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Paracoccidioides brasiliensis causes paracoccidioidomycosis (PCM) that is one of the most prevalent systemic human
mycoses in Latin America. Armadillos show a high incidence of PCM infection and could, therefore, be a natural
reservoir for this fungus. In this study were compared the virulence profiles of isolates obtained from nine-banded
armadillos (Dasypus novemcinctus) (PbT1 and PbT4) and isolates from PCM patients (Pb265 and Bt83). Pathogenicity
was evaluated by fungal load and analysis of colony morphology. Immunity against the fungus was tested by delayed
type hypersensitivity test (DTH) and antibody quantification by ELISA. The higher virulence of PbT1 and PbT4 was
suggested by higher fungal load in spleen and lungs. Armadillo isolates and Bt83 presented a cotton-like surface
contrasting with the cerebriform appearance of Pb265. All isolates induced cellular and humoral immune responses
in infected BALB/c mice. DTH reactions were similarly induced by the four isolates, however, a great variability was
observed in specific antibody levels, being the highest ones induced by Bt83 and PbT4. The present work confirms
that armadillos harbor P. brasiliensis, whose multiplication and induced immunity in experimentally infected mice
are heterogeneous, resembling the behavior of isolates from human PCM. This study reinforces the possibility that
armadillos play an important role in the biological cycle of this pathogen.
Key-Words: Paracoccidioides brasiliensis, armadillos, infection, BALB/c mice.

Paracoccidioides brasiliensis is the etiological agent of
paracoccidioidomycosis (PCM), the most prevalent systemic
mycosis in Latin America [1]. P. brasiliensis is a thermally
dimorphic fungus, which grows at room temperature as
mycelia or develops multiple budding yeast form in human or
experimental hosts or when cultured in vitro at 35-37°C [2].
Epidemiological studies demonstrated that the majority of the
subjects exposed to P. brasiliensis develop an asymptomatic
infection, indicating that they are resistant hosts. Even though
a variety of clinical manifestations can be associated with the
disease, two predominant types are described: the acute/
subacute or juvenile form that affects mainly young subjects
of both sexes and involves the mononuclear-phagocytic
system and the chronic or adult form that affects mainly adult
males, who frequently present pulmonary and/or
mucocutaneous involvement [3].

Several evidences show that propagules of P. brasiliensis
conidia are the infective form, however, the natural habitat of
this fungus is not fully determined. A few reports demonstrated
isolation of this fungus from environment (soil, plants and
animals). In addition, some studies confirmed the isolation of
P. brasiliensis from nine-banded armadillos (Dasypus
novemcinctus) in endemic regions of PCM, suggesting that
these animals could be an important primary natural reservoir
of this fungus [4-6]. The virulence of P. brasiliensis isolates
obtained from armadillos has been studied using both, hamster

[7-9] and mouse virulence model systems [10]. These animal
models have been extremely valuable to understand many
aspects of protective immunity, histopathological alterations
and also the host-parasite interaction in this fungal disease
[11,12]. Moreover, these studies have also revealed different
virulence profiles of P. brasiliensis isolates, which could
explain the distinct clinical forms of the disease [13,14].

Similarities between fungal isolates from armadillo and
clinical isolates have been shown in morphological, antigenic
and molecular studies [10,15,16]. However, the real
contribution of armadillos to the ecology and pathogenicity
of P. brasiliensis isolates and to epidemiology of human PCM
remains still unsolved.

Identification of antigenic components of P. brasiliensis
that are able to induce specific immune response has provided
useful tools for clinical diagnosis and for better understanding
the outcome of the disease [17]. Immunity against P.
brasiliensis is not completely understood, but many studies
showed a strong correlation between high antibody levels
and severity of the disease [18,19]. On the other hand, the
cellular immune response characterized by persistent delayed-
type hypersensitivity (DTH) and by macrophage activation
through interferon-gamma and tumour necrosis factor-alpha,
has been linked to resistance of human and animal hosts to
infection [20,21].

In this context, the aim of the present work was to compare
the virulence profile of two isolates from armadillos (PbT1
and PbT4) with two clinical isolates (Pb265 and Bt83) and also
to evaluate the cellular and humoral immune responses
induced by these isolates in BALB/c mice.

