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A B S T R A C T

Aspergillus fumigatus, the major etiological agent of human and animal aspergillosis, is a gliotoxinogenic species
into section Fumigati commonly found in contaminated animal environments. In dairy herds, exposed areas of
lactating cows, as mammalian glandule, can be easily contaminated by them. This study was aimed to identify A.
fumigatus sensu lato strains (identified based on morphology) isolated from raw cow milk at species level, by
morphological and molecular techniques, and to estimate their genetic variability. Forty-five A. fumigatus strains
showed similar RAPD profiles (generated with PELF and URP1F primers) to each other and to A. fumigatus sensu
stricto reference strains; also, they were almost identical to clinical human and feed-borne A. fumigatus strains
included in the assay, since their similarity coefficient ranged from 0.7 to 1.00. Therefore, all strains were
characterized as belonging to A. fumigatus sensu stricto species. This result was supported by sequencing the
benA gene of selected strains and by maximum parsimony analysis. In addition, RAPD fingerprinting demon-
strated intra-specific genetic variability into the A. fumigatus sensu stricto cluster. The results found in this study
strengthen the fact that A. fumigatus sensu stricto is the predominant species in the Aspergillus section Fumigati
found in animal environments such as dairy herd environments, while other species such as A. novofumigatus, A.
fumigatiaffinis, A. udagawae and A. lentulus may be rarely isolated. Since no differences between animal and
human strains were observed they can become pathogenic also for farm handlers'. Moreover, the presence of A.
fumigatus sensu stricto in raw cow milk is probably a very important risk factor since milk and its by-products are
generally indented for human consumption, then gliotoxin could be transferred to them.

1. Introduction

Aspergillus fumigatus, the major etiological agent of human and an-
imal aspergillosis, is commonly found in contaminated animal en-
vironments. It is frequently isolated from sorghum and maize silages
and other contaminated animal feeds (Keller et al., 2012; Pena et al.,
2010; Pereyra et al., 2008). Aspergillus fumigatus is able to produce
gliotoxin and other tremorgenic compounds that could induce neuro-
logical syndromes to farm workers who manipulate moldy feed con-
taining it (Amitani et al., 1995; Pena et al., 2010, 2015, 2015). Large
number of spores is easily spread in the air indicating high risk of ex-
posure both for animals and humans. Several infectious diseases caused
by A. fumigatus in animals, such as respiratory infection in chicks, ducks
and horses, have been reported (Arné et al., 2011; Beernaert et al.,

2010; Girma et al., 2016; Guida et al., 2005; Kendall et al., 2008). In
ruminants, this fungus causes respiratory infections, abortion, mastitis
and other clinical cases (Gourreau et al., 1988; Smith, 1989).

Species including in Aspergillus section Fumigati are characterized by
uniseriate and columnar conidial heads in shades of green and flask
shaped vesicles (Raper and Fennell, 1965). Aspergillus fumigatus is
identified by macroscopic and microscopic features and, despite some
variations in its phenotype, such as vesicle size and shape and stipe
length, has been largely regarded as a single species. However, mole-
cular studies have demonstrated that several morphologically identified
A. fumigatus strains might be genetically distinct (Hong et al., 2005;
Montenegro et al., 2009). Therefore, molecular identification is highly
recommended to the correct identification of the species within species
complex, because they could share morphological characteristics that
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may do difficult their identification to species level. Into the “A. fumi-
gatus complex” group, molecular studies have demonstrated that sev-
eral strains morphologically identified as A. fumigatus belonged to A.
lentulus, A. viridinutans, A. fumigatiaffinis, A. fumisynnematus, Neo-
sartorya pseudofischeri, N. hiratsukae or N. udagawae species (Balajee
et al., 2005a, 2005b, 2006; Hong et al., 2008; Samson et al., 2007).
Some of them have been described as human pathogens and reported to
be resistant in vitro to azole antifungals (Alcazar-Fuoli et al., 2008;
Yaguchi et al., 2007). In order to resolve this issue, different approaches
have been applied to identify the species belonging to the section Fu-
migati. Among them, Hong et al. (2005, 2010) re-identified strains of A.
fumigatus sensu lato (identified based on morphology) obtained from
different sources applying random amplification of polymorphic DNA
(RAPD) with primers PELF and URP1F. In addition, Pena et al. (2015)
and Soleiro et al. (2013) characterized a set of feed-borne and clinical
A. fumigatus sensu lato strains isolated from Argentina and Brazil ap-
plying PCR-restriction length fragment polymorphisms (PCR-RFLP) and
RAPD (with PELF and URP1F). They found that the molecular identi-
fication of A. fumigatus sensu lato strains resulted in a unique species
into the Aspergillus section Fumigati, which was A. fumigatus sensu
stricto; also, their genetic profiles were identical to human/animal
clinical strains. Thus, these species identification schemes based on
molecular markers are useful tools for A. fumigatus sensu stricto and
related species discrimination in the section Fumigati and also, for their
genetic variability estimation. To our knowledge, this is the first report
on the molecular characterization of A. fumigatus strains isolated from
raw cow milk samples in Argentina, applying neutral molecular mar-
kers. The study of the prevalence of A. fumigatus sensu stricto in dairy
herd environment could help in predicting the epidemiological risk that
milking cows and farm handlers' are exposed. Moreover, the presence of
A. fumigatus in milk intended to human consumption is probably a very
important risk factor in the transmission of gliotoxin and other myco-
toxins to humans. This work was aimed i) to apply the RAPD molecular
marker with primers PELF and URP1F to confirm the identification at
species level of A. fumigatus sensu lato strains isolated from cow milk
samples in Argentina and ii) to determine and compare their genetic
variability.

