our isolates, all were classified as WT considering the ECV 
proposed for amphotericin B, itraconazole, voriconazole 
and posaconazole. On the other hand, some authors have 
already reported up to 100% resistance for amphotericin B 
and 35.7% for itraconazole for Aspergillus species isolated 
from lungs (Ziołkowska  et  al., 2014). Regarding these 
findings, and in accordance with Beernaert et al. (2010), 
molecular identification and antifungal susceptibility testing 
of isolates is necessary in veterinary medicine.

Considering that aspergillosis can cause high economic 
losses in poultry farms and can also contaminate the 
environment with Aspergillus strains potentially pathogenic 

Table 1 – MIC values of antifungal drugs against Aspergillus species

Code Species
Antifungal drugs. MIC values mg/L

AB TB IZ VZ PZ MC CAS ANID
CMN 146-611A A. flavus 0.5 0.125 0.125 0.5 0.125 0.015 0.015 0.015
CMN 147-619 A. fumigatus 1 0.25 0.5 0.25 0.06 0.015 0.03 0.015
CMN 144-622 A. flavus 1 0.125 0.5 0.5 0.25 0.015 0.03 0.015
CMN 145-611 A. flavus 0.5 0.125 0.25 0.5 0.25 0.015 0.015 0.015
CMN 2-400 A. sydowii 0.5 0.06 0.25 0.5 0.125 0.008 0.015 0,008
CMN 94-529 A. fumigatus 1 0.125 0.5 0.25 0.06 0.06 0.06 0,03

GM 0.71 0.12 0.31 0.40 0.12 0.02 0.02 0.02
MIC-0 1 0.25 0.5 0.5 0.25 0.06 0.06 0.03
Mode 0.5 0.125 0.5 0.5 0.125 0.015 0.015 0.015
Range 0.5 - 1 0.06 - 0.25 0.125 -0.5 0.25 - 0.5 0.06 - 0.25 0.008 - 0.015 0.03 - 0.06 0.03 - 0.015

GM = geometric mean; MIC-0 = minimal inhibitory concentration that inhibits at 100% of isolates; AB = amphotericin B; TB = terbinafine; IZ = itraconazole; 
VZ = voriconazole; PZ = posaconazole; MC = micafungin; CAS = caspofungin; ANID = anidulafungin.
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for humans, it is necessary to conduct regular monitoring of 
the presence and drug susceptibility of Aspergillus species 
both inside and in the vicinity of poultry farms. The disease 
could be controlled by sanitation and avoidance of moldy 
feed and litter, reducing stress factors.
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