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Identification and characterization of Aspergillus fumigatus
isolates from broilers?*
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ABSTRACT.- Spanamberg A., Ferreiro L., Machado G., Fraga C.F. & Araujo R. 2016. Identifi-
cation and characterization of Aspergillus fumigatus isolates from broilers. Pesquisa
Veterindria Brasileira 36(7):591-594. Laboratério de Micologia, Faculdade de Veterinaria,
Universidade Federal do Rio Grande do Sul, Av. Bento Goncalves 9090, Porto Alegre, RS
91540-000, Brazil. E-mail: spanamberg.ad@gmail.com

Aspergillosis is one of the main causes of mortality in birds. The pulmonary system is
most frequently affected, with lesions observed in the air sacs and lungs of a wide variety
of bird species. The aim of this study was to confirm by molecular methods the identifi-
cation and the genetic diversity of Aspergillus fumigatus isolates of lung’s samples from
healthy broilers (Galus galus domesticus). Forty-four (9.5%) isolates of lung’s samples were
confirmed as A. fumigatus by polymerase chain reaction (PCR) multiplex (amplification of
B-tub and rodA gene fragments). Microsatellite typing for A. fumigatus was used to analyse
all avian isolates. Among them, 40 genotypes (90.9%) were observed only one time. The
results showed a high variability and multiple genotypes of de A. fumigatus collected from
lung’s samples of broilers.

INDEX TERMS: Aspergillus fumigatus, broilers, molecular identification, multiplex PCR,

genotyping.

RESUMO.- [Identificagdo e caracterizacao de Asper-
gillus fumigatus isolados de frangos de corte.] Aspergi-
lose é uma das principais causas de mortalidade em aves.
O sistema pulmonar de uma grande variedade de espécies
de aves é o mais frequentemente afetado, com lesdes nos
sacos aéreos e pulmdes. Objetivou-se confirmar por méto-
dos moleculares a identificagio e a diversidade genética de
Aspergillus fumigatus isolados de amostras pulmonares de
frangos de corte sadios (Galus galus domesticus). Quarenta e
quatro (9,5%) isolados foram confirmados como A. fumiga-
tus através de reacdo em cadeia da polimerase (PCR) multi-
plex (amplificacdo de fragmentos dos genes (3-tub e rodA).
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Todos isolados foram tipificados, sendo quarenta (90,9%)
observados apenas uma vez. Os resultados mostram uma
alta variabilidade e multiplos genétipos de A. fumigatus ob-
tidos de amostras pulmonares de frangos, de corte.

TERMOS DE INDEXACAO: Aspergillus fumigatus, frangos de corte,
identificagdo molecular, PCR multiplex, genotipagem.

INTRODUCTION

Aspergillosis is the most common mycotic disease in birds.
The pulmonary system is most frequently affected with le-
sions observed in the air sacs and lungs of a wide variety
of bird species, which are hosts potentially susceptible to
infections by Aspergillus spp. (Charlton et al. 2008). Clinical
cases of aspergillosis have already been diagnosed in chi-
ckens, turkeys, ostriches, rheas, penguins, geese (Carrasco
et al. 2001, Lair-Fulleringer et al. 2003, Copetti et al. 2004,
Paixdo et al. 2004, Ziélkowska & Tokarzewski 2007, Islan et
al. 2009, Ceolin et al. 2012) as well as in many other species
(Cray etal. 2009, Spanamberg et al. 2012). The presence of
conidia in the respiratory system may cause only coloniza-
tion, which allows the fungal isolation from the lung tissue
(Arné et al. 2011). Aspergillus fumigatus is the major aetio-
logical agent responsible and is reported in the Brazilian
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veterinary literature (Copetti et al. 2004, Xavier et al. 2006,
2006, Spanamberg et al. 2012, 2013).

Mycological identification frequently rely only on con-
ventional cultivable methods on Sabouraud Dextrose Agar
and Malt Extract Agar. Molecular methods for the identi-
fication is recommended since many species macroscopic
and microscopically similar to this species have been des-
cribed belonging to Section Fumigati, which sometimes
cause difficulties to the correct diagnosis (Balajee et al.
2005, Serrano et al. 2011). Microsatellites are the genetic
markers of choice for studying A. fumigatus molecular epi-
demiology since a microsatellite-based multiplex PCR has
been proved to be specific, highly reproducible, fast and
economic way of targeting molecular identification of A. fu-
migatus in human clinical laboratories (Araujo et al. 2009,
Araujo et al. 2012).

Different genotyping methods have been developed and
employed (Vanhee et al. 2008, Thierry et al. 2010, Van Wa-
eyenberghe et al. 2011). In Brazil, there is a lack of mole-
cular data about epidemiological analyses. The aim of this
study was to confirm by molecular methods the identifica-
tion and verify the genetic diversity of A. fumigatus isolates
of lung’s samples from Brazilian broilers.