Material and Methods
Animals
     Four to six-week-old male BALB/c mice were used. Animals
were maintained at the Animal Facility of the Department of
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Microbiology and Immunology, São Paulo State University
(UNESP), Botucatu, Brazil, supplied with filtered water and
conventionally fed (Nuvital-CR1) ad libitum. Room
temperature was set at 22oC and lighting consisted of alternate
12 h light/dark cycles.

Fungal Isolates and Inoculum Preparation
     Two P. brasiliensis isolates (PbT1 and PbT4) were originally
obtained from armadillos living in an endemic area for PCM
(Botucatu, SP), as described previously [5] and then
maintained in the laboratory by weekly cultivation. Two human
isolates (Pb265 and Bt83) were also included in this study
aiming to a comparative analysis. Bt83 was isolated from the
sputum of a patient from Clinical Hospital of the School of
Medicine, São Paulo State University in 1994, and Pb265 was
obtained from the fungal culture collection of the Department
of Microbiology, University of São Paulo, Brazil, and has been
maintained in culture for more than 30 years, with no record of
the precise date of isolation. P. brasiliensis isolates Pb265
and Bt83, respectively, are slightly and highly virulent for
mice [10,14,22]. For inoculum preparation, the yeast form of
the four isolates were grown in semi-solid medium containing
2% glucose, 1% peptone, 0.5% yeast extract and 2% agar
(GPY) at 36oC for six days. Yeast cell suspensions were washed
in phosphate buffered saline (PBS), pH 7.2 and viability was
determined by phase contrast microscopy [23]. After being
homogenized and agitated in a vortex for 5-10s, the
suspensions were adjusted to 25.106 viable yeasts/mL. Mice
were infected with 5.106/0.2 mL by intraperitoneal route. Fungal
suspensions containing more than 90% viable cells were used
for the experiments.

Colony Morphology
Colony morphology of the four isolates was evaluated by

observation of giant colonies in their mycelial form, as
described by Sano et al. [24]. Each isolate obtained from a six
day-old culture in GPY medium at 35oC was plated on the
central area of three 220x100 mm Petri dishes with Potato
Dextrose Agar (PDA) with a platinum loop that allows an
inoculation area of 3 mm in diameter. After 40 days of incubation
at 25-28oC, the colonies were examined for shape, size, texture
and pigment production.

Quantification of Colony Forming Units (CFU)
     Virulence was quantified by counting the number of viable
fungi recovered from tissues of infected mice. Thirty and ninety
days after infection, spleen and lungs were aseptically removed,
weighed and individually homogenized in 2 mL of sterile PBS.
Aliquots of 100 mL of each homogenate were plated by triplicate
onto Petri dishes, with brain heart infusion (BHI) agar (Difco
Laboratories, Detroit, Mich.) supplemented with 4% normal
horse serum and 5%  Pb192 culture filtrate as a source of growth-
promoting factor [25]. Plates were incubated at 35oC for three
weeks and colonies were counted.  The results were expressed
as logarithmic values of the CFU counts per g of tissue.

Cell-FreeAntigen Preparation
     Cell-free antigen (CFag) was obtained by the methodology
described by Camargo et al. [26]. Briefly, Pb265 was grown in
GPY medium at 35oC during four days. The fungal growth
(about 300 mg) was collected by gently scraping the agarose
surface. The cell mass was then resuspended in 1 mL of PBS,
mixed for 30 s on a vortex-mixer and immediately centrifuged
at 10,000 g during 1 min. The supernatant was sterilized by
filtration through a 0.22 mm membrane. Protein concentration
was determined by the method of Lowry et al. [27]. Aliquots
were kept at -20oC until use but storage did not exceeded 15
days. The same procedure was used to obtain CFag from the
other isolates, however, pilot experiments with the autologous
CFag to evaluate antibody levels showed only basal levels of
specific antibodies. Therefore, CFag from Pb265 was used as
the antigen to evaluate humoral and also cellular immunity.

Delayed Type Hypersensitivity Test
     The delayed type hypersensitivity (DTH) reaction was
evaluated by the footpad swelling test as described previously
[28]. Briefly, healthy or infected mice were inoculated, in one
of the back footpads, with 50 mg/50 mL of CFag from Pb265.
The footpad thickness was measured immediately before and
24 hours after antigen inoculation using a dial caliper
(Mitutoyo, Tokyo, Japan) and was expressed in mm. Optimal
antigen concentration for DTH assays was determined in
preliminary experiments (not shown).