2. Materials and methods

2.1. Strains isolation

Forty five A. fumigatus sensu lato strains isolated from raw cow milk
were randomly selected and used for their identification at species level
(by morphological and molecular characterization) and for estimation
of its genetic variability.

The A. fumigatus strains came from a sampling carried out on 44
dairy establishments located in Cordoba province, in the central region
of Argentina on March to September 2007. Each one of them owned
between 100 and 250 cows in milking and daily average milk pro-
ductions of 10–20 l/cow. A total of 901 individual milking cows were
sampled following the random systemic method of Thrusfield (2007).
The udders were disinfected with ethanol 70%, dried with individual
paper towel and the first jet of milk discarded. Fungal isolation were
performed on petri plates containing dichloran rose bengal chlor-
amphenicol agar (DRBC) and dichloran 18% glycerol agar (DG18) (Pitt
and Hocking, 1997). Colonies resembled A. fumigatus were taken and
sub-cultured in Malt Extract Agar (MEA) that was subsequently in-
cubated at 25 °C for 7 days in darkness.

2.2. Morphological identification

For the morphological analysis, all A. fumigatus sensu lato strains
were identified by using the morphological criteria (Klich and Pitt,
2002; Samson et al., 2007). Briefly, the strains were grown for 7 days as
3-point inoculations on Czapek agar, Czapek yeast extract agar (CYA),

Czapek yeast extract agar with 20% sucrose (CY20S) and malt extract
agar (MEA) plates at 25 °C, and on CYA at 37 °C.

Morphological data were analyzed through analysis of variance
(ANOVA). The Fisher's test of Least-Significant Difference (LSD) was
used to determine the significant differences between means.

2.3. Molecular identification

For the molecular identification of the strains and for estimation of
its genetic variability, the RAPD molecular marker (using primers PELF
and URP1F, according to the methods described in Pena et al., 2015)
was applied. The reference strains A. fumigatus sensu stricto CBS
127.801, A. fumigatus sensu stricto CBS 127.278, A. lentulus CBS
117.180, A. novofumigatus CBS 117.519, A. novofumigatus DTO 249-H5
and A. udagawae CBS 114.218 were also included as standards on each
gel. Genetic similarity between them is shown in Fig. S1 (supplemen-
tary file). Moreover, nine A. fumigatus sensu lato strains isolated from
sputum of patients suffering invasive pulmonary aspergillosis (coming
from clinic centers of Santa Fé and Tucumán provinces) which had not
been identified by molecular criteria until now, and other three A. fu-
migatus sensu stricto strains isolated from animal feeds previously
identified (Pena et al., 2015) were included in the analysis for com-
parison of their DNA profiles with the assayed strains. Summarizing, a
total of 57 A. fumigatus strains were analyzed by RAPD markers.

2.3.1. Fungal biomass production and DNA extraction
From each A. fumigatus strain grown on malt extract agar (MEA),

spores were inoculated in Erlenmeyer flasks of 250ml containing 50ml
of sterile Wickerham medium (Mulé et al., 2006) and then, incubated
on an orbital shaker at 1.26 g at 25 ± 1 °C for 3 days. Mycelia were
harvested by filtration, dried and frozen at −20 °C until ground. Fungal
DNA was extracted using a hexadecyltrimethylammonium bromide
(CTAB) procedure (Leslie and Summerell, 2006). Total DNA extracted
was quantified subjecting samples to electrophoresis on 0.8% agarose
gel stained with ethidium bromide (0.5 μg/ml). After the run, DNA
dilutions from de total DNA were quantified by UV spectrophotometry
using a NanoDrop 2000 Spectrophotometer (ThermoFischer Scientific,
Waltham, Massachusetts, USA). Also, its purity was determined. After
that, work dilutions were made to obtain fungal DNA at 20–25 ng/μl for
RAPD reactions.

