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Abstract: Road-killed wild animals have been for years used for surveillance of vectors of zoonotic
pathogens and may offer new opportunities for eco-epidemiological studies. In the current study, fungal
infection was evaluated by PCR and nested-PCR in tissue samples collected from 19 road-killed wild animals.
The necropsies were carried out and samples were collected for DNA extraction. Results, using PCR with a
panfungal primer and nested PCR with specific primers, indicated that some animals are naturally infected
with Amauroascus aureus, Metarhizium anisopliae, Aspergillus flavus, Aspergillus oryzae, Emmonsia parva,
Paracoccidioides brasiliensis or Pichia stipitis. The approach employed herein proved useful for detecting the
environmental occurrence of several fungi, as well as determining natural reservoirs in wild animals and

facilitating the understanding of host-pathogen relationships.
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INTRODUCTION

Environmental changes and ecological
disturbances caused by natural phenomena or
human intervention are considered important
factors in the emergence and reemergence
of diseases and have generated both interest
in research and concern about the global
biodiversity conservation. The causal factors
that are associated with this vulnerability and
facilitate the transmission of infectious agents
include: population growth and consequent
human migration, introduction of animals into
new habitats or their absence, changes in the
distribution of hosts and vectors, and increased
interaction between humans and the wild life (1-
5).

Studies involving wild animals are increasingly
restrictive, especially concerning methods that
require anesthesia and/or euthanasia. Thus,
molecular detection of fungal pathogens in

road-killed wild animals fulfills the need of
searching for alternatives to the use of animals in
research, as indicated by animal experimentation
ethics committees. The number and diversity of
animals killed in Brazilian roads yearly increases
and this problem worsens mainly due to the
car flow augmentation and highways crossing
areas potentially rich in fauna and flora, which
interferes with the natural migration of species
(6-8). Therefore, the road-killing has contributed
to the decline of wild mammal populations and to
difficulties in their recovery, especially for those
at risk of extinction (9). Biological conservation
studies have been conducted, mainly quantitative
and qualitative surveys on the roadkill rate (7, 8,
10-12). However, there are a few works emplying
animal carcasses for further investigation
such as in helminthological, epidemiological,
morphological and genetic studies (13-17).
Although culture and histopathological
analysis of tissue samples from road-killed
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animals are complex, molecular techniques
may be used in the identification and typing
of pathogens through PCR (polymerase chain
reaction) with specific primers, presenting high
specificity and sensitivity to a certain fragment of
the pathogen specific DNA (18).

Several targets within the fungal genome
have been evaluated, especially sequence areas
in the ribosomal DNA (rDNA) (19, 20). This
genome region is important to detect and identify
pathogenic fungi since it contains nucleotide
sequences relatively preserved among fungi
besides variable regions known as “internal
transcribed spacers” (ITS), which are used to
differentiate between species or strains of the
same species (21-23). As this region presents
hundreds of copies per genome, it provides
higher sensitivity and specificity, representing an
important target for fungal identification.

Another potent tool for epidemiological
studies is the use of geographic information
systems (GIS), which have been extensively
employed to analyze the geographic distribution
and the dynamics of several diseases of varied
etiologies,  including  coccidioiodomycosis,
blastomycosis and  paracoccidioidomycosis
(24-30). The importance of this database has
direct implications in epidemiological studies
since it allows data to be interactively accessed,
transformed and updated, facilitating the analysis
of relationships between occurrences and mapped
environmental characteristics, which makes
possible the identification and the delimitation of
areas at risk of infection (31).

Thus, research into new hosts by combining
molecular biology techniques and applying
geoprocessing  are  distinctive in  eco-
epidemiological studies of pathogens.

MATERIALS AND METHODS

Evaluated Animals and Sampling

Without the necessity of applying a laborious
sampling effort, we evaluated 19 road-killed
wild animals: one Callithrix penicillata (Al),
one Cavia aperea (A2), one Cebus apella (A3),
four Cerdocyon thous (A4-A7), two Dasypus
novemcinctus (A8-A9), one Didelphis albiventris
(A10), one Leporidae (All), two Lutreolina
crassicaudata ~ (A12-A13), one  Mazama

gouazoubira (A14), one Myocastor coypus (A15),
one Procyon cancrivorus (A16), one Puma concolor
(A17) and two Sphiggurus spinosus (A18-A19).
Only recently dead animals (1-7 hours) and those
with no exposed viscera were collected. They
were identified to the highest possible taxonomic
level. Necropsy was carried out and organ
fragments were stored in microtubes at —-80°C
until processing for DNA extraction. This study is
in accordance with IBAMA’s normative statement
n. 119 of October 11, 2006, Chapter VI, Article
26, which authorizes the collection and transport
of animals that were found dead for scientific or
didactic purposes. The current study was also
approved by the Ethics Committee on Animal
Experimentation of the Botucatu Biosciences
Institute, UNESP (n. 052/05).