Humoral Immunity
     Specific antibody levels to P. brasiliensis were evaluated
by indirect enzyme-linked immunosorbent assay (ELISA) in
blood samples collected after 15, 30 and 70 days of infection.
Plastic 96-well microtitration plates (MaxiSorp, Nunc,
International Corp., Rochester, NY, USA) were coated with
cell-free antigen prepared from Pb265 previously diluted in
0.05 M carbonate-bicarbonate buffer, pH 9.6 (40 mg/mL) and
incubated for 60 min at 37ºC followed by an overnight
incubation at 4oC. The plates were washed with PBS containing
0.05% of Tween 20 (PBS/T). The remaining binding sites were
blocked by addition of 5% non fat dry milk diluted in PBS/T
during 30 min at 37oC. Serum samples in two-fold dilutions
were added after plate washing, and after 60 min incubation at
37oC, the plates were washed again and a goat anti-mouse
total immunoglobulin peroxidase conjugate (Sigma Chemical
Co., St Louis, Mo, USA) diluted to 1/5,000 was added. After
an additional incubation at 37oC for 60 min, the plates were
washed and covered with a mixture containing o-
phenylenediamine (10 mg) plus 30 mL of 30% H

2
O

2
 diluted in

12.5 mL of citrate-phosphate buffer. Optical densities (OD)
were read in an ELISA reader (Multiskan EX, Manchester,
UK) after reaction interruption with 4 N H

2
SO

4
. A cut-off value

was obtained by using 1:2 diluted sera from non-infected mice
housed under identical conditions as the infected animals.
Antibody titers were expressed as the reciprocal of the highest
dilution whose OD was higher than the cut-off value.
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Statistical Analysis
The number of CFU/g of tissue, DTH reactions and antibody

titers were analyzed by one-way analysis of variance
(ANOVA) followed by multiple comparisons by the Tukey
test. A p value of < 0.05 was considered significant.

Results
High Fungal Loads are Recovered from Mice Infected with P.
brasiliensis Isolated from Armadillos

Thirty and 90 days after infection by intraperitoneal route,
mice were sacrificed and the fungal load determined by the
number of CFU in spleen and lungs. As can be observed in
Figure 1a for the lungs and Figure 1b for the spleen, higher
amounts of fungal cells were recovered from animals infected
with PbT1 and PbT4 in comparison to the clinical isolates.
The number of CFU detected in lungs of mice infected with
PbT1 was significantly higher in relation to the animals
inoculated with Pb265 at 30 and 90 days of infection. CFU
recovered from the spleen of the animals infected with PbT1
and PbT4 at 30 and 90 days of infection were significantly
higher than those obtained from mice inoculated with Pb265
at the same periods and higher than in animals inoculated
with Bt83 at 30 days of infection. Interestingly, at 90 days of
infection the fungi disappeared from lungs in animals infected
with PbT4, but these animals still presented high amounts of
fungi in their spleens.

P. brasiliensis Isolated from Armadillos Develop a Cottony
Phenotype

Phenotypes of P. brasiliensis isolates were distinguished
mainly by differences in colony size, shape, texture and pigment
production. Both Pb isolates from armadillos developed larger
colonies than the clinical isolates. They presented a typical
cotton-like surface that varied in color from white to beige.
Also, a central fissure was observed in PbT4 (Figure 2a) but
not PbT1 (Figure 2b). Bt83 morphology was more similar to
armadillo isolates. In this case, the colony presented an intense
wrinkled appearance and a predominant white cotton-like
surface (Figure 2c). Also, a very pronounced central fissure
was observed presenting a brownish color. On the other hand,
Pb265 presented a very distinct glabrous phenotype
characterized by an irregular format and a cerebriform surface
(Figure 2d).

P. brasiliensis Isolated from Armadillos Induce Cellular
Immunity in Mice

Cellular immunity evaluated by delayed-type
hypersensitivity (DTH) test was similarly induced by the four
isolates and was characterized by a significant increase in the
footpad thickness in comparison to non-infected controls, as
depicted in Figure 3. As can be observed, some variation was
associated with the different isolates. The higher increases in
the footpad thickness were detected in animals infected with
Pb265, the highest value being found at the 70th day of infection.
The DTH reactions found in mice infected with Bt83, PbT1

and PbT4 were similar in intensity, except at the 70th day of
infection when the footpad increase was not significant in the
group infected with PbT4.