2.3.2. RAPD-based characterization
PCR amplifications with primers URP1F and PELF were made, se-

parately, as stated in Pena et al. (2015). Briefly, 25 μl PCR reactions
containing 1 X reaction buffer with 2.5mM MgCl2, 2.5 μl of template
DNA (20–25 ng), 0.2 mM of each dNTP, 1.5 U Taq DNA polymerase
(5 U/μl, Invitrogen by Life Technologies, Buenos Aires, Argentina) and
100 pmol μl−1 of each primer were performed. A negative control was
included in every set of reactions. PCR amplifications were conducted
as follows: 4 min at 94 °C, followed by 35 steps of 1min at 94 °C, 1min
at 55 °C and 2min at 72 °C, and a final extension step of 8min at 72 °C
and then held at 4 °C indefinitely. The products were electrophoresed
on a 1.5% agarose gel stained with 0.5 μg/ml ethidium bromide and
photographed using a MiniBIS Pro DNR Bio-imaging systems photo-
analyzer. The fragment sizes were measured by comparison with DNA
100-bp ladder (Invitrogen by Life Technologies) (with reference bands
between 100 and 2072 bp). The presence or absence of polymorphic
RAPD bands was scored manually and the data recorded in a binary
format. Each scored band of differing electrophoretic migration was
treated as a single independent locus with two alleles (present or ab-
sent).

2.3.2.1. Genetic distance and cluster analysis of RAPD data. To estimate
genetic distances between individuals, similarity coefficients (S) were
calculated using the formula: S= 2 Nxy/(Nx+Ny), where Nx
represents the number of fragments amplified in isolated x and y,
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respectively; and Nxy is the number of fragments shared by the two
isolates (Nei and Li, 1979). Genetic distance (D) was derived from
similarity coefficients as follows: D=1− S and matrices were
constructed for isolates using the compiled RAPD data obtained from
both primers. Dendrograms were obtained using the unweighted pair-
group method using arithmetic averages (UPGMA) clustering strategy
of the NTSYSpc 2.0 (Numerical Taxonomy System; Applied Biostatistics
Inc., New York, NY, USA) software package (Rohlf, 1990). The RAPD
data were subject to bootstrap analysis with 10,000 replications using
the program PAUP* 4.0a152 (Swofford, 2001) to determine whether
there was significant genetic substructure or clustering among isolates
as resolved by RAPD data.

2.3.3. Confirmation of RAPD fingerprinting results by sequencing of benA
regions

Based on the RAPD profiles, 10 strains were selected according to
their position on RAPD dendrogram for sequencing of benA regions for
definitively confirm its taxonomic state at species level. Amplifications
were made using the primers Bt2a (5′-GGTAACCAAATCGGTGCTGCT
TTC-3′) and Bt2b (5′-ACCCTCAGTGTAGTGACCCTTGGC-3′) as stated in
Pena et al. (2015). These primers, described for Glass and Donaldson
(1995), yielded a 550 bp-size amplicon. PCR reactions were made with
10–20 ng of fungal DNA in a total volume of 50 μl of 1 X reaction buffer
containing 2mM MgCl2, 1.25 U Taq DNA polymerase (5 U/μl, In-
vitrogen by Life Technologies, Buenos Aires, Argentina), 0.2 mM of
each dNTP and 0.4 μM of each primer. A negative control, containing
all reagents without fungal DNA, was included in every set of reactions.
PCR was conducted according to the following cyclic conditions: initial
denaturation at 94 °C for 5min, followed by 35 cycles consisting of
94 °C for 1min, 58 °C for 1min and 72 °C for 1min, and a final exten-
sion step of 72 °C for 7min, and then held at 4 °C indefinitely. For DNA
sequencing of both strands, templates DNA were sent to Macrogen Inc.
Korea. Sequencing errors were detected and corrected using BioEdit
software version 7.0.9.0 (Thompson et al., 1994). Nucleotide sequence
comparisons were performed using the Basic Local Alignment Search
Tool (BLAST) network services of the National Centre for Biotechnology
Information (NCBI) database with benA sequences as the query.