Molecular Evaluation

DNA extraction from animal tissue samples
was carried out by using the Illustra® Tissue &
Cells Genomic Prep Mini Spin kit (GE Healthcare,
UK). PCR reactions were performed by employing
the universal primers ITS4/ITS5 for fungi that
have shown promising results for studies on the
environmental occurrence of pathogens (32). For
P. brasiliensis specific amplification, nested PCR
was carried out with the primers PbITSE/PbITSR
(33).

The obtained amplicons were purified using
the Illustra® DNA and Gel Band Purification kit
(GE Healthcare, UK). Sequencing was performed
to verify the identity of the amplicons obtained
by PCR reactions with pathogen sequences stored
in the GenBank database. Sequencing reactions
were done in the automatic sequencer MegaBace®
1000 (GE Healthcare, USA).

The obtained sense and antisense sequences
were visualized (Chromas 2.3 software,
Technelysium Pty Ltd, Australia), aligned by
the MEGA4 software (34), subjected to BLASTn
(http://www.ncbi.nlm.nhi.gov/BLAST) and
compared with the sequences stored in the
databanks.

Ecological Studies and Application of
Geographic Information System

The exact geographic location of each animal
was established with Global Positioning System
(GPS) and inserted in a digital databank using
geo-referenced interface.
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RESULTS

Table 1 displays the results of the sequencing
reactions carried out by using amplicons from

PCR reactions positive for fungal DNA in the
evaluated road-killed animals and nested PCR for
amplicons specific for P. brasiliensis.

Table 1. Geographic distribution of animals that revealed positive DNA amplification for fungi in PCR

reaction
Animal | Geographiclocation Species Amplicon

22°36'19.20"S e

A2 C. aperea Pichia stipitis
48°09'50.93"W
23°00'46.64"S ) P. brasiliensis*

A8 D. novemcinctus .
48°30'28.59"W Emmonsia parva
22°53'09.20"S P. brasiliensis**

A9 D. novemcinctus )
48°27'35.59"W Aspergillus flavus or A. oryzae
22°43'20.41"S

A16 P. cancrivorus P. brasiliensis
48°37'49.99"W
23°01'53.00"S . Amauroascus aureus or Metarhizium anisopliae

A18 S. spinosus o
48°04'53.19"W P. brasiliensis*
22°49'58.71"S ) S

A19 S. spinosus P. brasiliensis
48°25'24.75"W

*A8 and A18: P, brasiliensis amplicon references (17).
** A9: P, brasiliensis amplicon reference (35).

DISCUSSION

The present study focused on the molecular
analysis of road-killed wild animals which
may represent a viable alternative to the use of
experiment animals in research, as suggested
by animal research ethics committees. During
our study, we were able to find a great diversity
of road-killed wild mammal species. A research
exclusively aimed at surveying road-killed
animal species certainly contributes to adapt
road infrastructures concerning the care with the
fauna.

Works on conservation biology using road-
killed species have indicated that 75% of deaths in
roads include animals in good or excellent health
conditions (36). In the present study, necropsy
demonstrated no apparent macroscopic change
that would indicate pathological processes in
the examined samples. As culture analysis and
histopathology are difficult, sensitive and specific
molecular tools were employed to allow the
identification of pathogens, without the need of
culturing, as suggested by San-Blas et al. (37).

Four Canidae specimens, belonging to
the species C. thous (crab-eating fox), were
evaluated in the current study. This species
presents generalist feeding habit, preferably
nocturnal, moving through trails at forest edges
and surviving in degraded and anthropic areas
(38). It can be frequently seen at highway edges
searching for food including the remains of other
road-killed animals; thus, C. thous is a frequent
victim of roadkill (10, 39, 40). No pathogenic
fungus was detected in this animal group.