P. brasiliensis from Armadillos Induce Humoral Immunity in
Mice

All four isolates were able to induce specific antibody
production after intraperitoneal infection in BALB/c mice when
the sera were tested with CFag obtained from Pb265 (Figure
4). Antibody levels detected by using the homologous CFag
(Bt83, PbT1 and PbT4) were very low and similar to basal
levels found in non-infected mice (not shown). All Pb isolates
induced lower antibody levels at 15 than at 30 and 70 days
after infection. Antibody levels induced by Pb265, PbT1 and
PbT4 were similar at 30 and 70 days after infection, with no
statistical difference among them. Only the Bt83 isolate elicited
a very distinct serological profile characterized by a
significantly higher antibody titer in comparison to the three
other isolates.

Discussion
In this study we evaluated the ability of P. brasiliensis

isolated from armadillos to cause disease in mice and we also
studied their ability to induce immune response in this
experimental model. These characteristics were also compared
to the ones of clinical P. brasiliensis isolates. Mice were chosen
as animal models because they have been very useful to study
host-parasite interactions in PCM. This model indicated that
distinct P. brasiliensis isolates vary in their virulence, which
could explain the diversity found in clinical manifestations of
this disease [13, 29, 30].

Two parameters of virulence were analyzed: amounts of
fungi in spleen and lungs and the morphology of giant colonies
from the fungal mycelial form. Higher fungal loads were
recovered from mice infected with armadillo isolates in
comparison with the two clinical isolates, Bt83 and Pb265,
suggesting, therefore, that armadillo isolates were more
virulent. According to Singer-Vermes et al. [19], estimation of
the number of viable fungi in infected mouse organs by CFUs
counts is one of the most direct and trustworthy methods to
assess severity of this disease. The results observed in mice
infected with Bt83 differed from those previously reported,
i.e., we expected the recovery of higher amounts of fungi in
this case. Lower fungal loads of Bt83 isolate obtained from
organs of infected mice could be attributed to the
phenomenon known as virulence attenuation that has been
described for P. brasiliensis [9,24] and also for other fungi
that cause deep mycosis, such as Blastomyces dermatitidis
[31] and Cryptococcus neoformans [32]. Spleen colonization
was similar between the two armadillo Pb isolates, however, at
90 days, more fungi were recovered from the lung tissue in
PbT1 infected mice. It is tempting to speculate that this isolate
has a higher tropism or ability to disseminate to lungs than
PbT4. Some support to this hypothesis is given by the finding
of Singer-Vermes et al. [14] that showed that distinct P.
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Figure 1. Fungi recovery (CFU) from mice infected with P. brasiliensis isolates. Lungs (A) and spleens (B) were collected from
infected mice after 30 and 90 days of infection (5.106 yeasts/0.2 mL/i.p. route) and the number of CFU was determined by plating
in BHI media enriched with horse serum and fungi growth factor. Each bar represents the mean +/- SEM CFU per gram of the
tissue from six animals.

# (p<0.05) versus Pb265 (30 and 90 days); * (p<0.05) versus Pb265, Bt83 (30 days); + (p<0.05) versus Pb265 (90 days).

Figure 2. Colony morphology: comparison among the four isolates. Giant colonies from Paracoccidioides brasiliensis isolates,
cultured at 25oC on potato dextrose agar medium. a) PbT4; b) PbT1; c) Bt83; d) Pb265.

Figure 3. Delayed type hypersensitivity (DTH) reactions in
mice infected with Paracoccidioides brasiliensis isolates.
Results are expressed as mean +/- SEM of footpad swelling
obtained from five animals per period of infection. BALB/c
male mice were infected by intraperitoneal route with 5.106

yeasts/0.2 mL and then (15, 30 and 70 days after infection)
they were challenged with 50 mg/50 mL of P. brasiliensis 265
CFAg in the footpad. Twenty-four hours later the increase of
the footpads was measured by using a caliper.