MATERIALS AND METHODS

Collection of samples. The samples (n=464) came from 56
flocks localized in the Vale do Taquari - State of Rio Grande do Sul,
RS, Brazil. Lungs were collected from healthy broilers (Galus galus
domesticus), directly from the slaughter line of a slaughterhouse
of the State of Rio Grande do Sul, Brazil and kept under refrigera-
tion (4°C). The evaluation and condemnation of carcasses were
performed by the personnel from the sanitary inspection depart-
ment. All animal welfare requirements in force were observed in
the slaughter process, in accordance with the respective inspec-
tion department.

Fungal strains and culture conditions. Initially, lungs sam-
ples were cultured onto Sabouraud Dextrose and Malt Extract
Agar plates. After 7 days of incubation (37°to 40°C) the colonies
of Aspergillus were subcultured onto Czapeck-Dox Agar for final
macro and microscopical identification. Individual colonies pre-
senting macro and microscopic features of A. fumigatus were se-
lected and the conidia are kept in a saline solution stored at 4°C.

DNA extraction. For this purpose, isolates were subcultured
onto a new Petri dish with Malt Extract Agar (37°-40°C/5 days). A
Qiagen DNeasy® plant mini DNA extraction kit protocol was used
to extract DNA from the conidia. Fungal DNA was frozen at -20°C.

Molecular identification of Aspergillus fumigatus. Mo-
lecular identification was performed using specific primers for
identification of Aspergillus section Fumigati and A. fumigatus
(Table 1) (Serrano et al. 2011). Multiplex PCR amplification was
performed in a 5pl final volume containing 1 uL of genomic DNA
(1-5ng/uL), 2.5pL of 2x Qiagen multiplex PCR master mix (Qia-
gen, Hilden, Germany) and 0.5uL of each primer (for a 0.2uM final
concentration of each primer). After a pre-incubation at 95°C for
15 min, the amplification was performed for a total of 35 cycles as
follows: denaturation at 94°C for 30 s, annealing at 69°C for 90 s,
extension at 72°C for 1 min, and a final extension step of 10 min
at 72°C. Amplicons were visualized following electrophoresis in
polyacrylamide gels with a standard DNA silver staining method
(QuLetal. 2005).

Microsatellite multiplex for A. fumigatus genotyping. Mic-
rosatellite PCR multiplex was performed according to previously
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Table 1. Primers for molecular identification of A. fumigatus

AGGCAGACCATCTCTGGTGAG
TCGGAGGAGCCATTGTAGC
CCAGGCTCAGCTCTCTTGCT
CCACCACCGATGAGGTTCTT
TGACGGGTGATTGGGATCTC
CGTCCGCTTCTTCCTTGTTT
ACATTGACGAGGGCATCCTT
ATGAGGGAACCGCTCTGATG

Aspergillus se¢do b-tubulin F
Fumigati

Rodlet A
A. fumigatus

R

F

R
b-tubulin F
R
Rodlet A F
R

selected primers located in different chromosomes (Araujo et
al. 2009). The PCRs were performed in 5 pL final volume, with
0.5pL of genomic DNA (1-5ng/uL), 2.5pL of 2x Qiagen multiplex
PCR master mixes (Qiagen, Hilden,Germany) and 0.5pL of a mix of
eight primer pairs, at 2 M concentration. After a 95°C preincuba-
tion step of 15 min, PCRs were performed for a total of 35 cycles,
using the following conditions: denaturation at 94°C for 30 s, an-
nealing at 60°C for 60 s and extension at 72°C for 2 min; with a
final extension step of 10 min at 72°C. The internal size standard
GeneScan 500 LIZ (Applied Biosystems) (0.4pL) and HiDifor-
mamide (Applied Biosystems) (10uL) were added to the PCR-am-
plified products and run in an ABI PRISM 3100genetic analyser
16-capillary electrophoresis system (Applied Biosystems). Frag-
ment size was performed automatically using Genemapper soft-
ware 4.0 (Applied Bio systems). The reference A. fumigatus strain
ATCC 46645 was genotyped in standard conditions showing a fi-
nal electrophoretic profile of eight expected peaks corresponding
to each microsatellite locus (Araujo et al. 2012).

Data and statistical analyses. Data sheets and procedures
adopted (records of days of culture samples, manipulation of iso-
lates and DNA extraction) for control of each culture were revised
after electrophoresis results in order to exclude identical isolates
originated from the same sample or possible laboratory contami-
nation.

The Simpson index of diversity (1-D) ranges between 0 (mini-
mum diversity/similarity) and 1 (maximum diversity/similarity),
the greater the value of diversity index, greater in the richness
and abundance of the species/gene. It was computed for all domi-
nated loci index with all markers, calculated according to Hunter
and Gaston (1988), using the R package untb (Hankin 2007).

Cluster analysis was performed with the statistiXL program
(http://www.statistixl.com/default.aspx) using Euclidean distan-
ces without rescaling the data with the linkage-type unweighted
pair-group average method (UPGMA).

RESULTS

Forty-four (9.5%) lung’s samples were positives for myco-
logical isolation of fungal isolates belonging to Aspergillus
section Fumigati (macro and microscopical identification).
No fungal growth in the remaining 420 (90.5%) samples.
All isolates were obtained from healthy broilers.