Multiple sequence alignment of the partial benA sequences was
performed using the Web-based program MAFFT (Katoh and Standley,
2013). Also, Partial benA sequences from reference strains of species
into section Fumigati obtained from GenBank were included in the
analysis. (Table S1, supplementary file). Based on this alignment,
maximum parsimony analysis was performed with heuristic search with
random addition sequences, branch swapping by tree bisection-re-
connection (TBR) and MAXTREES set at 10000, using TNT v1.1
(Goloboff et al., 2008). Relative robustness of the individual branches
was estimated by bootstrapping, using 10,000 replicates. Aspergillus
clavatus strain H522 (GenBank accession AF057212.1) was used as
outgroup.

The strains used in this study were deposited in the culture collec-
tion at the Department of Microbiology and Immunology, National
University of Rio Cuarto (UNRC) as RC followed by the isolation
number (for example RC2210) and kept cryopreserved in sterile 15%
glycerol.

3. Results

3.1. Morphological characterization

The morphologic characterization of strains showed typical features
of the A. fumigatus (sensu lato) species (Table 1). Although, the mor-
phologic characterization of ten isolates is shown in Table 1, all strains
were analyzed. All strains showed similarity between them in both
macroscopic and microscopic characteristics, i.e. colony texture was
velutinose for all isolates (data not shown), but some of them showed
limited conidiation in MEA. However, no clear statistics differences in Ta
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the morphometric features such as colony diameter in different culture
media, stipe length and wide and diameter of the fungal vesicle were
found, since some strains were statistically different between them and
not others, and since these differences were not observed for all features
measured.

3.2. RAPD-based fingerprinting

Band patterns resulting from the RAPD fingerprinting with primers
PELF and URP1F of some A. fumigatus strains of milk samples are shown
in Fig. 1; even though, all strains were assayed with both primers. The
ability to produce polymorphic and reproducible band patterns among
the Aspergillus section Fumigati isolates were previously tested (Pena
et al., 2015). More polymorphic haplotypes were obtained with PELF
than with URP1F primer. For this reason, band reproducibility was
checked, at least twice, and identical results were obtained in all ex-
periences. Forty-five isolates of A. fumigatus from milk samples showed
similar band patterns to each other and to A. fumigatus sensu stricto CBS
127.801 and A. fumigatus sensu stricto CBS 127.27 reference strains,
although some isolates showed differences in minor bands. Moreover,
its band patterns were almost identical to the clinical human A. fumi-
gatus strains included in the assay. Fifty-four distinct and scoreable
bands were obtained with both primers and allowed the construction of
63 isolates× 54 loci data matrix, which was analyzed and used to
produce a UPGMA dendrogram (Fig. 2). It allowed the comparison
among the haplotypes and showed a clear separation of the four type-
strains into section Fumigati with similarities< 50%. The studied
strains were grouped in a consistent group including all A. fumigatus
strains isolated from cow milk and the reference strains A. fumigatus
sensu stricto CBS 127.801 and CBS 127.278 (83% of statistical support).
Also, the isolates placed in this group showed 70% of genetic similarly
among them. The strains were assigned to a species if they shared more
than 50% of the bands with the reference strain (Perrone et al., 2006).
Therefore, all A. fumigatus assayed strains were typified as belonging to
A. fumigatus sensu stricto species. Moreover, RAPD fingerprinting also
allowed demonstrating intra-specific genetic variability in the A. fumi-
gatus sensu stricto group, since genetic similarity coefficients among
these isolates ranged from 0.70 to 1.00.

Furthermore, for definitively confirmation of the RAPD results,

representative strains were subjected to sequencing of benA regions and
the obtained sequences compared to sequences from the Genbank for
results verification. After conducting BLAST searches of GenBank with
benA sequences as the query, they had high match with published A.
fumigatus benA sequences in GenBank showing maximum identities of
100% (February 2018, http://blast.ncbi.nlm. nih.gov/Blast.cgi).
Therefore, it confirmed its identification as A. fumigatus sensu stricto
species. The obtained benA sequences have been deposited in GenBank
under accession numbers KY464099–KY464107 (http://www.ncbi.
nlm.nih.gov/nucleotide).

Further, a maximum parsimony analysis was performed with the
sequences obtained during benA sequencing of selected strains together
with sequences of other Aspergillus section Fumigati species retrieved
from GenBank. As it is shown in Fig. 3, all strains formed a separate
clade with A. fumigatus sensu stricto reference strains (bootstraping
100%) that was different from the other Aspergillus section Fumigati
species included in the analysis.