The family Procyonidae was represented by
one specimen, namely Procyon cancrivorus (crab-
eating raccoon), which inhabits tropical and
equatorial forests, always close to rivers, bogs,
swamps and marshes. It has nocturnal habits
and is a good swimmer and climber. Its diet is
omnivorous and basically consists of wild fruits,
invertebrates and small vertebrates (41). In the
current study, P. brasiliensis DNA was detected
in the lungs of P. cancrivorus, which corroborates
our previous works (17). This fact confirms that
this mainly an airborne fungus, and it did not
disseminate (42).
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As regards the families Cervidae (one M.
gouazoubira — brown brocket deer), Leporidae
(one hare), Felidae (one P. concolor — cougar)
and Cebidae (one C. apella — capuchin monkey
and one C. penicillata - black-tufted-ear
marmoset), fungal DNA was not detected, which
is not indicative that these groups of animals
did not become infected since the evaluation
included only one specimen of each species.
Again, fungal DNA was not detected in samples
from one specimen of the Didelphidae family.
The members of this family, represented by D.
albiventris specimens (white-eared opossums),
have generalist habit and currently occur in areas
near human dwellings, including farms, yards
and urban centers (43). This animal is considered
a reservoir for several diseases of zoonotic
potential (44). However, marsupials seem to be
infrequently infected by P. brasiliensis or they may
efficiently blocked the infection, which makes D.
albiventris an improbable host for this fungus, as
previously described (45).

Rodents were represented by two S. spinosus
(porcupine) and one M. coypus (coypu). In
a previous work, rodents were evaluated
and P. brasiliensis DNA was detected in S.
spinosus and Cavia aperea tissue samples from
paracoccidioidomycosis  endemic areas of
Botucatu, Brazil (22°56°39.26”S/48°23°10.64”W)
and Conchas (23°01°53.00”S/48°04°53.19”W)
cities, Brazil, being present in several organs
(liver, spleen, kidneys, adrenal glands and
mesenteric lymph node), which indicates that the
fungus overcame the primary barrier, the lungs,
and disseminated (17). In the current study,
one animal (S. spinosus) tested positive, which
reveals an increasing number of positive results
for this group. These findings corroborate those
already described in the literature and show the
importance of this animal group as reservoirs
of several pathogens (46). Some rodent species
are considered reservoirs of Coccidioides immitis
and Penicillium marneffei; similarly, the rodents
Calomys callosus have been recently described
as susceptible to experimental infection with P
brasiliensis (47-50).

The result obtained in the sequencing of ITS-
5.8S region with universal primers for ITS4/
ITS5 fungi, from the amplicon found in the
lungs of a S. spinosus (porcupine), corroborates
that the animal was exposed to more than one
fungus. The similar percentages of Amauroascus

aureus and Metarhizium anisopliae, respectively
87 and 85%, may have been low because the
gene sequence of the species corresponding to
the obtained amplicon has not been stored in
GenBank yet. Although not totally conclusive,
the finding involving A. aureus is interesting,
since this fungus is little known as to its biological
significance. Similarly, the non-pathogenic fungus
Pichia stipitis was probably detected because the
gene sequence of the species corresponding to the
amplicon has not been deposited in GenBank,
or there might be a relationship of symbiosis
or commensalism between this fungus and the
guinea pig.

Armadillos  present  fossorial-terrestrial,
crepuscular/nocturnal habits. They are asocial
and spend their life building burrows, and
digging in search for food (51). D. novemcinctus
(nine-banded armadillo) have slow movement
and are not very agile; besides, their hearing is
not very accurate and their vision is relatively
little developed, which can make them blinded
by the car lights while crossing roads (52).

There is strong evidence that the number of
road-killed armadillos is even larger than that
reflected by the collected specimens since the
workers of the Department of Highways have
reported that these animals are commonly seen
crossing the highways in Botucatu region. We
probablydidnotfindalargernumber ofthisspecies
because armadillo meat is highly appreciated and
recently killed animals can be rapidly removed
from the roads for human consumption. A lung
sample from an armadillo analyzed by PCR was
then purified and sequenced, confirming that
the amplicon corresponded to Emmonsia parva
DNA. The species E. parva and E. crescens are
the main causative agents of adiaspiromycosis,
a mycosis that, differently from those caused by
Onygenales fungi, do not disseminate in the host,
being restricted to the lung tissue. The genus
Emmonsia belongs to the family Onygenaceae
(sensu lato), which includes the remaining
dimorphic pathogenic fungi causing the main
systemic mycosis. The main pathogens of the
family Onygenaceae present localized geographic
distribution, concentrating in the Americas;
however, Emmonsia is widespread. As observed
for the remaining dimorphic fungi of the order
Onygenales, the soil seems to constitute the main
habitat of Emmonsia spp. Studies have shown that
its occurrence is related to dense forest areas, with
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abundant plant remnants (53). Several works have
reported the presence of this fungus in wild and
domestic rodents, carnivores and armadillos (53-
56). Rodent burrows have been pointed out as
the main habitats of the fungus since it is present
in the soil and is frequently detected in these
animals. Thus, our finding of Emmonsia parva
infection in armadillos from the studied region is
novel and still scarcely explored.

The present results show the problem of
the large number of wild animals killed in our
highways, emphasizing the importance of using
this biological resource in eco-epidemiological
studies of fungal pathogens.
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