Figure 4. Specific antibodies in mice infected with
Paracoccidioides brasiliensis isolates. BALB/c male mice
were infected by intraperitoneal route with 5.106 yeasts/0.2
mL and then (15, 30 and 70 days after infection) they were
sacrificed and serum samples were obtained by retro-orbital
puncture. Results are expressed as mean +/- SEM of the
highest reciprocal serum dilution from six animals.

* (p < 0.05) versus control. (p < 0.05) versus 15 days;  + (p < 0.05) versus Pb265, PbT1, PbT4 (70 days).

P. brasiliensis Isolated from Armadillos
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brasiliensis strains showed ability to colonize distinct organs
and tissues.

The morphological characteristics of the giant colonies
were also evaluated and compared. Both isolates from
armadillos presented a very similar appearance: they were
rounded showing a white cotton-like surface. The Bt83 colony
was similar, being also rounded and showing a predominant
white cotton-like surface. As the isolates from armadillos were
recovered in higher amounts from infected mice than Bt83,
our results are in accordance with previous reports.  Kurokawa
et al. [10] and Sano et al. [24] showed that P. brasiliensis
isolates with low in vitro subculture time and cottony
morphology frequently present higher virulence, while isolates
with cottony phenotype, but longer in vitro subculture period
present lower or intermediate virulence. It is well known that
long in vitro subculture period of isolates are associated with
virulence attenuation [7,29]. Thus, as expected, Pb265 colony
presented a very distinctive appearance, being glabrous and
characterized by an irregular format and a beige cerebriform
surface. These characteristics are in accordance with its low
dissemination; only a few colonies were detected in the spleen
after 30 days of infection and no fungi were found in the
lungs.

Specific antibodies are not protective in PCM, however,
its measurement is useful for monitoring the progress of the
disease in patients [33]. In this context, higher antibody levels
were expected in mice infected with PbT1 and PbT4, due to
the higher dissemination observed in organs of these infected
mice. However, the highest antibody levels were only detected
throughout the infection with Bt83. On the other hand, both
armadillo isolates were able to induce significant antibody
levels, similarly to the one induced by Pb265. One of the
possible explanations for these seemingly unexpected results
could be the origin of the antigen used for ELISA. Initially,
cell-free antigen from each isolate was used in ELISA. However,
only very low antibody titers were detected. Since the use of
cell-free antigen from Pb265 detected much higher antibody
levels, this antigen source was chosen for antibody and DTH
evaluation. Cellular immunity has been described as the most
important defense against P. brasiliensis. Macrophages
activated by cytokines produced by itself and derived from T
helper 1 cells are fundamental to eliminate the fungi [20,21]. In
this scenario, a differential cellular immunity was expected in
mice infected with the four isolates. However, by using a DTH
assay, we observed that all four isolates were able to induce a
significant increase in the footpad thickness.

Some general comments could be derived from this data.
First of all, PbT1 and PbT4 showed some characteristics that
are commonly found in the originally more virulent strains
including higher multiplication in the murine host and also
the cottony colony morphology. On the other hand, their
ability to induce antibody production seemed more similar to
Pb265 that determines a much milder disease in mice. In
addition, all four isolates were able to induce cellular immunity
in mice experimentally infected.

Variation in the virulence pattern of P. brasiliensis isolated
from armadillos was previously reported in hamster and mouse
models of PCM and a comparative analysis was done with the
clinical isolates. The armadillo P. brasiliensis isolates were
classified as highly to intermediately virulent to hamsters and
lowly virulent to mouse in comparison to clinical isolates
[7,8,10]. These findings suggest that P. brasiliensis samples
obtained from armadillos presented a heterogeneous behavior,
being difficult to define then as virulent or not. However, this
complex behavior is similarly observed in isolates obtained
from human PCM. Thus, the data demonstrated in the present
work reinforce the possibility that armadillos play an important
role in the biological cycle of this fungal pathogen, acting as
a natural reservoir of P. brasiliensis isolates, which could be
able to infect and cause disease in human and animal hosts.
The data also agree with some previous molecular and
virulence studies indicating that armadillos isolates can
encompass a significant biodiversity, that might reflect the
different patterns of host-pathogen interactions [8,34]. It was
already suggested that armadillos, by having a constant
contact with soil in habitats supporting P. brasiliensis, in
combination with its low body temperature and a weak cell-
mediated immunity, could be infected by and disseminate a
wider genotype spectrum of the pathogen than that found in
clinical isolates.
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