All isolates (44) were confirmed as Aspergillus fumiga-
tus following the amplification of B-tub and rodA gene frag-
ments and gel electrophoresis.

Multiplex PCR was successfully performed on all isola-
tes. The complete profile with eight peaks was found, con-
firming the A. fumigatus specificity. The result of UPGMA
analysis of 44 Aspergillus fumigatus genotypes based on the
number of repeats obtained following microsatellite mul-
tiplex genotyping (8 microsatellites located in 7 different
chromosomes were considered) (Fig.1). Among this group,
40 genotypes (90.9%) were unique and four genotypes
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were found twice. The cophenetic correlation coefficient
was 0.901 (P<0.001), indicating a very strong correlation
with the represented distances and the final dendrogram.
The Simpson’s index of diversity (D) for the avian isolates
was calculated to be 0.86. The results allowed the identifi-
cation of four clusters (Fig.1), accounting for 1, 2, 15 and 26
isolates. None of the identified clusters (A, B, C and D) could
be associated with the geographic location of the studied
flocks or the date of collection.

DISCUSSION

Aspergillus species are ubiquitous filamentous fungi widely
distributed in the environment and Aspergillus fumigatus is
considered as a major respiratory pathogen for birds. Other
species like A. flavus, A. niger, A. nidulans and A. terreus may
also be isolated from avian cases of aspergillosis (some-
times in mixed infections) but much less frequently than A.
fumigatus (Tell 2005, Arné et al. 2011). Species within the
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Fig.1. The result of UPGMA analysis of 44 Aspergillus fumigatus
genotypes based on the number of repeats obtained following
microsatellite multiplex genotyping (8 microsatellites loca-
ted in 7 different chromosomes). Clusters A, B C and D were
identified. Circled isolates represent the isolates with similar

genotype (4 groups).

section Fumigati have been described as human pathogens,
particularly A. lentulus, A. viridinutans, Neosartorya pseu-
dofischeri and N. udagawae (Serrano et al. 2011). Based on
these reports, species within the section Fumigati may be
involved in bird’s diseases or may be present in the lungs
of healthy birds. All isolates in our study were A. fumigatus
which were obtained from healthy birds. This finding it is
in agreement with the literature, since due to ubiquitous
distribution of A. fumigatus, all poultry flocks are inhal-
ing airborne conidia during the rearing or laying period
(Kunkle 2003), and so, its isolation from lungs of healthy
birds is considered quite frequent (Arné et al. 2011).

High genotypic diversity indices have been described
among clinical and environmental isolates of A. fumiga-
tus, usually as the result of studying outbreaks at human
hospitals. Conidia are easily disseminated (Latgé 1999,
Pasqualloto 2009), factor that contributes for an high strain
diversity of isolates. Consequently, it is expected a high ge-
netic diversity of strains inhaled by the birds. In this study,
44 isolates were genotyping, showing a high genetic diver-
sity. Actually, the strains typed represent only a small part
of the fungal population potentially inhaled by the birds,
and considering that environmental or clinical strains have
the potential to cause disease in susceptible birds, our re-
sults are important to know if only one genotype could be
prevalent in the current system of commercial poultry.

Molecular typing studies showed that there was a high
variability among avian isolates and multiple genotypes re-
covered from healthy and disease birds (Lair-Fulleringer et
al. 2003, Olias et al. 2009). Van Waeyenberghe et al. (2011)
obtained (57 genotypes of 65 isolates; 87.7%). On the oth-
er hand, Alvarez-Perez et al. (2010) reported 13 (39.4%)
distinct genotypes in 33 isolates obtained from five dis-
eased birds, and Lair-Fulleringer et al. (2003) reported 17
(15%) distinct genotypes in 114 isolates from healthy and
diseased turkeys. Our results could be explained due to the
use of eight microsatellite markers combined in a single
PCR multiplex assay available for A. fumigatus genotyping.

No association was found between isolation date or
location of flocks and the genetic clusters identified on
the fungal population, confirming a large dispersion of
A. fumigatus conidia in the regional environment. Identi-
cal genotypes can occur by chance in unrelated isolates, a
probable explanation for this result is that the birds were
exposure to a common source of mycoflora. The hatchery
environment could be contaminated by Aspergillus - the co-
nidia can easily enter the air handling unit and ventilation
system. Moreover, the birds could be contaminated when
exposed to a common source of poultry houses’s environ-
ment and feedstuffs, including roughages and concentrates,
which is in agreement with literature (Charlton et al. 2008,
Arné et al. 2011). The climate, temperature and humidity
are ideal for the propagation of Aspergillus, especially when
organic matter (debris) has accumulated.

CONCLUSAO

Our results showed that occurs a high variability isolates
and multiple genotypes among avian isolates. It is crucial a
minimization of stress-related issues due to avian manage-
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ment and transport, which are complementary conditions
that enhance the development of opportunistic mycoses
such as aspergillosis. Furthermore, genotyping studies on
fungal populations may provide opportunity to compare
genetic diversity within and among clinical and environ-
mental isolates from broilers.
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