4. Discussion

In this study, a group of A. fumigatus sensu lato strains isolated from
raw cow milk samples taken from different dairy herds in Argentina
were typified by its morphologic and genotypic (RAPD marker and benA
sequencing) features. Also the genetic variability of them was esti-
mated. The prevalence of A. fumigatus in dairy environment was pre-
viously studied. Pellegrino et al. (2013) conducted a mycological survey
of the milk samples from which the strains of the current study were
isolated and found that A. fumigatus was the second more frequently
isolated species of Aspergillus after A. flavus. Moreover, they demon-
strated the gliotoxinogenic ability of the strains and its association with
high somatic cell counts in milk samples. Alonso et al. (2009) reported
the mycobiota isolated from raw materials and cow feed intended to
milking cows in the same dairy herd establishments sampled and found
that Aspergillus and Fusarium were the main fungi genera isolated. Fungi
are frequent in the cow's environment, whether hygiene of farm is poor
contamination of milk by toxinogenic fungi can occur. Morphological
characterization showed some differences between the A. fumigatus
sensu lato strains analyzed but no clear association between strains or
variables were found when statistical analysis of the data was applied.

Fig. 1. Aspergillus fumigatus RAPD profiles of strains isolated from cow milk obtained with PELF (A) and URP1F (B) primers. M: 100-bp DNA ladder (Invitrogen by Life
Technologies).
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This suggested that the variability observed in macroscopic and mi-
croscopic features was given by intra-specific variability. Therefore, the
molecular analysis was consequently carried out to clarify this result.
Although the RAPD analysis was applied identically as Pena et al.
(2015), greater number of polymorphic bands was obtained. This fact

could be assigned to a better gel resolution that allowed increasing the
zone of the gel for reading bands. All isolates of A. fumigatus from raw
cow milk samples showed almost the same band patterns to each other
and to A. fumigatus sensu stricto reference strains, clinical human A.
fumigatus and those isolated from animal feeds. Therefore, by applying

Fig. 2. UPGMA dendrogram of 63 A. fumigatus sensu lato isolates and reference strains into the Aspergillus section Fumigati (⁎) generated with the NTSYS software.
Bootstrap values higher than 50% are shown above the branches. Sequenced strains at β-tubulin gene are shown in bold.1 Source of strains isolation.

Fig. 3. “Maximum parsimony tree inferred from benA sequences of selected A. fumigatus sensu stricto strains. Bootstrap values higher than 50% are shown above the
branches. Aspergillus clavatus strain H522 (GenBank accession AF057212.1) was used as outgroup.”
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the RAPD molecular markers all A. fumigatus assayed strains were ty-
pified as A. fumigatus sensu stricto species. Moreover, this result was
supported by sequencing the benA gene of selected strains and by
maximum parsimony analysis. These results suggest that A. fumigatus
sensu stricto is a predominant species in Aspergillus section Fumigati
found in animal environments such as dairy herd environments as well
as in human clinical cases, while other species including A. novofumi-
gatus, A. fumigatiaffinis, A. udagawae and A. lentulus may be rarely iso-
lated. Using the RAPD approach applied here, Hong et al. (2010)
evaluated 146 worldwide clinical and environmental (soil) strains of A.
fumigatus sensu lato and found that 140 (95.8%) of them were identified
as A. fumigatus sensu stricto whereas 3 (2.1%) were A. lentulus, and the
remaining three (3) strains were typified as A. viridinutans complex,
Neosartorya udagawae and N. cf. nishimurae. Primers PELF and URP1F,
previously selected by Hong et al. (2005) were considered as a rapid
and reliable method to identify A. fumigatus and A. lentulus. In the
current study, closely related species to A. fumigatus sensu stricto such
as A. novofumigatus, A. fumigatiaffinis, A. udagawae and A. lentulus were
clearly separated. Moreover, genetic variability was found at intra-
specific level in the A. fumigatus sensu stricto cluster and isolates
seemed to form a homogeneous group with a high degree of similarity
among them. This fact could also support the phenotypic variability
observed between A. fumigatus isolates during its morphological char-
acterization.

Exposed areas of lactating cows as mammalian glandule can be
easily contaminated by A. fumigatus sensu stricto, due to it is frequently
found in the dairy herd environment. Different researchers have studied
the role of azoles as an antifungal therapy for aspergillosis
(Seyedmousavi et al., 2015; Verweij et al., 2016). Studies related to
azole resistance, heat resistance and UHT/pasteurization treatments
should be carried out with our strains in order to design future strate-
gies for the prevention and control of Aspergillosis. Since no differences
between animal and human strains from cases of Aspergillosis were
observed, they may become pathogenic to cows and also for the farm
handlers'. Moreover, the presence of the gliotoxinogenic A. fumigatus
sensu stricto in raw cow milk samples could be a very important risk
factor since milk and its by-products are indented for human con-
sumption.

Supplementary data to this article can be found online at https://
doi.org/10.1016/j.ijfoodmicro.2018.03.018.
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